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PIC18(L)F2X/4XK22

FIGURE 2-2: INTERNAL OSCILLATOR
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TABLE 2-1: PLL_SELECT TRUTH TABLE

FIGURE 2-3: PLL_SELECT BLOCK
DIAGRAM

FOSC<3:0> = 100x
PLLCFG

PLLEN

PLL_Select

Primary Clock MUX Source FOSC<3:0> PLLCFG PLLEN PLL_Select
FOSC (any source) 0000-1111 0 0 0
OSC1/0SC2 (external source) 0000- 0111 1 X 1

1010-1111 0 1 1
INTOSC (internal source) 1000- 1001 X 0 0
X 1 1
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FIGURE 2-4. SECONDARY OSCILLATOR AND EXTERNAL CLOCK INPUTS
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3.5 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by any one of the following:

 an interrupt
+ aReset
* a Watchdog Time-out

This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 3.2 “Run Modes”, Section 3.3
“Sleep Mode” and Section 3.4 “Idle Modes”).

3.5.1 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle mode or the Sleep mode to
a Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCON or PIE registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.

The instruction immediately following the SLEEP
instruction is executed on all exits by interrupt from Idle
or Sleep modes. Code execution then branches to the
interrupt vector if the GIE/GIEH bit of the INTCON
register is set, otherwise code execution continues
without branching (see Section 9.0 “Interrupts”).

A fixed delay of interval Tcsb following the wake event
is required when leaving Sleep and Idle modes. This
delay is required for the CPU to prepare for execution.
Instruction execution resumes on the first clock cycle
following this delay.

3.5.2 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section 3.2 “Run
Modes” and Section 3.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 24.3 “Watchdog
Timer (WDT)").

The WDT timer and postscaler are cleared by any one
of the following:

» executing a SLEEP instruction

« executing a CLRADT instruction

« the loss of the currently selected clock source
when the Fail-Safe Clock Monitor is enabled

« modifying the IRCF bits in the OSCCON register
when the internal oscillator block is the device
clock source

3.5.3 EXIT BY RESET

Exiting Sleep and Idle modes by Reset causes code
execution to restart at address ‘0’. See Section 4.0
“Reset” for more details.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator.

3.54 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:

¢ PRI_IDLE mode, where the primary clock source
is not stopped and

« the primary clock source is not any of the LP, XT,
HS or HSPLL modes.

In these instances, the primary clock source either
does not require an oscillator start-up delay since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC, INTOSC,
and INTOSCIO modes). However, a fixed delay of
interval Tcsp following the wake event is still required
when leaving Sleep and Idle modes to allow the CPU
to prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

© 2010-2016 Microchip Technology Inc.
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4.2 Register Definitions: Reset Control
REGISTER 4-1: RCON: RESET CONTROL REGISTER

R/W-0/0 R/W-g/u U-0 R/W-1/q R-1/q R-1/q R/W-g/u R/W-0/q
IPEN SBOREN®) — RI TO PD POR®@ BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bitis set ‘0’ = Bitis cleared -n/n = Value at POR and BOR/Value at all other Resets
X = Bit is unknown u = unchanged g = depends on condition
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: BOR Software Enable bit(®

If BOREN<1:0>=01:

1 =BOR is enabled

0 = BOR is disabled

If BOREN<1:0>=00,100r11:

Bit is disabled and read as ‘0’.

bit 5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

1 = The RESET instruction was not executed (set by firmware or Power-on Reset)
0 = The RESET instruction was executed causing a device Reset (must be set in firmware after a
code-executed Reset occurs)

bit 3 TO: Watchdog Time-out Flag bit

1 = Set by power-up, CLRADT instruction or SLEEP instruction
0 = A WDT time-out occurred

bit 2 PD: Power-down Detection Flag bit

1 = Set by power-up or by the CLRWDT instruction
0 = Set by execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit®

1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit®

1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be set by firmware after a POR or Brown-out Reset occurs)

Note 1: When CONFIG2L[2:1] = 01, then the SBOREN Reset state is ‘1’; otherwise, it is ‘0’.

2:  The actual Reset value of POR is determined by the type of device Reset. See the notes following this
register and Section 4.7 “Reset State of Registers” for additional information.

3. See Table 4-1.

Note 1: Brown-out Reset is indicated when BOR is ‘0’ and POR is ‘1’ (assuming that both POR and BOR were set
to ‘1’ by firmware immediately after POR).

