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PIC18F87/K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number| pin | Buffer Description
QFN/TQFP |Type| Type
PORTF is a bidirectional 1/0 port.
RF1/AN6/C20UT/CTDIN 17
RF1 I/0 ST Digital I/O.
ANG6 | Analog Analog Input 6.
Cc20uT (0] — Comparator 2 output.
CTDIN | ST CTMU pulse delay input.
RF2/AN7/C10UT 16
RF2 I/0 ST Digital I/O.
AN7 | Analog Analog Input 7.
c10uT (0] — Comparator 1 output.
RF3/AN8/C2INB/CTMUI 15
RF3 I/0 ST Digital I/O.
AN8 | Analog Analog Input 8.
C2INB | Analog Comparator 2 Input B.
CTMUI (0] — CTMU pulse generator charger for the C2INB
comparator input.
RF4/AN9/C2INA 14
RF4 I/0 ST Digital I/O.
AN9 | Analog Analog Input 9.
C2INA | Analog Comparator 2 Input A.
RF5/AN10/CVREF/C1INB 13
RF5 I/0 ST Digital I/O.
AN10 | Analog Analog Input 10.
CVREF O | Analog Comparator reference voltage output.
C1INB | Analog Comparator 1 Input B.
RF6/AN11/C1INA 12
RF6 I/0 ST Digital I/O.
AN11 | Analog Analog Input 11.
C1INA | Analog Comparator 1 Input A.
RF7/AN5/SS1 11
RF7 I/0 ST Digital I/O.
AN5 O | Analog Analog Input 5.
SS1 | TTL SPI1 slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P =Power oD = Open-Drain (no P diode to VDD)
1’C = I2)C™/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.
4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).

© 2009-2011 Microchip Technology Inc.

DS39960D-page 21



PIC18F87/K22 FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number | p;
Pin Name Pin | Buffer Description
TQFP Type| Type
PORTJ is a bidirectional 1/0O port.
RJO/ALE 62
RJO I/0 ST Digital I/O.
ALE (0] — External memory address latch enable.
RJ1/OE 61
RJ1 110 ST Digital 1/0.
OE (0] — External memory output enable.
RJ2/WRL 60
RJ2 110 ST Digital I/O.
WRL (0] — External memory write low control.
RJ3/WRH 59
RJ3 110 ST Digital 1/0.
WRH (0] — External memory high control.
RJ4/BAO 39
RJ4 110 ST Digital I/O.
BAO (0] — External Memory Byte Address O control
RJ5/CE 40
RJ5 110 ST Digital 1/0
CE (0] — External memory chip enable control.
RJ6/LB M
RJ6 110 ST Digital I/O.
LB (0] — External memory low byte control.
RJ7/UB 42
RJ7 110 ST Digital 1/0.
uB (0] — External memory high byte control.
Vss 11,31,51,70| P — | Ground reference for logic and I/O pins.
VDD 32,48, 71 P — | Positive supply for logic and I/O pins.
AVss 26 P — | Ground reference for analog modules.
AVDD 25 P —  |Positive supply for analog modules.
ENVREG 24 I ST |Enable for on-chip voltage regulator.
VDDCORE/VCAP 12 Core logic power or external filter capacitor connection.
VDDCORE
Vcap P — External filter capacitor connection (regulator
enabled/disabled).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input o = Output
P = Power oD = Open-Drain (no P diode to VDD)

1’C =12C™/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K22 and PIC18F85K22 devices.
PSP is available only in Microcontroller mode.

The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).

DS39960D-page 36 © 2009-2011 Microchip Technology Inc.



PIC18F87/K22 FAMILY

6.1.34 Stack Full and Underflow Resets

Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit
(CONFIG4L<0>). When STVREN is set, a full or under-
flow condition will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit, but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.

6.1.4 FAST REGISTER STACK

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

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

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

Example 6-1 shows a source code example that uses
the Fast Register Stack during a subroutine call and
return.
EXAMPLE 6-1: FAST REGISTER STACK
CODE EXAMPLE

; STATUS, WREG, BSR

; SAVED | N FAST REG STER
; STACK

CALL SUB1, FAST

SuB1 .

L]
RETURN FAST ; RESTORE VALUES SAVED

;I N FAST REG STER STACK

6.1.5 LOOK-UP TABLES IN PROGRAM
MEMORY

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

» Computed GOTO
» Table Reads

6.1.5.1 Computed GOTO

A computed GOTOis accomplished by adding an offset
to the Program Counter. An example is shown in
Example 6-2.

