MICROCHIP

PIC18F2XK20/4XK20

28/40/44-Pin Flash Microcontrollers
with XL P Technology

High-Performance RISC CPU

» C Compiler Optimized Architecture:
- Optional extended instruction set designed to
optimize re-entrant code
» Up to 1024 bytes Data EEPROM
» Up to 64 Kbytes Linear Program Memory
Addressing
» Upto 3936 bytes Linear Data Memory Addressing
* Up to 16 MIPS Operation
* 16-bit Wide Instructions, 8-bit Wide Data Path
* Priority Levels for Interrupts
* 31-Level, Software Accessible Hardware Stack

» 8 x 8 Single-Cycle Hardware Multiplier
Flexible Oscillator Structure

* Precision 16 MHz Internal Oscillator Block:
- Factory calibrated to + 1%
- Software selectable frequencies range of
31 kHz to 16 MHz
- 64 MHz performance available using PLL —
no external components required
» Four Crystal Modes up to 64 MHz
» Two External Clock Modes up to 64 MHz
» 4X Phase Lock Loop (PLL)
» Secondary Oscillator using Timerl @ 32 kHz
* Fail-Safe Clock Monitor:
- Allows for safe shutdown, if peripheral clock
stops
- Two-Speed Oscillator Start-up

Special Microcontroller Features

» Operating Voltage Range: 1.8V to 3.6V
» Self-Programmable under Software Control
* Programmable 16-Level High/Low-Voltage
Detection (HLVD) module:
- Interrupt on High/Low-Voltage Detection
« Programmable Brown-out Reset (BOR):
- With software enable option
« Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
* Single-Supply 3V In-Circuit Serial
Programming™ (ICSP™) via Two Pins
* In-Circuit Debug (ICD) via Two Pins

Extreme Low-Power Management
with XLP

* Sleep Mode: < 100 nNA @ 1.8V
« Watchdog Timer: < 800 nA @ 1.8V
» Timerl Oscillator: < 800 nA @ 32 kHz and 1.8V

Analog Features

« Analog-to-Digital Converter (ADC) Module:
- 10-bit resolution, 13 External Channels
- Auto-acquisition capability
- Conversion available during Sleep
- 1.2V Fixed Voltage Reference (FVR) channel
- Independent input multiplexing
» Analog Comparator Module:
- Two rail-to-rail analog comparators
- Independent input multiplexing
« Voltage Reference (CVREF) Module

- Programmable (% VDD), 16 steps
- Two 16-level voltage ranges using VREF pins

Peripheral Highlights

» Up to 35 I/O Pins plus 1 Input-only Pin:
- High-Current Sink/Source 25 mA/25 mA
- Three programmable external interrupts
- Four programmable interrupt-on-change
- Eight programmable weak pull-ups
- Programmable slew rate
» Capture/Compare/PWM (CCP) Module
« Enhanced CCP (ECCP) module:
- One, two or four PWM outputs
- Selectable polarity
- Programmable dead time
- Auto-shutdown and auto-restart
» Master Synchronous Serial Port (MSSP) Module
- 3-wire SPI (supports all four modes)
- 12C™ Master and Slave modes with address
mask
» Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) Module:
- Supports RS-485, RS-232 and LIN
- RS-232 operation using internal oscillator
- Auto-Wake-up on Break
- Auto-Baud Detect
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PIC18F2XK20/4XK20

PIC18F2XK20/4XK20 Family Types

Program Memory Data Memory 10-bit | ccp/ MSSP £ )
Device Flash |# Single-Word | SRAM | EEPROM | VO® | AD | ECCP Master | & | Comp. ;,Téi;ist
(bytes) | Instructions | (bytes) | (bytes) (Ch)(z) (PWM) SPI 12cm™ B
PIC18F23K20 8K 4096 512 256 25 11 171 Y Y 1 2 1/3
PIC18F24K20| 16K 8192 768 256 25 11 171 Y Y 1 2 1/3
PIC18F25K20| 32K 16384 1536 256 25 11 171 Y Y 1 2 1/3
PIC18F26K20| 64k 32768 3936 1024 25 11 171 Y Y 1 2 1/3
PIC18F43K20 8K 4096 512 256 36 14 171 Y Y 1 2 1/3
PIC18F44K20| 16K 8192 768 256 36 14 171 Y Y 1 2 1/3
PIC18F45K20| 32K 16384 1536 256 36 14 171 Y Y 1 2 1/3
PIC18F46K20| 64k 32768 3936 1024 36 14 171 Y Y 1 2 1/3
Note 1: One pin is input-only.
2:  Channel count includes internal Fixed Voltage Reference channel.
Note: For other small form-factor package availability and marking information, please visit I
http://www.microchip.com/packaging or contact your local sales office.
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Pin Diagrams

FIGURE 1: 28-PIN SPDIP, SOIC, SSOP
MCLRVPPIRE3 o1 N 28] 1 RB7/KBI3/PGD
ANO/C12INO-/RAO[]| 2 27[ ] RB6//KBI2/PGC
AN1/C12IN1-/RAL[] 3 26 | RB5/KBI1/PGM
AN2/VREF-/CVREF/C2IN+/RA2 [| 4 25| | RB4/KBIO/AN11/P1D
ANB3/VREF+CILIN+/RA3[] 5 cooo 24 RB3/AN9/C12IN2-/CCP2(
__ TOCKI/C1OUT/RA4[] & gggg 23| ] RB2/INT2/ANS/P1B
AN4/SS/HLVDIN/C20UT/RA5 [ 7 oI39g 22[ ] RB1/INT1/AN10/C12IN3-/P1C
vss[] 8 & % & & 21 ] RBO/INTO/FLTO/AN12
OSCICLKINRA7T[ ] 9 OOOGO  20[]VoD
OSC2/CLKOUT/RA6 [ 10 coaa 19[]Vss
T10SO/T13CKI/RCO[]11 18] RC7/RX/DT
T10sl/ccP2W/RCL 12 17[] RCE/TX/CK
CCP1/P1A/RC2[]13 16 ] RC5/SDO
SCK/SCL/RC3 [ 14 15[ ] RC4/SDI/SDA
Note: See Table 1 for pin allocation table.
FIGURE 2: 28-PIN QFN/UQFN
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AN2/VREF-/CVREF/C2IN+/RA2| 1 @ 21 | RB3/AN9/C12IN2-/CCP2(1)
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AN4/SS/HLVDIN/C20UT/RA5| 4 PIC18F25K20 18 | RBO/INTO/FLTO/AN12
Vss| 5  PIC18F26K20 171 Vbp
OSC1/CLKIN/RA7 | 6 16| Vss
OSC2/CLKOUT/RAB | 7 15 | RC7/RX/DT
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Note 1: RB3is the alternate pin for CCP2 multiplexing.
2:  UQFN package availability applies only to PIC18F23K20.
3: See Table 1 for pin allocation table.
4:  The exposed pad should be connected to Vss.
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FIGURE 3: 40-PIN PDIP
MCLR/VPP/RE3 [] 1 / 40 [1RB7/KBI3/PGD
ANO/C12INO-/RAO [] 2 39 [1RB6/KBI2/PGC
AN1/C12IN1-/RAL ] 3 38 [1RB5/KBI1/PGM
AN2/VREF-/CVREF/C2IN+/RA2 [] 4 37 [1 RB4/KBIO/AN11
AN3/VREF+C1IN+/RA3 [ 5 36 [1RB3/AN9/C12IN2-/cCcP2(D
TOCKI/CIOUT/RA4 [] 6 35 [1RB2/INT2/ANS
AN4/SS/HLVDIN/C20UT/RAS [] 7 34 [1RB1/INTL/AN10/C12IN3-
RD/ANSIREO[]8 oooo 33 [RBOINTO/FLTO/ANI2
WRANGRELI]9 L& LS  320Vop
CS/AN7/RE2 [ 10 E E § ﬁ 31[JVss
VoD [J11 ® %8BS 30 [JRD7/PSP7/P1D
Vss[]12 QOO0 29 [1RD6/PSP6/P1C
OSCI/CLKIN/RA7 [ 13 &% %%  >g[]RD5/PSP5/P1B
OSC2/CLKOUT/RAG [] 14 27 [1RD4/PSP4
T10SO/T13CKI/RCO [] 15 26 [1RC7/RX/DT
T10sl/ccP2W/RCl [ 16 25 [1RC6/TX/CK
CCP1/P1A/RC2 [] 17 24 [1RC5/SDO
SCK/SCL/RC3 [] 18 23 [1RC4/SDI/SDA
PSPO/RDO [] 19 22 [1RD3/PSP3
PSP1/RD1 [] 20 21 [1RD2/PSP2
Note: See Table 2 for pin allocation table.
FIGURE 4: 40-PIN UQFN
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Note 1: See Table 2 for location of all peripheral functions.
2: Itis recommended that the exposed bottom pad be connected to Vss.
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FIGURE 5: 44-PIN QFN
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Note 1: RB3is the alternate pin for CCP2 multiplexing.
2: The exposed pad should be connected to Vss.
3: See Table 2 for pin allocation table.
FIGURE 6: 44-PIN TQFP
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Note 1: RBS3 s the alternate pin for CCP2 multiplexing.
2: See Table 2 for pin allocation table.