2: Itis recommended that the POR bit be set after a Power-on Reset has been detected so that subsequent
Power-on Resets may be detected.
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54.2 ACCESS BANK

While the use of the BSR with an embedded 8-bit
address allows users to address the entire range of
data memory, it also means that the user must always
ensure that the correct bank is selected. Otherwise,
data may be read from or written to the wrong location.
This can be disastrous if a GPR is the intended target
of an operation, but an SFR is written to instead.
Verifying and/or changing the BSR for each read or
write to data memory can become very inefficient.

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of mem-
ory (00h-5Fh) in Bank 0 and the last 160 bytes of mem-
ory (60h-FFh) in Block 15. The lower half is known as
the “Access RAM” and is composed of GPRs. This
upper half is also where the device’s SFRs are
mapped. These two areas are mapped contiguously in
the Access Bank and can be addressed in a linear
fashion by an 8-bit address (Figures 5-5 through 5-7).

The Access Bank is used by core PIC18 instructions
that include the Access RAM bit (the ‘a’ parameter in
the instruction). When ‘a’ is equal to ‘1’, the instruction
uses the BSR and the 8-bit address included in the
opcode for the data memory address. When ‘a’ is ‘0’,
however, the instruction is forced to use the Access
Bank address map; the current value of the BSR is
ignored entirely.

Using this “forced” addressing allows the instruction to
operate on a data address in a single cycle, without
updating the BSR first. For 8-bit addresses of 60h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 60h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detall
in Section 5.7.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.

543 GENERAL PURPOSE REGISTER
FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM, which is available for use by all
instructions. GPRs start at the bottom of Bank O
(address 000h) and grow upwards towards the bottom of
the SFR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.

544 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. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
the top portion of Bank 15 (F38h to FFFh). A list of
these registers is given in Table 5-1 and Table 5-2.

The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the
peripheral functions. The Reset and interrupt registers
are described in their respective chapters, while the
ALU’s STATUS register is described later in this
section. Registers related to the operation of a
peripheral feature are described in the chapter for that
peripheral.

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘O’s.

© 2010-2016 Microchip Technology Inc.
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TABLE 5-2: REGISTER FILE SUMMARY FOR PIC18(L)F2X/4XK22 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %ﬁ%
FA2h IPR2 OSCFIP C1lIP C2IP EEIP BCL1IP HLVDIP TMR3IP CCP2IP 1111 1111
FA1lh PIR2 OSCFIF ClIF C2IF EEIF BCL1IF HLVDIF TMR3IF CCP2IF 0000 0000
FAOh PIE2 OSCFIE ClIE C2IE EEIE BCL1IE HLVDIE TMR3IE CCP2IE 0000 0000
F9Fh IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP -111 1111
F9Eh PIR1 — ADIF RC1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF - 000 0000
F9Dh PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMRI1IE - 000 0000
F9Ch HLVDCON VDIRMAG BGVST IRVST HLVDEN HLVDL<3:0> 0000 0000
F9Bh OSCTUNE INTSRC PLLEN TUN<5:0> 00XX XXXX
F96h TRISE WPUE3 — — — — TRISE2® | TRISEL® | TRISEOW | 1--- -111
F95h TRISD®W TRISD7 TRISD6 TRISDS TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 1111 1111
F94h TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 1111 1111
F93h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 1111 1111
F92h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISAL TRISAO 1111 1111
F8Dh LATEW — — — — — LATE2 LATEL LATEO | ---- -xxx
F8Ch LATD® LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO XXXX XXXX
F8Bh LATC LATC7 LATC6 LATCS5 LATC4 LATC3 LATC2 LATC1 LATCO XXXX XXXX
F8Ah LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXX XXXX
F89h LATA LATA7 LATA6 LATAS LATA4 LATA3 LATA2 LATAL LATAO XXXX XXXX
PORTE® — — — — RE3 — — — .
F84h
PORTE® — — — — RE3 RE2 RE1 REO ---- x000

