MICROCHIP

PIC18F87K22 FAMILY

64/80-Pin, High-Performance, 1-Mbit Enhanced Flash MCUs
with 12-Bit A/D and XLP Technology

Low-Power Features:

* Power-Managed modes:
- Run: CPU on, peripherals on
- Idle: CPU off, peripherals on
- Sleep: CPU off, peripherals off

» Two-Speed Oscillator Start-up

 Fail-Safe Clock Monitor

» Power-Saving Peripheral Module Disable (PMD)

+ Ultra Low-Power Wake-up

» Fast Wake-up, 1 us Typical

* Low-Power WDT, 300 nA Typical

« Ultra Low 50 nA Input Leakage

* Run mode Currents Down to 5.5 pA, Typical

* Idle mode Currents Down to 1.7 pA Typical

+ Sleep mode Currents Down to Very Low 20 nA,
Typical

+ RTCC Current Downs to Very Low 700 nA,
Typical

Special Microcontroller Features:
» Operating Voltage Range: 1.8V to 5.5V

» On-Chip 3.3V Regulator

» Operating Speed up to 64 MHz

* Up to 128 Kbytes On-Chip Flash Program
Memory

» Data EEPROM of 1,024 Bytes
* 4K x 8 General Purpose Registers (SRAM)

* 10,000 Erase/Write Cycle Flash Program
Memory, Minimum

* 1,000,000 Erase/write Cycle Data EEPROM
Memory, Typical

* Flash Retention: 40 Years, Minimum

» Three Internal Oscillators: LF-INTRC (31 kHz),
MF-INTOSC (500 kHz) and HF-INTOSC
(16 MHz)

+ Self-Programmable under Software Control
* Priority Levels for Interrupts

» 8 x 8 Single-Cycle Hardware Multiplier

» Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 4,194s
(about 70 minutes)

* In-Circuit Serial Programming™ (ICSP™) via
Two Pins

* In-Circuit Debug via Two Pins
* Programmabile:

- BOR
- LVD
Program Memory Data Memory . MSSP - g - g

12-Bit| CCP/ |l 5|25 29| oo
Device | Fiash |# Single-Word | SRAM|EEPROM| /O | A/D | ECCP Master| & | & [E¢| £ | E | B
(bytes)| Instructions |(bytes)| (bytes) (ch) |(PWM) SPI I’c B § F ﬁ oK
PIC18F65K22 | 32K 16,383 2K 1K 53 16 5/3 2 Y Y 2| 3 |44 N Y |Y
PIC18F66K22 | 64K 32,768 4K 1K 53 16 7/3 2 Y Y 2|1 3|65 | N Y |Y
PIC18F67K22 | 128K 65,536 4K 1K 53 16 7/3 2 Y Y 2| 3 |65]|N Y |Y
PIC18F85K22 | 32K 16,383 2K 1K 69 24 5/3 2 Y Y 2| 3 |44 Y Y |Y
PIC18F86K22 | 64K 32,768 4K 1K 69 24 7/3 2 Y Y 213 1|65|Y Y |Y
PIC18F87K22 | 128K 65,536 4K 1K 69 24 7/3 2 Y Y 2|13 |65]|Y Y |Y
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Peripheral Highlights: « Charge Time Measurement Unit (CTMU):
« Up to Ten CCP/ECCP modules: - Capacitance measurement for mTouch®
- Up to seven Capture/Compare/PWM (CCP) sensing solution
modules - Time measurement with 1 ns typical
- Three Enhanced Capture/Compare/PWM resolution
(ECCP) modules - Integrated temperature sensor
+ Up to Eleven 8/16-Bit Timer/Counter modules: * High-Current Sink/Source 25 mA/25 mA
- Timer0 — 8/16-bit timer/counter with 8-bit (PORTB and PORTC)
programmable prescaler * Up to Four External Interrupts
- Timer1,3 — 16-bit timer/counter » Two Master Synchronous Serial Port (MSSP)
- Timer2,4,6,8 — 8-bit timer/counter modules:
- Timer5,7 — 16-bit timer/counter for 64k and - 3/4-wire SPI (supports all four SPI modes)
128k parts - I2C Master and Slave modes
- Timer10,12 — 8-bit timer/counter for 64k and » Two Enhanced Addressable USART modules:
128k parts - LIN/J2602 support
» Three Analog Comparators - Auto-Baud Detect (ABD)
» Configurable Reference Clock Output » 12-Bit A/D Converter with up to 24 Channels:
» Hardware Real-Time Clock and Calendar (RTCC) - Auto-acquisition and Sleep operation
module with Clock, Calendar and Alarm Functions - Differential input mode of operation

* Integrated Voltage Reference

DS30009960E-page 2 © 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

Pin Diagrams — PIC18F6XK22

64-Pin TQFP, QFN
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The ECCP2 pin placement depends on the CCP2MX Configuration bit setting and whether the device is
in Microcontroller or Extended Microcontroller mode.

Not available on the PIC18F65K22 and PIC18F85K22 devices.
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Pin Diagrams — PIC18F8XK22

80-Pin TQFP
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RG2/RX2/DT2/AN18/C3INA — 7 54— RB4/KBIO
RG3/CCP4/AN17/P3D/C3INB —— 8 53— RB5/KBI1/T3CKIT1G
MCLR/RG5[— ¢ PIC18F85K22 50 1 RB6/KBI2/PGC
RG4/RTCC/T7CKIP/T5G/CCP5/AN16/P1D/C3INC —— 10 51— Vss
Vss — 11 PIC18F86K22 50— OSC2/CLKO/RA6
VDDCORENCAP —] 12 PIC18F87K22 49— OSC1/CLKI/RA7
RF7/AN5/SST—] 13 48[——1 VoD
RF6/AN11/C1INA —] 14 47/ RB7/KBI3/PGD
RF5/AN10/C1INB —] 15 46— RC5/SDO1
RF4/AN9/C2INA —] 16 45— RC4/SDI1/SDA1
RF3/AN8/C2INB/CTMUI —— 17 44— RC3/SCK1/SCL1
RF2/AN7/C10UT — 18 43— RC2/ECCP1/P1A
RH7/CCP6)/P1B/AN15 —— 19 42— RJ7/UB
RH6/CCP7C)/P1C/AN14/C1INC —— o9 41— RJ6ILB
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Note 1: The ECCP2 pin placement depends on the CCP2MX Configuration bit setting and whether the device is
in Microcontroller or Extended Microcontroller mode.

Not available on the PIC18F65K22 and PIC18F85K22 devices.

3: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration
bit (CONFIG3H<1>).
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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 or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. 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., DS30000A is version A of document DS30000).

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.

DS30009960E-page 6 © 2009-2018 Microchip Technology Inc.
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1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

+ PIC18F65K22
+ PIC18F66K22 + PIC18F86K22
* PIC18F67K22 + PIC18F87K22

This family combines the traditional advantages of all
PIC18 microcontrollers — namely, high computational
performance and a rich feature set — with an extremely
competitive price point. These features make the
PIC18F87K22 family a logical choice for many
high-performance applications where price is a primary
consideration.

+ PIC18F85K22

1.1 Core Features

1.1.1 XLP TECHNOLOGY

All of the devices in the PIC18F87K22 family incorpo-
rate 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 RC oscilla-
tor, power consumption during code execution
can be reduced.

» 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.

* 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.

* XLP: An extra low-power Sleep, BOR, RTCC and
Watchdog Timer

1.1.2 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F87K22 family offer
different oscillator options, allowing users a range of
choices in developing application hardware. These
include:
» External Resistor/Capacitor (RC); RA6 available
» External Resistor/Capacitor with Clock Out

(RCIO)
» Three External Clock modes:

- External Clock (EC); RA6 available

- External Clock with Clock Out (ECIO)

- External Crystal (XT, HS, LP)

* A Phase Lock Loop (PLL) frequency multiplier,
available to the External Oscillator modes, which
allows clock speeds of up to 64 MHz. PLL can
also be used with the internal oscillator.

» An internal oscillator block that provides a 16 MHz
clock (2% accuracy) and an INTRC source
(approximately 31 kHz, stable over temperature
and VDD)

- Operates as HF-INTOSC or MF-INTOSC
when block selected for 16 MHz or 500 kHz

- Frees the two oscillator pins for use as
additional general purpose /O

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 internal oscillator. If a clock
failure occurs, the controller is switched to the
internal oscillator, allowing for continued low-speed
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.

1.1.3 MEMORY OPTIONS

The PIC18F87K22 family provides ample room for
application code, from 32 Kbytes to 128 Kbytes of code
space. The Flash cells for program memory are rated
to last up to 10,000 erase/write cycles. Data retention
without refresh is conservatively estimated to be
greater than 40 years.

The Flash program memory is readable and writable.
During normal operation, the PIC18F87K22 family also
provides plenty of room for dynamic application data
with up to 3,862 bytes of data RAM.

1.1.4 EXTERNAL MEMORY BUS

Should 128 Kbytes of memory be inadequate for an
application, the 80-pin members of the PIC18F87K22
family have an External Memory Bus (EMB) enabling
the controller’s internal Program Counter to address a
memory space of up to 2 Mbytes. This is a level of data
access that few 8-bit devices can claim and enables:

» Using combinations of on-chip and external
memory of up to 2 Mbytes

» Using external Flash memory for reprogrammable
application code or large data tables

» Using external RAM devices for storing large
amounts of variable data

1.1.5 EXTENDED INSTRUCTION SET

The PIC18F87K22 family implements the optional
extension to the PIC18 instruction set, adding eight
new instructions and an Indexed Addressing mode.
Enabled as a device configuration option, the extension
has been specifically designed to optimize re-entrant
application code originally developed in high-level
languages, such as ‘C’.

© 2009-2018 Microchip Technology Inc.
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1.1.6 EASY MIGRATION

All devices share the same rich set of peripherals
except that the devices with 32 Kbytes of program
memory (PIC18F65K22 and PIC18F85K22) have two
less CCPs and three less timers. This provides a
smooth migration path within the device family as
applications evolve and grow.

The consistent pinout scheme, used throughout the
entire family, also aids in migrating to the next larger
device. This is true when moving between the 64-pin
members, between the 80-pin members, or even
jumping from 64-pin to 80-pin devices.

All of the devices in the family share the same rich set
of peripherals, except for those with 32 Kbytes of
program memory (PIC18F65K22 and PIC18F85K22).
Those devices have two less CCPs and three less
timers.

The PIC18F87K22 family is also largely pin compatible
with other PIC18 families, such as the PIC18F8720 and
PIC18F8722 and the PIC18F85J11. This allows a new
dimension to the evolution of applications, allowing
developers to select different price points within
Microchip’s PIC18 portfolio, while maintaining a similar
feature set.

1.2 Other Special Features

« Communications: The PIC18F87K22 family
incorporates a range of serial communication
peripherals, including two Enhanced USARTs
(EUSART) that support LIN/J2602, and two
Master SSP modules, capable of both SPI and
I2C (Master and Slave) modes of operation.

* CCP Modules: PIC18F87K22 family devices
incorporate up to seven Capture/Compare/PWM
(CCP) modules. Up to six different time bases can
be used to perform several different operations at
once.

+ ECCP Modules: The PIC18F87K22 family has
three Enhanced CCP (ECCP) modules to
maximize flexibility in control applications:

- Up to eight different time bases for
performing several different operations
at once

- Up to four PWM outputs for each module, for
a total of 12 PWMs

- Other beneficial features, such as polarity
selection, programmable dead time,
auto-shutdown and restart, and Half-Bridge
and Full-Bridge Output modes

12-Bit A/D Converter: The PIC18F87K22 family
has differential ADC. It incorporates program-
mable acquisition time, allowing for a channel to
be selected and a conversion to be initiated
without waiting for a sampling period, and thus,
reducing code overhead.

Charge Time Measurement Unit (CTMU): The
CTMU is a flexible analog module that provides
accurate differential time measurement between
pulse sources, as well as asynchronous pulse
generation.

Together with other on-chip analog modules, the
CTMU can precisely measure time, measure
capacitance or relative changes in capacitance, or
generate output pulses that are independent of
the system clock.

LP Watchdog Timer (WDT): This enhanced
version incorporates a 22-bit prescaler, allowing
an extended time-out range that is stable across
operating voltage and temperature. See

Section 31.0 “Electrical Characteristics” for
time-out periods.

Real-Time Clock and Calendar Module
(RTCC): The RTCC module is intended for appli-
cations requiring that accurate time be maintained
for extended periods of time with minimum to no
intervention from the CPU.

The module is a 100-year clock and calendar with
automatic leap year detection. The range of the
clock is from 00:00:00 (midnight) on January 1,
2000 to 23:59:59 on December 31, 2099.

DS30009960E-page 8
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1.3 Details on Individual Family
Members

Devices in the PIC18F87K22 family are available in
64-pin and 80-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 these
ways:
* Flash Program Memory:

- PIC18FX5K22 (PIC18F65K22 and
PIC18F85K22) — 32 Kbytes

- PIC18FX6K22 (PIC18F66K22 and
PIC18F86K22) — 64 Kbytes

- PIC18FX7K22 (PIC18F67K22 and
PIC18F87K22) — 128 Kbytes

» Data RAM:
- All devices except PIC18FX5K22 — 4 Kbytes
- PIC18FX5K22 — 2 Kbytes

* |/O Ports:

- PIC18F6XK22 (64-pin devices) —
seven bidirectional ports

- PIC18F8XK22 (80-pin devices) —
nine bidirectional ports

¢« CCP modules:

- PIC18FX5K22 (PIC18F65K22 and
PIC18F85K22) — five CCP modules

- PIC18FX6K22 and PIC18FX7K22
(PIC18F66K22, PIC18F86K22,
PIC18F67K22, and PIC18F87K22) —
seven CCP modules

« Timer modules:

- PIC18FX5K22 (PIC18F65K22 and
PIC18F85K22) — Four 8-bit timer/counters
and four 16-bit timer/counters

- PIC18FX6K22 and PIC18FX7K22
(PIC18F66K22, PIC18F86K22,
PIC18F67K22, and PIC18F87K22) — Six 8-bit
timer/counters and five 16-bit timer/counters

« A/D Channels:
- PIC18F6XK22 (64-pin devices) — 24 channels
- PIC18F8XK22 (80-pin devices) — 16 channels

All other features for devices in this family are identical.
These are summarized in Table 1-1 and Table 1-2.

The pinouts for all devices are listed in Table 1-3 and
Table 1-4.

© 2009-2018 Microchip Technology Inc.
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TABLE 1-1: DEVICE FEATURES FOR THE PIC18F6XK22 (64-PIN DEVICES)

Features PIC18F65K22 ‘ PIC18F66K22 ‘ PIC18F67K22
Operating Frequency DC - 64 MHz
Program Memory (Bytes) 32K 64K 128K
Program Memory (Instructions) 16,384 32,768 65,536
Data Memory (Bytes) 2K 4K 4K
Interrupt Sources 42 48
I/O Ports Ports A,B,C,D,E,F, G
Parallel Communications Parallel Slave Port (PSP)
Timers 8 1
Comparators 3
CTMU Yes
RTCC Yes
Capture/Compare/PWM (CCP) Modules 5 7 ‘ 7
Enhanced CCP (ECCP) Modules 3

Serial Communications

Two MSSPs and two Enhanced USARTs (EUSART)

12-Bit Analog-to-Digital Module

16 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLR, WDT
(PWRT, OST)

Instruction Set

75 Instructions, 83 with Extended Instruction Set Enabled

Packages 64-Pin QFN, 64-Pin TQFP
TABLE 1-2: DEVICE FEATURES FOR THE PIC18F8XK22 (80-PIN DEVICES)
Features PIC18F85K22 ‘ PIC18F86K22 ‘ PIC18F87K22

Operating Frequency DC - 64 MHz

32K \ 64K \ 128K
Program Memory (Bytes) )

(Up to 2 Mbytes with Extended Memory)

Program Memory (Instructions) 16,384 32,768 65,536
Data Memory (Bytes) 2K 4K 4K
Interrupt Sources 42 48
I/O Ports PortsA,B,C,D,E,F,G H, J
Parallel Communications Parallel Slave Port (PSP)
Timers 8 11
Comparators 3
CTMU Yes
RTCC Yes
Capture/Compare/PWM (CCP) Modules 5 7 ‘ 7
Enhanced CCP (ECCP) Modules 3

Serial Communications

Two MSSPs and 2 Enhanced USARTs (EUSART)

12-Bit Analog-to-Digital Module

24 Input Channels

Resets (and Delays)

POR, BOR, RESET Instruction, Stack Full, Stack Underflow, MCLR, WDT

(PWRT, OST)
Instruction Set 75 Instructions, 83 with Extended Instruction Set Enabled
Packages 80-Pin TQFP

DS30009960E-page 10
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PIC18F87K22 FAMILY

FIGURE 1-1: PIC18F6XK22 (64-PIN) BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21>| < 'y ¥
PORTA
Data Latch =
inc/dec logic 8 18 RAO:RA7(1:2)
Data Memory
(@14 Koytes)
Address Latch
Program Counter *12 PORTB
Data Address<12> P csoRE7™)
31-Level Stack |
Address Latch
Program Memory STKPTR
Data Latch PORTC
> Rco:RC7(
8
ROM Latch Address
Instruction Bus <16> Decode
PORTD
. RDO:RD7("

; State Machine
|
Dgigﬁgtﬁ’ﬁd " Control Signals
Control
ks PRODH| PRODL PORTE
l . > REO: RE7("
Timi 3 8 x 8 Multiply
iming y .
OSC2/CLKO | Generation | g quv_ver up
OSC1/CLKI imer e b,
INTRC - <+>8
<4 1
& Oscillator Stgns- (:pe-ll!i?]: or 8 8
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Oscillator Power-on 8 s PORTF
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ENVREG — BOR and
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é é % > RGO:RG5("
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_f t t f t %
S T S S S

CCP,
4/5/6/7/8/913)/10C) E]?zc/:; EUSART1 EUSART2 RTCC MSSP1/2

Note 1: See Table 1-3 for I/O port pin descriptions.

2: RA6 and RA7 are only available as digital I/O in select oscillator modes. For more information, see Section 3.0 “Oscillator
Configurations”.