© 2010-2015 Microchip Technology Inc.

DS40001303H-page 5



PIC18F2XK20/4XK20

Pin Allocation Tables
TABLE 1: 28-PIN ALLOCATION TABLE (PIC18F2XK20)

o
o
7]
n =z
| & 5
= o [0} [%2])
8 % 2 § e o E o 4 o a S o
@) - o = @ o Q < 0 o & 2 I 7
= |2 o | g g o 9 9 2 E 7 g E 7
=) p < £ 5 w ) = = 2] Qe a o
o = o o w <
%) o O
- [ee]
'n; N
[ee]
N
RAO | 2 27 | ANO | C12INO- — — — — — — — — —
RAL | 3 28 | AN1 | C12IN1- = = = = = = = = =
RA2 | 4 1 AN2 | C2IN+ | VREr-/ — — — — — — — —
CVREF
RA3 2 AN3 | C1IN+ | VREF+ = = = = = = = =
RA4 3 — | c1ouTt — — — — TOCKI — — — —
RA5 | 7 4 AN4 | C20UT |HLVDIN| — — 3Ss — — — — —
RA6 | 10 7 — — — — — — — — — — 0sc2/
CLKOUT
RA7 | 9 6 — — = = = = = = = = 0oscl/
CLKIN
RBO | 21 | 18 | AN12 — — FLTO — — — — INTO | Yes —
RB1 | 22 | 19 | AN10 | C12IN3- — P1C — — — = INTL | Yes —
RB2 | 23 | 20 | ANS — — P1B — — — — INT2 | Yes —
RB3 | 24 | 21 | AN9 | ci2IN2- ccp2®| — = = = = Yes =
RB4 | 25 | 22 | AN11 — — P1D — — — — KBIO | Yes —
RB5 | 26 | 23 — — = — — — — = KBIL | Yes PGM
RB6 | 27 | 24 — — — — — — — — KBI2 | Yes PGC
RB7 | 28 | 25 — — = — — — — = KBI3 | Yes PGD
RCO | 11 8 — — — — — — | T1080/ | — — — —
T13CKI
RC1 | 12 9 = = — |ccp2@| — = T10SI = = = =
RC2 | 13 | 10 — — — ccPly | — — — — — — —
P1A
RC3 | 14 | 11 — — = = = SCK/ = = = = =
SCL
RC4 | 15 | 12 — — — — — SDI/ — — — — —
SDA
RC5 | 16 | 13 = = = = = SDO = = = = =
RC6 | 17 | 14 — — — — | TXICK | — — — — — —
RC7 | 18 | 15 — — — — |RXDT| — — — — — —
RE3®| 1 | 26 — — — — — — — — — — | MCLR/
VPP
8 5 = = = = = = = = = = Vss
19 16 — — — — — — — — — — Vss
20 17 = = = = = = = = = = VDD

Note 1: CCP2 multiplexed with RB3 when CONFIG3H<0> =0
2: CCP2 multiplexed with RC1 when CONFIG3H<0> =1
3: Input-only
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PIC18F2XK20/4XK20

TABLE 2: 40/44-PIN ALLOCATION TABLE (PIC18F4XK20)

Z o
a LL L Z 0] %)
e g o & S = = o E o £ o a s o
o clc| el £ S S o 3 = é e 3 2 = 2]
Tlzla|z|&| % 3 3 w | > | = & | ® | g|Q o
gls 3% = 3 5
RAO | 2 |17 |19 | 19 | ANO |cCl2INO| — — — — — — — — —
RAL | 3 |18| 20| 20| AN1 |Cl2IN1| — — — — — — — — —
RA2 | 4 |19 |21 |21 | AN2 | C2IN+ |VREF/| — = = = = = = =
CVREF
RA3 | 5 | 20| 22| 22| AN3 | CLIN+ |VREF+| — — — — — — — —
RA4 | 6 | 21| 23| 23 — |ciout| — = = — | TOCKI | — = = =
RAS | 7 | 22| 24 | 24 | AN4 |C20UT [HLVDIN| — — | ss — — — — —
RA6 |14 |29 | 31 | 33 = = = = = = = = = = osc2/
CLKOUT
RA7 | 13|28 | 30 | 32 — — — — — — — — — — osci/
CLKIN
RBO (33| 8 | 8 | 9 | AN12 — — FLTO | — — — — | INTO | Yes —
RB1 [34| 9 | 9 | 10| AN10 |Cl12IN3| — — — — — — | INTL | Yes —
RB2 [35| 10| 10 | 11 | ANS — — — — — — — | INT2 | Yes —
RB3 |36 |11 |11 |12 | AN9 |ci12N2| — |ccpP2®| — — — — — Yes —
RB4 (37|12 | 14 | 14 | AN11 — — — — — — — | KBIO | Yes —
RB5 [ 38| 13 | 15 | 15 — — — — — — — — | KBIL | Yes PGM
RB6 |39 | 14 | 16 | 16 = = = = = = = — | KBI2 | Yes PGC
RB7 |40 | 15| 17 | 17 — — — — — — — — | KBI3 | Yes PGD
RCO |15 | 30 | 32 | 34 = = = = = — |T10S0/| — = = =
T13CKI
RC1 |16 | 31| 35| 35 — — — |ccpP2@| — — | 11081 | — — — —
RC2 |17 | 32| 36 | 36 = = — | ccrPy | — = = = = = =
P1A
RC3 |18 | 33| 37 | 37 — — — — — |sck/| — — — — —
SCL
RC4 | 23|38 |42 | 42 = = = = — | spbu = = = = =
SDA
RC5 |24 | 39 | 43 | 43 — — — — — | sbo — — — — —
RC6 | 25 | 40 | 44 | 44 = = = = > | — = = = = =
CK
RC7 |26 | 1| 1] 1 — — — — RX/ | — — — — — —
DT
RDO | 19 | 34 | 38 | 38 = = = = = = = PSPO | — — —
RD1 |20 | 35| 39 | 39 — — — — — — — PSP1 | — — —
RD2 |21 |36 | 40 | 40 = = = = = = = PSP2 | — = =
RD3 |22 |37 |41 |41 — — — — — — — PSP3 | — — —
RD4 |27 | 2| 2 | 2 — — — — — — — PSP4 | — — —
RD5 |28 | 3| 3| 3 — — — P1B — — — PSP5 | — — —
RD6 |29 | 4 | 4 | 4 — — — P1C — — — PSP6 | — — —