F83h pPORTD®W RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 0000 0000
F82h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 0000 00xx
F81h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO xxx0 0000
F80h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO xx0x 0000
F7Fh IPR5 — — — — — TMR6IP TMRS5IP TMR4IP ---- -111
F7Eh PIR5 — — — — — TMR6IF TMRS5IF TMRA4IF ---- -111
F7Dh PIE5S — — — — — TMR6IE TMRS5IE TMR4IE ---- -000
F7Ch IPR4 — — — — — CCP5IP CCP4IP CCP3IP ---- -000
F7Bh PIR4 — — — — — CCP5IF CCP4IF CCP3IF ---- -000
F7Ah PIE4 — — — — — CCP5IE CCP4IE CCP3IE ---- -000
F79h CM1CONO C10ON C10UT C10E C1POL C1SP CI1R C1CH<1:0> 0000 1000
F78h CM2CONO C20N C20UT C20E C2POL C2SP C2R C2CH<1:0> 0000 1000
F77h CM2CON1 MC10UT MC20UT C1RSEL C2RSEL C1HYS C2HYS C1SYNC C2SYNC | 0000 0000
F76h SPBRGH2 EUSART2 Baud Rate Generator, High Byte 0000 0000
F75h SPBRG2 EUSART2 Baud Rate Generator, Low Byte 0000 0000
F74h RCREG2 EUSART2 Receive Register 0000 0000
F73h TXREG2 EUSART2 Transmit Register 0000 0000
F72h TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010
F71h RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x
F70h BAUDCON2 ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 01x0 0-00
F6Fh SSP2BUF SSP2 Receive Buffer/Transmit Register XXXX XXXX
F6Eh SSP2ADD SSP2 Address Register in 12C Slave Mode. SSP2 Baud Rate Reload Register in 12C Master Mode 0000 0000
F6Dh | SSP2STAT SMP CKE D/A P s | rw | ua | BF 0000 0000
F6Ch SSP2CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 0000 0000
F6Bh SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN | PEN | RSEN | SEN 0000 0000
F6Ah SSP2MSK SSP1 MASK Register bits 1111 1111
F69h SSP2CON3 ACKTIM PCIE SCIE BOEN SDAHT | SBCDE | AHEN | DHEN 0000 0000
Legend: x = unknown, u = unchanged, — = unimplemented, q = value depends on condition
Note 1 PIC18(L)F4XK22 devices only.

2: PIC18(L)F2XK22 devices only.

3: PIC18(L)F23/24K22 and PIC18(L)F43/44K22 devices only.

4: PIC18(L)F26K22 and PIC18(L)F46K22 devices only.

© 2010-2016 Microchip Technology Inc.
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REGISTER 9-2: INTCONZ2: INTERRUPT CONTROL 2 REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 u-0 R/W-1 uU-0 R/W-1
RBPU INTEDGO INTEDG1 INTEDG2 — TMROIP — RBIP

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

bit 7 RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled provided that the pin is an input and the corresponding WPUB bit is

set.

bit 6 INTEDGO: External Interrupt O Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 5 INTEDGL1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 3 Unimplemented: Read as ‘0’

bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 Unimplemented: Read as ‘0’

bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority
0 = Low priority

Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

DS40001412G-page 110
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10.2 PORTB Registers

PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB. Setting
a TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., disable the output driver). Clearing a
TRISB bit (= 0) will make the corresponding PORTB
pin an output (i.e., enable the output driver and put the
contents of the output latch on the selected pin).

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

EXAMPLE 10-2:  INITIALIZING PORTB

MOVLB  OxF ; Set BSR for banked SFRs
CLRF PORTB Initialize PORTB by

; clearing output

; data |l atches

CLRF LATB Al ternate nethod
; to clear output
; data |l atches
MOVLW  OFOh Val ue for init

MOVWF  ANSELB ; Enabl e RB<3:0> for
; digital input pins
; (not required if config bit
; PBADEN is clear)
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

10.2.1 PORTB OUTPUT PRIORITY

Each PORTB pin is multiplexed with other functions.
The pins, their combined functions and their output
priorities are briefly described here. For additional
information, refer to the appropriate section in this data
sheet.

When multiple outputs are enabled, the actual pin
control goes to the peripheral with the higher priority.
Table 10-4 lists the PORTB pin functions from the
highest to the lowest priority.

Analog input functions, such as ADC, comparator and
SR latch inputs, are not shown in the priority lists.

These inputs are active when the 1/O pin is set for
Analog mode using the ANSELX registers. Digital
output functions may control the pin when itis in Analog
mode with the priority shown below.

10.3 Additional PORTB Pin Functions

PORTB pins RB<7:4> have an interrupt-on-change
option. All PORTB pins have a weak pull-up option.

10.3.1 WEAK PULL-UPS

Each of the PORTB pins has an individually controlled
weak internal pull-up. When set, each bit of the WPUB
register enables the corresponding pin pull-up. When
cleared, the RBPU bit of the INTCONZ2 register enables
pull-ups on all pins which also have their corresponding
WPUB bit set. When set, the RBPU bit disables all
weak pull-ups. 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.

Note: On a Power-on Reset, RB<5:0> are
configured as analog inputs by default and
read as ‘0’; RB<7:6> are configured as
digital inputs.

When the PBADEN Configuration bit is
set to ‘1’, RB<5:0> will alternatively be

configured as digital inputs on POR.