3:  Unimplemented on the PIC18F65K22.
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PIC18F87K22 FAMILY

FIGURE 1-2:

PIC18F8XK22 (80-PIN) BLOCK DIAGRAM
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ECCP

1/213 RTCC

EUSART1 EUSART2 MSSP1/2

CCP
4/5/6/7/8/93)7103)

Note 1: See Table 1-3 for I/O port pin descriptions.

2: RAG6 and RA7 are only available as digital /0O in select oscillator modes. See Section 3.0 “Oscillator Configurations” for
more information.

3:  Unimplemented on the PIC18F85K22.
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS

. Pin Number | pj, | Buffer -
Pin Name Description
QFN/TQFP |Type| Type
7 Master Clear (input) or programming voltage (input).

MCLR/RG5

MCLR | ST This pin is an active-low Reset to the device.

RG5 | ST General purpose, input only pin.
OSC1/CLKI/RA7 39 Oscillator crystal or external clock input.

0OscC1 | CMOS Oscillator crystal input.

CLKI | CMOS External clock source input. Always associated
with pin function, OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)

RA7 /0 TTL General purpose /O pin.

OSC2/CLKO/RAG 40 Oscillator crystal or clock output.

0sC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (0] — In certain oscillator modes, OSC2 pin outputs CLKO,
which has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RAG 110 TTL General purpose /O pin.

Legend: TTL =TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| = Input
P  =Power

1°’C =12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

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

CMOS = CMOS compatible input or output
Analog = Analog input

(0] = Output

oD = Open-Drain (no P diode to VDD)

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT 1/0O DESCRIPTIONS (CONTINUED)
Pin Number | p:
Pin Name Pin | Buffer Description
QFN/TQFP |Type| Type
PORTA is a bidirectional I/O port.
RAO/ANO/ULPWU 24
RAO 1/0 TTL Digital 1/0.
ANO | Analog Analog Input 0.
ULPWU | Analog Ultra Low-Power Wake-up input.
RA1/AN1 23
RA1 I/0 TTL Digital 1/0.
AN1 | Analog Analog Input 1.
RA2/AN2/VREF- 22
RA2 I/0 TTL Digital I/0.
AN2 | Analog Analog Input 2.
VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 21
RA3 1/0 TTL Digital 1/0.
AN3 | Analog Analog Input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 28
RA4 I/0 ST Digital I/0.
TOCKI | ST TimerQ external clock input.
RAS5/AN4/T1CKI/T3G/ 27
HLVDIN
RA5 I/0 TTL Digital I/0.
AN4 | Analog Analog Input 4.
T1CKI | ST Timer1 clock input.
T3G | ST Timer3 external clock gate input.
HLVDIN | Analog High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C =12C/SMBus

Note 1:

Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3: Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).

DS30009960E-page 14
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number | p:
Pin Name Pin | Buffer Description
aFN/TaFp |Type| Type
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 48
RBO I/0 TTL Digital I/0.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input for ECCP1/2/3.
RB1/INT1 47
RB1 I/0 TTL Digital I/0.
INT1 | ST External Interrupt 1.
RB2/INT2/CTED1 46
RB2 I/0 TTL Digital I/0.
INT2 | ST External Interrupt 2.
CTED1 | ST CTMU Edge 1 input.
RB3/INT3/CTEDY 45
ECCP2/P2A
RB3 I/0 TTL Digital I/0.
INT3 | ST External Interrupt 3.
CTED2 | ST CTMU Edge 2 input.
ECCP2 1/0 ST Capture 2 input/Compare 2 output/PWM2.
P2A (0] — Enhanced PWM2 Output A.
RB4/KBIO 44
RB4 I/0 TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1/T3CKI/IT1G 43
RB5 I/0 TTL Digital 1/0.
KBI1 | TTL Interrupt-on-change pin.
T3CKI | ST Timer3 clock input.
T1G | ST Timer1 external clock gate input.
RB6/KBI2/PGC 42
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC I/0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 37
RB7 I/0 TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD 1/0 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 Analog = Analog input
| = Input (0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)

I’C = I°C/SMBus

Note 1:

Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3: Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | pj, | Buffer .
Pin Name Description
aFN/TaFp |Type| Type
PORTC is a bidirectional I/O port.
RC0/SOSCO/SCLKI 30
RCO I/0 ST Digital I/0.
SOSCO (0] — SOSC oscillator output.
SCLKI | ST Digital SOSC input.
RC1/SOSCI/ECCP2/P2A 29
RC1 1/0 ST Digital 1/0.
SOSCI | CMOS SOSC oscillator input.
eEccp2(" 1/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A (0] — Enhanced PWM2 Output A.
RC2/ECCP1/P1A 33
RC2 1/0 ST Digital 1/0.
ECCP1 1/0 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A (0] — Enhanced PWM1 Output A.
RC3/SCK1/SCL1 34
RC3 1/0 ST Digital 1/0.
SCK1 /0 ST Synchronous serial clock input/output for SPI mode.
scL1@ /0 12c Synchronous serial clock input/output for 12C mode.
RC4/SDI1/SDA1 35
RC4 I/0 ST Digital I/0.
SDI1 | ST SPI data in.
SDA14) /0 | 1’C 1C data 1/0.
RC5/SDO1 36
RC5 1/0 ST Digital 1/0.
SDO1 (0] — SPI data out.
RC6/TX1/CK1 31
RC6 I/0 ST Digital 1/0.
X1 (0] — EUSART asynchronous transmit.
CK1 1/0 ST EUSART synchronous clock (see related RX1/DT1).
RC7/RX1/DT1 32
RC7 1/0 ST Digital 1/0.
RX1 | ST EUSART asynchronous receive.
DT1 1/0 ST EUSART synchronous data (see related TX1/CK1).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

1°C =12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3: Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | p;j, | Buffer .
Pin Name Description
QFN/TQFP |Type| Type
PORTD is a bidirectional I/O port.
RDO/PSPO/CTPLS 58
RDO 1/0 ST Digital 1/0.
PSPO /0 TTL Parallel Slave Port data.
CTPLS (0] — CTMU pulse generator output.
RD1/PSP1/T5CKI/T7G 55
RD1 1/0 ST Digital 1/0.
PSP1 1/0 TTL Parallel Slave Port.
T5CKI | ST Timer5 clock input.
T7G | ST Timer7 external clock gate input.
RD2/PSP2 54
RD2 1/0 ST Digital 1/0.
PSP2 (0] TTL Parallel Slave Port.
RD3/PSP3 53
RD3 1/0 ST Digital 1/0.
PSP3 /0 TTL Parallel Slave Port.
RD4/PSP4/SDO2 52
RD4 1/0 ST Digital 1/0.
PSP4 1/0 TTL Parallel Slave Port.
SDO2 (0] — SPI data out.
RD5/PSP5/SDI2/SDA2 51
RD5 110 ST Digital 1/0.
PSP5 1/0 TTL Parallel Slave Port.
SDI2 | ST SPI data in.
SDA2 /o | I12C I°C data I/O.
RD6/PSP6/SCK2/SCL2 50
RD6 1/0 ST Digital 1/0.
PSP6 1/0 TTL Parallel Slave Port.
SCK2 1/0 ST Synchronous serial clock.
scL2@ 1/0 12C Synchronous serial clock /0 for 12C mode.
RD7/PSP7/SS2 49
RD7 1/0 ST Digital 1/0.
PSP7 1/0 TTL Parallel Slave Port.
SS2 | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

1°C =12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | pj, | Buffer .
Pin Name Description
QFN/TQFP |Type| Type
PORTE is a bidirectional 1/O port.
REO/RD/P2D 2
REO I/0 ST Digital 1/0.
RD | TTL Parallel Slave Port read strobe.
P2D 0] — EECP2 PWM Output D.
RE1/WR/P2C 1
RE1 I/0 ST Digital 1/0.
WR | TTL Parallel Slave Port write strobe.
P2C O — ECCP2 PWM Output C.
RE2/CS/P2B/CCP10 64
RE2 I/0 ST Digital 1/0.
CSs | TTL Parallel Slave Port chip select.
P2B 0] — ECCP2 PWM Output B.
ccrP10@ o | ST Capture 10 input/Compare 10 output/PWM10 output.
RE3/P3C/CCP9/REFO 63
RE3 1/0 ST Digital 1/0.
P3C 0] — ECCP3 PWM Output C.
ccpoi4) 1/0 SIT Capture 9 input/Compare 9 output/PWM9 output.
REFO (0] — Reference clock out.
RE4/P3B/CCP8 62
RE4 1/0 ST Digital I/0.
P3B (0] — ECCP3 PWM Output B.
ccpa 1/0 SIT Capture 8 input/Compare 8 output/PWMS8 output.
RE5/P1C/CCP7 61
RE5 I/0 ST Digital 1/0.
P1C o — ECCP1 PWM Output C.
ccp7® o | ST Capture 7 input/Compare 7 output/PWM?7 output.
RE6/P1B/CCP6 60
RE6 I/0 ST Digital 1/0.
P1B 0] — ECCP1 PWM Output B.
ccpre4 1/0 SIT Capture 6 input/Compare 6 output/PWM6 output.
RE7/ECCP2/P2A 59
RE7 1/0 ST Digital I/0.
EccP2@ I/0 ST Capture 2 input/Compare 2 output/PWM2 output.
P2A 0] — ECCP2 PWM Output A.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

1°C =12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number| pin | Buffer Description
QFN/TQFP |Type| Type
PORTF is a bidirectional 1/0 port.
RF1/AN6/C20UT/CTDIN 17
RF1 I/0 ST Digital 1/0.
ANG | Analog Analog Input 6.
C20UT (0] — Comparator 2 output.
CTDIN | ST CTMU pulse delay input.
RF2/AN7/C10UT 16
RF2 I/0 ST Digital 1/0.
AN7 | Analog Analog Input 7.
Cc10uT (0] — Comparator 1 output.
RF3/AN8/C2INB/CTMUI 15
RF3 1/0 ST Digital 1/0.
ANS8 | Analog Analog Input 8.
C2INB | Analog Comparator 2 Input B.
CTMUI (0] — CTMU pulse generator charger for the C2INB
comparator input.
RF4/AN9/C2INA 14
RF4 1/0 ST Digital 1/0.
AN9 | Analog Analog Input 9.
C2INA | Analog Comparator 2 Input A.
RF5/AN10/CVREF/C1INB 13
RF5 I/0 ST Digital I/0.
AN10 | Analog Analog Input 10.
CVREF O | Analog Comparator reference voltage output.
C1INB | Analog Comparator 1 Input B.
RF6/AN11/C1INA 12
RF6 1/0 ST Digital 1/0.
AN11 | Analog Analog Input 11.
C1INA | Analog Comparator 1 Input A.
RF7/AN5/SS1 11
RF7 1/0 ST Digital 1/0.
ANS O | Analog Analog Input 5.
SS1 | TTL SPI1 slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)
1’C = 1?C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.

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

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | pj, | Buffer .
Pin Name Description
QFN/TQFP |Type| Type
PORTG is a bidirectional 1/0O port.
RGO/ECCP3/P3A 3
RGO I/0 ST Digital I/0.
ECCP3 1/0 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A (0] — ECCP3 PWM Output A.
RG1/TX2/CK2/AN19/ 4
C30uT
RG1 I/0 ST Digital I/0.
TX2 (0] — EUSART asynchronous transmit.
CK2 1/0 ST EUSART synchronous clock (see related RX2/DT2).
AN19 | Analog Analog Input 19.
C30UT (0] — Comparator 3 output.
RG2/RX2/DT2/AN18/ 5
C3INA
RG2 I/0 ST Digital 1/0.
RX2 | ST EUSART asynchronous receive.
DT2 1/0 ST EUSART synchronous data (see related TX2/CK2).
AN18 | Analog Analog Input 18.
C3INA | Analog Comparator 3 Input A.
RG3/CCP4/AN17/P3D/ 6
C3INB
RG3 I/0 ST Digital I/0.
CCP4 110 SIT Capture 4 input/Compare 4 output/PWM4 output.
AN17 | Analog Analog Input 18.
P3D (0] — ECCP3 PWM Output D.
C3INB | Analog Comparator 3 Input B.
RG4/RTCC/T7CKI/T5G/ 8
CCP5/AN16/P1D/C3INC
RG4 1/0 ST Digital 1/0.
RTCC (0] — RTCC output
T7CKI®) | ST Timer7 clock input.
T5G | ST Timer5 external clock gate input.
CCP5 1/0 ST Capture 5 input/Compare 5 output/PWMS5 output.
AN16 | Analog Analog Input 16.
P1D (0] — ECCP1 PWM Output D.
C3INC | Analog Comparator 3 Input C.
RG5 7 See the MCLR/RGS5 pin.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| Input
P Power
1°’C = 12C/SMBus

CMOS = CMOS compatible input or output
Analog = Analog input

(0] = Qutput

oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3:  Not available on PIC18F65K22 and PIC18F85K22 devices.
4: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).
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PIC18F87K22 FAMILY

TABLE 1-3: PIC18F6XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number | pj, | Buffer -
Pin Name Description
aFN/TaFp |Type| Type
Vss 9,25,41,56| P — Ground reference for logic and 1/O pins.
VDD 26, 38, 57 P — Positive supply for logic and 1/O pins.
AVss 20 P — Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.
ENVREG 18 | ST Enable for on-chip voltage regulator.
VVDDCORE/VCAP 10 Core logic power or external filter capacitor connection.
VDDCORE
VcAP P — External filter capacitor connection (regulator
enabled/disabled).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)

1°’C = 1?C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3: Not available on PIC18F65K22 and PIC18F85K22 devices.

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

© 2009-2018 Microchip Technology Inc. DS30009960E-page 21



PIC18F87K22 FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT I/O DESCRIPTIONS

. Pin Number | pj, | Buffer -
Pin Name Description
TQFp  |Type| Type
9 Master Clear (input) or programming voltage (input).

MCLR/RG5

RG5 | ST This pin is an active-low Reset to the device.

MCLR | ST General purpose, input only pin.
OSC1/CLKI/RA7 49 Oscillator crystal or external clock input.

0OscC1 | CMOS Oscillator crystal input.

CLKI | CMOS External clock source input. Always associated
with pin function, OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)

RA7 I/0 TTL General purpose /O pin.

OSC2/CLKO/RAG 50 Oscillator crystal or clock output.

0SC2 0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO @) — In certain oscillator modes, OSC2 pin outputs CLKO,
which has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RAG6 I/0 TTL General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

Note 1:

QR

1°C =12C/SMBus

Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K22 and PIC18F85K22 devices.

PSP is available only in Microcontroller mode.

The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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PIC18F87K22

FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Number | p:
Pin Name TPln BTuffer Description
TQFP ype| lype
PORTA is a bidirectional 1/0O port.
RAO/ANO/ULPWU 30
RAO I/0 TTL Digital 1/0.
ANO I | Analog Analog Input 0.
ULPWU | Analog Ultra Low-Power Wake-up input.
RA1/AN1 29
RA1 I/0 TTL Digital I/O.
AN1 I | Analog Analog Input 1.
RA2/AN2/VREF- 28
RA2 I/0 TTL Digital I/0.
AN2 I | Analog Analog Input 2.
VREF- I | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 27
RA3 I/0 TTL Digital 1/0.
AN3 I | Analog Analog Input 3.
VREF+ I | Analog A/D reference voltage (high) input.
RA4/TOCKI 34
RA4 I/0 ST Digital I/O.
TOCKI | ST Timer0 external clock input.
RA5/AN4/T1CKI/ 33
T3G/HLVDIN
RA5 I/0 TTL Digital I/O.
AN4 I | Analog Analog Input 4.
T1CKI | ST Timer1 clock input.
T3G | ST Timer3 external clock gate input.
HLVDIN I | Analog High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

Note 1:

LA

ST
| = Input
P  =Power

1’C = 1?C/SMBus
Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K22 and PIC18F85K22 devices.

PSP is available only in Microcontroller mode.
The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).