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

The offset value (in WREG) specifies the number of
bytes that the Program Counter should advance and
should be multiples of two (LSb = 0).

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

EXAMPLE 6-2: COMPUTED GOTOUSING

AN OFFSET VALUE

MOVF OFFSET, W
CALL TABLE
ORG nn00h
TABLE ADDW PCL
RETLW nnh
RETLW nnh
RETLW nnh

6.1.5.2 Table Reads

A better method of storing data in program memory
allows two bytes of data to be stored in each instruction
location.

Look-up table data may be stored, two bytes per
program word, while programming. The Table Pointer
(TBLPTR) specifies the byte address and the Table
Latch (TABLAT) contains the data that is read from the
program memory. Data is transferred from program
memory, one byte at a time.

The table read operation is discussed further in
Section 7.1 “Table Reads and Table Writes”.

© 2009-2011 Microchip Technology Inc.
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6.4 Data Addressing Modes

Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction set is
enabled. For more information, see
Section 6.6 “Data Memory and the
Extended Instruction Set”.

While the program memory can be addressed in only
one way, through the Program Counter, information in
the data memory space can be addressed in several
ways. For most instructions, the addressing mode is
fixed. Other instructions may use up to three modes,
depending on which operands are used and whether or
not the extended instruction set is enabled.

The addressing modes are:

* Inherent
 Literal
» Direct
 Indirect

An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST Configuration bit = 1). For details on
this mode’s operation, see Section 6.6.1 “Indexed
Addressing with Literal Offset”.

6.4.1 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any
argument at all. They either perform an operation that
globally affects the device or they operate implicitly on
one register. This addressing mode is known as Inherent
Addressing. Examples of this mode include SLEEP,
RESET and DAW

Other instructions work in a similar way, but require an
additional explicit argument in the opcode. This method
is known as the Literal Addressing mode because the
instructions require some literal value as an argument.
Examples of this include ADDLW and MOVLW which
respectively, add or move a literal value to the W
register. Other examples include CALL and GOTOQ,
which include a 20-bit program memory address.

6.4.2 DIRECT ADDRESSING

Direct Addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and
byte-oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies the instruction’s data
source as either a register address in one of the banks

of data RAM (see Section 6.3.3 “General Purpose
Register File”) or a location in the Access Bank (see
Section 6.3.2 “Access Bank”).

The Access RAM bit, ‘a’, determines how the address
is interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 6.3.1 “Bank Select Register”) are used with
the address to determine the complete 12-bit address
of the register. When ‘a’ is ‘0’, the address is interpreted
as being a register in the Access Bank. Addressing that
uses the Access RAM is sometimes also known as
Direct Forced Addressing mode.

A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
opcodes. In these cases, the BSR is ignored entirely.

The destination of the operation’s results is determined
by the destination bit, ‘d’. When ‘d’ is ‘1’, the results are
stored back in the source register, overwriting its origi-
nal contents. When ‘d’ is ‘0’, the results are stored in
the W register. Instructions without the ‘d’ argument
have a destination that is implicit in the instruction,
either the target register being operated on or the W
register.

6.4.3 INDIRECT ADDRESSING

Indirect Addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
Special Function Registers, they can also be directly
manipulated under program control. This makes FSRs
very useful in implementing data structures such as
tables and arrays in data memory.

The registers for Indirect Addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code using
loops, such as the example of clearing an entire RAM
bank in Example 6-5. It also enables users to perform
Indexed Addressing and other Stack Pointer
operations for program memory in data memory.
EXAMPLE 6-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 100h ;
NEXT CLRF POSTI NCO Cl ear | NDF
; register then
; inc pointer
BTFSS FSROH, 1 ; Al done with
; Bank1?
BRA NEXT ; NO, clear next
CONTI NUE ; YES, continue

© 2009-2011 Microchip Technology Inc.
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8.6.4 16-BIT MODE TIMING

The presentation of control signals on the External
Memory Bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 8-4 and Figure 8-5.