10.3.2 INTERRUPT-ON-CHANGE

Four of the PORTB pins (RB<7:4>) are individually
configurable as interrupt-on-change pins. Control bits
in the IOCB register enable (when set) or disable (when
clear) the interrupt function for each pin.

When set, the RBIE bit of the INTCON register enables
interrupts on all pins which also have their
corresponding IOCB bit set. When clear, the RBIE bit
disables all interrupt-on-changes.

Only pins configured as inputs can cause this interrupt
to occur (i.e., any RB<7:4> pin configured as an output
is excluded from the interrupt-on-change comparison).

For enabled interrupt-on-change pins, the values are
compared with the old value latched on the last read of
PORTB. The ‘mismatch’ outputs of the last read are
OR’d together to set the PORTB Change Interrupt flag
bit (RBIF) in the INTCON register.

This interrupt can wake the device from the Sleep
mode, or any of the Idle modes. The user, in the
Interrupt Service Routine, can clear the interrupt in the
following manner:

a) Any read or write of PORTB to clear the mis-
match condition (except when PORTB is the
source or destination of a MOVFF instruction).

b) Execute at least one instruction after reading or
writing PORTB, then clear the flag bit, RBIF.

DS40001412G-page 132
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TABLE 10-8: PORTC I/O SUMMARY (CONTINUED)

Pin Name Function TR.IS ANS.EL Pin Buffer Description
Setting | setting Type | Type
RC5/SDO1/AN17 RC5 0 0 o DIG |LATC<5> data output; not affected by analog input.
1 0 | ST PORTC<5> data input; disabled when analog input
enabled.
SDO1 0 0 O DIG |MSSP1 SPI data output.
AN17 1 1 | AN | Analog input 17.
RC6/P3A/CCP3/TX1/ RC6 0 0 (0] DIG |LATC<6> data output; not affected by analog input.
CKL/AN18 1 0 | ST | PORTC<6> data input; disabled when analog input
enabled.
P3A@. 0 0 O | CMOS |Enhanced CCP3 PWM output 1.
ccp3®@. @) 0 0 o) DIG |Compare 3 output/PWM 3 output.
1 0 | ST Capture 3 input.
X1 1 0 (0] DIG | EUSART asynchronous transmit data output.
CK1 1 0 (0] DIG | EUSART synchronous serial clock output.
1 0 | ST EUSART synchronous serial clock input.
AN18 1 1 | AN | Analog input 18.
RC7/P3B/RX1/DT1/ RC7 0 0 (0] DIG |LATC<7> data output; not affected by analog input.
AN19 1 0 | ST | PORTC<7> data input; disabled when analog input
enabled.
P3B 0 0 (0] CMOS | Enhanced CCP3 PWM output 2.
RX1 1 0 | ST EUSART asynchronous receive data in.
DT1 1 0 (0] DIG | EUSART synchronous serial data output.
1 0 | ST EUSART synchronous serial data input.
AN19 1 1 | AN | Analog input 19.

Legend: AN = Analog input or output; TTL = TTL compatible input; HV = High Voltage; OD = Open Drain; XTAL = Crystal; CMOS =
CMOS compatible input or output; ST = Schmitt Trigger input with CMOS levels; I2C = Schmitt Trigger input with 12C.
Note 1: Default pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are set.
2:  Alternate pin assignment for P2B, T3CKI, CCP3 and CCP2 when Configuration bits PB2MX, T3CMX, CCP3MX and
CCP2MX are clear.
3:  Function on PORTD and PORTE for PIC18FXXK22 devices.

© 2010-2016 Microchip Technology Inc.
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15.5.3 SLAVE TRANSMISSION

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPxSTAT register is set. The received address is
loaded into the SSPxBUF register, and an ACK pulse is
sent by the slave on the ninth bit.

Following the ACK, slave hardware clears the CKP bit
and the SCLx pin is held low (see Section 15.5.6
“Clock Stretching” for more detail). By stretching the
clock, the master will be unable to assert another clock
pulse until the slave is done preparing the transmit
data.

The transmit data must be loaded into the SSPxBUF
register which also loads the SSPxSR register. Then
the SCLx pin should be released by setting the CKP bit
of the SSPxXCONL1 register. The eight data bits are
shifted out on the falling edge of the SCLx input. This
ensures that the SDAX signal is valid during the SCLx
high time.

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCLx input pulse. This ACK
value is copied to the ACKSTAT bit of the SSPXCON2
register. If ACKSTAT is set (not ACK), then the data
transfer is complete. In this case, when the not ACK is
latched by the slave, the slave goes Idle and waits for
another occurrence of the Start bit. If the SDAX line was
low (ACK), the next transmit data must be loaded into
the SSPxBUF register. Again, the SCLx pin must be
released by setting bit CKP.