Note 1: CCP2 multiplexed with RB3 when CONFIG3H<0> =0
2: CCP2 multiplexed with RC1 when CONFIG3H<0> =1
3: Input-only.
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TABLE 2: 40/44-PIN ALLOCATION TABLE (PIC18F4XK20) (CONTINUED)

Z | o

% § 6 g‘ S =% qé o E o o ) g = )
o lcl2|slsl €| E | 8| 3 |&|8| 2 |z|¢2 || 3

gla|a|&| £ S 2 i S | = = » 3 E @

$l2|3]3 : : :
RD7 |30| 5 | 5 | 5 — — — PID | — | — — |pspr| — | — —
REO | 8 |23 |25 | 25| AN5 — — — — | = — = I — | — _
REL | 9 |24 |26 | 26| AN6 — — — — — — WR | — — —
RE2 |10 |25 | 27 | 27 | AN7 — — — — | = = cs | — | — —
RE3®| 1 |16 |18 |18 | — — — — - | = — — | — | — | MCLRN\PP
— |ual7]7]7 — — — — — | = _ _ N VoD
— |32|26| 28|28 — _ — — — | = _ _ — | — VoD
— |12| 6|6 |86 — — — _ — | = _ _ —_ | — Vss
— 31272930 | — — — _ — | = _ _ —_ | = Vss
— | - |—|NC]| 8 — = = — — — — — — = VDD
— | - | =INc|20 | — — — — — | = _ _ — | = VoD
— | = =|Nnc|31]| — — — — — | = — — — | = Vss

Note 1: CCP2 multiplexed with RB3 when CONFIG3H<0> =0
2: CCP2 multiplexed with RC1 when CONFIG3H<0> =1
3: Input-only.
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000000A is version A of document DS30000000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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PIC18F2XK20/4XK20

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

¢ PIC18F23K20 * PIC18F43K20
¢ PIC18F24K20 * PIC18F44K20
¢ PIC18F25K20 * PIC18F45K20
¢ PIC18F26K20 * PIC18F46K20
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 PIC18F2XK20/4XK20 family
introduces design enhancements that make these
microcontrollers a logical choice for many
high-performance, power sensitive applications.

1.1 New Core Features

111 XLP TECHNOLOGY

All of the devices in the PIC18F2XK20/4XK20 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 Timer1 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.

* 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.

* Low Consumption in Key Modules: The
power requirements for both Timerl and the
Watchdog Timer are minimized. See
Section 26.0 “Electrical Specifications”
for values.

11.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2XK20/4XK20 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 8
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 the high-speed crystal and inter-
nal 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.

© 2010-2015 Microchip Technology Inc.
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PIC18F2XK20/4XK20

1.2 Other Special Features

« Memory Endurance: The Flash cells for both
program memory and data EEPROM are rated to
last for many thousands of erase/write cycles — up to
10K for program memory and 100K for EEPROM.
Data retention without refresh is conservatively
estimated to be greater than 40 years.

» Self-programmability: These devices can write
to their own program memory spaces under
internal software control. By using a bootloader
routine located in the protected Boot Block at the
top of program memory, it becomes possible to
create an application that can update itself in the
field.

» Extended Instruction Set: The PIC18F2XK20/
4XK20 family introduces an optional extension to
the PIC18 instruction set, which adds eight new
instructions and an Indexed Addressing mode.
This extension, enabled as a device configuration
option, has been specifically designed to optimize
re-entrant application code originally developed in
high-level languages, such as C.

* Enhanced CCP module: In PWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include:

- Auto-Shutdown, for disabling PWM outputs
on interrupt or other select conditions

- Auto-Restart, to reactivate outputs once the
condition has cleared

- Output steering to selectively enable one or
more of four outputs to provide the PWM
signal.

* Enhanced Addressable EUSART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
automatic baud rate detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the EUSART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power requirement).

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

» Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit
postscaler, allowing an extended time-out range
that is stable across operating voltage and
temperature. See Section 26.0 “Electrical
Specifications” for time-out periods.

1.3

Details on Individual Family
Members

Devices in the PIC18F2XK20/4XK20 family are
available in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.

The devices are differentiated from each other in five
ways:

1.

Flash program memory (8 Kbytes for
PIC18F23K20/43K20 devices, 16 Kbytes for
PIC18F24K20/44K20 devices, 32 Kbytes for
PIC18F25K20/45K20 AND 64 Kbytes for
PIC18F26K20/46K20).

A/D channels (11 for 28-pin devices, 14 for
40/44-pin devices).

I/O ports (three bidirectional ports on 28-pin
devices, five bidirectional ports on 40/44-pin
devices).

Parallel Slave Port (present only on 40/44-pin
devices).

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

The pinouts for all devices are listed in the pin summary
tables: Table and Table, and I/O description tables:
Table 1-2 and Table 1-3.

DS40001303H-page 12
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TABLE 1-1:

DEVICE FEATURES

Compare/PWM Modules

Features PIC18F23K20 PIC18F24K20 PIC18F25K20 PIC18F26K20 PIC18F43K20 | PIC18F44K20 PIC18F45K20 | PIC18F46K20
Operating Frequency(z) DC - 64 MHz DC - 64 MHz DC - 64 MHz DC - 64 MHz DC - 64 MHz DC - 64 MHz DC - 64 MHz DC - 64 MHz
Program Memory (Bytes) 8192 16384 32768 65536 8192 16384 32768 65536
Program Memory 4096 8192 16384 32768 4096 8192 16384 32768
(Instructions)

Data Memory (Bytes) 512 768 1536 3936 512 768 1536 3936
Data EEPROM Memory 256 256 256 1024 256 256 256 1024
(Bytes)

Interrupt Sources 19 19 19 19 20 20 20 20

I/0 Ports A B, C, (E)® A B, C, (E)D A B, C, (E)® A B, C, (E)® A/B,C D, E A/B,C D, E A B,CD,E A/B,C D, E
Timers 4 4 44 44 44

Capture/Compare/PWM 1 1 1 1 1 1 1 1
Modules

Enhanced Capture/ 1 1 11 11 11

Serial Communications

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

MSSP, Enhanced
EUSART

Parallel Communica-
tions (PSP)

No

No

No

No

Yes

Yes

Yes

Yes

10-bit Analog-to-Digital
Module

1 internal plus 10
Input Channels

1 internal plus 10
Input Channels

1 internal plus 10
Input Channels

1 internal plus 10
Input Channels

1internal plus 13
Input Channels

1 internal plus 13
Input Channels

1internal plus 13
Input Channels

1 internal plus 13
Input Channels

Resets (and Delays)

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

POR, BOR, RESET
Instruction, Stack

out Reset

Full, Stack Underflow | Full, Stack Underflow | Full, Stack Underflow | Full, Stack Underflow | Full, Stack Underflow | Full, Stack Underflow | Full, Stack Underflow Full, Stack
(PWRT, OST), (PWRT, OST), MCLR (PWRT, OST), (PWRT, OST), MCLR (PWRT, OST), (PWRT, OST), (PWRT, OST), Underflow (PWRT,
MCLR (optional), (optional), WDT MCLR (optional), (optional), WDT MCLR (optional), MCLR (optional), MCLR (optional), OST), MCLR
WDT WDT WDT WDT WDT (optional), WDT
Programmable High/ Yes Yes Yes Yes Yes Yes Yes Yes
Low-Voltage Detect
Programmable Brown- Yes Yes Yes Yes Yes Yes Yes Yes

Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

75 Instructions; 83
with Extended
Instruction Set

enabled enabled enabled enabled enabled enabled enabled enabled
Packages 28-pin PDIP 28-pin PDIP 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN 44-pin QFN 44-pin QFN
28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 44-pin TQFP 44-pin TQFP 44-pin TQFP 44-pin TQFP
28-pin SSOP 28-pin SSOP 28-pin SSOP 28-pin SSOP 40-pin UQFN 40-pin UQFN 40-pin UQFN 40-pin UQFN
28-pin UQFN
Note 1: PORTE contains the single RE3 read-only bit. The LATE and TRISE registers are not implemented.