FIGURE 8-4: EXTERNAL MEMORY BUS TIMING FOR TBLRD
(EXTENDED MICROCONTROLLER MODE)

Q1‘Q2‘Q3‘Q4 Q1‘QZ‘Q3‘Q4 Q1‘Q2‘Q3‘Q4

I
I
I
A<19:16> —| | |< och 9 |
I I | | I
AD<15:0> — i —{crasn—{ o2s6n ) |
_ | I | |
CE \ ./
| | I | I
ALE _| | L/ \ | |
] | | | |
OF | | | \ { |
Memory | Opcode Fetch | Opcode Fetch | TBLRD 92h | Opcode Fetch |
Cycle | TBLRD * | MOVLW55h | from 199E67h | ADDLWS55h |
from 000100h | from 000102h from 000104h
| | | |
Instruction INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
Execution
FIGURE 8-5: EXTERNAL MEMORY BUS TIMING FOR SLEEP

(EXTENDED MICROCONTROLLER MODE)

Q1‘QZ‘QS‘Q4

A<19:16> Y 00h I>< 00h b
|

Q1‘Q2‘Q3‘Q4

|
AD<15:0> —|—<3AAAh>—< 0003h |>—<3AABh>—< OE55h |>
I I f
CE _ | | L/
I
ALE l / \ ./ \ |
I I I
A U A W
I | I
Memory | Opcode Fetch | Opcode Fetch | Sleep Mode, Bus Inactive -
Cycle | SLEEP ' MOVLW55h I o
from 007554h from 007556h
Instruction
Execution INST(PC - 2) SLEEP
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REGISTER 11-12: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

R/W-0 U-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR5GIE — RC2IE TX2IE CTMUIE CCP2IE CCP1IE RTCCIE
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 TMR5GIE: Timer5 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 RC2IE: EUSART Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 CTMUIE: CTMU Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP2IE: ECCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 CCP1IE: ECCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 RTCCIE: RTCC Interrupt Enable bit
1 = Enabled
0 = Disabled

REGISTER 11-13: PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccpP1oie® | ccpole@ CCP8IE CCP7IE CCPS6IE CCP5IE CCP4IE CCP3IE
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’ = Bitis cleared X = Bit is unknown
bit 7-0 CCP<10:3>IE: CCP<10:3> Interrupt Enable bits®
1 = Enabled
0 = Disabled

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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12.3 PORTB, TRISB and

LATB Registers

PORTB is an eight-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISB and LATB. All pins on PORTB are digital only.

EXAMPLE 12-2:  INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data |l atches
CLRF LATB ; Al'ternate nethod
; to clear output
; data |l atches

MOVLW  OCFh ; Value used to
; initialize data
; direction
MOWF TRISB ; Set RB<3:0> as inputs

; RB<5:4> as outputs
; RB<7:6> as inputs

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

Four of the PORTB pins (RB<7:4>) have an
interrupt-on-change feature. Only pins configured as
inputs can cause this interrupt to occur. Any RB<7:4>
pin configured as an output will be excluded from the
interrupt-on-change comparison.

Comparisons with the input pins (of RB<7:4>) are
made with the old value latched on the last read of
PORTB. The “mismatch” outputs of RB<7:4> are ORed
together to generate the RB Port Change Interrupt with
Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from
power-managed modes. To clear the interrupt in the
Interrupt Service Routine:

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

b) Wait one instruction cycle (such as executing a
NOP instruction).

c) Clear flag bit, RBIF.

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

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

The RB<3:2> pins are multiplexed as CTMU edge
inputs. RB5 has an additional function for Timer3 and
Timer1. It can be configured for Timer3 clock input or
Timer1 external clock gate input.

TABLE 12-3: PORTB FUNCTIONS
Pin Name Function S-tl;iil:g 1/0 Tl;ge Description
RBO/INTO/FLTO RBO 0 o DIG |LATB<0> data output.
1 | TTL | PORTB<0> data input; weak pull-up when RBPU bit is cleared.
INTO 1 | ST External Interrupt O input.
FLTO X | ST Enhanced PWM Fault input for ECCPx.
RB1/INT1 RB1 0 o} DIG |LATB<1> data output.
1 | TTL |PORTB<1> data input; weak pull-up when RBPU bit is cleared.
INT1 1 | ST External Interrupt 1 input.
RB2/INT2/CTED1 RB2 0 o DIG |LATB<2> data output.
1 | TTL PORTB<2> data input; weak pull-up when RBPU bit is cleared.
INT2 1 | ST External Interrupt 2 input.
CTED1 X | ST CTMU Edge 1 input.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

Note 1:

Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Extended Microcontroller mode.
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12.4 PORTC, TRISC and
LATC Registers

PORTC is an eight-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISC and LATC. Only PORTC pins, RC2 through
RC7, are digital only pins.

PORTC is multiplexed with ECCP, MSSP and EUSART
peripheral functions (Table 12-5). The pins have
Schmitt Trigger input buffers. The pins for ECCP, SPI
and EUSART are also configurable for open-drain out-
put whenever these functions are active. Open-drain
configuration is selected by setting the SPIOD,
CCPxOD and U10D control bits in the registers,
ODCON1 and ODCONS3.