An MSSPx interrupt is generated for each data transfer
byte. The SSPxIF bit must be cleared by software and
the SSPxSTAT register is used to determine the status
of the byte. The SSPxIF bit is set on the falling edge of
the ninth clock pulse.

15.5.3.1 Slave Mode Bus Collision

A slave receives a Read request and begins shifting
data out on the SDAX line. If a bus collision is detected
and the SBCDE bit of the SSPxCON3 register is set,
the BCLXIF bit of the PIRX register is set. Once a bus
collision is detected, the slave goes Idle and waits to be
addressed again. User software can use the BCLxIF bit
to handle a slave bus collision.

15.5.3.2 7-bit Transmission

A master device can transmit a read request to a
slave, and then clock data out of the slave. The list
below outlines what software for a slave will need to do
to accomplish a standard transmission. Figure 15-18
can be used as a reference to this list.

1. Master sends a Start condition on SDAx and
SCLXx.

2. S bit of SSPXSTAT is set; SSPxIF is set if inter-
rupt on Start detect is enabled.

3. Matching address with R/W bit set is received by
the slave setting SSPxIF bit.

4. Slave hardware generates an ACK and sets
SSPxIF.

5. SSPxIF bit is cleared by user.

6. Software reads the received address from
SSPxBUF, clearing BF.

7. RI/W is set so CKP was automatically cleared
after the ACK.

8. The slave software loads the transmit data into
SSPxBUF.

9. CKP bhit is set releasing SCLx, allowing the
master to clock the data out of the slave.

10. SSPXIF is set after the ACK response from the
master is loaded into the ACKSTAT register.

11. SSPxIF bit is cleared.

12. The slave software checks the ACKSTAT bit to
see if the master wants to clock out more data.

Note 1: If the master ACKs the clock will be
stretched.

2: ACKSTAT is the only bit updated on the
rising edge of SCLx (9th) rather than the
falling.

13. Steps 9-13 are repeated for each transmitted
byte.

14. If the master sends a not ACK; the clock is not
held, but SSPxIF is still set.

15. The master sends a Restart condition or a Stop.
16. The slave is no longer addressed.
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TABLE 15-2: REGISTERS ASSOCIATED WITH 12C OPERATION

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizt;é
ANSELA — — ANSA5 _ ANSA3 | ANSA2 ANSA1 ANSAO 149
ANSELB — — ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1® | ANsBo® 150
ANSELC ANSC7 ANSC6 ANSC5 | ANSC4 | ANSC3 | ANSC2 — — 150
ANSELD ANSD7 ANSD6 | ANSD5 | ANSD4 | ANSD3 | ANSD2 | ANSD1® | ANSDO®@ 150
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP | TX1IP | SSP1IP | CCP1IP | TMR2IP | TMR1IP 121
IPR2 OSCFIP cilp caIp EEIP | BCL1IP | HLVDIP | TMR3IP | CCP2IP 122
IPR3 SSP2IP BCL2IP RC2IP | TX2IP | CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
PIE1 — ADIE RCLIE | TX1IE | SSP1IE | CCPlIE | TMR2IE | TMRIIE 117
PIE2 OSCFIE C1IE C2IE EEIE | BCL1IE | HLVDIE | TMR3IE | CCP2IE 118
PIE3 SSP2IE BCL2IE RC2IE | TX2IE | CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIR1 — ADIF RC1IF | TX1IF | SSP1IF | CCPlIF | TMR2IF | TMR1IF 112
PIR2 OSCFIF ClIF C2IF EEIF BCL1IF | HLVDIF | TMR3IF | CCP2IF 113
PIR3 SSP2IF BCL2IF RC2IF | TX2IF | CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PMD1 MSSP2MD | MSSP1MD — CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD 53
SSP1ADD |SSP1 Address Register in I°C Slave mode. SSP1 Baud Rate Reload Register in 1°C Master mode. 258
SSP1BUF SSP1 Receive Buffer/Transmit Register —
SSP1CON1| WCOL SSPOV SSPEN CKP SSPM<3:0> 253
SSP1CON2| GCEN ACKSTAT | ACKDT | ACKEN | RCEN PEN RSEN SEN 255
SSP1CON3| ACKTIM PCIE SCIE BOEN | SDAHT | SBCDE AHEN DHEN 256
SSP1MSK SSP1 MASK Register bits 257
SSP1STAT SMP CKE D/A P S RIW UA BF 252
SSP2ADD | SSP2 Address Register in I°C Slave mode. SSP2 Baud Rate Reload Register in 1°C Master mode. 258
SSP2BUF SSP2 Receive Buffer/Transmit Register —
SSP2CON1| WCOL SSPOV SSPEN CKP SSPM<3:0> 253
SSP2CON2| GCEN ACKSTAT | ACKDT | ACKEN | RCEN PEN RSEN SEN 255
SSP2CON3| ACKTIM PCIE SCIE BOEN | SDAHT | SBCDE AHEN DHEN 256
SSP2MSK SSP1 MASK Register bits 257
SSP2STAT SMP CKE D/A P S RIW UA BF 252
TRISB TRISB7 TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1® | TRIsBO®W 151
TRISC TRISC7 TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 151
TRISD TRISD7 TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1® | TRISDO® 151