= Schmitt Trigger input with CMOS levels

Analog = Analog input
0] = Output
oD

= Open-Drain (no P diode to VDD)

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

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

) Pin Number | pj, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTB is a bidirectional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO/FLTO 58
RBO I/0 TTL Digital 1/0.
INTO | ST External Interrupt 0.
FLTO | ST Enhanced PWM Fault input for ECCP1/2/3.
RB1/INT1 57
RB1 I/0 TTL Digital I/O.
INT1 | ST External Interrupt 1.
RB2/INT2/CTED1 56
RB2 I/0 TTL Digital 1/0.
INT2 | ST External Interrupt 2.
CTED1 | ST CTMU Edge 1 input.
RB3/INT3/CTED2/ 55
ECCP2/P2A
RB3 I/0 TTL Digital 1/0.
INT3 | ST External Interrupt 3.
CTED2 | ST CTMU Edge 2 input.
ECCP2 I/O ST Capture 2 input/Compare 2 output/PWM2 output.
P2A 0] ST Enhanced PWM2 Output A.
RB4/KBI0 54
RB4 I/0 TTL Digital 1/0.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1/T3CKI/T1G 53
RB5 I/0 TTL Digital 1/0.
KBI1 | TTL Interrupt-on-change pin.
T3CKI | ST Timer3 clock input.
T1G | ST Timer1 external clock gate input.
RB6/KBI2/PGC 52
RB6 I/0 TTL Digital 1/0.
KBI2 | TTL Interrupt-on-change pin.
PGC I/O ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 47
RB7 I/0 TTL Digital 1/0.
KBI3 | 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 Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

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

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

Qh®
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PIC18F87K22 FAMILY

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

. Pin Number | pi, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTC is a bidirectional I/O port.
RC0/SOSCO/SCKLI 36
RCO I/0 ST Digital 1/0.
SOSCO O — SOSC oscillator output.
SCKLI | ST Digital SOSC input.
RC1/SOSCI/ECCP2/P2A 35
RC1 I/0 ST Digital 1/0.
SOSCI | CMOS SOSC oscillator input.
eccp2(" /0 | ST Capture 2 input/Compare 2 output/PWM2 output.
P2A @) — Enhanced PWM2 Output A.
RC2/ECCP1/P1A 43
RC2 I/0 ST Digital 1/0.
ECCP1 I/0 ST Capture 1 input/Compare 1 output/PWM1 output.
P1A O — Enhanced PWM1 Output A.
RC3/SCK1/SCL1 44
RC3 I/0 ST Digital 1/0.
SCK1 I/0 ST Synchronous serial clock input/output for SPI mode.
SCL1 I/0 12c Synchronous serial clock input/output for 12C mode.
RC4/SDI1/SDA1 45
RC4 I/0 ST Digital 1/0.
SDI1 | ST SPI data in.
SDA1 /o | I’ I°C data I/O.
RC5/SDO1 46
RC5 I/0 ST Digital 1/0.
SDO1 O — SPI data out.
RC6/TX1/CK1 37
RC6 I/0 ST Digital 1/0.
™>1 @) — EUSART asynchronous transmit.
CK1 I/0 ST EUSART synchronous clock (see related RX1/DT1).
RC7/RX1/DT1 38
RC7 I/0 ST Digital 1/0.
RX1 | ST EUSART asynchronous receive.
DT1 I/O ST EUSART synchronous data (see related TX1/CK1).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)

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

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

a R
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PIC18F87K22 FAMILY

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

. Pin Number | pi, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTD is a bidirectional I/O port.
RDO/PSPO/CTPLS/ADO 72
RDO I/0 ST Digital 1/0
PSPO) /0 | TTL Parallel Slave Port data
CTPLS 0] ST CTMU pulse generator output
ADO I/0 TTL External Memory Address/Data 0
RD1/T5CKI/T7G/PSP1/AD1 69
RD1 I/0 ST Digital 1/0
T5CKI | ST Timer5 clock input
T7G | ST Timer7 external clock gate input
psp14) /o | TTL Parallel Slave Port data
AD1 I/0 TTL External Memory Address/Data 1
RD2/PSP2/AD2 68
RD2 I/0 ST Digital 1/0.
PSP2(4) /o | TTL Parallel Slave Port data.
AD2 I/0 TTL External Memory Address/Data 2.
RD3/PSP3/AD3 67
RD3 I/0 ST Digital I/O.
Psp3@ /o | TTL Parallel Slave Port data.
AD3 I/O TTL External Memory Address/Data 3.
RD4/SD0O2/PSP4/AD4 66
RD4 I/0 ST Digital I/0.
SDO2 0] — SPI data out.
PsP4“) /o | TTL Parallel Slave Port data.
AD4 I/O TTL External Memory Address/Data 4.
RD5/SDI2/SDA2/PSP5/ 65
AD5
RD5 le} ST Digital I/0.
SDI2 | ST SPI data in.
SDA2 /o | I’ IC data 1/0.
psps54) /o | TTL Parallel Slave Port data.
AD5 I/O TTL External Memory Address/Data 5.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

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

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

a R
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PIC18F87K22 FAMILY

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

. Pin Number | pi, | Buffer -
Pin Name Description
TaQFp  |Type| Type

RD6/SCK2/SCL2/PSP6/ 64
AD6

RD6 I/0 ST Digital 1/0.

SCK2 I/O ST Synchronous serial clock input/output for SPI mode.

SCL2 I/0 12C Synchronous serial clock input/output for 12C mode.

pspe“) /o | TTL Parallel Slave Port data.

AD6 I/0 TTL External Memory Address/Data 6.
RD7/SS2/PSP7/AD7 63

RD7 I/0 ST Digital 1/0.

SS2 | TTL SPI slave select input.

psp7() /0 | TTL Parallel Slave Port data.

AD7 I/0 TTL External Memory Address/Data 7.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| = Input
P  =Power

1°C =12C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.

LA

(CONFIG3H<1>).

CMOS = CMOS compatible input or output
Analog = Analog input

(0] = Output

oD = Open-Drain (no P diode to VDD)

Not available on PIC18F65K22 and PIC18F85K22 devices.
PSP is available only in Microcontroller mode.
The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number | pin | Buffer Description
TaQFp  |Type| Type
PORTE is a bidirectional 1/O port.
RE0/P2D/RD/AD8 4
REO I/0 ST Digital I/O.
P2D ) — ECCP2 PWM Output D.
RD® | TTL Parallel Slave Port read strobe.
ADS8 I/0 TTL External Memory Address/Data 8.
RE1/P2C/WR/AD9 3
RE1 I/0 ST Digital I/O.
P2C ] — ECCP2 PWM Output C.
WR® | TTL Parallel Slave Port write strobe.
AD9 I/0 TTL External Memory Address/Data 9.
RE2/P2B/CCP10/CS/ 78
AD10
RE2 I/0 ST Digital I/O.
P2B ] ST ECCP2 PWM Output B.
ccp10©) /o | ST Capture 10 input/Compare 10 output/PWM10 output.
cs@ | TTL Parallel Slave Port chip select.
AD10 I/0 TTL External Memory Address/Data 10.
RE3/P3C/CCP9/REFO 77
AD11
RE3 I/0 ST Digital I/O.
P3C ) — ECCP3 PWM Output C.
ccpoi:H) I/0 SIT Capture 9 input/Compare 9 output/PWM9 output.
REFO 0] — Reference clock out.
AD1M1 I/O TTL External Memory Address/Data 11.
RE4/P3B/CCP8/AD12 76
RE4 I/0 ST Digital I/O.
P3B ) — ECCP4 PWM Output B.
ccpad I/0 ST Capture 8 input/Compare 8 output/PWM8 output.
AD12 I/0 TTL External Memory Address/Data 12.
RE5/P1C/CCP7/AD13 75
RE5 I/0 ST Digital I/O.
P1C ] — ECCP1 PWM Output C.
ccp7® I/0 ST Capture 7 input/Compare 7 output/PWM7 output.
AD13 I/0 TTL External Memory Address/Data 13.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

I2C = 12C/SMBus

Note 1:

Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.

Not available on PIC18F65K22 and PIC18F85K22 devices.
PSP is available only in Microcontroller mode.

LA

The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit
(CONFIG3H<1>).
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PIC18F87K22 FAMILY

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

. Pin Number | pj, | Buffer -
Pin Name Description
TaQFp  |Type| Type

RE6/P1B/CCP6/AD14 74

RE6 I/0 ST

P1B 0] — ECCP1 PWM Output B.

ccrel® /o | ST Capture 6 input/Compare 6 output/PWM6 output.

AD14 I/0 ST External Memory Address/Data 14.
RE7/ECCP2/P2A/AD15 73

RE7 I/0 ST

ECcP2(@ I/O ST Capture 2 input/Compare 2 output/PWM2 output.

P2A 0] — ECCP2 PWM Output A.

AD15 I/O ST External Memory Address/Data 15.

Legend: TTL =TTL compatible input

ST = Schmitt Trigger input with CMOS levels

| = Input
P  =Power

I2C =12C/SMBus

Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
Not available on PIC18F65K22 and PIC18F85K22 devices.
PSP is available only in Microcontroller mode.

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

a R

= CMOS compatible input or output
= Analog input

= Open-Drain (no P diode to VDD)

© 2009-2018 Microchip Technology Inc.
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PIC18F87K22 FAMILY

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

) Pin Number | pj, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTF is a bidirectional 1/O port.

RF1/AN6/C20UT/CTDIN 23

RF1 I/0 ST Digital 1/0.

ANG I | Analog Analog Input 6.

C20UT 0] — Comparator 2 output.

CTDIN | ST CTMU pulse delay input.
RF2/AN7/C10UT 18

RF2 I/0 ST Digital 1/0.

AN7 I | Analog Analog Input 7.

Cc10uUT O — Comparator 1 output.
RF3/AN8/C2INB/CTMUI 17

RF3 I/0 ST Digital 1/0.

ANS8 | Analog Analog Input 8.

C2INB I | Analog Comparator 2 Input B.

CTMUI 0] — CTMU pulse generator charger for the C2INB

comparator input.

RF4/AN9/C2INA 16

RF4 I/0 ST Digital 1/0.

AN9 | Analog Analog Input 9.

C2INA I | Analog Comparator 2 Input A.
RF5/AN10/C1INB 15

RF5 I/0 ST Digital 1/0.

AN10 I | Analog Analog Input 10.

C1INB I | Analog Comparator 1 Input B.
RF6/AN11/C1INA 14

RF6 Ie} ST Digital 1/0.

AN11 I | Analog Analog Input 11.

C1INA I | Analog Comparator 1 Input A.
RF7/AN5/SS1 13

RF7 I/0 ST Digital 1/0.

ANS O | Analog Analog Input 5.

SS1 | ST SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

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

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

a R
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PIC18F87K22 FAMILY

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

. Pin Number | pi, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTG is a bidirectional 1/0O port.
RGO/ECCP3/P3A 5
RGO I/0 ST Digital I/O.
ECCP3 I/0 ST Capture 3 input/Compare 3 output/PWM3 output.
P3A 0] — ECCP3 PWM Output A.
RG1/TX2/CK2/AN19/ 6
C30uT
RG1 I/0 ST Digital I/O.
TX2 0] — EUSART asynchronous transmit.
CK2 I/0 ST EUSART synchronous clock (see related RX2/DT2).
AN19 I | Analog Analog Input 19.
C30UT 0] — Comparator 3 output.
RG2/RX2/DT2/AN18/ 7
C3INA
RG2 I/0 ST Digital I/O.
RX2 | ST EUSART asynchronous receive.
DT2 I/0 ST EUSART synchronous data (see related TX2/CK2).
AN18 I | Analog Analog Input 18.
C3INA I | Analog Comparator 3 Input A.
RG3/CCP4/AN17/P3D/ 8
C3INB
RG3 I/0 ST Digital I/O.
CCP4 I/0 ST Capture 4 input/Compare 4 output/PWM4 output.
AN17 I | Analog Analog Input 17.
P3D O — ECCP3 PWM Output D.
C3INB I | Analog Comparator 3 Input B.
RG4/RTCC/T7CKI/T5G/ 10
CCP5/AN16/P1D/C3INC
RG4 I/0 ST Digital 1/0.
RTCC (0] — RTCC output.
T7CKI®) [ ST Timer7 clock input.
T5G | ST Timer5 external clock gate input.
CCP5 I/O ST Capture 5 input/Compare 5 output/PWM5 output.
AN16 I | Analog Analog Input 16.
P1D o — ECCP1 PWM Output D.
C3INC I | Analog Comparator 3 Input C.
RG5 9 See the MCLR/RGS5 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

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

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

LA
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PIC18F87K22 FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number | p:
Pin Name Pin | Buffer Description
TQrp  |Type| Type
PORTH is a bidirectional 1/0O port.
RHO/AN23/A16 79
RHO I/0 ST Digital I/O.
AN23 I | Analog Analog Input 23.
A16 I/0 TTL External Memory Address/Data 16.
RH1/AN22/A17 80
RH1 I/0 ST Digital I/O.
AN22 I | Analog Analog Input 22.
A17 I/0 TTL External Address/Data 17.
RH2/AN21/A18 1
RH2 I/0 ST Digital 1/0.
AN21 I | Analog Analog Input 21.
A18 I/0 TTL External Address/Data 18.
RH3/AN20/A19 2
RH3 I/0 ST Digital I/O.
AN20 I | Analog Analog Input 20.
A19 I/0 TTL External Address/Data 19.
RH4/CCP9/P3C/AN12/ 22
C2INC
RH4 I/0 ST Digital I/O.
ccp9iH) I/O ST Capture 9 input/Compare 9 output/PWM9 output.
P3C o — ECCP3 PWM Output C.
AN12 I | Analog Analog Input 12.
C2INC I | Analog Comparator 2 Input C.
RH5/CCP8/P3B/AN13/ 21
C2IND
RH5 I/0 ST Digital I/O.
ccpald I/O ST Capture 8 input/Compare 8 output/PWM8 output.
P3B o — ECCP3 PWM Output B.
AN13 I | Analog Analog Input 13.
C2IND I | Analog Comparator 1 Input D.
RH6/CCP7/P1C/AN14/ 20
C1INC
RH6 I/0 ST Digital I/O.
ccp7® I/O ST Capture 7 input/Compare 7 output/PWM7 output.
P1C ) — ECCP1 PWM Output C.
AN14 I | Analog Analog Input 14.
C1INC I | Analog Comparator 1 Input C.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)

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

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

LA
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PIC18F87K22 FAMILY

TABLE 1-4: PIC18F8XK22 PINOUT 1/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number | pin | Buffer Description
TaQFp  |Type| Type
RH7/CCP6/P1B/AN15 19
RH7 I/0 ST Digital 1/0.
ccpe® I/0 ST Capture 6 input/Compare 6 output/PWM6 output.
P1B O — ECCP1 PWM Output B.
AN15 I | Analog Analog Input 15.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P  =Power oD = Open-Drain (no P diode to VDD)
1’C = 1?C/SMBus
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.
2: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared.
3: Not available on PIC18F65K22 and PIC18F85K22 devices.
4: PSP is available only in Microcontroller mode.
5: The CC6, CCP7, CCP8 and CCP9 pin placement depends on the setting of the ECCPMX Configuration bit

(CONFIG3H<1>).
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PIC18F87K22 FAMILY

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

. Pin Number | pi, | Buffer -
Pin Name Description
TaQFp  |Type| Type
PORTJ is a bidirectional 1/0 port.
RJO/ALE 62
RJO I/0 ST Digital I/O.
ALE O — External memory address latch enable.
RJ1/OE 61
RJ1 I/0 ST Digital 1/0.
OE 0 — External memory output enable.
RJ2/WRL 60
RJ2 I/0 ST Digital I/O.
WRL @) — External memory write low control.
RJ3/WRH 59
RJ3 I/0 ST Digital 1/0.
WRH 0 — External memory high control.
RJ4/BAO 39
RJ4 I/0 ST Digital I/O.
BAO o — External Memory Byte Address O control
RJ5/CE 40
RJ5 I/0 ST Digital 1/0
CE 0] — External memory chip enable control.
RJ6/LB 41
RJ6 I/0 ST Digital I/O.
LB @) — External memory low byte control.
RJ7/UB 42
RJ7 I/0 ST Digital 1/0.
uB 0] — External memory high byte control.
Vss 11,31,51,70| P — Ground reference for logic and I/O pins.
VDD 32,48, 71 P — | Positive supply for logic and 1/O pins.
AVss 26 P — | Ground reference for analog modules.
AVDD 25 P — | Positive supply for analog modules.
ENVREG 24 | ST |Enable for on-chip voltage regulator.
VDDCORE/VCAP 12 Core logic power or external filter capacitor connection.
VDDCORE
VcaP P — External filter capacitor connection (regulator
enabled/disabled).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P =Power oD = Open-Drain (no P diode to VDD)

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

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

LA
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PIC18F87K22 FAMILY

2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18FXXKXX
MICROCONTROLLERS

21 Basic Connection Requirements

Getting started with the PIC18F87K22 family family of
8-bit microcontrollers requires attention to a minimal
set of device pin connections before proceeding with
development.

The following pins must always be connected:

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

» All AVDD and AVSss pins, regardless of whether or
not the analog device features are used
(see Section 2.2 “Power Supply Pins”)

* MCLR pin
(see Section 2.3 “Master Clear (MCLR) Pin”)

* ENVREG (if implemented) and VCAP/VDDCORE pins
(see Section 2.4 “Voltage Regulator Pins
(ENVREG and VcAP/VDDCORE)”)

These pins must also be connected if they are being
used in the end application:

* PGC/PGD pins used for In-Circuit Serial
Programming™ (ICSP™) and debugging purposes
(see Section 2.5 “ICSP Pins”)

* OSCI and OSCO pins when an external oscillator
source is used
(see Section 2.6 “External Oscillator Pins”)

Additionally, the following pins may be required:

* VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

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

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED
MINIMUM CONNECTIONS

c2@

VDD
3 3
> >

R1 ()
R2 |
MCLR ENVREG |
VCAP/VDDCORE |———¢
c1 —
2
I PIC18FXXKXX IC7( )
Vss VDD
CG(Z)I Ic3(2)
i VDD Vss L
&
>

=L favs

8
S

Key (all values are recommendations):

C1 through C6: 0.1 uF, 20V ceramic

R1: 10 kQ

R2: 100Q to 470Q

Note 1: See Section 2.4 “Voltage Regulator Pins
(ENVREG and VcAP/VDDCORE)” for
explanation of ENVREG pin connections.

2: The example shown is for a PIC18F device

with five VDD/Vss and AVDD/AVSS pairs.
Other devices may have more or less pairs;
adjust the number of decoupling capacitors
appropriately.

T AVDD
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2.2 Power Supply Pins

2.21 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins, such as VDD, Vss, AVDD and
AVss, is required.

Consider the following criteria when using decoupling
capacitors:

» Value and type of capacitor: A 0.1 uF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type capaci-
tor in parallel to the above described decoupling
capacitor. The value of the second capacitor can
be in the range of 0.01 uF to 0.001 uF. Place this
second capacitor next to each primary decoupling
capacitor. In high-speed circuit designs, consider
implementing a decade pair of capacitances as
close to the power and ground pins as possible
(e.g., 0.1 uF in parallel with 0.001 pF).

* Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum, thereby reducing PCB trace
inductance.

2.2.2 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, itis suggested to use a tank capac-
itor for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

2.3 Master Clear (MCLR) Pin

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

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

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

FIGURE 2-2: EXAMPLE OF MCLR PIN
CONNECTIONS
VDD
R1
R2
MCLR
JP PIC18FXXKXX

C1

I o

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

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

VIH and VIL specifications are met.
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24 Voltage Regulator Pins (ENVREG
and VCAP/VDDCORE)

The on-chip voltage regulator enable pin, ENVREG,
must always be connected directly to either a supply
voltage or to ground. Tying ENVREG to VDD enables
the regulator, while tying it to ground disables the
regulator. Refer to Section 28.3 “On-Chip Voltage
Regulator” for details on connecting and using the
on-chip regulator.

When the regulator is enabled, a low-ESR (< 5Q)
capacitor is required on the VCAP/VDDCORE pin to
stabilize the voltage regulator output voltage. The
VCAP/VDDCORE pin must not be connected to VDD and
must use a capacitor of 10 yF connected to ground. The
type can be ceramic or tantalum. Suitable examples of
capacitors are shown in Table 2-1. Capacitors with
equivalent specifications can be used.

Designers may use Figure 2-3 to evaluate ESR
equivalence of candidate devices.