RC1 is normally configured as the default peripheral
pin for the ECCP2 module. The assignment of ECCP2
is controlled by Configuration bit, CCP2MX (default
state, CCP2MX = 1).

TABLE 12-5: PORTC FUNCTIONS

When enabling peripheral functions, use care in defin-
ing TRIS bits for each PORTC pin. Some peripherals
can override the TRIS bit to make a pin an output or
input. Consult the corresponding peripheral section for
the correct TRIS bit settings.

Note:  These pins are configured as digital inputs
on any device Reset.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 12-3:  INITIALIZING PORTC
CLRF PORTC

; Initialize PORTC by
; clearing output
; data latches

CLRF LATC Al ternate net hod
; to clear output
; data latches
MOVLW  OCFh ; Value used to

;initialize data
; direction
MOWF TRISC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

Pin Name Function Sz:il:g 1/0 Tl;ge Description
RC0/SOSCO/ RCO 0 o DIG | LATC<0> data output.
SCLKI/ 1 | | ST |PORTC<0> data input.
SOSCO 1 | ST | SOSC oscillator output.
SCLKI 1 | ST | Digital clock input; enabled when SOSC oscillator is disabled.
RC1/SOSCl/ RC1 0 o DIG |LATC<1> data output.
ECCP2/P2A 1 | | ST |PORTC<1> data input.
SOSCI X | ANA | SOSC oscillator input.
Eccp2® 0 (0] DIG | ECCP2 compare output and ECCP2 PWM output; takes priority over port data.
1 | ST | ECCP2 capture input.
P2A 0 (0] DIG | ECCP2 Enhanced PWM output, Channel A.
May be configured for tri-state during Enhanced PWM shutdown events; takes
priority over port data.
RC2/ECCP1/ RC2 0 o DIG | LATC<2> data output.
P1A 1 | | ST |PORTC<2> data input.
ECCP1 0 (0] DIG | ECCP1 compare output and ECCP1 PWM output; takes priority over port data.
1 | ST | ECCP1 capture input.
P1A 0 (0] DIG | ECCP1 Enhanced PWM output, Channel A.
May be configured for tri-state during Enhanced PWM shutdown events; takes
priority over port data.

Legend: O =Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input, TTL = TTL Buffer Input,
I2C = 12C™/SMBus Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
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16.1 Timer3/5/7 Gate Control Register

The Timer3/5/7 Gate Control register (TxGCON),
provided in Register 14-2, is used to control the Timerx
gate.

REGISTER 16-2: TxGCON: TIMERXx GATE CONTROL REGISTER®)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0
TMRXGE | TxGPOL TXGTM | TxGSPM | TxGGO/TXxDONE | TxGVAL TxGSSH1 TxGSS0
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 TMRxGE: Timerx Gate Enable bit
If TMRXON = 0:
This bit is ignored.
If TMRXON = 1:

1 = Timerx counting is controlled by the Timerx gate function
0 = Timerx counts regardless of Timerx gate function
bit 6 TXGPOL: Timerx Gate Polarity bit
1 = Timerx gate is active-high (Timerx counts when gate is high)
0 = Timerx gate is active-low (Timerx counts when gate is low)
bit 5 TxGTM: Timerx Gate Toggle Mode bit
1 = Timerx Gate Toggle mode is enabled.
0 = Timerx Gate Toggle mode is disabled and toggle flip-flop is cleared
Timerx gate flip-flop toggles on every rising edge.
bit 4 TxGSPM: Timerx Gate Single Pulse Mode bit
1 = Timerx Gate Single Pulse mode is enabled and is controlling Timerx gate
0 = Timerx Gate Single Pulse mode is disabled
bit 3 TXGGO/TxDONE: Timerx Gate Single Pulse Acquisition Status bit
1 = Timerx gate single pulse acquisition is ready, waiting for an edge
0 = Timerx gate single pulse acquisition has completed or has not been started
This bit is automatically cleared when TxGSPM is cleared.
bit 2 TXGVAL: Timerx Gate Current State bit
Indicates the current state of the Timerx gate that could be provided to TMRxH: TMRXxL. Unaffected by the
Timerx Gate Enable (TMRxGE) bit.
bit 1-0 TxGSS<1:0>: Timerx Gate Source Select bits
11 = Comparator 2 output
10 = Comparator 1 output
01 = TMR(x+1) to match PR(x+1) output®
00 = Timer1 gate pin
The Watchdog Timer oscillator is turned on if TMRxGE = 1, regardless of the state of TMRXON.