Legend: Shaded bits are not used by the MSSPx in 12C mode.
Note 1: PIC18(L)F2XK22 devices.
2:  PIC18(L)F4XK22 devices.
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FIGURE 16-5: ASYNCHRONOUS RECEPTION
Start Start Start
RXX/DTx pin bit . Msé%p\ bit ,(bltO B D(blt 718 Slt)(i)tp\ bit /G D(blt 7/8: Stgiytj
Roy Shitt__ (( n (( n (( :
Rcv Buffer Reg )) :T Word 1 )) Word 2 T )) :
| RCREGx RCREGx .
RCDL /] (( 1 [ Ii
Read Ry (§ - (¢ (¢
RCREGXx : ’)
RCXIF (( | 5 S S S -
(Interrupt Flag) ))
OERR bit S S 5 S S S | —
CREN (( (( (( 3
)) )) )) EA
Note: This timing diagram shows three words appearing on the RXx/DTx input. The RCREGx (receive buffer) is read after the third
word, causing the OERR (overrun) bit to be set.
TABLE 16-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁggz;eé
BAUDCON1 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
BAUDCON2 | ABDOVF RCIDL DTRXP CKTXP BRG16 — WUE ABDEN 271
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 109
IPR1 — ADIP RC1IP TX1IP SSP1IP CCP1IP TMR2IP TMR1IP 121
IPR3 SSP2IP BCL2IP RC2IP TX2IP CTMUIP | TMR5GIP | TMR3GIP | TMR1GIP 123
PIE1 — ADIE RC1IE TX1IE SSP1IE CCP1IE TMR2IE TMR1IE 117
PIE3 SSP2IE BCL2IE RC2IE TX2IE CTMUIE | TMR5GIE | TMR3GIE | TMR1GIE 119
PIR1 — ADIF RCL1IF TX1IF SSP1IF CCP1IF TMR2IF TMR1IF 112
PIR3 SSP2IF BCL2IF RC2IF TX2IF CTMUIF | TMR5GIF | TMR3GIF | TMR1GIF 114
PMDO UART2MD | UART1MD | TMR6MD | TMR5MD | TMR4MD | TMR3MD | TMR2MD | TMR1MD 52
RCREG1 EUSART1 Receive Register —
RCSTA1L SPEN | Rx9 | SREN | CREN | ADDEN | FERR | OERR | RX9D 270
RCREG2 EUSART2 Receive Register —
RCSTA2 SPEN | Rx9 | SREN | CREN | ADDEN | FERR | OERR | RX9D 270
SPBRG1 EUSART1 Baud Rate Generator, Low Byte —
SPBRGH1 EUSARTL1 Baud Rate Generator, High Byte —
SPBRG2 EUSART2 Baud Rate Generator, Low Byte —
SPBRGH2 EUSART2 Baud Rate Generator, High Byte —
TRISB® TRISB7 TRISB6 TRISB5 | TRISB4 | TRISB3 TRISB2 TRISB1 TRISBO 151
TRISC TRISC7 TRISC6 TRISC5 | TRISC4 | TRISC3 TRISC2 TRISC1 TRISCO 151
TRISDW TRISD7 TRISD6 TRISD5 | TRISD4 | TRISD3 TRISD2 TRISD1 TRISDO 151
ANSELC ANSC7 ANSC6 ANSC5 | ANSC4 | ANSC3 | ANSC2 — — 150
ANSELDW ANSD7 ANSD6 ANSD5 | ANSD4 | ANSD3 | ANSD2 ANSD1 ANSDO 150
TXSTAl CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 269
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 269
Legend: — =unimplemented locations, read as ‘0’. Shaded bits are not used for asynchronous reception.
Note 1. PIC18(L)F4XK22 devices.

