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PIC18(L)F2X/4XK22

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

e PIC18F23K22 » PIC18LF23K22
¢ PIC18F24K22 » PIC18LF24K22
¢ PIC18F25K22 » PIC18LF25K22
e PIC18F26K22 » PIC18LF26K22
¢ PIC18F43K22 * PIC18LF43K22
¢ PIC18F44K22 * PIC18LF44K22
e PIC18F45K22 » PIC18LF45K22
¢ PIC18F46K22 * PIC18LF46K22
This family offers the advantages of all PIC18
microcontrollers — namely, high computational

performance at an economical price — with the addition
of high-endurance, Flash program memory. On top of
these features, the PIC18(L)F2X/4XK22 family
introduces design enhancements that make these
microcontrollers a logical choice for many high-
performance, power sensitive applications.

1.1 New Core Features
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All of the devices in the PIC18(L)F2X/4XK22 family
incorporate a range of features that can significantly
reduce power consumption during operation. Key
items include:

« Alternate Run Modes: By clocking the controller
from the Timerl source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

* Multiple Idle Modes: The controller can also run
with its CPU core disabled but the peripherals still
active. In these states, power consumption can be
reduced even further, to as little as 4% of normal
operation requirements.

e On-the-fly Mode Switching: The power-
managed modes are invoked by user code during
operation, allowing the user to incorporate power-
saving ideas into their application’s software
design.

e Low Consumption in Key Modules: The power
requirements for both Timerl and the Watchdog
Timer are minimized. See Section 27.0
“Electrical Specifications” for values.

11.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18(L)F2X/4XK22 family
offer ten different oscillator options, allowing users a
wide range of choices in developing application
hardware. These include:

» Four Crystal modes, using crystals or ceramic
resonators

» Two External Clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general I/O)

» Two External RC Oscillator modes with the same
pin options as the External Clock modes

« An internal oscillator block which contains a
16 MHz HFINTOSC oscillator and a 31 kHz
LFINTOSC oscillator, which together provide eight
user selectable clock frequencies, from 31 kHz to
16 MHz. This option frees the two oscillator pins
for use as additional general purpose /0.

* A Phase Lock Loop (PLL) frequency multiplier,
available to both external and internal oscillator
modes, which allows clock speeds of up to
64 MHz. Used with the internal oscillator, the PLL
gives users a complete selection of clock speeds,
from 31 kHz to 64 MHz — all without using an
external crystal or clock circuit.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

» Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a
reference signal provided by the LFINTOSC. If a
clock failure occurs, the controller is switched to
the internal oscillator block, allowing for continued
operation or a safe application shutdown.

» Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or Wake-up from Sleep
mode, until the primary clock source is available.
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PIC18(L)F2X/4XK22

2.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

2.1 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing
performance and minimizing power consumption.
Figure 2-1 illustrates a block diagram of the oscillator
module.

Clock sources can be configured from external
oscillators, quartz crystal resonators, ceramic resonators
and Resistor-Capacitor (RC) circuits. In addition, the
system clock source can be configured from one of three
internal oscillators, with a choice of speeds selectable via
software. Additional clock features include:

» Selectable system clock source between external
or internal sources via software.

» Two-Speed Start-up mode, which minimizes
latency between external oscillator start-up and
code execution.

 Fail-Safe Clock Monitor (FSCM) designed to
detect a failure of the external clock source (LP,
XT, HS, EC or RC modes) and switch
automatically to the internal oscillator.

 Oscillator Start-up Timer (OST) ensures stability
of crystal oscillator sources.

The primary clock module can be configured to provide
one of six clock sources as the primary clock.

1. RC External Resistor/Capacitor

2. LP Low-Power Crystal

3. XT Crystal/Resonator

4. INTOSC Internal Oscillator

5. HS High-Speed Crystal/Resonator
6. EC External Clock

The HS and EC oscillator circuits can be optimized for
power consumption and oscillator speed using settings
in FOSC<3:0>. Additional FOSC<3:0> selections
enable RAG6 to be used as I/O or CLKO (Fosc/4) for
RC, EC and INTOSC Oscillator modes.

Primary Clock modes are selectable by the
FOSC<3:0> bits of the CONFIG1H Configuration
register. The primary clock operation is further defined
by these Configuration and register bits:

PRICLKEN (CONFIG1H<5>)

PRISD (OSCCON2<2>)

PLLCFG (CONFIG1H<4>)

PLLEN (OSCTUNE<6>)

HFOFST (CONFIG3H<3>)

IRCF<2:0> (OSCCON<6:4>)

MFIOSEL (OSCCON2<4>)

8. INTSRC (OSCTUNE<7>)

The HFINTOSC, MFINTOSC and LFINTOSC are
factory calibrated high, medium and low-frequency

oscillators, respectively, which are used as the internal
clock sources.