Note 1: Programming the TXGCON prior to TXCON is recommended.
2:  Timer(x+1) will be Timer4/6/8 for Timerx (Timer3/5/7), respectively.
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16.5 Timer3/5/7 Gates

Timer3/5/7 can be configured to count freely or the count
can be enabled and disabled using the Timer3/5/7 gate
circuitry. This is also referred to as the Timer3/5/7 gate
count enable.

The Timer3/5/7 gate can also be driven by multiple
selectable sources.

16.5.1 TIMERS3/5/7 GATE COUNT ENABLE

The Timerx Gate Enable mode is enabled by setting
the TMRxGE bit (TXxGCON<7>). The polarity of the
Timerx Gate Enable mode is configured using the
TxGPOL bit (TXxGCON<6>).

When Timerx Gate Enable mode is enabled, Timer3/5/7
will increment on the rising edge of the Timer3/5/7 clock
source. When Timerx Gate Enable mode is disabled, no
incrementing will occur and Timer3/5/7 will hold the
current count. See Figure 16-2 for timing details.

TABLE 16-1:  TIMER3/5/7 GATE ENABLE
SELECTIONS
| TxGPOL . Timerx
TXCLKE (rxaoonses) | TXC PN operation
0 0 0 Counts
0 0 1 Holds Count
0 1 0 Holds Count
0 1 1 Counts

1 The clock on which TMR3/5/7 is running. For
more information, see TxCLK in Figure 16-1.

FIGURE 16-2: TIMER3/5/7 GATE COUNT ENABLE MODE
TMRXGE
TxGPOL

TxG_IN

noo 1 L1

TxGVAL X

Timer3/5/7 N

><N+‘I>< N+2
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TABLE 20-4: REGISTERS ASSOCIATED WITH ECCP1/2/3 MODULE AND
TIMER1/2/3/4/6/8/10/12 (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
T1CON TMR1CS1 TMR1CS0 | T1CKPS1 T1CKPSO | SOSCEN T1SYNC RD16 TMR1ON
T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO0 | TMR20ON | T2CKPS1 | T2CKPSO
T3CON TMR3CS1 TMR3CS0 | T3CKPS1 T3CKPSO | SOSCEN T3SYNC RD16 TMR3ON
T4CON — T4AOUTPS3 | T4OUTPS2 | T4AOUTPS1 | TAOUTPSO | TMR4ON | TACKPS1 | TACKPSO
T6CON — T6OUTPS3 | T6OUTPS2 | T6OUTPS1 | T6BOUTPSO | TMR6ON | T6CKPS1 | T6CKPSO
T8CON — T8OUTPS3 | TBOUTPS2 | T8OUTPS1 | TBOUTPSO | TMR8ON | T8CKPS1 | TBCKPSO
T10CON® — T100UTPS3 [T100UTPS2 | T100UTPS1 | T100UTPSO| TMR100ON | T10CKPS1 | T10CKPSO
T12CON®) — T120UTPS3 [ T120UTPS2 | T120UTPS1 | T120UTPSO| TMR120N | T12CKPS1 | T12CKPSO
CCPR1H Capture/Compare/PWM Register 1 High Byte
CCPR1L Capture/Compare/PWM Register 1 Low Byte
CCPR2H Capture/Compare/PWM Register 2 High Byte
CCPR2L Capture/Compare/PWM Register 2 Low Byte
CCPR3H Capture/Compare/PWM Register 3 High Byte
CCPR3L Capture/Compare/PWM Register 3 Low Byte
CCP1CON P1M1 P1MO DC1B1 DC1B0O CCP1M3 CCP1M2 | CCP1M1 | CCP1MO
CCP2CON P2M1 P2MO DC2B1 DC2B0 CCP2M3 CCP2M2 | CCP2M1 | CCP2MO
CCP3CON CCP3MD CCP2MD CCP1MD | UART2MD | UART1MD | SSP2MD | SSP1MD | ADCMD
PMDO CCP3MD CCP2MD CCP1MD | UART2MD | UART1MD | SSP2MD | SSP1MD | ADCMD
Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18F65K22 and PIC18F85K22).

2:

Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
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21.3.1 REGISTERS

Each MSSP module has four registers for SPI mode

operation. These are:

* MSSPx Control Register 1 (SSPxCON1)

* MSSPx Status Register (SSPxSTAT)

» Serial Receive/Transmit Buffer Register
(SSPxBUF)

* MSSPx Shift Register (SSPxSR) — Not directly
accessible

SSPxCON1 and SSPxSTAT are the control and status
registers in SPI mode operation. The SSPxCON1
register is readable and writable. The lower 6 bits of
the SSPxSTAT are read-only. The upper two bits of the
SSPxSTAT are read/write.