2: PIC18(L)F2XK22 devices.
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REGISTER 16-2:

RCSTAx: RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0
Legend:

W = Writable bit
‘1’ = Bit is set

R = Readable bit
-n = Value at POR

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared

X = Bit is unknown

bit 7 SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RXx/DTx and TXx/CKXx pins as serial port pins)

0 = Serial port disabled (held in Reset)
RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit
Asynchronous mode:

Don't care

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

bit 6

bit 5

This bit is cleared after reception is complete.

Synchronous mode — Slave

Don't care

CREN: Continuous Receive Enable bit
Asynchronous mode:

1 = Enables receiver
0 = Disables receiver
Synchronous mode:

bit 4

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive
ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):

bit 3

1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 8-bit (RX9 = 0):
Don't care
FERR: Framing Error bit

bit 2

1 = Framing error (can be updated by reading RCREGX register and receive next valid byte)

0 = No framing error

bit 1 OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

bit 0 RX9D: Ninth bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.
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17.2 ADC Operation Figure 17-3 shows the operation of the A/D converter
after the GO bit has been set and the ACQT<2:0> bits
17.2.1 STARTING A CONVERSION are cleared. A conversion is started after the following

instruction to allow entry into SLEEP mode before the

To enable the ADC module, the ADON bit of the . .
conversion begins.

ADCONO register must be set to a ‘1’. Setting the GO/

DONE bit of the ADCONO register to a ‘1’ will, depend- Figure 17-4 shows the operation of the A/D converter
ing on the ACQT bits of the ADCONZ2 register, either after the GO bit has been set and the ACQT<2:0> bits
immediately start the Analog-to-Digital conversion or are set to ‘010" which selects a 4 TAD acquisition time
start an acquisition delay followed by the Analog-to- before the conversion starts.

Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 17.2.10 “A/D
Conversion Procedure”.

FIGURE 17-3: A/D CONVERSION Tab CYCLES (ACQT<2:0> =000, TACQ =0)
T}cv - TAQ TAD1 TAD2 TADSI TAD4 =TAD5 : TAD6 : TAD7 : TAD8 . TAD9 ITAD10=TAD11 1 Tey
T b9 b8 b7 b6 b5 b4 b3 b2 bl bo T
Conversion starts Discharge

Holding capacitor is disconnected from analog input (0.5 TAD)

Set GO hit
On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
FIGURE 17-4: A/D CONVERSION Tap CYCLES (ACQT<2:0> =010, TACQ =4 TAD)
~— TAcQT Cycles TAaD Cycles
1|2=3|4|1|2=3|4:5|6:7=8:9=10=111TCYI
A b9 b8 b7 b6 b5 b4 b3 b2 bl bO T
@— Automatic —p
Acquisition Conversion starts Discharge
Time (Holding capacitor is disconnected from analog input)
Set GO hit
(Holding capacitor continues On the following cycle:
acquiring input) ADRESH:ADRESL is loaded, GO bit is cleared,

ADIF bit is set, holding capacitor is connected to analog input.
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REGISTER 24-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW

u-0 u-0 u-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— — — BORV<1:0>(1) BOREN<1:0>(?) PWRTEN®
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed X = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-3 BORV<1:0>: Brown-out Reset Voltage bits®

11 = VBOR set to 1.9V nominal
10 = VBOR set to 2.2V nominal
01 = VBOR set to 2.5V nominal
00 = VBOR set to 2.85V nominal

bit 2-1 BOREN<1:0>: Brown-out Reset Enable bits(®
11 = Brown-out Reset enabled in hardware only (SBOREN is disabled)
10 = Brown-out Reset enabled in hardware only and disabled in Sleep mode
(SBOREN is disabled)
01 = Brown-out Reset enabled and controlled by software (SBOREN is enabled)
00 = Brown-out Reset disabled in hardware and software

bit 0 PWRTEN: Power-up Timer Enable bit®
1 = PWRT disabled
0 = PWRT enabled

Note 1: See Section 27.1 “DC Characteristics: Supply Voltage, PIC18(L)F2X/4XK22" for specifications.