2:  Frequency range shown applies to industrial range devices only. Maximum frequency for extended range devices is 48 MHz.

0CHXY/0CAXZA8TOld



PIC18F2XK20/4XK20

FIGURE 1-1: PIC18F2XK20 (28-PIN) BLOCK DIAGRAM

e poreerz1] 4

Data Bus<8>

4 v

8 Data Latch PORTA
inc/dec logic RAO/ANO
Data Memory RA1/AN1
l — RA2/AN2/VREF-/ICVREF
RA3/AN3/VREF+
Address Latch —> RA4/TOCKI/C1OUT

DDDDXIXDAXIN]

5 Cot RAS/AN4/SS/HLVDIN/C20UT
rogram tounter 12 0SC2/CLKOUT®)RAG
Data Address<12> OSC1/CLKIN®)/RAT

[ 3i-LevelStack |

Address Latch 4
BSR
Program Memory STKPTR

(8/16/32/64 Kbytes)

Data Latch

PORTB

RBO/INTO/FLTO/AN12
RB1/INT1/AN10/C12IN3-
RB2/INT2/AN8

—=X] RB3/AN9/CCP2(D/C12IN2-
—> RB4/KBIO/AN11

Table Latch

Address
Decode

v

ROM Latch

RB5/KBI1/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD

Instruction Bus <16>

State machine

Instruction ]
Decode and control signals
Control
PORTC
RCO/T10SO/T13CKI
RC1/T10SI/CCP2®
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
3 Internal
osc1® XF—» Oncline Power-up RC6/TX/CK
Block Timer RC7/RX/DT
osc2® &—P 4| Oscillator ALU<8>
LFINTOSC]| Start-up Timer
T10sI [X}—p|| Oscillator Power-on 8
Reset P
16 MHz
T1050 XI—P{|| Oscillator W&%tiﬁflgog
Precision
— ; Brown-out FVR
MCLR® X|—> Single-Supply 44— Band Gap —»
Programming Reset Reference PORTE
In-Circuit Fail-Safe
VDD, Vss &—’ Debugger Clock Monitor _’ & m/VPP/REs(Z)
BOR Data . . ) )
HLVD EEPROM Timer0 Timerl Timer2 Timer3

f_F F F t 1
| S T S T T

FVR
CVrer. | Comparator ECCP1 ccP2 MSSP EUSART l’%'_)bcit <R
=

Note 1: CCP2 is multiplexed with RC1 when Configuration bit CCP2MX is set, or RB3 when CCP2MX is not set.
2:  RE3 s only available when MCLR functionality is disabled.

3:  OSC1/CLKIN and OSC2/CLKOUT are only available in select oscillator modes and when these pins are not being used as digital I/O.
Refer to Section 2.0 “Oscillator Module (With Fail-Safe Clock Monitor)” for additional information.
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PIC18F2XK20/4XK20

FIGURE 1-2: PIC18F4XK20 (40/44-PIN) BLOCK DIAGRAM
Data Bus<8>
< .
t * RAO/ANO
- - 8 8 Data Latch RA1/AN1
RA2/AN2/VREF-/ICVREF
Data Memory RA3/AN3/VREF+
> RA4/TOCKI/C1OUT
Address Laich RA5/AN4/SS/HLV(I§)IN/CZOUT
oscHclouT o
Program Counter 12
Data Address<12>
PORTB
iress o [ 3i-levelStack | RBO/INTO/FLTO/AN12
RB1/INT1/AN10/C12IN3-
Program Memory RB2/INT2/AN8
(8/16/32/64 Kbytes) Y RB3/AN9/CCP2M)/C12IN2-
Bata Latch RB4/KBIO/AN11
RB5/KBI1/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD
ROM Latch > Address PORTC
Instruction Bus <16> Decode

RC2/CCP1/P1A
RC3/SCK/SCL
RCA4/SDI/SDA
RC5/SDO

State machine RC6/TX/CK

RCO/T10SO/T13CKI
RC1/T10Sl/ccp2®

Instructi
Decode and [ control signals RC7/RX/DT
Control
PORTD
RDO/PSPO
RD1/PSP1
RD2/PSP2
RD3/PSP3
RD4/PSP4
osc1® X—»| Internal Power- RD5/PSP5/P1B
Oscillator Tiver RD6/PSP6/P1C
5 Block - RD7/PSP7/P1D
0sc2® XF—>» 4| Oscillator ALU<8>
LFINTOSC]| Start-up Timer
T10SI &_’ Oscillator Power-on 8
Reset
16 MHz 4
11080 [X—||| Oscillator Watchdog PORTE o
St Precision |pyR REO/RD/ANS
TR ingle- Brown-out RE1/WR/AN6
MCLR® &—» Single-Supply 44— Band Gap —» = Wh
Programming R'Iesz Reference RE2/CS/AN7
In-Circuit Fail-Safe MCLR/VPP/RE3?
VDD,VSSXI—P Debugger Clock Monitor
BOR Data . . . .
HLVD EEPROM Timer0 Timerl Timer2 Timer3

f F F + %
v v v v v v ¥

EVR ADC FVR
CVREF, | Comparator ECCP1 ccP2 MSSP EUSART 0ot € PSP

Note 1: CCP2 is multiplexed with RC1 when Configuration bit CCP2MX is set, or RB3 when CCP2MX is not set.
2:  RESis only available when MCLR functionality is disabled.

3:  OSC1/CLKIN and OSC2/CLKOUT are only available in select oscillator modes and when these pins are not being used as digital 1/0.
Refer to Section 2.0 “Oscillator Module (With Fail-Safe Clock Monitor)” for additional information.
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TABLE 1-2: PIC18F2XK20 PINOUT I/O DESCRIPTIONS
Pin Number .
Pin Name PDIP Pin | Buffer Description
' Type| Type
SOIC QFN | 1yp yp
MCLR/VPP/RE3 1 26 Master Clear (input) or programming voltage (input)
MCLR | ST Active-low Master Clear (device Reset) input
VPP P Programming voltage input
RE3 I ST Digital input
OSC1/CLKIN/RA7 9 6 Oscillator crystal or external clock input
0OSsC1 | ST Oscillator crystal input or external clock source input
ST buffer when configured in RC mode; CMOS otherwise
CLKIN I |CMOS External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKIN, OSC2/CLKOUT
pins)
RA7 /1O | TTL General purpose /O pin
OSC2/CLKOUT/RA6 10 7 Oscillator crystal or clock output
0osc2 0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode
CLKOUT (@) — In RC mode, OSC2 pin outputs CLKOUT which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate
RA6 /O | TTL General purpose /O pin
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.