REGISTER 21-1:

SSPxSR is the shift register used for shifting data in or
out. SSPxBUF is the buffer register to which data
bytes are written to or read from.

In receive operations, SSPxSR and SSPxBUF
together create a double-buffered receiver. When
SSPxSR receives a complete byte, it is transferred to
SSPxBUF and the SSPxIF interrupt is set.

During transmission, the SSPxBUF is not
double-buffered. A write to SSPxBUF will write to both
SSPxBUF and SSPxSR.

SSPXSTAT: MSSPx STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE® D/A P s | rRW | ua BF
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 SMP: Sample bit

SPI Master mode:

1 = Input data is sampled at the end of data output time
0 = Input data is sampled at the middle of data output time

SPI Slave mode:
SMP must be cleared when SPI is used in Slave mode.
bit 6 CKE: SPI Clock Select bit(!)

1 = Transmit occurs on the transition from active to Idle clock state
0 = Transmit occurs on the transition from Idle to active clock state

bit 5 D/A: Data/Address bit
Used in I°C™ mode only.
bit 4 P: Stop bit

Used in 12C mode only. This bit is cleared when the MSSPx module is disabled; SSPEN is cleared.
bit 3 S: Start bit
Used in 1°C mode only.

bit 2 R/W: Read/Write Information bit
Used in 12C mode only.
bit 1 UA: Update Address bit
Used in 1°C mode only.
bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive is complete, SSPxBUF is full
0 = Receive is not complete, SSPxBUF is empty

Note 1: Polarity of clock state is set by the CKP bit (SSPxCON1<4>).
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21.4.10 1°C™ MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address or the
other half of a 10-bit address, is accomplished by
simply writing a value to the SSPxBUF register. This
action will set the Buffer Full flag bit, BF, and allow the
Baud Rate Generator to begin counting and start the
next transmission. Each bit of address/data will be
shifted out onto the SDAXx pin after the falling edge of
SCLx is asserted (see data hold time specification
Parameter 106). SCLx is held low for one Baud Rate
Generator rollover count (TBRG). Data should be valid
before SCLx is released high (see data setup time
specification Parameter 107). When the SCLx pin is
released high, it is held that way for TBRG. The data on
the SDAX pin must remain stable for that duration and
some hold time after the next falling edge of SCLx.
After the eighth bit is shifted out (the falling edge of the
eighth clock), the BF flag is cleared and the master
releases SDAx. This allows the slave device being
addressed to respond with an ACK bit during the ninth
bit time if an address match occurred, or if data was
received properly. The status of ACK is written into the
ACKDT bit on the falling edge of the ninth clock. If the
master receives an Acknowledge, the Acknowledge
Status bit, ACKSTAT, is cleared; if not, the bit is set.
After the ninth clock, the SSPxIF bit is set and the
master clock (Baud Rate Generator) is suspended until
the next data byte is loaded into the SSPxBUF, leaving
SCLx low and SDAx unchanged (Figure 21-23).

After the write to the SSPxBUF, each bit of the address
will be shifted out on the falling edge of SCLx until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
deassert the SDAX pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDAX pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT status bit
(SSPxCON2<6>). Following the falling edge of the
ninth clock transmission of the address, the SSPxIF
flag is set, the BF flag is cleared and the Baud Rate
Generator is turned off until another write to the
SSPxBUF takes place, holding SCLx low and allowing
SDAX to float.

21.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPxSTAT<0>) is set
when the CPU writes to SSPxBUF and is cleared when
all 8 bits are shifted out.

21.4.10.2 WCOL Status Flag

If the user writes the SSPxBUF when a transmit is
already in progress (i.e., SSPxSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write doesn’t occur) after

2 Tcy after the SSPxBUF write. If SSPxBUF is rewritten
within 2 Tcy, the WCOL bit is set and SSPxBUF is
updated. This may result in a corrupted transfer.

The user should verify that the WCOL bit is clear after
each write to SSPxBUF to ensure the transfer is correct.
In all cases, WCOL must be cleared in software.

21.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPxCON2<6>)
is cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknowl-
edge (ACK =1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.

21.4.11  1°C™ MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPxCON2<3>).

Note: The MSSP module must be in an inactive
state before the RCEN bit is set or the
RCEN bit will be disregarded.