2:  The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently controlled.
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POP Pop Top of Return Stack PUSH Push Top of Return Stack
Syntax: POP Syntax: PUSH
Operands: None Operands: None
Operation: (TOS) — bit bucket Operation: (PC+2) > TOS
Status Affected: None Status Affected: None
Encoding: \ 0000 | 0000 \ 0000 | 0110 \ Encoding: \ 0000 | 0000 \ 0000 | 0101 \
Description: The TOS value is pulled off the return Description: The PC + 2 is pushed onto the top of
stack and is discarded. The TOS value the return stack. The previous TOS
then becomes the previous value that value is pushed down on the stack.
was pushed onto the return stack. This instruction allows implementing a
This instruction is provided to enable software stack by modifying TOS and
the user to properly manage the return then pushing it onto the return stack.
stack to incorporate a software stack. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q1 Q2 Q3 Q4 Decode PUSH No No
Decode No POP TOS No PC + 2o0nto | operation operation
operation value operation return stack
Example: POP Example: PUSH
GoTO NEW Before Instruction
Before Instruction TOS =  345Ah
TOS = 0031A2h PC = 0124h
Stack (1 level down) = 014332h
After Instruction
After Instruction PC = 0126h
TOS = 014332h TOS = 0126h
PC = NEW Stack (1 level down) = 345Ah
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SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{d{,a}}
Operands: 0<f<255
d € [0,1]
a e [0,1]
Operation: (f) = (W) = (C) - dest
Status Affected: N, OV, C,DC, Z
Encoding: | 0101 | 10da | FEff | FEff
Description: Subtract W and the CARRY flag
(borrow) from register ‘f’ (2's comple-
ment method). If ‘d’ is ‘0’, the result is
stored in W. If ‘'d’ is ‘1", the result is
stored back in register ‘f’ (default).
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
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 25.2.3 “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 1: SUBWB REG 1, O
Before Instruction
REG = 1%9h (0001 1001)
w = 0Dh (0000 1101)
C = 1
After Instruction
REG = 0Ch (0000 1100)
w = 0Dh (0000 1101)
C = 1
z = 0
N = 0 ; result is positive
Example 2: SUBWB REG 0, O
Before Instruction
REG = 1Bh (0001 1011)
w = 1Ah (0001 1010)
C = 0
After Instruction
RE = 1Bh (0001 1011)
w = 00h
C = 1
4 = 1 ; result is zero
N = 0
Example 3: SUBWB REG 1, O
Before Instructio
REG = 03h (0000 0011)
w = OEh (0000 1110)
C = 1
After Instruction
= Fbh (1121 o0101)
; [2's comp]
w = OEh (0000 1110)
C = 0
z = 0
N = 1 ; result is negative

SWAPF Swap f
Syntax: SWAPF f{,d{,a}}
Operands: 0<f<255
d € [0,1]
a e [0,1]
Operation: (f<3:0>) — dest<7:4>,

(f<7:4>) — dest<3:0>
Status Affected: None

Encoding: ‘ 0011 | 10da ‘ fFEff | fEff ‘
Description: The upper and lower nibbles of register
‘f” are exchanged. If ‘d’ is ‘0’, the result
is placed in W. If ‘d" is ‘1’, the result is
placed in register ‘f’ (default).
If ‘a’is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
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 25.2.3 “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: SWAPF  REG, 1, O
Before Instruction
REG = 53h
After Instruction
REG = 35h
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FIGURE 27-5: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

VDD

—————————————————— (HLVDIF can be

VHLVD cleared by software)

(HLVDIF set by hardware)

HLVDIF ; \—

TABLE 27-5: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +125°C

P;a\lr(;':lm Symbol Characteristic HLVDL<3:0>| Min Typt | Max | Units Conditions
HLVD Voltage on VDD 0000 169 | 184 | 1.99 \%
Transition High-to-Low 0001 1.92 207 | 222 v

0010 2.08 | 2.28 | 2.48 \Y
0011 224 | 244 | 2.64 \Y
0100 234 | 254 | 2.74 \Y
0101 254 | 274 | 294 \Y,
0110 262 | 287 | 3.12 \Y
0111 276 | 3.01 | 3.26 \Y,
1000 3.00 | 3.30 | 3.60 \Y
1001 3.18 | 3.48 | 3.78 \Y,
1010 344 | 3.69 | 3.94 \Y
1011 3.66 | 3.91 | 4.16 \Y,
1100 390 | 4.15 | 4.40 \Y
1101 411 | 441 | 471 \Y,
1110 439 | 474 | 5.09 \Y
1111 V(HLVDIN pin) v

T Production tested at TamB = 25°C. Specifications over temperature limits ensured by characterization.
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FIGURE 28-24:

PIC18LF2X/4XK22 Ibb: RC_RUN MF-INTOSC 500 kHz
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FIGURE 28-25:

PIC18F2X/4XK22 IpD: RC_RUN MF-INTOSC 500 kHz
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FIGURE 28-68: PIC18LF2X/4XK22 TYPICAL Ipp: PRI_IDLE EC with PLL
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FIGURE 28-69: PIC18LF2X/4XK22 MAXIMUM Ipp: PRI_IDLE EC with PLL
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