DS40001303H-page 16
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PIC18F2XK20/4XK20

TABLE 1-2: PIC18F2XK20 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number .
Pin Name PDIP Pin |Buffer Description
' Type| Type
SOIC QFN | 1yp yp
PORTA is a bidirectional 1/O port.
RAO/ANO/C12INO- 2 27
RAO /O | TTL Digital I1/0
ANO I |[Analog| Analog input 0, ADC channel O
C12INO- I [Analog| Comparators C1 and C2 inverting input
RA1/AN1/C12IN1- 3 28
RA1 /O | TTL Digital I1/0
AN1 | |Analog| ADC input 1, ADC channel 1
C12IN1- I [Analog| Comparators C1 and C2 inverting input
RA2/AN2/VREF-/CVREF/ 4 1
C2IN+
RA2 /O | TTL Digital I/0
AN2 I [Analog| Analog input 2, ADC channel 2
VREF- | |Analog| A/D reference voltage (low) input
CVREF O |Analog| Comparator reference voltage output
C2IN+ I [Analog| Comparator C2 non-inverting input
RA3/AN3/VREF+/C1IN+ 5 2
RA3 /O | TTL Digital I/0
AN3 | |Analog| Analog input 3, ADC channel 3
VREF+ I [Analog| A/D reference voltage (high) input
C1IN+ I [Analog| Comparator C1 non-inverting input
RA4/TOCKI/C10UT 6 3
RA4 /O | ST Digital I/0
TOCKI I ST Timer0 external clock input
C10ouT O |CMOS| Comparator C1 output
RAB5/AN4/SS/HLVDIN/ 7 4
C20UT
RA5 /O | TTL Digital I/0
AN4 I |[Analog| Analog input 4, ADC channel 4
SS I TTL SPI slave select input
HLVDIN I [Analog| High/Low-Voltage Detect input
C20UT O |CMOS| Comparator C2 output
RA6 See the OSC2/CLKOUT/RAG pin
RA7 See the OSC1/CLKIN/RAY pin
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.

© 2010-2015 Microchip Technology Inc.
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PIC18F2XK20/4XK20

TABLE 1-2: PIC18F2XK?20 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number .
Pin Name PDIP, _I_Pme Biruff(;r Description
SOIC QFN | 1yp yp
PORTB is a bidirectional I/0O port. PORTB can be software
programmed for internal weak pull-up on each input.
RBO/INTO/FLTO/AN12 21 18
RBO /1O | TTL Digital I/O
INTO I ST External interrupt O
FLTO I ST PWM Fault input for CCP1
AN12 I [Analog| Analog input 12, ADC channel 12
RB1/INT1/AN10/C12IN3- | 22 19
/P1C
RB1 /O | TTL Digital /0
INT1 I ST External interrupt 1
AN10 I [Analog| Analog input 10, ADC channel 10
C12IN3- | |Analog| Comparators C1 and C2 inverting input
P1C O |CMOS| Enhanced CCP1 PWM output
RB2/INT2/AN8/P1B 23 20
RB2 /O | TTL Digital /0
INT2 I ST External interrupt 2
AN8 | |Analog| Analog input 8, ADC channel 8
P1B O |CMOS| Enhanced CCP1 PWM output
RB3/AN9/C12IN2-/CCP2 | 24 21
RB3 /O | TTL Digital /0
AN9 I [Analog| Analog input9, ADC channel 9
C12IN2- | |Analog| Comparators C1 and C2 inverting input
ccp2@ 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output
RB4/KBIO/AN11/P1D 25 22
RB4 /O | TTL Digital /0
KBIO I TTL Interrupt-on-change pin
AN11 I [Analog| Analog input 11, ADC channel 11
P1D O |CMOS| Enhanced CCP1 PWM output
RB5/KBI1/PGM 26 23
RB5 /O | TTL Digital /0
KBI1 I TTL Interrupt-on-change pin
PGM 1/0 ST Low-Voltage ICSP™ Programming enable pin
RB6/KBI2/PGC 27 24
RB6 /O | TTL Digital /0
KBI2 I TTL Interrupt-on-change pin
PGC 1/0 ST In-Circuit Debugger and ICSP™ programming clock pin
RB7/KBI3/PGD 28 25
RB7 /O | TTL Digital I/O
KBI3 I TTL Interrupt-on-change pin
PGD I/0 ST In-Circuit Debugger and ICSP™ programming data pin
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-2: PIC18F2XK20 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number .
Pin Name PDIP Pin |Buffer Description
! Type| Type
SOIC QFN | 1yp yp
PORTC is a bidirectional I/0 port.

RCO/T10SO/T13CKI 11 8

RCO I/0 ST Digital 1/0

T10SO (@) — Timerl oscillator output

T13CKI I ST Timerl/Timer3 external clock input
RC1/T10Sl/CCP2 12 9

RC1 1/0 ST Digital I/O

T10SI I |Analog| Timerl oscillator input

ccp2® 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output
RC2/CCP1/P1A 13 10

RC2 I/0 ST Digital /0

CCP1 1/0 ST Capture 1 input/Compare 1 output

P1A O |CMOS| Enhanced CCP1 PWM output
RC3/SCK/SCL 14 11

RC3 1/0 ST Digital /0

SCK I/0 ST Synchronous serial clock input/output for SPI mode

SCL /O | ST Synchronous serial clock input/output for 1°C™ mode
RC4/SDI/SDA 15 12

RC4 1/0 ST Digital I/O

SDI I ST SPI data in

SDA /o | ST 12C™ data 1/0
RC5/SDO 16 13

RC5 I/0 ST Digital 1/0

SDO 0] — SPI data out
RC6/TX/CK 17 14

RC6 I/0 ST Digital 1/0

TX @] — EUSART asynchronous transmit

CK 1/0 ST EUSART synchronous clock (see related RX/DT)
RC7/RX/DT 18 15

RC7 /O | ST Digital I/0

RX | ST EUSART asynchronous receive

DT 1/0 ST EUSART synchronous data (see related TX/CK)
RE3 — — — — |See MCLR/VPP/RES pin
Vss 8,19|5,16| P — | Ground reference for logic and I/O pins
VDD 20 17 P — | Positive supply for logic and 1/O pins
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT I/O DESCRIPTIONS
, Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP |UQFN| Type | Type
MCLR/VPP/RE3 1 18 18 16 Master Clear (input) or programming voltage
MCLR | ST |(input)
VPP P Active-low Master Clear (device Reset) input
RE3 | ST Programming voltage input
Digital input
OSC1/CLKIN/RA7 13 32 30 28 Oscillator crystal or external clock input
0OsC1 | ST Oscillator crystal input or external clock source
input
ST buffer when configured in RC mode;
CLKIN | CMOS | analog otherwise
External clock source input. Always associated
with
RA7 110 TTL pin function OSC1 (See related OSC1/CLKIN,
OSC2/CLKOUT pins)
General purpose I/O pin
OSC2/CLKOUT/ 14 33 31 29 Oscillator crystal or clock output
RA6 (0] — Oscillator crystal output. Connects to crystal
0sc2 or resonator in Crystal Oscillator mode
(0] — In RC mode, OSC2 pin outputs CLKOUT which
CLKOUT has 1/4 the frequency of OSC1 and denotes
the instruction cycle rate
110 TTL General purpose /O pin
RA6
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT 1/0O DESCRIPTIONS (CONTINUED)
, Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP |UQFN| Type | Type
PORTA is a bidirectional 1/O port.