It is recommended that the trace length not exceed
0.25 inch (6 mm). Refer to Section 31.0 “Electrical
Characteristics” for additional information.

When the regulator is disabled, the VCAP/VDDCORE pin
must be tied to a voltage supply at the VDDCORE level.
Refer to Section 31.0 “Electrical Characteristics” for
information on VDD and VDDCORE.

Some PIC18FXXKXX families, or some devices within
a family, do not provide the option of enabling or
disabling the on-chip voltage regulator:

» Some devices (with the name, PIC18LFXXKXX)
permanently disable the voltage regulator.
These devices do not have the ENVREG pin and
require a 0.1 pF capacitor on the VCAP/VDDCORE
pin. The VDD level of these devices must comply
with the “voltage regulator disabled” specification
for Parameter D001, in Section 31.0 “Electrical
Characteristics”.

» Some devices permanently enable the voltage
regulator.
These devices also do not have the ENVREG pin.
The 10 pF capacitor is still required on the
VVCAP/VDDCORE pin.

FIGURE 2-3: FREQUENCY vs. ESR
PERFORMANCE FOR
SUGGESTED VcapP
10
1
g
x 0.1
”
w
0.01
0.001
0.01 0.1 1 10 100 1000 10,000
Frequency (MHz)
Note: Typical data measurement at 25°C, OV DC bias.

TABLE 2-1: SUITABLE CAPACITOR EQUIVALENTS

Make Part # Ca':):r:iltzzlce Base Tolerance | Rated Voltage | Temp. Range
TDK C3216X7R1C106K 10 uF +10% 16V -55 to 125°C
TDK C3216X5R1C106K 10 pF +10% 16V -55 to 85°C
Panasonic ECJ-3YX1C106K 10 uF +10% 16V -55 to 125°C
Panasonic ECJ-4YB1C106K 10 uF +10% 16V -55 to 85°C
Murata GRM32DR71C106KA01L 10 uF +10% 16V -55 to 125°C
Murata GRM31CR61C106KC31L 10 pF +10% 16V -55 to 85°C

© 2009-2018 Microchip Technology Inc.
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2.41 CONSIDERATIONS FOR CERAMIC
CAPACITORS

In recent years, large value, low-voltage, surface-mount
ceramic capacitors have become very cost effective in
sizes up to a few tens of microfarad. The low-ESR, small
physical size and other properties make ceramic
capacitors very attractive in many types of applications.

Ceramic capacitors are suitable for use with the inter-
nal voltage regulator of this microcontroller. However,
some care is needed in selecting the capacitor to
ensure that it maintains sufficient capacitance over the
intended operating range of the application.

Typical low-cost, 10 uF ceramic capacitors are available
in X5R, X7R and Y5V dielectric ratings (other types are
also available, but are less common). The initial toler-
ance specifications for these types of capacitors are
often specified as +10% to +20% (X5R and X7R), or
-20%/+80% (Y5V). However, the effective capacitance
that these capacitors provide in an application circuit will
also vary based on additional factors, such as the
applied DC bias voltage and the temperature. The total
in-circuit tolerance is, therefore, much wider than the
initial tolerance specification.

The X5R and X7R capacitors typically exhibit satisfac-
tory temperature stability (ex: *15% over a wide
temperature range, but consult the manufacturer’s data
sheets for exact specifications). However, Y5V capaci-
tors typically have extreme temperature tolerance
specifications of +22%/-82%. Due to the extreme
temperature tolerance, a 10 uF nominal rated Y5V type
capacitor may not deliver enough total capacitance to
meet minimum internal voltage regulator stability and
transient response requirements. Therefore, Y5V
capacitors are not recommended for use with the
internal regulator if the application must operate over a
wide temperature range.

In addition to temperature tolerance, the effective
capacitance of large value ceramic capacitors can vary
substantially, based on the amount of DC voltage
applied to the capacitor. This effect can be very signifi-
cant, but is often overlooked or is not always
documented.

A typical DC bias voltage vs. capacitance graph for
X7R type and Y5V type capacitors is shown in
Figure 2-4.

FIGURE 2-4: DC BIAS VOLTAGE vs.
CAPACITANCE

CHARACTERISTICS

]
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4

DC Bias Voltage (VDC)

When selecting a ceramic capacitor to be used with the
internal voltage regulator, it is suggested to select a
high-voltage rating, so that the operating voltage is a
small percentage of the maximum rated capacitor volt-
age. For example, choose a ceramic capacitor rated at
16V for the 2.5V core voltage. Suggested capacitors
are shown in Table 2-1.

2.5 ICSP Pins

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

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

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

For more information on available Microchip
development tools connection requirements, refer to
Section 30.0 “Development Support”.

DS30009960E-page 38

© 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

2.6 External Oscillator Pins

Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency  secondary oscillator (refer to
Section 3.0 “Oscillator Configurations” for details).

The oscillator circuit should be placed on the same
side of the board as the device. Place the oscillator
circuit close to the respective oscillator pins with no
more than 0.5inch (12 mm) between the circuit
components and the pins. The load capacitors should
be placed next to the oscillator itself, on the same side
of the board.

Use a grounded copper pour around the oscillator cir-
cuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a two-sided
board, avoid any traces on the other side of the board
where the crystal is placed.

Layout suggestions are shown in Figure 2-4. In-line
packages may be handled with a single-sided layout
that completely encompasses the oscillator pins. With
fine-pitch packages, it is not always possible to com-
pletely surround the pins and components. A suitable
solution is to tie the broken guard sections to a mirrored
ground layer. In all cases, the guard trace(s) must be
returned to ground.

In planning the application’s routing and 1/O assign-
ments, ensure that adjacent port pins, and other
signals in close proximity to the oscillator, are benign
(i.e., free of high frequencies, short rise and fall times,
and other similar noise).

For additional information and design guidance on
oscillator circuits, please refer to these Microchip
Application Notes, available at the corporate web site
(www.microchip.com):

* AN826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”
« AN849, “Basic PICmicro® Oscillator Design”

« AN943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.7 Unused I/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connect a 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output to logic low.

FIGURE 2-5: SUGGESTED
PLACEMENT OF THE

OSCILLATOR CIRCUIT

Single-Sided and In-Line Layouts:

Copper Pour Primary Oscillator
(tied to ground) Crystal

DEVICE PINS

7 ,
Primar
Oscillatgr /AJ 0osct
c1 - 0sC2
GND
T10SO
T10S |

Timer1 Oscillator
Crystal
T1 Oscillator: C1

T1 Oscillator: C2

Fine-Pitch (Dual-Sided) Layouts:

Top Layer Copper Pour
(tied to ground)

Bottom Layer

Copper Pour g
(tied to ground)

OSCO

C2

Oscillator

GND Crystal

C1

OsSClI

DEVICE PINS

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 39



PIC18F87K22 FAMILY

3.0 OSCILLATOR
CONFIGURATIONS

3.1 Oscillator Types

The PIC18F87K22 family of devices can be operated in

the following oscillator modes:

« EC External clock, RA6 available

* ECIO External clock, clock out RA6 (Fosc/4
on RAB)

* HS High-Speed Crystal/Resonator

o XT Crystal/Resonator

* LP Low-Power Crystal

* RC External Resistor/Capacitor, RA6
available

* RCIO External Resistor/Capacitor, clock out
RA6 (Fosc/4 on RAB)

« INTIO2 Internal Oscillator with I/O on RA6 and
RA7

* INTIO1 Internal Oscillator with FOSc/4 output on
RAG6 and I/O on RA7

There is also an option for running the 4xPLL on any of
the clock sources in the input frequency range of 4 to
16 MHz.

The PLL is enabled by setting the PLLCFG bit (CON-
FIG1H<4>) or the PLLEN bit (OSCTUNE<6>).

For the EC and HS mode, the PLLEN (software) or
PLLCFG (CONFIG) bit can be used to enable the PLL.

For the INTIOx modes (HF-INTOSC):

* Only the PLLEN can enable the PLL (PLLCFG is
ignored).

* When the oscillator is configured for the internal
oscillator (FOSC<3:0> = 100x), the PLL can be

enabled only when the HF-INTOSC frequency is
8 or 16 MHz.

When the RA6 and RA7 pins are not used for an oscil-
lator function or CLKOUT function, they are available
as general purpose I/Os.

To optimize power consumption when using EC/HS/
XT/LP/RC as the primary oscillator, the frequency input
range can be configured to yield an optimized power
bias:

» Low-Power Bias — External frequency less than
160 kHz

* Medium Power Bias — External frequency
between 160 kHz and 16 MHz

» High-Power Bias — External frequency greater
than 16 MHz

All of these modes are selected by the user by
programming the FOSC<3:0> Configuration bits
(CONFIG1H<3:0>). In addition, PIC18F87K22 family
devices can switch between different clock sources,
either under software control or, under certain condi-
tions, automatically. This allows for additional power
savings by managing device clock speed in real time
without resetting the application. The clock sources for
the PIC18F87K22 family of devices are shown in
Figure 3-1.

For the HS and EC mode, there are additional power
modes of operation — depending on the frequency of
operation.

HS1 is the Medium Power mode with a frequency
range of 4 MHz to 16 MHz. HS2 is the High-Power
mode, where the oscillator frequency can go from
16 MHz to 25 MHz. HS1 and HS2 are achieved by set-
ting the CONFIG1H<3:0> correctly. (For details, see
Register 28-2 on page 394.)

EC mode has these modes of operation:

* EC1 - For low power with a frequency range up to
160 kHz

» EC2 — Medium power with a frequency range of
160 kHz to 16 MHz

» EC3 — High power with a frequency range of
16 MHz to 64 MHz

EC1, EC2 and EC3 are achieved by setting the CON-
FIG1H<3:0> correctly. (For details, see Register 28-2
on page 394.)

Table 3-1 shows the HS and EC modes’ frequency
range and FOSC<3:0> settings.
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TABLE 3-1: HS, EC, XT, LP AND RC MODES: RANGES AND SETTINGS

Mode Frequency Range FOSC<3:0> Setting
EC1 (low power) 1101
DC-160 kHz
(EC1 & EC1IO) 1100
EC2 (medium power) 1011
160 kHz-16 MHz
(EC2 & EC2I0) 1010
EC3 (high power) 0101
16 MHz-64 MHz
(EC3 & EC3I0) 0100
HS1 (medium power) 4 MHz-16 MHz 0011
HS2 (high power) 16 MHz-25 MHz 0010
XT 100 kHz-4 MHz 0001
LP 31.25kHz 0000
RC (External) 0-4 MHz 001x
100x
INTIO 32 KHz-16 MHz (and OSCCON, OSCCON2)

FIGURE 3-1: PIC18F87K22 FAMILY CLOCK DIAGRAM
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3.2 Control Registers The OSCTUNE register (Register 3-3) controls the
) ) ) tuning and operation of the internal oscillator block. It also
The OSCCON register (Register 3-1) controls the main implements the PLLEN bit which controls the operation of

aspects of the device clock’s operation. It selects the the Phase Locked Loop (PLL) (see Section 3.5.3 “PLL
oscillator type to be used, which of the power-managed Frequency Multiplier”).

modes to invoke and the output frequency of the
INTOSC source. It also provides status on the oscillators.

REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER(")

R/W-0 R/W-1 R/W-1 R/W-0 RrR(M R-0 R/W-0 R/W-0
IDLEN IRCF2(@ IRCF1(@ IRCF0(® OSTS HFIOFS scs1é scso@
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 IDLEN: Idle Enable bit

1 = Device enters an Idle mode when a SLEEP instruction is executed
0 = Device enters Sleep mode when a SLEEP instruction is executed

bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits(?)

111 = HF-INTOSC output frequency is used (16 MHz)

110 = HF-INTOSC/2 output frequency is used (8 MHz, default)
101 = HF-INTOSC/4 output frequency is used (4 MHz)

100 = HF-INTOSC/8 output frequency is used (2 MHz)

011 = HF-INTOSC/16 output frequency is used (1 MHz)

If INTSRC = 0 and MFIOSEL = 0:(3%)

010 = HF-INTOSC/32 output frequency is used (500 kHz)
001 = HF-INTOSC/64 output frequency is used (250 kHz)
000 = LF-INTOSC output frequency is used (31.25 kHz)

If INTSRC = 1 and MFIOSEL = 0:(3%

010 = HF-INTOSC/32 output frequency is used (500 kHz)
001 = HF-INTOSC/64 output frequency is used (250 kHz)
000 = HF-INTOSC/512 output frequency is used (31.25 kHz)
If INTSRC = 0 and MFIOSEL = 1:35)

010 = MF-INTOSC output frequency is used (500 kHz)

001 = MF-INTOSC/2 output frequency is used (250 kHz)
000 = LF-INTOSC output frequency is used (31.25 kHz)(6)
If INTSRC = 1 and MFIOSEL = 1:39)

010 = MF-INTOSC output frequency is used (500 kHz)

001 = MF-INTOSC/2 output frequency is used (250 kHz)
000 = MF-INTOSC/16 output frequency is used (31.25 kHz)

bit 3 OSTS: Oscillator Start-up Timer Time-out Status bit(1)
1 = Oscillator Start-up Timer (OST) time-out has expired; primary oscillator is running, as defined by
FOSC<3:0>

0 = Oscillator Start-up Timer (OST) time-out is running; primary oscillator is not ready — device is
running from internal oscillator (HF-INTOSC, MF-INTOSC or LF-INTOSC)

Note 1: The Reset state depends on the state of the IESO Configuration bit (CONFIG1H<7>).

2: Modifying these bits will cause an immediate clock frequency switch if the internal oscillator is providing
the device clocks.

Source selected by the INTSRC bit (OSCTUNE<7>).

Modifying these bits will cause an immediate clock source switch.
INTSRC = OSCTUNE<7> and MFIOSEL = OSCCON2<0>.
Lowest power option for an internal source.

9 hR®
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REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER!") (CONTINUED)

bit 2 HFIOFS: INTOSC Frequency Stable bit

1 = HF-INTOSC oscillator frequency is stable

0 = HF-INTOSC oscillator frequency is not stable
bit 1-0 SCS<1:0>: System Clock Select bits(4)

1x = Internal oscillator block (LF-INTOSC, MF-INTOSC or HF-INTOSC)

01 = SOSC oscillator

00 = Default primary oscillator (OSC1/0SC2 or HF-INTOSC with or without PLL; defined by the
FOSC<3:0> Configuration bits, CONFIG1H<3:0>.)

Note 1: The Reset state depends on the state of the IESO Configuration bit (CONFIG1H<7>).

2: Modifying these bits will cause an immediate clock frequency switch if the internal oscillator is providing
the device clocks.

Source selected by the INTSRC bit (OSCTUNE<7>).

Modifying these bits will cause an immediate clock source switch.
INTSRC = OSCTUNE<7> and MFIOSEL = OSCCON2<0>.
Lowest power option for an internal source.

REGISTER 3-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

uU-0 R-0 uU-0 u-0 R/W-0 uU-0 R-x R/W-0

— SOSCRUN — — SOSCGO — MFIOFS MFIOSEL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 SOSCRUN: SOSC Run Status bit

1 = System clock comes from a secondary SOSC
0 = System clock comes from an oscillator other than SOSC

bit 5-4 Unimplemented: Read as ‘0’
bit 3 SOSCGO: Oscillator Start Control bit

1 = Oscillator is running, even if no other sources are requesting it
0 = Oscillator is shut off if no other sources are requesting it (When the SOSC is selected to run from
a digital clock input, rather than an external crystal, this bit has no effect.)

bit 2 Unimplemented: Read as ‘0’
bit 1 MFIOFS: MF-INTOSC Frequency Stable bit

1 = MF-INTOSC is stable
0 = MF-INTOSC is not stable

bit 0 MFIOSEL: MF-INTOSC Select bit

1 = MF-INTOSC is used in place of HF-INTOSC frequencies of 500 kHz, 250 kHz and 31.25 kHz
0 = MF-INTOSC is not used

© 2009-2018 Microchip Technology Inc. DS30009960E-page 43



PIC18F87K22 FAMILY

REGISTER 3-3: OSCTUNE: OSCILLATOR TUNING REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INTSRC PLLEN TUNS TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 16 MHz INTOSC source (divide-by-512 enabled, HF-INTOSC)
0 = 31 kHz device clock derived from INTRC 31 kHz oscillator (LF-INTOSC)
bit 6 PLLEN: Frequency Multiplier PLL Enable bit

1= PLL is enabled
0 = PLL is disabled

bit 5-0 TUN<5:0>: Fast RC Oscillator (INTOSC) Frequency Tuning bits
011111 = Maximum frequency

000001

000000 = Center frequency; fast RC oscillator is running at the calibrated frequency
111111

100000 = Minimum frequency
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3.3 Clock Sources and
Oscillator Switching

Essentially, PIC18F87K22 family devices have these
independent clock sources:

* Primary oscillators
» Secondary oscillators
* Internal oscillator

The primary oscillators can be thought of as the main
device oscillators. These are any external oscillators
connected to the OSC1 and OSC2 pins, and include
the External Crystal and Resonator modes and the
External Clock modes. If selected by the FOSC<3:0>
Configuration bits (CONFIG1H<3:0>), the internal
oscillator block may be considered a primary oscillator.
The internal oscillator block can be one of the following:

¢ 31 kHz LF-INTRC source
¢ 31 kHz to 500 kHz MF-INTOSC source
¢ 31 kHz to 16 MHz HF-INTOSC source

The particular mode is defined by the FOSC
Configuration bits. The details of these modes are
covered in Section 3.5 “External Oscillator Modes”.

The secondary oscillators are external clock
sources that are not connected to the OSC1 or OSC2
pin. These sources may continue to operate, even
after the controller is placed in a power-managed
mode. PIC18F87K22 family devices offer the SOSC
(Timer1/3/5/7) oscillator as a secondary oscillator
source. This oscillator, in all power-managed modes, is
often the time base for functions, such as a Real-Time
Clock (RTC).

The SOSC can be enabled from any peripheral that
requests it. There are eight ways the SOSC can be
enabled: if the SOSC is selected as the source by any
of the odd timers, which is done by each respective
SOSCEN bit (TXCON<3>), if the SOSC is selected as
the RTCC source by the RTCOSC Configuration bit
(CONFIG3L<1>), if the SOSC is selected as the CPU
clock source by the SCS bits (OSCCON<1:0>) or if the
SOSCGO bit is set (OSCCON2<3>). The SOSCGO bit
is used to warm up the SOSC so that it is ready before
any peripheral requests it.