The Baud Rate Generator begins counting, and on
each rollover, the state of the SCLx pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPxSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the con-
tents of the SSPxSR are loaded into the SSPxBUF, the
BF flag bit is set, the SSPxIF flag bit is set and the Baud
Rate Generator is suspended from counting, holding
SCLx low. The MSSP is now in Idle state awaiting the
next command. When the buffer is read by the CPU,
the BF flag bit is automatically cleared. The user can
then send an Acknowledge bit at the end of reception
by setting the Acknowledge Sequence Enable bit,
ACKEN (SSPxCON2<4>).

21.411.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPxBUF from SSPxSR. It
is cleared when the SSPxBUF register is read.

21.4.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPxSR and the BF flag bit is
already set from a previous reception.

21.411.3 WCOL Status Flag

If the user writes the SSPxBUF when a receive is
already in progress (i.e., SSPxSR is still shifting in a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write doesn’t occur).
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FIGURE 21-29: BUS COLLISION DURING START CONDITION (SCLx =0)
SDAx =0,SCLx=1
l— TBRG —¢— TBRG —
SDAX N
Set SEN, Enable Start AN
SCLx Sequence if SDAx =1, SCLx =1 >
v t scix=0Before SDAX= 0,
Bus Collision Occurs, Set BCLxIF
SEN
SCLx = 0 Before BRG Time-out, _l
Bus Collision Occurs, Set BCLxIF
BCLxIF | _
T_ Interrupt Cleared
in Software
s o 0
SSPxIF 0’ 0
FIGURE 21-30: BRG RESET DUE TO SDAx ARBITRATION DURING START CONDITION
SDAx=0,SCLx=1
l Set S l Set SSPxIF
— — )
Less than TBRG ! = Tore—
SDAx SDAXx Pulled Low by Other ll\/laster, | \ | !
Reset BRG and Assert SDAX :
D |
I [ \
SCLx : L S 4 ‘|
| | | SCLx Pulled Low After BRG
SEN ‘ : Time-out
Set SEN, Enable Start
Sequence if SDAx =1, SCLx =1 .
BCLxIF \ | 0
! |
! |
! |
S |
|
|
SSPxIF 1 )
SDAx=0,SCLx =1, L Interrupts Cleared
Set SSPxIF - in Software
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REGISTER 22-3: BAUDCONx: BAUD RATE CONTROL REGISTER

R/W-0 R-1 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
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 ABDOVF: Auto-Baud Acquisition Rollover Status bit

1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode (must be cleared in software)
0 = No BRG rollover has occurred
bit 6 RCIDL: Receive Operation Idle Status bit
1 = Receive operation is Idle
0 = Receive operation is active
bit 5 RXDTP: Data/Receive Polarity Select bit
Asynchronous mode:
1 = Receive data (RXx) is inverted (active-low)
0 = Receive data (RXx) is not inverted (active-high)
Synchronous mode:
1 = Data (DTx) is inverted (active-low)
0 = Data (DTx) is not inverted (active-high)
bit 4 TXCKP: Synchronous Clock Polarity Select bit
Asynchronous mode:
1 = Idle state for transmit (TXx) is a low level
0 = Idle state for transmit (TXx) is a high level
Synchronous mode:
1 = Idle state for clock (CKXx) is a high level
0 = Idle state for clock (CKx) is a low level
bit 3 BRG16: 16-Bit Baud Rate Register Enable bit
1 = 16-bit Baud Rate Generator —- SPBRGHx and SPBRGx
0 = 8-bit Baud Rate Generator — SPBRGx only (Compatible mode), SPBRGHXx value ignored
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = EUSART will continue to sample the RXx pin — interrupt generated on falling edge; bit cleared in
hardware on following rising edge
0 = RXx pin not monitored or rising edge detected
Synchronous mode:
Unused in this mode.
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Enable baud rate measurement on the next character. Requires reception of a Sync field (55h);
cleared in hardware upon completion.
0 = Baud rate measurement is disabled or has completed

Synchronous mode:
Unused in this mode.
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FIGURE 25-2: COMPARATOR VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

PIC18F87K22

CVREF
Module

R®

AN
Voltage
Reference
Output
Impedance

~]
!