RAO/ANO/C12INO- 2 19 19

RAO I/0 TTL Digital /0

ANO | Analog Analog input 0, ADC channel 0

C12INO- | Analog Comparator C1 and C2 inverting input
RA1/AN1/C12INO- 3 20 20

RA1 1/0 TTL Digital /0

AN1 I |Analog| Analog input 1, ADC channel 1

C12INO- | Analog Comparator C1 and C2 inverting input
RA2/AN2/VVREF-/ 4 21 21
CVREF/C2IN+

RA2 1/0 TTL Digital 1/0

AN2 I |Analog| Analog input 2, ADC channel 2

VREF- I |Analog| A/D reference voltage (low) input

CVREF O |Analog Comparator reference voltage output

C2IN+ I |Analog| Comparator C2 non-inverting input
RA3/AN3/VREF+/ 5 22 22
C1lIN+

RA3 I/0 TTL Digital /0

AN3 | Analog Analog input 3, ADC channel 3

VREF+ I |Analog| A/D reference voltage (high) input

C1IN+ I |Analog| Comparator C1 non-inverting input
RA4/TOCKI/C10UT 6 23 23

RA4 I/0 ST Digital I1/0

TOCKI | ST Timer0 external clock input

C10ouT O | CMOS Comparator C1 output
RA5/AN4/SS/HLV- 7 | 24 | 24
DIN/C20UT

RA5 I/0 TTL Digital /0

AN4 | Analog| Analog input 4, ADC channel 4

SS | TTL SPI slave select input

HLVDIN I | Analog High/Low-Voltage Detect input

C20UT O | CMOS Comparator C2 output
RA6 See the OSC2/CLKOUT/RAG pin
RA7 See the OSC1/CLKIN/RA7 pin
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT I/O DESCRIPTIONS (CONTINUED)
, Pin Number Pin | Buffer .
Pin Name Description
PDIP | QFN |TQFP [UQFN| Type | Type
PORTB is a bidirectional I/O port. PORTB can
be software programmed for internal weak
pull-up on each input.
RBO/INTO/FLTO/ 33 9 8
AN12 110 TTL Digital I/O
RBO | ST External interrupt O
INTO | ST PWM Fault input for Enhanced CCP1
FLTO I |Analog| Analog input12, ADC channel 12
AN12
RB1/INT1/AN10/ 34 10 9
C12IN3-
RB1 110 TTL Digital I/O
INT1 | ST External interrupt 1
AN10 I |Analog| Analog input 10, ADC channel 10
C12IN3- I |Analog| Comparator C1 and C2 inverting input
RB2/INT2/AN8 35 11 10
RB2 110 TTL Digital I/O
INT2 | ST External interrupt 2
ANS8 I |Analog| Analog input 8, ADC channel 8
RB3/AN9/C12IN2-/ 36 12 11
CCP2
RB3 110 TTL Digital I/O
AN9 I |Analog| Analog input9, ADC channel 9
C12IN23- I |Analog| Comparator C1 and C2 inverting input
ccp2®@ /o | ST Capture 2 input/Compare 2 output/PWM 2
output
RB4/KBIO/AN11 37 14 14
RB4 1/0 TTL Digital /0
KBIO | TTL Interrupt-on-change pin
AN11 I |Analog| Analog input 11, ADC channel 11
RB5/KBI1/PGM 38 15 15
RB5 /0 TTL Digital I/O
KBI1 | TTL Interrupt-on-change pin
PGM 110 ST Low-Voltage ICSP™ Programming enable pin
RB6/KBI2/PGC 39 16 16
RB6 110 TTL Digital I/O
KBI2 | TTL Interrupt-on-change pin
PGC 110 ST In-Circuit Debugger and ICSP™
programming clock pin
RB7/KBI3/PGD 40 17 17
RB7 110 TTL Digital I/O
KBI3 | TTL Interrupt-on-change pin
PGD 110 ST In-Circuit Debugger and ICSP™
programming data pin
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT 1/0O DESCRIPTIONS (CONTINUED)
, Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP |UQFN| Type | Type
PORTC is a bidirectional I/0 port.
RCO/T10S0O/ 15 34 32
T13CKI 110 ST Digital I/O
RCO (0] — Timerl oscillator output
T10SO | ST Timerl/Timer3 external clock input
T13CKI
RC1/T10Sl/CCP2 16 35 35
RC1 110 ST Digital I/O
T10SI | CMOS Timerl oscillator input
ccp2® 110 ST Capture 2 input/Compare 2 output/PWM 2
output
RC2/CCP1/P1A 17 36 36
RC2 110 ST Digital I/O
CCP1 110 ST Capture 1 input/Compare 1 output/PWM 1
P1A (0] — output
Enhanced CCP1 output
RC3/SCK/SCL 18 37 37
RC3 I/0 ST Digital /0
SCK 110 ST Synchronous serial clock input/output for
SPI mode
SCL 1/0 ST Synchronous serial clock input/output for 2C™
mode
RC4/SDI/SDA 23 42 42
RC4 110 ST Digital I/O
SDI | ST SPI data in
SDA /o | ST 1’C™ data 1/0
RC5/SDO 24 43 43
RC5 I/0 ST Digital /0
SDO (0] — SPI data out
RC6/TX/CK 25 44 44
RC6 1/0 ST Digital /0
TX (0] — EUSART asynchronous transmit
CK 110 ST EUSART synchronous clock (see related RX/
DT)
RC7/RX/DT 26 1 1
RC7 o | ST Digital I/0
RX | ST EUSART asynchronous receive
DT 110 ST EUSART synchronous data (see related TX/
CK)
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power
Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT 1I/0O DESCRIPTIONS (CONTINUED)
, Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP |UQFN| Type | Type
PORTD is a bidirectional 1/O port or a Parallel
Slave Port (PSP) for interfacing to a
microprocessor port. These pins have TTL input
buffers when PSP module is enabled.
RDO/PSPO 19 38 38
RDO 110 ST Digital I/0
PSPO 1/0 TTL Parallel Slave Port data
RD1/PSP1 20 39 39
RD1 1/0 ST Digital I/O
PSP1 110 TTL Parallel Slave Port data
RD2/PSP2 21 40 40
RD2 110 ST Digital /0
PSP2 110 TTL Parallel Slave Port data
RD3/PSP3 22 41 41
RD3 o | ST Digital I/0
PSP3 1/0 TTL Parallel Slave Port data
RD4/PSP4 27 2 2
RD4 110 ST Digital I/O
PSP4 110 TTL Parallel Slave Port data
RD5/PSP5/P1B 28 3 3
RD5 110 ST Digital /0
PSP5 110 TTL Parallel Slave Port data
P1B (0] — Enhanced CCP1 output
RD6/PSP6/P1C 29 4 4
RD6 o | ST Digital I/0
PSP6 1/0 TTL Parallel Slave Port data
P1C (0] — Enhanced CCP1 output
RD7/PSP7/P1D 30 5 5
RD7 110 ST Digital /0
PSP7 1/0 TTL Parallel Slave Port data
P1D (0] — Enhanced CCP1 output
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power

Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.
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TABLE 1-3: PIC18F4XK20 PINOUT I/O DESCRIPTIONS (CONTINUED)
, Pin Number Pin | Buffer i
Pin Name Description
PDIP | QFN | TQFP |[UQFN | Type | Type
PORTE is a bidirectional I/O port
REO/RD/ANS 8 25 | 25
REO /o | ST Digital /O
RD I TTL Read control for Parallel Slave Port
(see related WR and CS pins)
AN5 I |Analog| Analog input5, ADC channel 5
RE1/WR/AN6 9 26 | 26
RE1 /o | ST Digital 1/O
WR I TTL Write control for Parallel Slave Port
(see related CS and RD pins)
ANG | Analog | Analog input 6, ADC channel 6
RE2/CS/AN7 10 | 27 | 27
RE2 /o | ST Digital /O
Cs I TTL Chip Select control for Parallel Slave Port
(see related RD and WR)
AN7 I |Analog| Analog input 7, ADC channel 7
RE3 — — — — — |See MCLR/VPP/RE3 pin
Vss 12,31|6,30, | 6,29 P — |Ground reference for logic and 1/O pins
31
VDD 11,32] 7,8, | 7,28 P — |Positive supply for logic and I/O pins
28, 29
NC — 13 |12,13, — — |No connect
33,34
Legend: TTL= TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
O = Output P = Power
Note 1: Default assignment for CCP2 when Configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when Configuration bit CCP2MX is cleared.