The secondary oscillator has three Run modes. The
SOSCSEL<1:0> bits (CONFIG1L<4:3>) decide the
SOSC mode of operation:

* 11 = High-power SOSC circuit

» 10 = Digital (SCLKI) mode

* 01 = Low-power SOSC circuit

If a secondary oscillator is not desired and digital I/0 on

port pins, RCO and RC1, is needed, the SOSCSEL bits
must be set to Digital mode.

In addition to being a primary clock source in some
circumstances, the internal oscillator is available as a
power-managed mode clock source. The LF-INTOSC
source is also used as the clock source for several
special features, such as the WDT and Fail-Safe Clock
Monitor. The internal oscillator block is discussed in
more detail in Section 3.6 “Internal Oscillator
Block”.

The PIC18F87K22 family includes features that allow
the device clock source to be switched from the main
oscillator, chosen by device configuration, to one of the
alternate clock sources. When an alternate clock
source is enabled, various power-managed operating
modes are available.

3.3.1 0OSC1/0SC2 OSCILLATOR

The OSC1/0OSC2 oscillator block is used to provide the
oscillator modes and frequency ranges:

Mode Design Operating Frequency
LP 31.25-100 kHz
XT 100 kHz to 4 MHz
HS 4 MHz to 25 MHz
EC 0 to 64 MHz (external clock)
EXTRC 0 to 4 MHz (external RC)

The crystal-based oscillators (XT, HS and LP) have a
built-in start-up time. The operation of the EC and
EXTRC clocks is immediate.

3.3.2 CLOCK SOURCE SELECTION

The System Clock Select bits, SCS<1:0>
(OSCCONZ2<1:0>), select the clock source. The avail-
able clock sources are the primary clock defined by the
FOSC<3:0> Configuration bits, the secondary clock
(SOSC oscillator) and the internal oscillator. The clock
source changes after one or more of the bits is written
to, following a brief clock transition interval.

The OSTS (OSCCON<3>) and SOSCRUN
(OSCCON<6>) bits indicate which clock source is
currently providing the device clock. The OSTS bit
indicates that the Oscillator Start-up Timer (OST) has
timed out and the primary clock is providing the device
clock in primary clock modes. The SOSCRUN bit indi-
cates when the SOSC oscillator (from Timer1/3/5/7) is
providing the device clock in secondary clock modes.
In power-managed modes, only one of these bits will
be set at any time. If neither of these bits is set, the
INTRC is providing the clock, or the internal oscillator
has just started and is not yet stable.

The IDLEN bit (OSCCON<7>) determines if the device
goes into Sleep mode or one of the Idle modes when
the SLEEP instruction is executed.
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The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 4.0
“Power-Managed Modes”.

Note 1: The Timer1/3/5/7 oscillator must be
enabled to select the secondary clock
source. The Timerx oscillator is enabled by
setting the SOSCEN bit in the Timerx Con-
trol register (TXCON<3>). If the Timerx
oscillator is not enabled, then any attempt
to select a secondary clock source when
executing a SLEEP instruction will be
ignored.

2: It is recommended that the Timerx
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timerx
oscillator starts.

3.3.2.1 System Clock Selection and Device
Resets

Since the SCS bits are cleared on all forms of Reset,
this means the primary oscillator, defined by the
FOSC<3:0> Configuration bits, is used as the primary
clock source on device Resets. This could either be the
internal oscillator block by itself, or one of the other
primary clock source (HS, EC, XT, LP, External RC and
PLL-Enabled modes).

In those cases when the internal oscillator block, with-
out PLL, is the default clock on Reset, the Fast RC
oscillator (INTOSC) will be used as the device clock
source. It will initially start at 8 MHz; the postscaler
selection that corresponds to the Reset value of the
IRCF<2:0> bits (‘110).

Regardless of which primary oscillator is selected,
INTRC will always be enabled on device power-up. It
serves as the clock source until the device has loaded
its configuration values from memory. It is at this point
that the FOSC Configuration bits are read and the
oscillator selection of the operational mode is made.

Note that either the primary clock source or the internal
oscillator will have two bit setting options for the possible
values of the SCS<1:0> bits, at any given time.

3.3.3 OSCILLATOR TRANSITIONS

PIC18F87K22 family devices contain circuitry to
prevent clock “glitches” when switching between clock
sources. A short pause in the device clock occurs
during the clock switch. The length of this pause is the
sum of two cycles of the old clock source and three to
four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 4.1.2 “Entering Power-Managed Modes”.

34 RC Oscillator

For timing-insensitive applications, the RC and RCIO
Oscillator modes offer additional cost savings. The
actual oscillator frequency is a function of several
factors:

» Supply Voltage

» Values of the External Resistor (REXT) and
Capacitor (CEXT)

» Operating Temperature

Given the same device, operating voltage and tem-
perature, and component values, there will also be unit
to unit frequency variations. These are due to factors,
such as:

* Normal manufacturing variation

« Difference in lead frame capacitance between
package types (especially for low CEXT values)

 Variations within the tolerance of limits of REXT
and CEXT

In the RC Oscillator mode, the oscillator frequency,
divided by 4, is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-2 shows how the R/C combination is
connected.

FIGURE 3-2: RC OSCILLATOR MODE
VDD

REXT

0SC1 | Internal

AN Clock
CEXTJ— j;
Vss :T[ - PIC18F87K22
-4—| OSC2/CLKO
Fosc/4

Recommended values: 3 kQ < REXT < 100 kQ

20 pF < CexT < 300 pF

The RCIO Oscillator mode (Figure 3-3) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose I/0O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 3-3:

VDD

RCIO OSCILLATOR MODE

REXT

0SC1 | Internal
% Clock
CEXT:JE ljl—

= PIC18F87K22
RAG6 «— 1/0 (OSC2)

Vss —

Recommended values: 3 kQ < REXT < 100 kQ
20 pF < CexT < 300 pF
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3.5 External Oscillator Modes

3.5.1 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS (HS MODES)

In HS or HSPLL Oscillator modes, a crystal or ceramic
resonator is connected to the OSC1 and OSC2 pins to
establish oscillation. Figure 3-4 shows the pin
connections.

The oscillator design requires the use of a crystal rated
for parallel resonant operation.

Note:  Use of a crystal rated for series resonant
operation may give a frequency out of the
crystal manufacturer’s specifications.

CAPACITOR SELECTION FOR
CERAMIC RESONATORS

Typical Capacitor Values Used:

TABLE 3-2:

Mode Freq. 0SscC1 0SC2
HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application. Refer
to the following application notes for oscillator-specific
information:

+ AN588, “PIC® Microcontroller Oscillator Design
Guide”

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

+ ANB849, “Basic PIC® Oscillator Design”

« AN943, “Practical PIC® Oscillator Analysis and
Design”

* AN949, “Making Your Oscillator Work”

See the notes following Table 3-3 for additional
information.

TABLE 3-3: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Crystal Tested:
Osc Type Freq.
C1 C2
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

Refer to the Microchip application notes cited in
Table 3-2 for oscillator-specific information. Also see
the notes following this table for additional
information.

Note 1: Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

2: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of  external
components.

3: Rs may be required to avoid overdriving
crystals with a low drive level specification.

4: Always verify oscillator performance over
the VDD and temperature range that is

expected for the application.

CRYSTAL/CERAMIC
RESONATOROPERATION
(HS OR HSPLL
CONFIGURATION)

FIGURE 3-4:

c1 osc1

1 o1 Internal
CIXTAL :% Re(3) Logic

0OSC2 ’ Sleep
PIC18F87K22

|
f
c2t Rs(2)

Note 1: See Table 3-2 and Table 3-3 for initial values of
C1and C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 47



PIC18F87K22 FAMILY

3.52  EXTERNAL CLOCK INPUT
(EC MODES)

The EC and ECPLL Oscillator modes require an
external clock source to be connected to the OSC1 pin.
There is no oscillator start-up time required after a
Power-on Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency,
divided by 4, is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 3-5 shows the pin connections for the EC
Oscillator mode.
FIGURE 3-5: EXTERNAL CLOCK

INPUT OPERATION

(EC CONFIGURATION)

Clock from ~‘>o—> OSC1/CLKI
Ext. System PIC18F87K22

Fosc/4 -«—— OSC2/CLKO

An external clock source may also be connected to the
OSC1 pin in HS mode, as shown in Figure 3-6. In this
configuration, the divide-by-4 output on OSC2 is not
available. Current consumption in this configuration will
be somewhat higher than EC mode, as the internal
oscillator’s feedback circuitry will be enabled (in EC
mode, the feedback circuit is disabled).

FIGURE 3-6: EXTERNAL CLOCKINPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>O—> 0oscC1
Ext. System PIC18F87K22

(HS Mode)

Open «——— OSC2

3.5.3 PLL FREQUENCY MULTIPLIER

A Phase Locked Loop (PLL) circuit is provided as an
option for users who want to use a lower frequency
oscillator circuit, or to clock the device up to its highest
rated frequency from a crystal oscillator. This may be
useful for customers who are concerned with EMI due
to high-frequency crystals, or users who require higher
clock speeds from an internal oscillator.

3.5.3.1 HSPLL and ECPLL Modes

The HSPLL and ECPLL modes provide the ability to
selectively run the device at four times the external
oscillating source to produce frequencies up to
64 MHz.

The PLL is enabled by setting the PLLEN bit
(OSCTUNE<6>) or the PLLCFG bit (CONFIG1H<4>).
The PLLEN bit provides a software control for the PLL,
even if PLLCFG is set to ‘0’. The PLL is enabled only
when the HS or EC oscillator frequency is within the
4 MHz to16 MHz input range.

This enables additional flexibility for controlling the
application’s clock speed in software. The PLLEN
should be enabled in HS or EC Oscillator mode only if
the input frequency is in the range of 4 MHz-16 MHz.

FIGURE 3-7: PLL BLOCK DIAGRAM

PLLCFG (CONFIG1H<4>)
PLL Enable (OSCTUNE)

0SC2

Phase
Comparator

}

HS orEC| FIN
U] OSC1 Mode

Loop
Filter

| SYSCLK
—
=

Y

3.6.3.2 PLL and HF-INTOSC

The PLL is available to the internal oscillator block
when the internal oscillator block is configured as the
primary clock source. In this configuration, the PLL is
enabled in software and generates a clock output of up
to 64 MHz.

The operation of INTOSC with the PLL is described in
Section 3.6.2 “INTPLL Modes”. Care should be taken
that the PLL is enabled only if the HF-INTOSC
postscaler is configured for 8 MHz or 16 MHz.
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3.6 Internal Oscillator Block

The PIC18F87K22 family of devices includes an internal
oscillator block which generates two different clock
signals. Either clock can be used as the microcontroller’s
clock source, which may eliminate the need for an
external oscillator circuit on the OSC1 and/or OSC2 pins.
The internal oscillator consists of three blocks,
depending on the frequency of operation. They are
HF-INTOSC, MF-INTOSC and LF-INTRC.

In HF-INTOSC mode, the internal oscillator can provide
a frequency ranging from 31 kHz to 16 MHz, with the
postscaler deciding the selected frequency
(IRCF<2:0>).

The INTSRC bit (OSCTUNE<7>) and MFIOSEL bit
(OSCCON2<0>) also decide which INTOSC provides
the lower frequency (500 kHz to 31 KHz). For the
HF-INTOSC to provide these frequencies, INTSRC = 1
and MFIOSEL = 0.

In HF-INTOSC, the postscaler (IRCF<2:0>) provides the
frequency range of 31 kHz to 16 MHz. If HF-INTOSC is
used with the PLL, the input frequency to the PLL should
be 8 MHz or 16 MHz (IRCF<2:0> =111 or 110).

For MF-INTOSC mode to provide a frequency range of
500 kHz to 31 kHz, INTSRC = 1 and MFIOSEL = 1.
The postscaler (IRCF<2:0>), in this mode, provides the
frequency range of 31 kHz to 500 kHz.

The LF-INTRC can provide only 31 kHz if INTSRC = 0.

The LF-INTRC provides 31 kHz and is enabled if it is
selected as the device clock source. The mode is
enabled automatically when any of the following are
enabled:

* Power-up Timer

+ Fail-Safe Clock Monitor

* Watchdog Timer

* Two-Speed Start-up

These features are discussed in greater detail in
Section 28.0 “Special Features of the CPU”.

The clock source frequency (HF-INTOSC, MF-INTOSC
or LF-INTRC direct) is selected by configuring the IRCF
bits of the OSCCON register, as well the INTSRC and
MFIOSEL bits. The default frequency on device Resets
is 8 MHz.

3.6.1 INTIO MODES

Using the internal oscillator as the clock source elimi-
nates the need for up to two external oscillator pins,
which can then be used for digital 1/0. Two distinct
oscillator configurations, which are determined by the
FOSC Configuration bits, are available:
* In INTIO1 mode, the OSC2 pin (RAG) outputs
Fosc/4, while OSC1 functions as RA7 (see
Figure 3-8) for digital input and output.
¢ |In INTIO2 mode, OSC1 functions as RA7 and
OSC2 functions as RA6 (see Figure 3-9). Both
are available as digital input and output ports.

FIGURE 3-8: INTIO1 OSCILLATOR MODE

RA7 --— |/O (OSC1)
PIC18F87K22

Fosc/4 -«—»{ OSC2

FIGURE 3-9: INTIO2 OSCILLATOR MODE

RA7 -«— |/O (OSC1)
PIC18F87K22
RA6 -«-— |/O (OSC2)

3.6.2 INTPLL MODES

The 4x Phase Lock Loop (PLL) can be used with the
HF-INTOSC to produce faster device clock speeds
than are normally possible with the internal oscillator
sources. When enabled, the PLL produces a clock
speed of 32 MHz or 64 MHz.

PLL operation is controlled through software. The
control bit, PLLEN (OSCTUNE<6>), is used to enable or
disable its operation. Additionally, the PLL will only func-
tion when the selected HF-INTOSC frequency is either
8 MHz or 16 MHz (OSCCON<6:4> =111 or 110).

Like the INTIO modes, there are two distinct INTPLL
modes available:

* In INTPLL1 mode, the OSC2 pin outputs FOsc/4,
while OSC1 functions as RA7 for digital input and
output. Externally, this is identical in appearance
to INTIO1 (Figure 3-8).

* In INTPLL2 mode, OSC1 functions as RA7 and
OSC2 functions as RAG, both for digital input and
output. Externally, this is identical to INTIO2
(Figure 3-9).
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3.6.3 INTERNAL OSCILLATOR OUTPUT
FREQUENCY AND TUNING

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 16 MHz. It
can be adjusted in the user’s application by writing to
TUN<5:0> (OSCTUNE<5:0>) in the OSCTUNE
register (Register 3-3).

When the OSCTUNE register is modified, the INTOSC
(HF-INTOSC and MF-INTOSC) frequency will begin
shifting to the new frequency. The oscillator will require
some time to stabilize. Code execution continues
during this shift and there is no indication that the shift
has occurred.

The LF-INTOSC oscillator operates independently of
the HF-INTOSC or the MF-INTOSC source. Any
changes in the HF-INTOSC or the MF-INTOSC source,
across voltage and temperature, are not necessarily
reflected by changes in LF-INTOSC or vice versa. The
frequency of LF-INTOSC is not affected by OSCTUNE.

3.6.4 INTOSC FREQUENCY DRIFT

The INTOSC frequency may drift as VDD or tempera-
ture changes, and can affect the controller operation in
a variety of ways. It is possible to adjust the INTOSC
frequency by modifying the value in the OSCTUNE
register. Depending on the device, this may have no
effect on the LF-INTOSC clock source frequency.

Tuning INTOSC requires knowing when to make the
adjustment, in which direction it should be made, and in
some cases, how large a change is needed. Three
compensation techniques are shown here.

3.6.4.1 Compensating with the EUSART

An adjustment may be required when the EUSART
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors indi-
cate that the device clock frequency is too high. To adjust
for this, decrement the value in OSCTUNE to reduce the
clock frequency. On the other hand, errors in data may
suggest that the clock speed is too low. To compensate,
increment OSCTUNE to increase the clock frequency.

3.64.2 Compensating with the Timers

This technique compares device clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is clocked
by a fixed reference source, such as the SOSC oscillator.

Both timers are cleared, but the timer clocked by the
reference source generates interrupts. When an inter-
rupt occurs, the internally clocked timer is read and
both timers are cleared. If the internally clocked timer
value is much greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.

3.6.4.3 Compensating with the CCP Module
in Capture Mode

A CCP module can use free-running Timer1 (or Tim-
er3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRXxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the
calculated time, the internal oscillator block is running
too fast. To compensate, decrement the OSCTUNE
register. If the measured time is much less than the
calculated time, the internal oscillator block is running
too slow. To compensate, increment the OSCTUNE
register.

3.7 Reference Clock Output

In addition to the Fosc/4 clock output, in certain
oscillator modes, the device clock in the PIC18F87K22
family can also be configured to provide a reference
clock output signal to a port pin. This feature is avail-
able in all oscillator configurations and allows the user
to select a greater range of clock submultiples to drive
external devices in the application.

This reference clock output is controlled by the
REFOCON register (Register 3-4). Setting the ROON
bit (REFOCON<7>) makes the clock signal available
on the REFO (RE3) pin. The RODIV<3:0> bits enable
the selection of 16 different clock divider options.

The ROSSLP and ROSEL bits (REFOCON<5:4>) con-
trol the availability of the reference output during Sleep
mode. The ROSEL bit determines if the oscillator on
OSC1 and OSC2, or the current system clock source,
is used for the reference clock output. The ROSSLP bit
determines if the reference source is available on RE3
when the device is in Sleep mode.