No ahMowbdpR
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3.0 POWER-MANAGED MODES

PIC18(L)F2X/4XK22 devices offer a total of seven
operating modes for more efficient power
management. These modes provide a variety of
options for selective power conservation in applications
where resources may be limited (i.e., battery-powered
devices).

There are three categories of power-managed modes:

* Run modes
 |dle modes
» Sleep mode

These categories define which portions of the device
are clocked and sometimes, what speed. The Run and
Idle modes may use any of the three available clock
sources (primary, secondary or internal oscillator
block). The Sleep mode does not use a clock source.

The power-managed modes include several power-
saving features offered on previous PIC® microcontroller
devices. One of the clock switching features allows the
controller to use the secondary oscillator (SOSC) in
place of the primary oscillator. Also included is the Sleep
mode, offered by all PIC microcontroller devices, where
all device clocks are stopped.

3.1 Selecting Power-Managed Modes
Selecting a power-managed mode requires two
decisions:

* Whether or not the CPU is to be clocked
* The selection of a clock source

The IDLEN bit (OSCCON<7>) controls CPU clocking,
while the SCS<1:0> bits (OSCCON<1:0>) select the
clock source. The individual modes, bit settings, clock
sources and affected modules are summarized in
Table 3-1.

3.1.1 CLOCK SOURCES

The SCS<1:0> bits allow the selection of one of three
clock sources for power-managed modes. They are:

« the primary clock, as defined by the FOSC<3:0>
Configuration bits

« the secondary clock (the SOSC oscillator)
« the internal oscillator block

ENTERING POWER-MANAGED
MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS<1:0> bits select the clock source and determine
which Run or Idle mode is to be used. Changing these
bits causes an immediate switch to the new clock
source, assuming that it is running. The switch may
also be subject to clock transition delays. Refer to
Section 2.11 “Clock Switching” for more information.

3.1.2

Entry to the power-managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.

Depending on the current mode and the mode being
switched to, a change to a power-managed mode does
not always require setting all of these bits. Many
transitions may be done by changing the oscillator select
bits, or changing the IDLEN bit, prior to issuing a SLEEP
instruction. If the IDLEN bit is already configured
correctly, it may only be necessary to perform a SLEEP
instruction to switch to the desired mode.

TABLE 3-1: POWER-MANAGED MODES
OSCCON Bits Module Clocking
Mode Available Clock and Oscillator Source
IDLEN® | scs<1:0> CPU Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRI_RUN N/A 00 Clocked Clocked Primary — LP, XT, HS, RC, EC and Internal
Oscillator Block(®).
This is the normal full-power execution mode.
SEC_RUN N/A 01 Clocked Clocked | Secondary — SOSC Oscillator
RC_RUN N/A 1x Clocked Clocked Internal Oscillator Block®
PRI_IDLE 1 00 Off Clocked Primary — LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked | Secondary — SOSC Oscillator
RC_IDLE 1 1x Off Clocked Internal Oscillator Block(®)
Note 1: IDLEN reflects its value when the SLEEP instruction is executed.

2:

Includes HFINTOSC and HFINTOSC postscaler, as well as the LFINTOSC source.

DS40001412G-page 44
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FIGURE 5-5: DATA MEMORY MAP FOR PIC18(L)F23K22 AND PIC18(L)F43K22 DEVICES
BSR<3:0> Data Memory Map When ‘&’ = 0:
The BSR is ignored and the
~ 0000 00h | Access RAM 8(5322 Acce.ss Bank is used.
Bank0 = | — — — — - 060h The first 96 bytes are
FFh GPR OFFh general purpose RAM
- 0001 00h 100h (from Bank 0).
’ Bank 1 GPR The second 160 bytes are
FFh 1FFh Special Function Registers
= 0010 00h 200h (from Bank 15).
Bank 2
Sg: ggOFE When ‘a’ = 1:
= 0011 Bank 3 The BSR specifies the Bank
EER 3FFh used by the instruction.
— 00h 400h
= 0100 Bank 4
FFh 4FFh
= 0101 00h 500h
Bank 5
FEh 5FFh
=0110 00h 600h
Bank 6
FEh 6FFh Access Bank
=0111 00h 700h 00h
Bank 7 Access RAM Low SEh
FFh gggﬁ 'Access RAM High| 60h
= 00h SFRs
1000 Bank 8 (SFRs) FFh
FFh 8FFh
=1001 00h Unused 900h
Bank 9 Read 00h
== 9FFh
- 00h A0Oh
1010 Bank 10
EFh AFFh
= 00h BOOh
1011 Bank 11
FFh BFFh
- CO0h
=1100 Bank 12 00h
FFh CFFh
- DOOh
1101 Bank 13 00h
DFFh
FFh
- 1110 00h EOOh
Bank 14
FFh EFFh
=1111 00h Unused FOOE
L "~ » Bank15 | — — ] lF:%h
SFR(® F5Fh Note 1: Addresses F38h through F5Fh are
—————— F60h also used by SFRs, but are not
part of the Access RAM. Users
SFR must always use the complete
address or load the proper BSR
FEh EEEh value to access these registers.