—— CVREF Output

Note 1: R s dependent upon the Voltage Reference Configuration bits, CVRCON<3:0> and CVRCON<5>.
TABLE 25-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO
CM1CON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
CM2CON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
CM3CON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
TRISF TRISF7 TRISF6 TRISF5 | TRISF4 TRISF3 TRISF2 TRISF1 —
TRISA TRISA7 TRISA6 TRISA5 | TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
ANCONO ANSEL7 | ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 ANSELO
ANCON1 ANSEL15 | ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSELS8
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used with the comparator voltage reference.
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FIGURE 31-15: EXAMPLE SPI MASTER MODE TIMING (CKE =1)

81

SCKx
(CKPx = 0)

SCKx
(CKPx = 1)

SDOX % . IMSb X bit6-;;---1 >< LSb

SDIx

Note: Refer to Figure 31-3 for load conditions.

TABLE 31-18: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE =1)

Pall\zsm. Symbol Characteristic Min Max | Units | Conditions

73 TpIV2scH, |Setup Time of SDIx Data Input to SCKx Edge 20 — ns
TpiV2scL

73A TB2B Last Clock Edge of Byte 1 to the 1st Clock Edge | 1.5Tcy +40 | — ns

of Byte 2

74 TscH2DpIL, |Hold Time of SDIx Data Input to SCKx Edge 40 — ns
TscL2pIL

75 TboR SDOx Data Output Rise Time — 25 ns

76 TDoF SDOx Data Output Fall Time — 25 ns

78 TscR SCKx Output Rise Time (Master mode) — 25 ns

79 TscF SCKXx Output Fall Time (Master mode) — 25 ns

80 TscH2bpoV, |SDOx Data Output Valid after SCKx Edge — 50 ns
TscL2poV

81 TpboV2scH, |SDOx Data Output Setup to SCKx Edge Tey — ns
TpboV2scL
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FIGURE 31-20: MSSP I2C™ BUS START/STOP BITS TIMING WAVEFORMS

Start Stop
Condition Condition

Note: Refer to Figure 31-3 for load conditions.

TABLE 31-23: MSSP 1°C™ BUS START/STOP BITS REQUIREMENTS

Param.

No. Symbol Characteristic Min Max | Units Conditions
90 Tsu:sTA |Start Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns |Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG +1) | — Repeated Start
1 MHz mode® | 2(Tosc)(BRG +1) | — condition
9 THD:STA |Start Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns |After this period, the
Hold Time 400 kHz mode | 2(Tosc)(BRG +1) | — first clock pulse is
1 MHz mode® | 2(Tosc)(BRG +1) | — generated
92 Tsu:sTO |Stop Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode® | 2(Tosc)(BRG + 1) —
93 THD:STO |Stop Condition 100 kHz mode | 2(Tosc)(BRG + 1) — ns
Hold Time 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode® | 2(Tosc)(BRG + 1) —
Note 1: Maximum pin capacitance = 10 pF for all [2Cm pins.
FIGURE 31-21: MSSP I12C™ BUS DATA TIMING

103> = . 100, : 102

SCLx

SDAX
Out

Note: Refer to Figure 31-3 for load conditions.
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TABLE 31-27: A/D CONVERTER CHARACTERISTICS: PIC18F87K22 FAMILY (INDUSTRIAL)

Pﬁ:m Sym Characteristic Min Typ Max Units Conditions
AO1 NR Resolution — — 12 bit |AVREF > 5.0V
AO3 EiL Integral Linearity Error — +1 +6.0 LSB |AVREF = 5.0V
A04 EDL Differential Linearity Error — +1 +3.0/-1.0 LSB |AVREF = 5.0V
A06 EoFr |Offset Error — +1 9.0 LSB |AVREF = 5.0V
A07 EGN |Gain Error — +1 +8.0 LSB |AVREF = 5.0V
A10 — | Monotonicity® — — — — |Vss < VAN < VREF
A20 AVREF |Reference Voltage Range 3 — VDD - Vss \%

(VREFH — VVREFL)
A21 VREFH | Reference Voltage High Vss + 3.0V — VoD + 0.3V \%
A22 VREFL |Reference Voltage Low Vss - 0.3V — VbD - 3.0V \%
A25 VAIN | Analog Input Voltage VREFL — VREFH \%
A30 ZAIN  |Recommended — — 2.5 kQ

Impedance of Analog

Voltage Source
A50 |IREF  |VREF Input Current® — — 5 pA | During VAIN acquisition

— — 150 pA | During A/D conversion cycle
Note 1: The A/D conversion result doesn’t decrease with an increase in the input voltage.
2:  VREFH current is from the RA3/AN3/VREF+ pin or VDD, whichever is selected as the VREFH source. VREFL current is from

the RA2/AN2/VREF- pin or Vss, whichever is selected as the VREFL source.
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