To use the reference clock output in Sleep mode, both
the ROSSLP and ROSEL bits must be set. The device
clock must also be configured for an EC or HS mode. If
not, the oscillator on OSC1 and OSC2 will be powered
down when the device enters Sleep mode. Clearing the
ROSEL bit allows the reference output frequency to
change as the system clock changes during any clock
switches.
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REGISTER 3-4: REFOCON: REFERENCE OSCILLATOR CONTROL REGISTER

R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ROON — ROSSLP | ROSEL(" | RODIV3 RODIV2 RODIV1 RODIVO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 ROON: Reference Oscillator Output Enable bit

1 = Reference oscillator output is available on REFO pin
0 = Reference oscillator output is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 ROSSLP: Reference Oscillator Output Stop in Sleep bit

1 = Reference oscillator continues to run in Sleep
0 = Reference oscillator is disabled in Sleep

bit 4 ROSEL: Reference Oscillator Source Select bit(!)

1 = Primary oscillator (EC or HS) is used as the base clock

0 = System clock is used as the base clock; base clock reflects any clock switching of the device
bit 3-0 RODIV<3:0>: Reference Oscillator Divisor Select bits

1111 = Base clock value divided by 32,768

1110 = Base clock value divided by 16,384

1101 = Base clock value divided by 8,192

1100 = Base clock value divided by 4,096

1011 = Base clock value divided by 2,048

1010 = Base clock value divided by 1,024

1001 = Base clock value divided by 512

1000 = Base clock value divided by 256

0111 = Base clock value divided by 128

0110 = Base clock value divided by 64

0101 = Base clock value divided by 32

0100 = Base clock value divided by 16

0011 = Base clock value divided by 8

0010 = Base clock value divided by 4

0001 = Base clock value divided by 2

0000 = Base clock value

Note 1: For ROSEL (REVOCON<4>), the primary oscillator is available only when configured as the default via the
FOSC settings. This is regardless of whether the device is in Sleep mode.
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3.8 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated pri-
mary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. The OSC1 pin (and
OSC2 pin if used by the oscillator) will stop oscillating.

In secondary clock modes (SEC_RUN and SEC_I-
DLE), the SOSC oscillator is operating and providing
the device clock. The SOSC oscillator may also run in
all power-managed modes if required to clock SOSC.

In RC_RUN and RC_IDLE modes, the internal
oscillator provides the device clock source. The 31 kHz
LF-INTOSC output can be used directly to provide the
clock and may be enabled to support various special
features, regardless of the power-managed mode (see
Section 28.2 “Watchdog Timer (WDT)” through
Section 28.5 “Fail-Safe Clock Monitor” for more
information on WDT, Fail-Safe Clock Monitor and
Two-Speed Start-up).

If Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTOSC is required to support WDT operation.
The SOSC oscillator may be operating to support a

Real-Time Clock (RTC). Other features may be operat-
ing that do not require a device clock source (i.e.,
MSSP slave, INTx pins and others). Peripherals that
may add significant current consumption are listed in
Section 31.2 “DC Characteristics: Power-Down and
Supply Current PIC18F87K22 Family (Industrial/
Extended)”.

3.9 Power-up Delays

Power-up delays are controlled by two timers, so that
no external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in
Reset until the device power supply is stable under nor-
mal circumstances and the primary clock is operating
and stable. For additional information on power-up
delays, see Section 5.6 “Power-up Timer (PWRT)”.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on a power-up time of about
1 ms (Parameter 33, Table 31-13).

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (HS, XT or LP modes). The
OST does this by counting 1,024 oscillator cycles
before allowing the oscillator to clock the device.

There is a delay of interval, TcsD (Parameter 38,
Table 31-13), following POR, while the controller
becomes ready to execute instructions.

TABLE 3-4: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
Oscillator Mode OSC1 Pin OSC2 Pin
EC, ECPLL Floating, pulled by external clock At logic low (clock/4 output)
HS, HSPLL Feedback inverter is disabled at quiescent | Feedback inverter is disabled at quiescent

voltage level

voltage level

INTOSC, INTPLL1/2

1/0 pin, RAB, direction is controlled by
TRISA<6>

I/0 pin, RAB, direction is controlled by
TRISA<7>

Note:  See Section 5.0 “Reset” for time-outs due to Sleep and MCLR Reset.
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40 POWER-MANAGED MODES

The PIC18F87K22 family of devices offers a total of
seven operating modes for more efficient power man-
agement. These modes provide a variety of options for
selective power conservation in applications where
resources may be limited (such as battery-powered
devices).

There are three categories of power-managed mode:

* Run modes
* |dle modes
» Sleep mode

There is an Ultra Low-Power Wake-up (ULPWU) for
waking from the Sleep mode.

These categories define which portions of the device
are clocked, and sometimes, at 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 ULPWU mode, on the RAO pin, enables a slow fall-
ing voltage to generate a wake-up, even from Sleep,
without excess current consumption. (See Section 4.7
“Ultra Low-Power Wake-up”.)

The power-managed modes include several power-
saving features offered on previous PIC® devices. One
is the clock switching feature, offered in other PIC18
devices. This feature allows the controller to use the
SOSC oscillator instead of the primary one. Another
power-saving feature is Sleep mode, offered by all PIC
devices, where all device clocks are stopped.

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

« Will the CPU be clocked or not
* What will be the 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 4-1.

411 CLOCK SOURCES

The SCS<1:0> bits select one of three clock sources
for power-managed modes. Those sources are:

* The primary clock as defined by the FOSC<3:0>
Configuration bits

» The secondary clock (the SOSC oscillator)

» The internal oscillator block (for LF-INTOSC
modes)

41.2 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 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. These considerations
are discussed in Section 4.1.3 “Clock Transitions
and Status Indicators” and subsequent sections.

Entering 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 and impending mode, a
change to a power-managed mode does not always
require setting all of the previously discussed bits. Many
transitions can 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 as
desired, it may only be necessary to perform a SLEEP
instruction to switch to the desired mode.

TABLE 4-1: POWER-MANAGED MODES
OSCCON Bits Module Clocking
Mode Available Clock and Oscillator Source
IDLEN<7>("| scs<1:0> CPU Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRI_RUN N/A 00 Clocked | Clocked |Fnmary—XT, LR HS, EC, RC and PLL modes.
- 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, 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 INTOSC (HF-INTOSC and MG-INTOSC) and INTOSC postscaler, as well as the LF-INTOSC
source.
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41.3 CLOCK TRANSITIONS AND STATUS
INDICATORS

The length of the transition between clock sources is
the sum of two cycles of the old clock source and
three to four cycles of the new clock source. This for-
mula assumes that the new clock source is stable.
The HF-INTOSC and MF-INTOSC are termed as
INTOSC in this chapter.

Three bits indicate the current clock source and its
status, as shown in Table 4-2. The three bits are:

* OSTS (OSCCON<3>)
* HFIOFS (OSCCON<2>)
* SOSCRUN (OSCCON2<6>)

TABLE 4-2: SYSTEM CLOCK INDICATOR
. HFIOFS or

Main Clock Source |OSTS MFIOFS SOSCRUN
Primary Oscillator 1 0 0
INTOSC (HF-INTOSC or 0 1 0
MF-INTOSC)
Secondary Oscillator 0 0 1
MF-INTOSC or
HF-INTOSC as Primary 1 1 0
Clock Source
LF-INTOSC is Running or 0 0 0
INTOSC is Not Yet Stable

When the OSTS bit is set, the primary clock is providing
the device clock. When the HFIOFS or MFIOFS bit is
set, the INTOSC output is providing a stable 16 MHz
clock source to a divider that actually drives the device
clock. When the SOSCRUN bit is set, the SOSC oscil-
lator is providing the clock. If none of these bits are set,
either the LF-INTOSC clock source is clocking the
device or the INTOSC source is not yet stable.

If the internal oscillator block is configured as the
primary clock source by the FOSC<3:0> Configuration
bits (CONFIG1H<3:0>), then the OSTS and HFIOFS or
MFIOFS bits can be set when in PRI_RUN or PRI_I-
DLE modes. This indicates that the primary clock
(INTOSC output) is generating a stable 16 MHz output.
Entering another INTOSC power-managed mode at
the same frequency would clear the OSTS bit.

414 MULTIPLE SLEEP COMMANDS

The power-managed mode that is invoked with the
SLEEP instruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power-managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter
the new power-managed mode specified by the new
setting.

4.2 Run Modes

In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.

4.2.1 PRI_RUN MODE

The PRI_RUN mode is the normal, Full-Power Execu-
tion mode of the microcontroller. This is also the default
mode upon a device Reset, unless Two-Speed Start-up
is enabled. (For details, see Section 28.4 “Two-Speed
Start-up”.) In this mode, the OSTS bit is set. The
HFIOFS or MFIOFS bit may be set if the internal
oscillator block is the primary clock source. (See
Section 3.2 “Control Registers”.)

422 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock-switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the SOSC oscillator. This enables lower
power consumption while retaining a high-accuracy
clock source.

SEC_RUN mode is entered by setting the SCS<1:0>
bits to ‘01’. The device clock source is switched to the
SOSC oscillator (see Figure 4-1), the primary oscillator
is shut down, the SOSCRUN bit (OSCCON2<6>) is set
and the OSTS bit is cleared.

Note: The SOSC oscillator can be enabled by
setting the SOSCGO bit (OSCCON2<3>).
If this bit is set, the clock switch to the
SEC_RUN mode can switch immediately
once SCS<1:0> are setto ‘01’.

Note 1: Caution should be used when modifying
a single IRCF bit. At a lower VDD, it is
possible to select a higher clock speed
than is supportable by that VDD. Improper
device operation may result if the VDD/
Fosc specifications are violated.

2: Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode or
one of the Idle modes, depending on the
setting of the IDLEN bit.

On transitions from SEC_RUN mode to PRI_RUN
mode, the peripherals and CPU continue to be clocked
from the SOSC oscillator while the primary clock is
started. When the primary clock becomes ready, a
clock switch back to the primary clock occurs (see
Figure 4-2). When the clock switch is complete, the
SOSCRUN bit is cleared, the OSTS bit is set and the
primary clock is providing the clock. The IDLEN and
SCS bits are not affected by the wake-up and the
SOSC oscillator continues to run.
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FIGURE 4-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE

Q1 Q2!Q3!Q4|Q1 ----------------------- --»l a2l a3lasiatlalasl

1 2 3 n-1 n y

Clock : ' )
Peripheral _~\ M\ M\ /Y Y VA Yo NV NV A Vo
Clock T \ \ , : ; X
Feoonior PC X PC +2 ' ' y e

Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)

Q | Q| Q ; Q@ ; Ql--------- - = Q2/Q3|Q4|Q1|Q2| Q3

sose /_\_/_\_/_\_/_\_/_\_/—\_5 /! /]
osct | mmvmnmmmm 5 m | /

~—Tosti__! 1
TPLL(_)>

PLL Clock
Output

-— Clock .

CPU Clock , . : A A A A A A A
Peipneral 2/ \! /\ S\ \ L\ JatataVatatavel
Clock X ; ! X . . . SoS

Program | : ' y
Counter : PC . X PC+2 Y PC+4
SCS<1:0> bits Changed OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
2: Clock transition typically occurs within 2-4 Tosc.

© 2009-2018 Microchip Technology Inc. DS30009960E-page 55



PIC18F87K22 FAMILY

423 RC_RUN MODE

In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator block using the
INTOSC multiplexer. In this mode, the primary clock is
shut down. When using the LF-INTOSC source, this
mode provides the best power conservation of all the
Run modes, while still executing code. It works well for
user applications which are not highly timing-sensitive
or do not require high-speed clocks at all times.

If the primary clock source is the internal oscillator
block — either LF-INTOSC or INTOSC (MF-INTOSC or
HF-INTOSC) — there are no distinguishable differences
between the PRI_RUN and RC_RUN modes during
execution. Entering or exiting RC_RUN mode, how-
ever, causes a clock switch delay. Therefore, if the
primary clock source is the internal oscillator block,
using RC_RUN mode is not recommended.

This mode is entered by setting the SCS1 bitto ‘1’. To
maintain software compatibility with future devices, it is
recommended that the SCSO0 bit also be cleared, even
though the bit is ignored. When the clock source is
switched to the INTOSC multiplexer (see Figure 4-3),

the primary oscillator is shut down and the OSTS bit is
cleared. The IRCF bits may be modified at any time to
immediately change the clock speed.

Note:  Caution should be used when modifying a
single IRCF bit. At a lower VDD, it is
possible to select a higher clock speed
than is supportable by that VDD. Improper
device operation may result if the VDD/

Fosc specifications are violated.

If the IRCF bits and the INTSRC bit are all clear, the
INTOSC output (HF-INTOSC/MF-INTOSC) is not
enabled and the HFIOFS and MFIOFS bits will remain
clear. There will be no indication of the current clock
source. The LF-INTOSC source is providing the device
clocks.

If the IRCF bits are changed from all clear (thus,
enabling the INTOSC output), or if INTSRC or
MFIOSEL is set, the HFIOFS or MFIOFS bit is set after
the INTOSC output becomes stable. For details, see
Table 4-3.

TABLE 4-3: INTERNAL OSCILLATOR FREQUENCY STABILITY BITS
IRCF<2:0> INTSRC MFIOSEL Status of MFIOFS or HFIOFS when INTOSC is Stable
000 0 x MFIOFS = 0, HFIOFS = 0 and clock source is LF-INTOSC
000 1 0 MFIOFS = 0, HFIOFS = 1 and clock source is HF-INTOSC
000 1 1 MFIOFS = 1, HFIOFS = 0 and clock source is MF-INTOSC
Non-Zero x 0 MFIOFS = 0, HFIOFS = 1 and clock source is HF-INTOSC
Non-Zero b4 1 MFIOFS = 1, HFIOFS = 0 and clock source is MF-INTOSC
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Clocks to the device continue while the INTOSC source
stabilizes after an interval of TIOBST (Parameter 39,
Table 31-13).

If the IRCF bits were previously at a non-zero value, or
if INTSRC was set before setting SCS1 and the
INTOSC source was already stable, the HFIOFS or
MFIOFS bit will remain set.

On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSC
multiplexer while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 4-4). When the clock
switch is complete, the HFIOFS or MFIOFS bit is
cleared, the OSTS bit is set and the primary clock is
providing the device clock. The IDLEN and SCS bits
are not affected by the switch. The LF-INTOSC source
will continue to run if either the WDT or the Fail-Safe
Clock Monitor is enabled.

FIGURE 4-3: TRANSITION TIMING TO RC_RUN MODE
Q1!Q2|IQ3!Q4|Q1'-I --------------------- --» Q2| lasfarlalasl
LF-INTOSC L2\ s Ao\ L\ / | [\
0SC1 MM\ r=——— Clock Transifion() ——— ' ' : I : , I
CPU N A\ TN N e Ve e NIV N
Clock L l I l . Z ' ' :
Peripheral M\ M\ 1 N Y o\ VNV an NV an VA
Clock ] T " ; ; " : ’ ’ "
%‘gg;latgl]' PC XI PC +2 I I I I X PC + 4 :

Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
;a1 | @l Q@ ; Q4 ; Ql--------- - = Q2|Q3|Q4] Q1] Q2| Q3
INTOSC | ! / : : l S
Multiplexer ; \ / X ; )( ; — L
0sCt  — = VNN | 5 M/—\W\J—U—\_
: : <—TOSIT(1)—>|I Tp|_|_(1) : : \ ' ! ! : : : :
PLL Clock ~ — ; : ! NN (A A
o | . : AT AT AT AR At AN A At
. . ! . . Lie Clock __p'' 't
'/—W ' Transiton® L~ i~ o T Y
CPUClock , . ; . : ASAS AV A AYAS
peripheral 1/ 1\ /" \_/\_/\_/\ JatataValetatal
Clock . ' ; ! : A
Program ; : . y '
Counter * PC 4 X PC+2 X PC+4
SCS<1:0> bits Changed OSTS bit Set
Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.

2: Clock transition typically occurs within 2-4 Tosc.
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4.3

The power-managed Sleep mode in the PIC18F87K22
family of devices is identical to the legacy Sleep mode
offered in all other PIC devices. It is entered by clearing
the IDLEN bit (the default state on device Reset) and
executing the SLEEP instruction. This shuts down the
selected oscillator (Figure 4-5). All clock source status
bits are cleared.

Sleep Mode

Entering Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the LF-INTOSC source will continue
to operate. If the SOSC oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS<1:0> bits
becomes ready (see Figure 4-6). Alternately, the device
will be clocked from the internal oscillator block if either
the Two-Speed Start-up or the Fail-Safe Clock Monitor is
enabled (see Section 28.0 “Special Features of the
CPU”). In either case, the OSTS bit is set when the
primary clock is providing the device clocks. The IDLEN
and SCS bits are not affected by the wake-up.

4.4 Idle Modes

The Idle modes allow the controller's CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is setto a ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS<1:0> bits. The CPU,
however, will not be clocked. The clock source status bits
are not affected. This approach is a quick method to
switch from a given Run mode to its corresponding Idle
mode.

If the WDT is selected, the LF-INTOSC source will
continue to operate. If the SOSC oscillator is enabled,
it will also continue to run.

Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TcsD
(Parameter 38, Table 31-13) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or Sleep mode, a WDT time-
out will result in a WDT wake-up to the Run mode
currently specified by the SCS<1:0> bits.

FIGURE 4-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
e[ ek H o e R e e i A B I o
0SC1 /N S S S ; —
CPU_/_\_:/_\_:/_\_E/—\_E/—\ : B
Clock T ! ] ] \ ] \
Peripheral_/—\_/—\_/—\_/—\_‘:/—\ : I : : :
Clock ! N f
S|eep4:/ ' ' : : :
Rogen —pc FC+2 | "
FIGURE 4-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)
. DAl ~Q2;Q3,Q4,Q1,Q2,Q3,Q4,Q1,Q2,Q3,Q4,Q1,Q2; Q3; Q4;
osct . : | | I
'« TosT o : '
PLL Clock | = 1osT < TPl ' ' !
Output i ;
CPU Clock :
Peripheral : :
Clock * T ! !
Program PC X\__PC¥z X PC+d _X__PCs6
Wake Event OSTS bit Set
Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.

DS30009960E-page 58

© 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

4.4.1 PRI_IDLE MODE

This mode is unique among the three low-power Idle
modes, in that it does not disable the primary device
clock. For timing-sensitive applications, this allows for
the fastest resumption of device operation with its more
accurate, primary clock source, since the clock source
does not have to “warm-up” or transition from another
oscillator.