DS40001412G-page 72
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TABLE 10-4: PORT PIN FUNCTION PRIORITY (CONTINUED)

Port Function Priority by Port Pin
Port bit
PORTA PORTB PORTC PORTD® PORTE®@
5 SRNQ ccp3®) SDO1 P1B
c20uUT P3AG) RC5 RD5
RA5 p2BM®)
RB5
6 0SC2 PGC TX1/CK1 TX2/CK2
CLKO Tx2/cK2) ccp3) P1C
RA6 RB6 P3AWM) RD6
ICDCK RC6
7 RA7
0sc1 PGD RX1/DT1 RX2/DT2
RA7 RX2/DT2W p3B® P1D
RB7 RC7 RD7
ICDDT

Note 1: PIC18(L)F2XK22 devices.
PIC18(L)FAXK22 devices.

Function default pin.

Function alternate pin.

Function default pin (28-pin devices).
Function default pin (40/44-pin devices).

Function alternate pin (28-pin devices).
Function alternate pin (40/44-pin devices)

© 2010-2016 Microchip Technology Inc.
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12.7.2.3

The output resulting from a Comparator 1 operation can
be selected as a source for Timerl/3/5 Gate Control.
The Comparator 1 output (sync_C1OUT) can be
synchronized to the Timerl/3/5 clock or left
asynchronous. For more information see Section 18.8.4
“Synchronizing Comparator Output to Timer1”.

Comparator C1 Gate Operation

12.7.2.4

The output resulting from a Comparator 2 operation
can be selected as a source for Timerl/3/5 Gate
Control. The Comparator 2 output (sync_C20UT) can
be synchronized to the Timerl/3/5 clock or left
asynchronous. For more information see
Section 18.8.4 “Synchronizing Comparator Output
to Timerl”.

Comparator C2 Gate Operation

12.7.3 TIMER1/3/5 GATE TOGGLE MODE

When Timerl/3/5 Gate Toggle mode is enabled, it is
possible to measure the full-cycle length of a Tim-
erl/3/5 gate signal, as opposed to the duration of a sin-
gle level pulse.

The Timer1/3/5 Gate source is routed through a flip-flop
that changes state on every incrementing edge of the
signal. See Figure 12-5 for timing details.

Timer1/3/5 Gate Toggle mode is enabled by setting the
TXGTM bit of the TXGCON register. When the TXxGTM
bit is cleared, the flip-flop is cleared and held clear. This
is necessary in order to control which edge is
measured.

Note: Enabling Toggle mode at the same time
as changing the gate polarity may result in
indeterminate operation.

12.7.4 TIMER1/3/5 GATE SINGLE-PULSE
MODE

When Timerl1/3/5 Gate Single-Pulse mode is enabled,
it is possible to capture a single-pulse gate event.
Timerl/3/5 Gate Single-Pulse mode is first enabled by
setting the TXGSPM bit in the TXGCON register. Next,
the TXGGO/DONE bit in the TXGCON register must be
set. The Timer1/3/5 will be fully enabled on the next
incrementing edge. On the next trailing edge of the
pulse, the TxGGO/DONE bit will automatically be
cleared. No other gate events will be allowed to
increment Timerl/3/5 until the TXGGO/DONE bit is
once again set in software.

Clearing the TXGSPM bit of the TXGCON register will
also clear the TXxGGO/DONE bit. See Figure 12-6 for
timing details.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timer1/3/5
Gate source to be measured. See Figure 12-7 for
timing details.

12.7.5 TIMER1/3/5 GATE VALUE STATUS

When Timerl/3/5 Gate Value Status is utilized, it is
possible to read the most current level of the gate
control value. The value is stored in the TXGVAL bit in
the TXGCON register. The TxGVAL bhit is valid even
when the Timerl1/3/5 Gate is not enabled (TMRxGE bit
is cleared).

12.7.6 TIMER1/3/5 GATE EVENT
INTERRUPT

When Timer1/3/5 Gate Event Interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of TXxGVAL
occurs, the TMRxGIF flag bit in the PIR3 register will be
set. If the TMRXGIE bit in the PIE3 register is set, then
an interrupt will be recognized.

The TMRXGIF flag bit operates even when the
Timerl/3/5 Gate is not enabled (TMRXGE bit is
cleared).

For more information on selecting high or low priority
status for the Timerl/3/5 Gate Event Interrupt see
Section 9.0 “Interrupts”.

© 2010-2016 Microchip Technology Inc.
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15.5.2 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bit of the SSPxSTAT register is
cleared. The received address is loaded into the
SSPxBUF register and acknowledged.