© 2010-2015 Microchip Technology Inc.
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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 two
internal oscillators, with a choice of speeds selectable via
software. Additional clock features include:

Selectable system clock source between external
or internal 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.

FIGURE 2-1:

The oscillator module can be configured in one of ten
primary clock modes.

1. LP Low-Power Crystal

2. XT Crystal/Resonator

3. HS High-Speed Crystal/Resonator

4. HSPLL High-Speed Crystal/Resonator
with PLL enabled

5. RC External Resistor/Capacitor with
Fosc/4 output on RA6

6. RCIO External Resistor/Capacitor with 1/0
on RA6

7. INTOSC Internal Oscillator with Fosc/4
output on RA6 and I/0 on RA7

8. INTOSCIO Internal Oscillator with 1/0O on RA6
and RA7

9. EC External Clock with Fosc/4 output

10. ECIO External Clock with 1/0O on RA6

Primary Clock modes are selected by the FOSC<3:0>
bits of the CONFIG1H Configuration Register. The
HFINTOSC and LFINTOSC are factory calibrated
high-frequency and low-frequency  oscillators,
respectively, which are used as the internal clock
sources.

PIC® MCU CLOCK SOURCE BLOCK DIAGRAM

PIC18F2XK20/4XK20

'‘Primary Oscillator PN LP. XT HS. RC. EC
osc2 E : . > . e
! ' L IDLEN
: .~ Sleep I:}“PLL HSPLL, HFINTOSC/PLL_ 5
] \ o eep
OSC1 & & »
el OSCTUNE<6>(1 — _\_\ _
'Secondary Oscillator N~ T10SC | x | Main Peripherals
T10SO E . * ' I// > g
' __T10SCEN
, , Ena_ble
T1os! % —s—— _+ Oscilator OSCCON<6:4> Internal Oscillator
FOSC<3:0> OSCCON<1:0> 16 MHZ‘ 111 CPU
8 MHz \ jo'j—’
Internal 110 Sleep
Oscillator 4 MHz_ 101
Block ko] 2 MHz Clock
16 MHz S 1100 § Control
Source 16 MHZ 2 1MHZ 011 =
HFINTOSC °
stz || )| e S00KHZ 1510 FOSC<3:0> OSCCON<1:0>
Source 250 kHz_| 001
T7 31 kHz Clock Source Option
31 kHz (LFINTOSC) % for other Modules

OSCTUNE<7>

WDT, PWRT, FSCM

Note 1: Operates only when HFINTOSC is the primary oscillator.

and Two-Speed Start-up
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2.2 Oscillator Control

The OSCCON register (Register 2-1) controls several
aspects of the device clock’s operation, both in full
power operation and in power-managed modes.

« Main System Clock Selection (SCS)

« Internal Frequency selection bits (IRCF)
* Clock Status bits (OSTS, IOFS)

» Power management selection (IDLEN)

221 MAIN SYSTEM CLOCK SELECTION

The System Clock Select bits, SCS<1:0>, select the
main clock source. The available clock sources are

» Primary clock defined by the FOSC<3:0> bits of
CONFIG1H. The primary clock can be the primary
oscillator, an external clock, or the internal
oscillator block.

» Secondary clock (Timerl oscillator)

« Internal oscillator block (HFINTOSC and
LFINTOSC).

The clock source changes immediately after one or
more of the bits is written to, following a brief clock
transition interval. The SCS bits are cleared to select
the primary clock on all forms of Reset.

222 INTERNAL FREQUENCY
SELECTION

The Internal Oscillator Frequency Select bits
(IRCF<2:0>) select the frequency output of the internal
oscillator block. The choices are the LFINTOSC source
(31 kHz), the HFINTOSC source (16 MHz) or one of
the frequencies derived from the HFINTOSC
postscaler (31.25kHz to 8 MHz). If the internal
oscillator block is supplying the main clock, changing
the states of these bits will have an immediate change
on the internal oscillator’s output. On device Resets,
the output frequency of the internal oscillator is set to
the default frequency of 1 MHz.

2.2.3 LOW FREQUENCY SELECTION

When a nominal output frequency of 31 kHz is selected
(IRCF<2:0> = 000), users may choose which internal
oscillator acts as the source. This is done with the
INTSRC hit of the OSCTUNE register. Setting this bit
selects the HFINTOSC as a 31.25 kHz clock source by
enabling the divide-by-512 output of the HFINTOSC
postscaler. Clearing INTSRC selects LFINTOSC
(nominally 31 kHz) as the clock source.

This option allows users to select the tunable and more
precise HFINTOSC as a clock source, while
maintaining power savings with a very low clock speed.
Regardless of the setting of INTSRC, LFINTOSC
always remains the clock source for features such as
the Watchdog Timer and the Fail-Safe Clock Monitor.

2.2.4 CLOCK STATUS

The OSTS and IOFS hits of the OSCCON register, and
the T1IRUN bit of the TLCON register, indicate which
clock source is currently providing the main clock. The
OSTS bit indicates that the Oscillator Start-up Timer
has timed out and the primary clock is providing the
device clock. The IOFS bit indicates when the internal
oscillator block has stabilized and is providing the
device clock in HFINTOSC Clock modes. The IOFS
and OSTS Status bits will both be set when
SCS<1:0> =00 and HFINTOSC is the primary clock.
The T1RUN bit indicates when the Timerl oscillator is
providing the device clock in secondary clock modes.
When SCS<1:0> = 00, only one of these three bits will
be set at any time. If none of these bits are set, the
LFINTOSC is providing the clock or the HFINTOSC has
just started and is not yet stable.

2.2.5 POWER MANAGEMENT

The IDLEN bit of the OSCCON register determines if
the device goes into Sleep mode or one of the Idle
modes when the SLEEP instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 3.0
“Power-Managed Modes”.

Note 1: The Timerl oscillator must be enabled to
select the secondary clock source. The
Timerl oscillator is enabled by setting the
T1OSCEN bhit of the TLICON register. If
the Timer1 oscillator is not enabled, then
the main oscillator will continue to run
from the previously selected source. The
source will then switch to the secondary
oscillator after the TLOSCEN bit is set.

2: It is recommended that the Timerl
oscillator be operating and stable before
selecting the secondary clock source or a
very long delay may occur while the
Timerl oscillator starts.

© 2010-2015 Microchip Technology Inc.
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REGISTER 2-1: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-0 R/W-1 R/W-1 R-q R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCFO osTs® IOFS Scs1 SCS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’ g = depends on condition
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction
bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits

111 = 16 MHz (HFINTOSC drives clock directly)

110 =8 MHz

101 =4 MHz

100 =2 MHz

011 = 1 MHz®

010 =500 kHz

001 =250 kHz

000 = 31 kHz (from either HFINTOSC/512 or LFINTOSC directly)®

bit 3 OSTS: Oscillator Start-up Time-out Status bit®

1 = Device is running from the clock defined by FOSC<2:0> of the CONFIG1 register
0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC)

bit 2 IOFS: HFINTOSC Frequency Stable bit

1 = HFINTOSC frequency is stable
0 = HFINTOSC frequency is not stable

bit 1-0 SCS<1:0>: System Clock Select bits

1x = Internal oscillator block
01 = Secondary (Timer1) oscillator
00 = Primary clock (determined by CONFIG1H[FOSC<3:0>]).