PRI_IDLE mode is entered from PRI_RUN mode by
setting the IDLEN bit and executing a SLEEP instruc-
tion. If the device is in another Run mode, set IDLEN
first, then clear the SCS bits and execute SLEEP.
Although the CPU is disabled, the peripherals continue
to be clocked from the primary clock source specified
by the FOSC<3:0> Configuration bits. The OSTS bit
remains set (see Figure 4-7).

When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of interval, TcsD
(Parameter 39, Table 31-13), is required between the
wake event and the start of code execution. This is
required to allow the CPU to become ready to execute
instructions. After the wake-up, the OSTS bit remains
set. The IDLEN and SCS bits are not affected by the
wake-up (see Figure 4-8).

442 SEC_IDLE MODE

In SEC_IDLE mode, the CPU is disabled but the
peripherals continue to be clocked from the SOSC
oscillator. This mode is entered from SEC_RUN by set-
ting the IDLEN bit and executing a SLEEP instruction. If
the device is in another Run mode, set the IDLEN bit
first, then set the SCS<1:0> bits to ‘01’ and execute
SLEEP. When the clock source is switched to the SOSC
oscillator, the primary oscillator is shut down, the OSTS
bit is cleared and the SOSCRUN bit is set.

When a wake event occurs, the peripherals continue to
be clocked from the SOSC oscillator. After an interval
of TcsD following the wake event, the CPU begins
executing code being clocked by the SOSC oscillator.
The IDLEN and SCS bits are not affected by the wake-
up and the SOSC oscillator continues to run (see
Figure 4-8).

FIGURE 4-7: TRANSITION TIMING FOR ENTRY TO IDLE MODE
ot | @2 | @ | @ |t e -
oscr /Y Y\ NSNS NSNS
CPU Clock
Clock ' . : ' 1
Fgggﬁt?r X PC X PC+2
FIGURE 4-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
| Q1 - mmmeeee e -] Q2 | Q3 | Q4
osct 1\ / \ / \ I \ / \ / \ / \
CPU Clock ! \ . T / \ / \ I \ I \
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Counter *
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443 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled but the periph-
erals continue to be clocked from the internal oscillator
block using the INTOSC multiplexer. This mode
provides controllable power conservation during Idle
periods.

From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then set
the SCS1 bit and execute SLEEP. To maintain software
compatibility with future devices, it is recommended
that SCSO0 also be cleared, though its value is ignored.
The INTOSC multiplexer may be used to select a
higher clock frequency by modifying the IRCF bits
before executing the SLEEP instruction. When the
clock source is switched to the INTOSC multiplexer, the
primary oscillator is shut down and the OSTS bit is
cleared.

If the IRCF bits are set to any non-zero value, or the
INTSRC/MFIOSEL bit is set, the INTOSC output is
enabled. The HFIOFS/MFIOFS bits become set, after
the INTOSC output becomes stable, after an interval of
TioBST (Parameter 38, Table 31-13). (For information
on the HFIOFS/MFIOFS bits, see Table 4-3.)

Clocks to the peripherals continue while the INTOSC
source stabilizes. The HFIOFS/MFIOFS bits will
remain set if the IRCF bits were previously at a non-
zero value or if INTSRC was set before the SLEEP
instruction was executed and the INTOSC source was
already stable. If the IRCF bits and INTSRC are all
clear, the INTOSC output will not be enabled, the
HFIOFS/MFIOFS bits will remain clear and there will be
no indication of the current clock source.

When a wake event occurs, the peripherals continue to
be clocked from the INTOSC multiplexer. After a delay
of Tcsb (Parameter 38, Table 31-13) following the
wake event, the CPU begins executing code clocked
by the INTOSC multiplexer. The IDLEN and SCS bits
are not affected by the wake-up. The INTRC source will
continue to run if either the WDT or the Fail-Safe Clock
Monitor is enabled.

4.5 Selective Peripheral Module
Control

Idle mode allows users to substantially reduce power
consumption by stopping the CPU clock. Even so,
peripheral modules still remain clocked, and thus,
consume power. There may be cases where the appli-
cation needs what this mode does not provide: the
allocation of power resources to the CPU processing
with minimal power consumption from the peripherals.

PIC18F87K22 family devices address this requirement
by allowing peripheral modules to be selectively
disabled, reducing or eliminating their power
consumption. This can be done with two control bits:

» Peripheral Enable bit, generically named XXXEN —
Located in the respective module’s main control
register

» Peripheral Module Disable (PMD) bit, generically
named, XXXMD - Located in one of the PMDx
Control registers (PMDO, PMD1, PMD2 or PMD3)

Disabling a module by clearing its XXXEN bit disables
the module’s functionality, but leaves its registers
available to be read and written to. This reduces power
consumption, but not by as much as the second
approach.

Most peripheral modules have an enable bit.

In contrast, setting the PMD bit for a module disables
all clock sources to that module, reducing its power
consumption to an absolute minimum. In this state, the
control and status registers associated with the periph-
eral are also disabled, so writes to those registers have
no effect and read values are invalid. Many peripheral
modules have a corresponding PMD bit.

There are four PMD registers in the PIC18F87K22 family
devices: PMDO, PMD1, PMD2 and PMD3. These
registers have bits associated with each module for
disabling or enabling a particular peripheral.
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REGISTER 4-1: PMD3: PERIPHERAL MODULE DISABLE REGISTER 3

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccp1omp™ | ccpomp™ | ccpPsMD | CCP7MD | CCP6MD CCP5MD CCP4MD | TMR12MD(™)
bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CCP10MD: PMD CCP10 Enable/Disable bit(

1 = Peripheral Module Disable (PMD) is enabled for CCP10, disabling all of its clock sources
0 = PMD is disabled for CCP10

bit 6 CCP9MD: PMD CCP9 Enable/Disable bit(")

1 = Peripheral Module Disable (PMD) is enabled for CCP9, disabling all of its clock sources
0 = PMD is disabled for CCP9

bit 5 CCP8MD: PMD CCP8 Enable/Disable bit

1 = Peripheral Module Disable (PMD) is enabled for CCP8, disabling all of its clock sources
0 = PMD is disabled for CCP8

bit 4 CCP7MD: PMD CCP7 Enable/Disable bit

1 = Peripheral Module Disable (PMD) is enabled for CCP7, disabling all of its clock sources
0 = PMD is disabled for CCP7

bit 3 CCP6MD: PMD CCP6 Enable/Disable bit

1 = Peripheral Module Disable (PMD) is enabled for CCP6, disabling all of its clock sources
0 = PMD is disabled for CCP6

bit 2 CCP5MD: PMD CCP5 Enable/Disable bit

1 = Peripheral Module Disable (PMD) is enabled for CCP5, disabling all of its clock sources
0 = PMD is disabled for CCP5

bit 1 CCP4MD: PMD CCP4 Enable/Disable bit

1 = Peripheral Module Disable (PMD) is enabled for CCP4, disabling all of its clock sources
0 = PMD is disabled for CCP4

bit 0 TMR12MD: TMR12MD Disable bit(!

1 = PMD is enabled and all TMR12MD clock sources are disabled
0 = PMD is disabled and TMR12MD is enabled

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 4-2: PMD2: PERIPHERAL MODULE DISABLE REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR10MD(™ | TMR8MD | TMR7MD!"Y | TMR6MD | TMR5MD CMP3MD CMP2MD | CMP1MD
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMR10MD: TMR10MD Disable bit(!

1 = Peripheral Module Disable (PMD) is enabled and all TMR10MD clock sources are disabled
0 = PMD is disabled and TMR10MD is enabled

bit 6 TMR8MD: TMR8MD Disable bit

1 = PMD is enabled and all TMR8MD clock sources are disabled
0 = PMD is disabled and TMR8MD is enabled

bit 5 TMR7MD: TMR7MD Disable bit(!

1 = PMD is enabled and all TMR7MD clock sources are disabled
0 = PMD is disabled and TMR7MD is enabled

bit 4 TMR6MD: TMR6MD Disable bit

1 = PMD is enabled and all TMR6MD clock sources are disabled
0 = PMD is disabled and TMR6MD is enabled

bit 3 TMR5MD: TMRS5MD Disable bit

1 = PMD is enabled and all TMR5MD clock sources are disabled
0 = PMD is disabled and TMR5MD is enabled

bit 2 CMP3MD: PMD Comparator 3 Enable/Disable bit

1 = PMD is enabled for Comparator 3, disabling all of its clock sources
0 = PMD is disabled for Comparator 3

bit 1 CMP2MD: PMD Comparator 3 Enable/Disable bit

1 = PMD is enabled for Comparator 2, disabling all of its clock sources
0 = PMD is disabled for Comparator 2

bit 0 CMP1MD: PMD Comparator 3 Enable/Disable bit

1 = PMD is enabled for Comparator 1, disabling all of its clock sources
0 = PMD is disabled for Comparator 1

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 4-3: PMD1: PERIPHERAL MODULE DISABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPMD CTMUMD RTCCMD( | TMR4MD TMR3MD TMR2MD TMR1MD EMBMD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPMD: Peripheral Module Disable (PMD) PSP Enable/Disable bit

1 = PMD is enabled for PSP, disabling all of its clock sources
0 = PMD is disabled for PSP

bit 6 CTMUMD: PMD CTMU Enable/Disable bit

1 = PMD is enabled for CTMU, disabling all of its clock sources
0 = PMD is disabled for CTMU

bit 5 RTCCMD: PMD RTCC Enable/Disable bit(!

1 = PMD is enabled for RTCC, disabling all of its clock sources
0 = PMD is disabled for RTCC

bit 4 TMR4MD: TMR4MD Disable bit

1 = PMD is enabled and all TMR4MD clock sources are disabled
0 = PMD is disabled and TMR4MD is enabled

bit 3 TMR3MD: TMR3MD Disable bit

1 = PMD is enabled and all TMR3MD clock sources are disabled
0 = PMD is disabled and TMR3MD is enabled

bit 2 TMR2MD: TMR2MD Disable bit
1 = PMD is enabled and all TMR2MD clock sources are disabled
0 = PMD is disabled and TMR2MD is enabled

bit 1 TMR1MD: TMR1MD Disable bit
1 = PMD is enabled and all TMR1MD clock sources are disabled
0 = PMD is disabled and TMR1MD is enabled

bit 0 EMBMD: PMD EMB Enable/Disable bit
1 = PMD is enabled for EMB, disabling all of its clock sources
0 = PMD is disabled for EMB

Note 1: RTCCMD can only be set to ‘1’ after an EECON2 unlock sequence. Refer to Section 18.0 “Real-Time
Clock and Calendar (RTCC)” for the unlock sequence (Example 18-1).
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REGISTER 4-4: PMDO: PERIPHERAL MODULE DISABLE REGISTER 0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CCP3MD CCP2MD CCP1MD UART2MD | UART1MD SSP2MD SSP1MD ADCMD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CCP3MD: PMD ECCP3 Enable/Disable bit
1 = Peripheral Module Disable (PMD) is enabled for ECCP3, disabling all of its clock sources
0 = PMD is disabled for ECCP3
bit 6 CCP2MD: PMD ECCP2 Enable/Disable bit
1 = PMD is enabled for ECCP2, disabling all of its clock sources
0 = PMD is disabled for ECCP2
bit 5 CCP1MD: PMD ECCP1 Enable/Disable bit
1 = PMD is enabled for ECCP1, disabling all of its clock sources
0 = PMD is disabled for ECCP1
bit 4 UART2MD: PMD UART2 Enable/Disable bit
1 = PMD is enabled for UART2, disabling all of its clock sources
0 = PMD is disabled for UART2
bit 3 UART1MD: PMD UART1 Enable/Disable bit
1 = PMD is enabled for UART1, disabling all of its clock sources
0 = PMD is disabled for UART1
bit 2 SSP2MD: PMD MSSP2 Enable/Disable bit
1 = PMD is enabled for MSSP2, disabling all of its clock sources
0 = PMD is disabled for MSSP2
bit 1 SSP1MD: PMD MSSP1 Enable/Disable bit
1 = PMD is enabled for MSSP1, disabling all of its clock sources
0 = PMD is disabled for MSSP1
bit 0 ADCMD: PMD Analog/Digital Converter PMD Enable/Disable bit

1 = PMD is enabled for the Analog/Digital Converter, disabling all of its clock sources

0 = PMD is disabled for the Analog/Digital Converter
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4.6 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 4.2 “Run Modes”, Section 4.3
“Sleep Mode” and Section 4.4 “Idle Modes”).

4.6.1 EXIT BY INTERRUPT

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

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the GIE/
GIEH bit (INTCON<7>) is set. Otherwise, code execu-
tion continues or resumes without branching (see
Section 11.0 “Interrupts”).

46.2 EXIT BY WDT TIME-OUT

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

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section4.2 “Run
Modes” and Section 4.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 28.2 “Watchdog
Timer (WDT)”).

Executing a SLEEP or CLRWDT instruction clears the
WDT timer and postscaler, loses the currently selected
clock source (if the Fail-Safe Clock Monitor is enabled)
and modifies the IRCF bits in the OSCCON register (if
the internal oscillator block is the device clock source).

46.3 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the HFIOFS/MFIOFS bits are set
instead.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up, and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 4-4.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 28.4 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 28.5 “Fail-Safe Clock
Monitor”) is enabled, the device may begin execution
as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the
internal oscillator block. Execution is clocked by the
internal oscillator block until either the primary clock
becomes ready or a power-managed mode is entered
before the primary clock becomes ready; the primary
clock is then shut down.

464 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

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

* When in PRI_IDLE mode, where the primary
clock source is not stopped

* When the primary clock source is not any of the
LP, XT, HS or HSPLL modes

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

The Ultra Low-Power Wake-up (ULPWU) on pin, RAO,
allows a slow falling voltage to generate an interrupt
without excess current consumption.

To use this feature:
1. Charge the capacitor on RAO by configuring the
RAO pin to an output and setting it to ‘1°.

2. Stop charging the capacitor by configuring RAO
as an input.

3. Discharge the capacitor by setting the ULPEN
and ULPSINK bits in the WDTCON register.

4. Configure Sleep mode.
5. Enter Sleep mode.

When the voltage on RAO drops below VIL, the device
wakes up and executes the next instruction.

This feature provides a low-power technique for
periodically waking up the device from Sleep mode.
The time-out is dependent on the discharge time of the
RC circuit on RAO.

When the ULPWU module wakes the device from
Sleep mode, the ULPLVL bit (WDTCON<5>) is set.
Software can check this bit upon wake-up to determine
the wake-up source.

See Example 4-1 for initializing the ULPWU module.

EXAMPLE 4-1: ULTRA LOW-POWER
WAKE-UP INITIALIZATION

//***************************

//Charge the capacitor on RAO
//*******‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k‘k*******

TRISAbits.TRISAO = 0;

PORTAbits.RAO = 1;

for(i = 0; 1 < 10000; i++) Nop();
//*****************************
//Stop Charging the capacitor
//on RAO

//*****************************

TRISAbits.TRISAO = 1;
//‘k‘k*‘k***‘k‘k‘k‘k‘k‘k*****‘k‘k‘k‘k‘k‘k*‘k‘k**
//Enable the Ultra Low Power
//Wakeup module and allow
//capacitor discharge
//‘k‘k‘k‘k‘k************************

WDTCONbits.ULPEN = 1;

WDTCONbits.ULPSINK = 1;
//For Sleep

OSCCONbits.IDLEN = 0;
//Enter Sleep Mode
//

Sleep();
//for sleep, execution will
//resume here

A series resistor, between RAOQ and the external capac-
itor, provides overcurrent protection for the RA0/ANO/
ULPWU pin and enables software calibration of the
time-out (see Figure 4-9).

FIGURE 4-9: ULTRA LOW-POWER
WAKE-UP INITIALIZATION

RAO/ANO/ULPWU

DEF— W

\
/1

A timer can be used to measure the charge time and
discharge time of the capacitor. The charge time can
then be adjusted to provide the desired delay in Sleep.
This technique compensates for the affects of tempera-
ture, voltage and component accuracy. The peripheral
can also be configured as a simple Programmable
Low-Voltage Detect (LVD) or temperature sensor.

Note:  For more information, see AN879, “Using
the Microchip Ultra Low-Power Wake-up

Module” (DS00879).
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TABLE 4-4: EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE

(BY CLOCK SOURCES)
Power-Managed (5) . Clock Ready
Mode Clock Source Exit Delay Status Bits
LP, XT, HS
HSPLL OSTS
EC, RC ;
PRI_IDLE mode 5 Tesp()
HF-INTOSC(?) HFIOFS
MF-INTOSC(?) MFIOFS
LF-INTOSC None
SEC_IDLE mode SOSC Tesp() SOSCRUN
HF-INTOSC(?) HFIOFS
RC_IDLE mode MF-INTOSC(?) Tesp( MFIOFS
LF-INTOSC None
LP, XT, HS TosT(®)
HSPLL TosT + %) OSTS
EC, RC Tespt)
Sleep mode 3
HF-INTOSC(?) HFIOFS
MF-INTOSC(?) TiossT(® MFIOFS
LF-INTOSC None

Note 1: TcsD (Parameter 38, Table 31-13) is a required delay when waking from Sleep and all Idle modes, and

runs concurrently with any other required delays (see Section 4.4 “Idle Modes”).

2: Includes postscaler derived frequencies. On Reset, INTOSC defaults to HF-INTOSC at 8 MHz.

3: TosT is the Oscillator Start-up Timer (Parameter 32, Table 31-13). TRC is the PLL Lock-out Timer
(Parameter F12, Table 31-7); it is also designated as TPLL.

4: Execution continues during TiIoBST (Parameter 39, Table 31-13), the INTOSC stabilization period.

5: The clock source is dependent upon the settings of the SCS (OSCCON<1:0>), IRCF (OSCCON<6:4>)
and FOSC (CONFIG1H<3:0>) bits.

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 67




PIC18F87K22 FAMILY

5.0 RESET

The PIC18F87K22 family of devices differentiates
between various kinds of Reset:
a) Power-on Reset (POR)
) MCLR Reset during normal operation
c) MCLR Reset during power-managed modes
) Watchdog Timer (WDT) Reset (during
execution)
e) Configuration Mismatch (CM) Reset
f)  Brown-out Reset (BOR)
g) RESET Instruction
h) Stack Full Reset
i) Stack Underflow Reset
This section discusses Resets generated by MCLR,
POR and BOR, and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 6.1.3.4 “Stack Full and Underflow Resets”.