When the overflow condition exists for a received
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF of the SSPXSTAT
register is set, or bit SSPxOV of the SSPxCONL1 regis-
ter is set. The BOEN bit of the SSPxCON3 register
modifies this operation. For more information see
Register 15-5.

An MSSPx interrupt is generated for each transferred
data byte. Flag bit, SSPxIF, must be cleared by
software.

When the SEN bit of the SSPxCONZ2 register is set,
SCLx will be held low (clock stretch) following each
received byte. The clock must be released by setting
the CKP bit of the SSPxCON1 register, except
sometimes in 10-bit mode. See Section 15.2.3 “SPI
Master Mode” for more detail.

15.5.2.1 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSPx module configured as an 12C slave in
7-bit Addressing mode. All decisions made by hard-
ware or software and their effect on reception.
Figure 15-14 and Figure 15-5 are used as a visual
reference for this description.

This is a step by step process of what typically must
be done to accomplish 12C communication.
1. Start bit detected.

2. S bit of SSPxSTAT is set; SSPxIF is set if
interrupt on Start detect is enabled.

3. Matching address with R/W bit clear is received.

4. The slave pulls SDAXx low sending an ACK to the
master, and sets SSPxIF bit.

5. Software clears the SSPxIF bit.

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

7. If SEN=1; Slave software sets CKP bit to
release the SCLx line.

8. The master clocks out a data byte.

9. Slave drives SDAX low sending an ACK to the
master, and sets SSPxIF bit.

10. Software clears SSPxIF.

11. Software reads the received byte from
SSPxBUF clearing BF.

12. Steps 8-12 are repeated for all received bytes
from the master.

13. Master sends Stop condition, setting P bit of
SSPXSTAT, and the bus goes Idle.

15.5.2.2 7-bit Reception with AHEN and DHEN

Slave device reception with AHEN and DHEN set
operate the same as without these options with extra
interrupts and clock stretching added after the 8th fall-
ing edge of SCLx. These additional interrupts allow the
slave software to decide whether it wants to ACK the
receive address or data byte, rather than the hard-
ware. This functionality adds support for PMBus™ that
was not present on previous versions of this module.

This list describes the steps that need to be taken by
slave software to use these options for 1°C
communication. Figure 15-16 displays a module using
both address and data holding. Figure 15-17 includes
the operation with the SEN bit of the SSPxCON2
register set.

1. S bit of SSPXSTAT is set; SSPxIF is set if
interrupt on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSPxIF is set and CKP cleared after the 8th
falling edge of SCLx.

3. Slave clears the SSPxIF.

4. Slave can look at the ACKTIM bit of the SSPx-
CONB3 register to determine if the SSPxIF was
after or before the ACK.

5. Slave reads the address value from SSPxBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
SSPxIF is set after an ACK, not after a NACK.

9. If SEN =1 the slave hardware will stretch the
clock after the ACK.

10. Slave clears SSPxIF

©

Note: SSPxIF is still set after the 9th falling edge of
SCLx even if there is no clock stretching and
BF has been cleared. Only if NACK is sent
to master is SSPxIF not set.

11. SSPxIF set and CKP cleared after 8th falling
edge of SCLx for a received data byte.

12. Slave looks at ACKTIM bit of SSPxCONS3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPxBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by either the slave
sending an ACK =1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop detect is disabled, the slave will only know
by polling the P bit of the SSTSTAT register.

DS40001412G-page 220
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15.6.8 ACKNOWLEDGE SEQUENCE

TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN, of the
SSPxCONZ2 register. When this bit is set, the SCLx pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDAX pin. If the user wishes to
generate an Acknowledge, then the ACKDT bit should
be cleared. If not, the user should set the ACKDT bit
before starting an Acknowledge sequence. The Baud
Rate Generator then counts for one rollover period
(TBrG) and the SCLx pin is deasserted (pulled high).
When the SCLx pin is sampled high (clock arbitration),
the Baud Rate Generator counts for TBRG. The SCLx pin
is then pulled low. Following this, the ACKEN bit is auto-
matically cleared, the Baud Rate Generator is turned off
and the MSSPx module then goes into Idle mode
(Figure 15-30).

15.6.8.1  WCOL Status Flag

If the user writes the SSPxBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write does
not occur).

15.6.9 STOP CONDITION TIMING

A Stop bit is asserted on the SDAX pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN, of the SSPxCON2 register. At the end of a
receive/transmit, the SCLx line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDAXx line low. When the
SDAX line is sampled low, the Baud Rate Generator is
reloaded and counts down to ‘0’. When the Baud Rate
Generator times out, the SCLx pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDAX pin will be deasserted. When the SDAXx
pin is sampled high while SCLx is high, the P bit of the
SSPXSTAT register is set. A TBRG later, the PEN bit is
cleared and the SSPxIF bit is set (Figure 15-31).