Note 1: Reset state depends on state of the IESO Configuration bit.
2.  Source selected by the INTSRC bit of the OSCTUNE register, see text.
3: Default output frequency of HFINTOSC on Reset.
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2.3 Clock Source Modes

Clock Source modes can be classified as external or
internal.

« External Clock modes rely on external circuitry for
the clock source. Examples are: Clock modules
(EC mode), quartz crystal resonators or ceramic
resonators (LP, XT and HS modes) and Resistor-
Capacitor (RC mode) circuits.

« Internal clock sources are contained internally
within the Oscillator block. The Oscillator block
has two internal oscillators: the 16 MHz
High-Frequency Internal Oscillator (HFINTOSC)
and the 31 kHz Low-Frequency Internal Oscillator
(LFINTOSC).

The system clock can be selected between external or
internal clock sources via the System Clock Select
(SCS<1:0>) bits of the OSCCON register. See
Section 2.9 “Clock Switching” for additional
information.

2.4 External Clock Modes

2.41 OSCILLATOR START-UP TIMER (OST)

When the oscillator module is configured for LP, XT or
HS modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended. The
OST ensures that the oscillator circuit, using a quartz
crystal resonator or ceramic resonator, has started and
is providing a stable system clock to the oscillator
module. When switching between clock sources, a
delay is required to allow the new clock to stabilize.
These oscillator delays are shown in Table 2-1.

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 2.10
“Two-Speed Clock Start-up Mode”).

TABLE 2-1: OSCILLATOR DELAY EXAMPLES
Switch From Switch To Frequency Oscillator Delay

Sleep/POR ||:|||::||’l\\ll-'rr(())2(c:: 250 kal tlf)leG MHz Oscillator Warm-Up Delay (TWARM)
Sleep/POR EC, RC DC - 64 MHz 2 instruction cycles

LFINTOSC (31 kHz) EC, RC DC - 64 MHz 1 cycle of each
Sleep/POR LP, XT, HS 32 kHz to 40 MHz 1024 Clock Cycles (OST)
Sleep/POR HSPLL 32 MHz to 64 MHz 1024 Clock Cycles (OST) + 2 ms

LFINTOSC (31 kHz) HFINTOSC 250 kHz to 16 MHz 1 ps (approx.)

24.2 EC MODE

The External Clock (EC) mode allows an externally
generated logic level as the system clock source. When
operating in this mode, an external clock source is
connected to the OSCL1 input and the OSC2 is available
for general purpose I/O. Figure 2-2 shows the pin
connections for EC mode.

The Oscillator Start-up Timer (OST) is disabled when
EC mode is selected. Therefore, there is no delay in
operation after a Power-on Reset (POR) or wake-up
from Sleep. Because the PIC® MCU design is fully
static, stopping the external clock input will have the
effect of halting the device while leaving all data intact.
Upon restarting the external clock, the device will
resume operation as if no time had elapsed.

FIGURE 2-2: EXTERNAL CLOCK (EC)

MODE OPERATION

Clock from ~>o—> OSCIL/CLKIN
Ext. System

PIC® MCU

/0 <—»{ OSC2/CLKOUT®

Note 1: Alternate pin functions are listed in
Section 1.0 “Device Overview”.
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243 LP, XT, HS MODES

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 2-3). The mode selects a low,
medium or high gain setting of the internal inverter-
amplifier to support various resonator types and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is best suited
to drive resonators with a low drive level specification, for
example, tuning fork type crystals.

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification.

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting.

Figure 2-3 and Figure 2-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.

FIGURE 2-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L OSC1/CLKIN
I
C1
Quartz
Crystal
c2 Rs® 0SC2/CLKOUT
Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

2: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

3: For oscillator design assistance, reference
the following Microchip Applications Notes:

» AN826, “Crystal Oscillator Basics and
Crystal Selection for rfPIC® and PIC®
Devices” (DS00826)

» AN849, “Basic PIC® Oscillator Design”
(DS00849)

» AN943, “Practical PIC® Oscillator
Analysis and Design” (DS00943)

* AN949, “Making Your Oscillator Work”
(DS00949)

FIGURE 2-4: CERAMIC RESONATOR
OPERATION

(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

C2 ceramic Rs® | OSC2/CLKOUT

Resonator

Note 1: A series resistor (Rs) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.
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24.4 EXTERNAL RC MODES

The external Resistor-Capacitor (RC) modes support
the use of an external RC circuit. This allows the
designer maximum flexibility in frequency choice while
keeping costs to a minimum when clock accuracy is not
required. There are two modes: RC and RCIO.

24.4.1 RC Mode

In RC mode, the RC circuit connects to OSC1. OSC2/
CLKOUT outputs the RC oscillator frequency divided
by 4. This signal may be used to provide a clock for
external circuitry, synchronization, calibration, test or
other application requirements. Figure 2-5 shows the
external RC mode connections.

FIGURE 2-5: EXTERNAL RC MODES
VDD PIC® MCU
REXT
OSC1/CLKIN Internal
l 1 Clock
CEXT:I:
Vss = N
Foscl4 or <— 0SC2/CLKOUT®
/0@

Recommended values: 10 kQ < REXT <100 kQ
CEXT > 20 pF

Note 1: Alternate pin functions are listed in
Section 1.0 “Device Overview”.
2:  Output depends upon RC or RCIO clock mode.

24.4.2 RCIO Mode

In RCIO mode, the RC circuit is connected to OSC1.
OSC2 becomes an additional general purpose I/O pin.

The RC oscillator frequency is a function of the supply
voltage, the resistor (REXT) and capacitor (CEXT) values
and the operating temperature. Other factors affecting
the oscillator frequency are:

* input threshold voltage variation

« component tolerances

» packaging variations in capacitance

The user also needs to take into account variation due
to tolerance of external RC components used.

2.5 Internal Clock Modes

The oscillator module has two independent, internal
oscillators that can be configured or selected as the
system clock source.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory calibrated and operates at
16 MHz. The frequency of the HFINTOSC can
be user-adjusted via software using the
OSCTUNE register (Register 2-2).

2. The LFINTOSC (Low-Frequency Internal
Oscillator) operates at 31 kHz.

The system clock speed can be selected via software
using the Internal Oscillator Frequency Select bits
IRCF<2:0> of the OSCCON register.

The system clock can be selected between external or
internal clock sources via the System Clock Selection
(SCS<1:0>) bits of the OSCCON register. See
Section 2.9 “Clock Switching” for more information.

2.5.1 INTOSC AND INTOSCIO MODES

The INTOSC and INTOSCIO modes configure the
internal oscillators as the primary clock source. The
FOSC<3:0> bits in the CONFIG1H Configuration
register determine which mode is selected. See
Section 23.0 “ Special Features of the CPU” for more
information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose /0. OSC2/CLKOUT outputs the selected
internal oscillator frequency divided by 4. The CLKOUT
signal may be used to provide a clock for external
circuitry, synchronization, calibration, test or other
application requirements.

In INTOSCIO mode, OSC1/CLKIN and OSC2/CLKOUT
are available for general purpose I/O.

25.2 HFINTOSC

The output of the HFINTOSC connects to a postscaler
and multiplexer (see Figure 2-1). One of eight
frequencies can be selected via software using the
IRCF<2:0> 