15.6.9.1  WCOL Status Flag

If the user writes the SSPxBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write does
not occur).

FIGURE 15-30: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, ;
write to SSPxCON2 l— ACKEN automatically cleared
ACKEN =1, ACKDT =0
k—TerG ——TBrRG —]
SDAX X Do \ A !
[ |
|
SCLx 8 | ! 9 |
| |
| ! |
] |
SSPxIF :
I L Cleared in
the ond of receive —  Clearedin software
software SSPxIF set at the end
of Acknowledge sequence
Note: TBRG = one Baud Rate Generator period.
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FIGURE 16-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION

1Q1]Q2|Q31Q4 Q1/Q2|Q30Q401/Q2|Q31Q4,01/Q2|Q3|Q4,Q1Q21Q3]Q4Q1/Q2|Q3]Q4,01/Q2|Q3)Q4,01|Q2/Q3]Q4,Q1|Q2|Q3/Q4,01/Q2|Q3]Q4,
[o=Tou L0 AN U [ U U U O O O U U O J O [ U O O J O O O O J O O O O J O O O O J O O O O J O O O O O O O
'+ Bitsetbyuser —— I !

WUE bit ; : /

RXx/DTx Line

| \
\ I Auto Cleared '
Vg \ \

' \ 1% T — T D

! Cleared due to User Read of RCREGx —/'I

RCxIF ! - - -

Note 1: The EUSART remains in Idle while the WUE bit is set.

FIGURE 16-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP

101jQ2|Q3/04,Q1|Q2|Q3|Q4,Q1/Q2|Q3|Q4, Q1 1Q21Q3]Q4,Q1/Q2|Q3|Q4,01/Q2/Q3]Q4,01/Q2|Q3]Q4,01Q2|Q3|Q4,
NG AR AN AWAWAWAWANRE RN WA, | A A AN AR AN AN VAN ANAWAWAVAWAWAWAWRE

. Bit Set by User —
WUE bit; . /

Lo L P Auto, Cleared
T TN !
mfﬂ(?te 1

RXx/DTx Linf.' ! ! !

Y

Sléep Command Executed ? Sleep Ends T

RCXIF | . I .
. Cleared due to User Read of RCREGX —*

Note 1: If the wake-up event requires long oscillator warm-up time, the automatic clearing of the WUE bit can occur while the st posc signal is
still active. This sequence should not depend on the presence of Q clocks.

2: The EUSART remains in Idle while the WUE bit is set.

DS40001412G-page 278 © 2010-2016 Microchip Technology Inc.



PIC18(L)F2X/4XK22

FIGURE 17-5: ANALOG INPUT MODEL
Voo Samplin
SWit(?h 9
. Rs + ANX Ric<1k @SS _R_séE -

B (5:‘:)';;' == C)I LEAKAGE)

L CHOLD = 13.5 pF

= . i Discharge VSS/VREF-
L Switch
3.5V
Legend: CPIN = Input Capacitance 3.0VF------

| LEAKAGE = Leakage current at the pin due to 2 o5y !

various junctions s T X
Ric = Interconnect Resistance 2.0V '
SS = Sampling Switch 1.5v !
CHoLD = Sample/Hold Capacitance } } } }

A 1 10 100
Rss (k)

Note 1: See Section 27.0 “Electrical Specifications”.

FIGURE 17-6: ADC TRANSFER FUNCTION

Full-Scale Range

3FFh
3FEh
3FDh
3FCh
3FBh

«— 1/2 LSB ideal

=
—

__ Full-Scale
004h - Transition

ADC Output Code

003h |- - - - -
002h |- - -
001h | -

000h > Analog Input Voltage

~>‘ L, 1/2 LSB ideal T
VSS/VREF- J L Zero-Scale VDD/VREF+

Transition
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24.2  Register Definitions: Configuration Word
REGISTER 24-1: CONFIG1H: CONFIGURATION REGISTER 1 HIGH

R/P-0 R/P-0 R/P-1 R/P-0 R/P-0 R/P-1 R/P-0 R/P-1
IESO | FCMEN [ PRICLKEN | PLLCFG | FOSC<3:0>
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 IESOM): Internal/External Oscillator Switchover bit

1 = Oscillator Switchover mode enabled
0 = Oscillator Switchover mode disabled

bit 6 FCMEN®: Fail-Safe Clock Monitor Enable bit
1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled

bit 5 PRICLKEN: Primary Clock Enable bit
1 = Primary Clock is always enabled
0 = Primary Clock can be disabled by software

bit 4 PLLCFG: 4 x PLL Enable bit
1 =4 x PLL always enabled, Oscillator multiplied by 4
0 = 4 x PLL is under software control, PLLEN (OSCTUNE<6>)

bit 3-0 FOSC<3:0>: Oscillator Selection bits
1111 = External RC oscillator, CLKOUT function on RA6
1110 = External RC oscillator, CLKOUT function on RA6
1101 = EC oscillator (low power, <500 kHz)
1100 = EC oscillator, CLKOUT function on OSC2 (low power, <500 kHz)
1011 = EC oscillator (medium power, 500 kHz-16 MHz)
1010 = EC oscillator, CLKOUT function on OSC2 (medium power, 500 kHz-16 MHz)
1001 = Internal oscillator block, CLKOUT function on OSC2
1000 = Internal oscillator block
0111 = External RC oscillator
0110 = External RC oscillator, CLKOUT function on OSC2
0101 = EC oscillator (high power, >16 MHz)
0100 = EC oscillator, CLKOUT function on OSC2 (high power, >16 MHz)
0011= HS oscillator (medium power, 4 MHz-16 MHz)
0010= HS oscillator (high power, >16 MHz)
0001= XT oscillator
0000= LP oscillator

Note 1. When FOSC<3:0> is configured for HS, XT, or LP oscillator and FCMEN bit is set, then the IESO bit
should also be set to prevent a false failed clock indication and to enable automatic clock switch over from
the internal oscillator block to the external oscillator when the OST times out.
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REGISTER 24-5:

CONFIG4L: CONFIGURATION REGISTER 4 LOW

R/P-1 R/P-0 u-0 u-0 u-0 R/P-1 u-0 R/P-1
DEBUG® XINST — — — Lvp® — STVREN
bit 7 bit O

Legend:

R = Readable bit

P = Programmable bit

-n = Value when device is unprogrammed

U = Unimplemented bit, read as ‘0’
X = Bit is unknown

bit 7

bit 6

bit 5-3
bit 2

bit 1
bit 0

Note 1:

DEBUG: Background Debugger Enable bit(®

1 = Background debugger disabled, RB6 and RB7 configured as general purpose I/O pins

0 = Background debugger enabled, RB6 and RB7 are dedicated to In-Circuit Debug
XINST: Extended Instruction Set Enable bit

1 = Instruction set extension and Indexed Addressing mode enabled

0 = Instruction set extension and Indexed Addressing mode disabled (Legacy mode)

Unimplemented: Read as ‘0’

LVP: Single-Supply ICSP Enable bit

1 = Single-Supply ICSP enabled
0 = Single-Supply ICSP disabled

Unimplemented: Read as ‘0’

STVREN: Stack Full/lUnderflow Reset Enable bit

1 = Stack full/underflow will cause Reset

0 = Stack full/lunderflow will not cause Reset

Can only be changed by a programmer in high-voltage programming mode.

2:  The DEBUG bit is managed automatically by device development tools including debuggers and programmers. For
normal device operations, this bit should be maintained as a ‘1’.

REGISTER 24-6:

CONFIG5L: CONFIGURATION REGISTER 5 LOW

uU-0

u-0 u-0

u-0

R/C-1 R/C-1

R/C-1 R/C-1

cp3® cp2@

CP1 CPO

bit 7

bit 0

Legend:

R = Readable bit
-n = Value when device is unprogrammed

U = Unimplemented bit, read as ‘0’

C = Clearable only bit

bit 7-4
bit 3

bit 2

bit 1

bit 0

Note 1:

Unimplemented: Read as ‘0’

CP3: Code Protection bit(!)

1 = Block 3 not code-protected
0 = Block 3 code-protected
CP2: Code Protection bit(!)

1 = Block 2 not code-protected
0 = Block 2 code-protected
CP1: Code Protection bit

1 = Block 1 not code-protected
0 = Block 1 code-protected
CPO0: Code Protection bit

1 = Block 0 not code-protected
0 = Block 0 code-protected

Available on PIC18(L)FX5K22 and PIC18(L)FX6K22 devices.
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BTFSC Bit Test File, Skip if Clear BTFSS Bit Test File, Skip if Set

Syntax: BTFSC f,b{a} Syntax: BTFSS f, b {a}

Operands: 0<f<255 Operands: 0<f<255
0<b<7 0<b<7
a e[0,1] a e [0,1]

Operation: skip if (f<b>) =0 Operation: skip if (f<b>) =1

Status Affected: None Status Affected: None

Encoding: | 1011 | bbba [ ffff | ffff | Encoding: | 1010 | bbba | feff [ ffff |

Description: If bit ‘b’ in register ‘f’ is ‘0’, then the next Description: If bit ‘b’ in register ‘f’ is ‘1’, then the next
instruction is skipped. If bit ‘b’ is ‘0, then instruction is skipped. If bit ‘b’ is ‘1, then
the next instruction fetched during the the next instruction fetched during the
current instruction execution is discarded current instruction execution is discarded
and a NOP is executed instead, making and a NOP is executed instead, making
this a 2-cycle instruction. this a 2-cycle instruction.
If ‘a’ is ‘0", the Access Bank is selected. If If ‘a’ is ‘0’, the Access Bank is selected. If
‘a’ is ‘'1’, the BSR is used to select the ‘a’is '1’, the BSR is used to select the
GPR bank. GPR bank.
If ‘a’ is ‘0’ and the extended instruction If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates in set is enabled, this instruction operates
Indexed Literal Offset Addressing in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). mode whenever f <95 (5Fh).
See Section 25.2.3 “Byte-Oriented and See Section 25.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details. Literal Offset Mode” for details.

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

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

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE BTFSC FLAG 1, O
FALSE
TRUE
Before Instruction
PC =  address ( HERE)
After Instruction
If FLAG<1> = 0;
PC = address ( TRUE)
If FLAG<1> = 1,
PC = address (FALSE)

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

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Qs 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 BTFSS FLAG 1, O
FALSE
TRUE
Before Instruction
PC = address (HERE)
After Instruction
If FLAG<1> = 0;
PC = address (FALSE)
If FLAG<1> = 1,
PC = address ( TRUE)

© 2010-2016 Microchip Technology Inc.
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CPFSGT Compare f with W, skip if f >W
Syntax: CPFSGT f{,a}
Operands: 0<f<255
a € [0,1]
Operation: H - W),

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

skip if (f) > (W)
(unsigned comparison)

None
| 0110 |010a | frff | fEff |

Compares the contents of data memory
location ‘f’ to the contents of the W by
performing an unsigned subtraction.

If the contents of ‘f’ are greater than the
contents of WREG, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
2-cycle instruction.

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.

1

12

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

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSGT REG, 0
NGREATER
GREATER

Before Instruction

PC
w

After Instruction

If REG
PC

If REG
PC

Address ( HERE)
= 2

W,

Address ( CREATER)
W,

Address ( NGREATER)

IN

CPFSLT Compare f with W, skip if f <W

Syntax: CPFSLT f{a}

Operands: 0<f<255
a € [0,1]

Operation: H - (W),
skip if (f) < (W)
(unsigned comparison)

Status Affected: None

Encoding: | o110 | oooa [ fftf [ ffft |

Description: Compares the contents of data memory
location ‘f’ to the contents of W by
performing an unsigned subtraction.
If the contents of ‘f’ are less than the
contents of W, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
2-cycle instruction.
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

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

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation

Example:

HERE CPFSLT REG 1
NLESS
LESS

Before Instruction

PC
w

After Instruction

If REG
PC
If REG
PC

Address ( HERE)
?

< W;
=  Address (LESS)
W

1 v

Address ( NLESS)
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TSTFSZ Test f, skip if O XORLW Exclusive OR literal with W
Syntax: TSTFSZ f {,a} Syntax: XORLW k
Operands: 0<f<255 Operands: 0<k<255
a<[01] Operation: (W) XOR. k > W
Operation: skipiff=0 Status Affected: N, Z
Status Affected:  None Encoding: [ 0000 | 1010 | Kkkkk | kkkk |
Encoding: ‘ 0110 | 0Olla | frff ‘ fref ‘ Description: The contents of W are XORed with
Description: If ‘f" = 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, Words: 1
making this a 2-cycle instruction. '
If ‘a’ is ‘0", the Access Bank is selected. Cycles: 1
If‘a’is ‘1’, the BSR is used to select the Q Cycle Activity:
GPR bank.
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 _Q4
set is enabled, this instruction operates Decode 'Read Process | Write to W
in Indexed Literal Offset Addressing literal 'k’ Data
mode whenever f <95 (5Fh). See
Section 25.2.3 “Byte-Oriented and Example: XORLW  OAFh
Bit-Oriented Instructions in Indexed )
Literal Offset Mode” for details. Before Instruction
Words: 1 w = BSh
After Instruction
Cycles: 1(2) W - 1aAh

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

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT, 1
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT =  00h,
PC =  Address (ZERO
If CNT #  00h,
PC =  Address ( NZERO)
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27.2 DC Characteristics: Power-Down Current, PIC18(L)F2X/4XK22 (Continued)
Standard Operating Conditions (unless otherwise stated)
PIC18LF2X/4XK22 Operating temperature -40°C < TA < +125°C
Standard Operating Conditions (unless otherwise stated)
ISR Operating temperature -40°C < TA £ +125°C
Param . . Typ | Typ | Max | Max . Conditions
No. Device Characteristics +25°C | +60°C | +85°C | +125°C Units Vo oo
D015 | Comparators 7 7 18 18 pA 1.8V
7 7 18 18 pA | 3.0V
LP mode
7 7 18 18 pA 2.3V
7 7 18 18 pA | 3.0V
8 8 20 20 pA 5.0V
D016 |Comparators 38 38 95 95 pA 1.8V
4 4 1 1 A .0V
0 0 05 05 u 3.0 HP mode
39 39 95 95 pA 2.3V
40 40 105 105 pA 3.0V
40 40 105 105 pA 5.0V
D017 |DAC 14 14 25 25 pA 2.0v
20 20 35 35 pA 3.0v
15 15 30 30 pA 2.3V
20 20 85 35 pA 3.0V
32 32 60 60 pA 5.0V
D018 |FVR® 15 16 25 25 nA | 1.8V
15 16 25 25 pA 3.0V
28 28 45 45 pA 2.3V
31 31 55 55 pA 3.0V
66 66 100 100 pA 5.0V
D013 |A/D Converter® 185 | 185 | 370 370 uA | 1.8V
210 210 400 400 pA 3.0v .
A/D on, not converting
200 200 380 380 pA 2.3V
210 210 400 400 pA 3.0V
250 250 450 450 pA 5.0V
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is
measured with the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss
and all features that add delta current disabled (such as WDT, Timerl Oscillator, BOR, etc.).

2:  On PIC18LF2X/4XK22 the BOR, HLVD and FVR enable internal band gap reference. With more than one
of these modules enabled, the current consumption will be less than the sum of the specifications. On
PIC18F2X/4XK22, the internal band gap reference is always enabled and its current consumption is
included in the Power-down Base Current (IPD).

3:  A/D converter differential currents apply only in Run mode. In Sleep or Idle mode both the ADC and the

FRC turn off as soon as conversion (if any) is complete.
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27.11 AC (Timing) Characteristics

27.11.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created
using one of the following formats:

1. TppS2ppS 3. Tcc:sT (1°C specifications only)
2. TppS 4. Ts (1°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 osc OSC1
ck CLKOUT rd RD
cs [ w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in t0 TOCKI
io 1/O port t1 T13CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low Z High-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (I2C specifications only)
cC
HD Hold SuU Setup
ST
DAT DATA input hold STO Stop condition
STA Start condition
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TABLE 27-16: 1°C BUS DATA REQUIREMENTS (SLAVE MODE)

P?\:gm' Symbol Characteristic Min Max | Units Conditions
100 THIGH | Clock High Time 100 kHz mode 4.0 — pus | Must operate at a minimum
of 1.5 MHz
400 kHz mode 0.6 — us | Must operate at a minimum
of 10 MHz
SSP Module 1.5 Tey —
101 TLow | Clock Low Time 100 kHz mode 4.7 — pus | Must operate at a minimum
of 1.5 MHz
400 kHz mode 1.3 — us | Must operate at a minimum
of 10 MHz
SSP Module 1.5 Tey —
102 TR SDA and SCL Rise | 100 kHz mode — 1000 ns
Time 400 kHz mode |20+ 0.1Cs | 300 ns | Csis specified to be from
10 to 400 pF
103 TF SDA and SCL Fall |100 kHz mode — 300 ns
Time 400 kHz mode |20+ 0.1CB | 300 ns | Csis specified to be from
10 to 400 pF
90 TSU:STA | Start Condition 100 kHz mode 4.7 — pus | Only relevant for Repeated
Setup Time 400 kHz mode 0.6 — us Start condition
91 THD:STA | Start Condition 100 kHz mode 4.0 — pus | After this period, the first
Hold Time 400 kHz mode 0.6 — us clock pulse is generated
106 THD:DA | Data Input Hold 100 kHz mode 0 — ns
T Time 400 kHz mode 0 0.9 us
107 TSU:DAT | Data Input Setup | 100 kHz mode 250 — ns |(Note 2)
Time 400 kHz mode 100 — ns
92 Tsu:sTO | Stop Condition 100 kHz mode 4.7 — us
Setup Time 400 kHz mode 0.6 — us
109 TaA Output Valid from | 100 kHz mode — 3500 ns (Note 1)
Clock 400 kHz mode — — | ns
110 TBUF Bus Free Time 100 kHz mode 4.7 — ps | Time the bus must be free
400 kHz mode 13 — us before a new transmission
can start
D102 |Cs Bus Capacitive Loading — 400 pF
Note 1. As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region
(min. 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.
2: A fast mode I2C bus device can be used in a standard mode 12C bus system but the requirement,

TSU:DAT > 250 ns, must then be met. This will automatically be the case if the device does not stretch the
LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it must
output the next data bit to the SDA line, TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the
standard mode 12C bus specification), before the SCL line is released.
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FIGURE 28-26: PIC18LF2X/4XK22 TYPICAL IpD: RC_RUN HF-INTOSC
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FIGURE 28-27: PIC18LF2X/4XK22 MAXIMUM Ipp: RC_RUN HF-INTOSC
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44-Lead Plastic Quad Flat, No Lead Package (ML) - 8x8 mm Body [QFN or VQFN]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http://www.microchip.com/packaging
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