WDT Resets are covered in Section 28.2 “Watchdog
Timer (WDT)”.

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 5-1.

5.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 5-1). The lower five bits of the
register indicate that a specific Reset event has
occurred. In most cases, these bits can only be set by
the event and must be cleared by the application after
the event.

The state of these flag bits, taken together, can be read
to indicate the type of Reset that just occurred. This is
described in more detail in Section 5.7 “Reset State
of Registers”.

The RCON register also has a control bit for setting
interrupt priority (IPEN). Interrupt priority is discussed
in Section 11.0 “Interrupts”.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

FIGURE 5-1:
RESET Instruction
Configuration Word Mismatch
Stack | Stack Full/Underflow Reset
Pointer
> External Reset
7
MCLR
c ()_IDLE
Sleep
WDT
Time-out

. VoD Rise| POR Pulse

Detect
VDD
Brown-out

Reset

— | Chip_Reset
R Qr—m

DS30009960E-page 68

© 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

REGISTER 5-1: RCON: RESET CONTROL REGISTER

R/W-0 R/W-1 R/W-1 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN SBOREN CM RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: BOR Software Enable bit
If BOREN<1:0> = 01:
1 = BOR is enabled
0 = BORis disabled
If BOREN<1:0>=00, 10 or 11:
Bit is disabled and read as ‘0.
bit 5 CM: Configuration Mismatch Flag bit
1 = A Configuration Mismatch Reset has not occurred
0 = A Configuration Mismatch Reset has occurred (must be set in software after a Configuration
Mismatch Reset occurs)
bit 4 RI: RESET Instruction Flag bit
1 = The RESET instruction was not executed (set by firmware only)
0 = The RESET instruction was executed causing a device Reset (must be set in software after a
Brown-out Reset occurs)

bit 3 TO: Watchdog Time-out Flag bit
1 = Set by power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred

bit 2 D: Power-Down Detection Flag bit

= Set by power-up or by the CLRWDT instruction
= Set by execution of the SLEEP instruction
bit 1 POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred (set by firmware only)

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

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

Note 1: Itis recommended that the POR bit be set after a Power-on Reset has been detected, so that subsequent
Power-on Resets may be detected.

2: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming that POR was set to
‘1’ by software immediately after a Power-on Reset).
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5.2 Master Clear (MCLR)

The MCLR pin provides a method for triggering a hard
external Reset of the device. A Reset is generated by
holding the pin low. PIC18 extended microcontroller
devices have a noise filter in the MCLR Reset path
which detects and ignores small pulses.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

5.3 Power-on Reset (POR)

A Power-on Reset condition is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.

To take advantage of the POR circuitry, tie the MCLR
pin through a resistor (1 kQ to 10 kQ) to VDD. This will
eliminate external RC components usually needed to
create a Power-on Reset delay. A minimum rise rate for
VDD is specified (Parameter D004). For a slow rise
time, see Figure 5-2.

When the device starts normal operation (exiting the
Reset condition), device operating parameters (such
as voltage, frequency and temperature) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

Power-on Reset events are captured by the POR bit
(RCON<1>). The state of the bit is set to ‘0’ whenever
a Power-on Reset occurs and does not change for any
other Reset event. POR is not reset to ‘1’ by any
hardware event. To capture multiple events, the user
manually resets the bit to ‘1’ in software following any
Power-on Reset.

5.4 Brown-out Reset (BOR)

The PIC18F87K22 family has four BOR Power modes:

* High-Power BOR
* Medium Power BOR
* Low-Power BOR
* Zero-Power BOR

Each power Mode is selected by the BORPWR<1:0>
bits setting (CONFIG2L<6:5>). For low, medium and
high-power BOR, the module monitors the VDD depend-
ing on the BORV<1:0> setting (CONFIG1L<3:2>). A
BOR event re-arms the Power-on Reset. It also causes
a Reset, depending on which of the trip levels has been
set: 1.8V, 2V, 2.7V or 3V.

BOR is enabled by the BOREN<1:0> bits (CON-
FIG2L<2:1>) and the SBOREN bit (RCON<6>). Typical
power consumption is listed as Parameter DO22A in
Section 31.0 “Electrical Characteristics”.

In Zero-Power BOR (ZPBORMV), the module monitors
the VDD voltage and re-arms the POR at about 2V.
ZPBORMYV does not cause a Reset, but re-arms the
POR.

The BOR accuracy varies with its power level. The lower
the power setting, the less accurate the BOR trip levels
are. Therefore, the high-power BOR has the highest
accuracy and the low-power BOR has the lowest
accuracy. The trip levels (BVDD, Parameter D0O05), cur-
rent consumption (Section 31.2 “DC Characteristics:
Power-Down and Supply Current PIC18F87K22
Family (Industrial/Extended)”) and time required
below BVDD (TBOR, Parameter 35) can all be found in
Section 31.0 “Electrical Characteristics”.

FIGURE 5-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vbb POWER-UP)
VDD VDD
D R
R1 |
MCLR
c PIC18F87K22

I

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode, D, helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQis recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.

3: R1>1 kQ will limit any current flowing into
MCLR from external capacitor, C, in the event
of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

5.4.1 DETECTING BOR

The BOR bit always resets to ‘0’ on any Brown-out
Reset or Power-on Reset event. This makes it difficult
to determine if a Brown-out Reset event has occurred
just by reading the state of BOR alone. A more reliable
method is to simultaneously check the state of both
POR and BOR. This assumes that the POR bit is reset
to ‘1" in software immediately after any Power-on Reset
event. If BOR is ‘0’ while POR is ‘1’, it can be reliably
assumed that a Brown-out Reset event has occurred.

LP-BOR cannot be detected with the BOR bit in the
RCON register. LP-BOR can rearm the POR and can
cause a Power-on Reset.
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5.5 Configuration Mismatch (CM)

The Configuration Mismatch (CM) Reset is designed to
detect, and attempt to recover from, random, memory
corrupting events. These include Electrostatic Discharge
(ESD) events that can cause widespread, single bit
changes throughout the device and result in catastrophic
failure.

In PIC18F87K22 family Flash devices, the device
Configuration registers (located in the configuration
memory space) are continuously monitored during
operation by comparing their values to complimentary
shadow registers. If a mismatch is detected between
the two sets of registers, a CM Reset automatically
occurs. These events are captured by the CM bit
(RCON<5>). The state of the bit is set to ‘0’ whenever
a CM event occurs and does not change for any other
Reset event.

A CM Reset behaves similarly to a Master Clear Reset,
RESET instruction, WDT time-out or Stack Event Reset.
As with all hard and power Reset events, the device
Configuration Words are reloaded from the Flash
Configuration Words in program memory as the device
restarts.

FIGURE 5-3:

5.6 Power-up Timer (PWRT)

PIC18F87K22 family devices incorporate an on-chip
Power-up Timer (PWRT) to help regulate the Power-on
Reset process. The PWRT is enabled by setting the
PWRTEN bit (CONFIG2L<0>). The main function is to
ensure that the device voltage is stable before code is
executed.

The Power-up Timer (PWRT) of the PIC18F87K22
family devices is a 11-bit counter that uses the
LF-INTOSC source as the clock input.

While the PWRT is counting, the device is held in
Reset.

The power-up time delay depends on the LF-INTOSC
clock and will vary from chip-to-chip due to temperature
and process variation. See DC Parameter 33 for
details.

5.6.1 TIME-OUT SEQUENCE

If enabled, the PWRT time-out is invoked after the POR
pulse has cleared. The total time-out will vary based on
the status of the PWRT. Figure 5-3, Figure 5-4,
Figure 5-5 and Figure 5-6 all depict time-out
sequences on power-up with the Power-up Timer
enabled.

Since the time-outs occur from the POR pulse, if
MCLR is kept low long enough, the PWRT will expire.
Bringing MCLR high will begin execution immediately
(Figure 5-5). This is useful for testing purposes or for
synchronizing more than one PIC18 device operating
in parallel.

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VbD, VDD RISE < TPWRT)

VDD /\

MCLR ¢

INTERNAL POR | X

PWRT TIME-OUT

INTERNAL RESET

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 71



PIC18F87K22 FAMILY

FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1

VDD 4

MCLR

INTERNAL POR

TPWRT
PWRT TIME-OUT |
INTERNAL RESET |
FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2

VDD / :
MCLR L s

INTERNAL POR i

TPWRT
PWRT TIME-OUT
INTERNAL RESET
FIGURE 5-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)
. 3.3V
VDD ov KLY,

MCLR

INTERNAL POR

:TPWRT- !
PWRT TIME-OUT : ]

INTERNAL RESET |
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5.7

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

Reset State of Registers

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal
operation. Status bits from the RCON register (CM, RI,

TO, PD, POR and BOR) are set or cleared differently in

different Reset situations, as indicated in Table 5-1.
These bits are used in software to determine the nature
of the Reset.

Table 5-2 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets, and WDT wake-ups.

TABLE 5-1: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
N Program RCON Register STKPTR Register
Condition C ter) | — — p— p— T ——
ounter™™ cm | RI | TO | PD | POR | BOR | STKFUL | STKUNF
Power-on Reset 0000h 1 1 1 1 0 0 0 0
RESET instruction 0000h u 0 u u u u u u
Brown-out Reset 0000h 1 1 1 1 u 0 u u
Configuration Mismatch Reset 0000h 0 u u u u u u u
MCLR Reset during 0000h u u 1 u u u u u
power-managed Run modes
MCLR Reset during power- 0000h u u 1 0 u u u u
managed Idle modes and
Sleep mode
MCLR Reset during full-power 0000h u u u u u u u u
execution
Stack Full Reset (STVREN =1)| 0000h u u u 1 u
Stack Underflow Reset 0000h u u u 1
(STVREN = 1)
Stack Underflow Error (not an 0000h u u u u u u u 1
actual Reset, STVREN = 0)
WDT time-out during full-power 0000h u u 0 u u u u u
or power-managed Run modes
WDT time-out during PC+2 u u 0 0 u u u u
power-managed Idle or Sleep
modes
Interrupt exit from PC+2 u u u 0 u u u u
power-managed modes

Legend:
Note 1:

u = unchanged

vector (0008h or 0018h).

When the wake-up is due to an interrupt and the GIEH or GIEL bit is set, the PC is loaded with the interrupt
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tRR’e:se:t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT

Stack Resets,

CM Resets
TOSU PIC18F6XK22 | PIC18F8XK22 -—-0 0000 ---0 0000 -—-0 uuuul”
TOSH PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 vuuu uuuu(®
TOSL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 wuuu uwuuu®
STKPTR PIC18F6XK22 | PIC18F8XK22 00-0 0000 uu-0 0000 wu-u uwuuu®
PCLATU PIC18F6XK22 | PIC18F8XK22 -—-0 0000 -—-0 0000 -—-u uuuu
PCLATH PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PCL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 pC + 20
TBLPTRU PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 -—uu uuuu
TBLPTRH PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
TBLPTRL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
TABLAT PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PRODH PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
PRODL PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON PIC18F6XK22 | PIC18F8XK22 0000 000x 0000 000u vuuu uuuul®
INTCON2 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 wuuu uwuuu®
INTCON3 PIC18F6XK22 | PIC18F8XK22 1100 0000 1100 0000 wuuu uwuuu®
INDFO PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTINCO PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTDECO PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PREINCO PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PLUSWO PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
FSROH PIC18F6XK22 | PIC18F8XK22 ———- 0000 ———- 0000 -——— uuuu
FSROL PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
WREG PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTINC1 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTDEC1 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PREINC1 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PLUSW1 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
FSR1H PIC18F6XK22 | PIC18F8XK22 ———- 0000 ———- 0000 -——— uuuu
FSR1L PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
BSR PIC18F6XK22 | PIC18F8XK22 —-——- 0000 ———- 0000 ———— uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware
stack.

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

3:  One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

4: See Table 5-1 for Reset value for specific condition.
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tie::;,t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT

Stack Resets,

CM Resets
INDF2 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTINC2 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
POSTDEC2 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PREINC2 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
PLUSW2 PIC18F6XK22 | PIC18F8XK22 N/A N/A N/A
FSR2H PIC18F6XK22 | PIC18F8XK22 - ——= XXXX ----uuuu --—-- uuuu
FSR2L PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS PIC18F6XK22 | PIC18F8XK22 ---X XXXX ---u uuuu ---u uuuu
TMROH PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
TMROL PIC18F6XK22 | PIC18F8XK22 XXKXX XKXXX uuuu uuuu uuuu uuuu
TOCON PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
SPBRGH1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
OSCCON PIC18F6XK22 | PIC18F8XK22 0110 g000 0110 g000 uuuu quuu
IPR5 PIC18F65K22 | PIC18F85K22 ---1 -111 ---1 -111 ---u -uuu
IPRS Dt | Preoreol?2 | 1000 0000 1000 0000 —
WDTCON PIC18F6XK22 | PIC18F8XK22 0-x0 -000 0-x0 -000 u-uu -uuu
RCON PIC18F6XK22 | PIC18F8XK22 0111 1lqq Ougg ggquu uuuu gquu
TMR1H PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
TMR1L PIC18F6XK22 | PIC18F8XK22 XXKXX XKXXX uuuu uuuu uuuu uuuu
T1CON PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
TMR2 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PR2 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
T2CON PIC18F6XK22 | PIC18F8XK22 -000 0000 -000 0000 -uuu uuuu
SSP1BUF PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
SSP1ADD PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP1STAT PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP1CON1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP1CON2 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ADRESH PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
ADCONO PIC18F6XK22 | PIC18F8XK22 -000 0000 -000 0000 -uuu uuuu
ADCON1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ADCON2 PIC18F6XK22 | PIC18F8XK22 0-00 0000 0-00 0000 u-uu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware

stack.

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

3:  One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

4: See Table 5-1 for Reset value for specific condition.
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tRR’e:se:t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT
Stack Resets,
CM Resets

ECCP1AS PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ECCP1DEL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CCPR1H PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PIR5 PIC18F65K22 | PIC18F85K22 ---0 -000 ---0 -000 ---u -uuu
PIRS ot | PreaSEook22 1 0000 0000 0000 0000 suuu wuuu
PIE5 PIC18F65K22 | PIC18F85K22 ---0 0000 ---0 0000 -—-u uuuul®
PIE5 E:g}gigsgg ﬁ:ggigsgg 0000 000 0000 0000 uuuu uuuul®
IPR4 PIC18F65K22 | PIC18F85K22 --11 1111 --11 1111 --uu uuuu
IPR4 el KO ol IR EE R EEE 1111 1111 wuuu wuuy
PIR4 PIC18F65K22 | PIC18F85K22 --00 0000 --00 0000 --uu uuuul®
PIR4 i:ggigsgg i:ggigggg 0000 0000 0000 0000 wuuu uuuu(
PIE4 PIC18F65K22 | PIC18F85K22 --00 0000 --00 0000 --uu uuuu
PIE4 o2 | PreasEook22 1 0000 0000 0000 0000 suuu wuuu
CVRCON PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CMSTAT PIC18F6XK22 | PIC18F8XK22 XKXX= ——=—-— XKXX— ——=—-— uuu- ----
TMR3H PIC18F6XK22 | PIC18F8XK22 XXXK KXKX uuuu uuuu uuuu uuuu
TMR3L PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
T3CON PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0x00 uuuu uuuu
T3GCON PIC18F6XK22 | PIC18F8XK22 0000 0x00 0000 0000 uuuu uuuu
SPBRG1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
RCREG1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
TXREG1 PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXXX uuuu uuuu
TXSTA1 PIC18F6XK22 | PIC18F8XK22 0000 0010 0000 0010 uuuu uuuu
RCSTA1 PIC18F6XK22 | PIC18F8XK22 0000 000x 0000 000x uuuu uuuu
T1GCON PIC18F6XK22 | PIC18F8XK22 0000 0x00 0000 0x00 uuuu -uuu
IPR6 PIC18F6XK22 | PIC18F8XK22 ---1 -111 ---1 -111 ---u -uuu
HLVDCON PIC18F6XK22 | PIC18F8XK22 0000 0101 0000 0101 uuuu uuuu
PSPCON PIC18F6XK22 | PIC18F8XK22 0000 —--- 0000 ---- uuuu —---
PIR6 PIC18F6XK22 | PIC18F8XK22 ---0 -000 ---0 -000 ---u -uuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware
stack.
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).
One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).
4: See Table 5-1 for Reset value for specific condition.

el
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tie::;,t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT
Stack Resets,
CM Resets

IPR3 PIC18F6XK22 | PIC18F8XK22 1-11 1111 1-11 1111 u-uu uuuu
PIR3 PIC18F6XK22 | PIC18F8XK22 0-00 0000 0-00 0000 u-uu uuuu
PIE3 PIC18F6XK22 | PIC18F8XK22 0-00 0000 0-00 0000 u-uu uuuu
IPR2 PIC18F6XK22 | PIC18F8XK22 1-11 1111 1-11 1111 u-uu uuuu
PIR2 PIC18F6XK22 | PIC18F8XK22 0-10 0000 0-10 0000 u-uu uuuu
PIE2 PIC18F6XK22 | PIC18F8XK22 0-00 0000 0-00 0000 u-uu uuuu
IPR1 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
PIR1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PIE1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PSTR1CON PIC18F6XK22 | PIC18F8XK22 00-0 0001 00-0 0001 uu-u uuuu
OSCTUNE PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
TRISJ PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISH PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISG PIC18F6XK22 | PIC18F8XK22 ---1 1111 ---11111 ---u uuuu
TRISF PIC18F6XK22 | PIC18F8XK22 1111 111- 1111 111- ---u uuuu
TRISE PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISD PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISC PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISB PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
TRISA PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
LATJ PIC18F6XK22 | PIC18F8XK22 KXXK XKXXX uuuu uuuu uuuu uuuu
LATH PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
LATG PIC18F6XK22 | PIC18F8XK22 -—-X XXXX ---u uuuu ---u uuuu
LATF PIC18F6XK22 | PIC18F8XK22 XXXK XXX uuuu uuu- uuuu uuu-
LATE PIC18F6XK22 | PIC18F8XK22 KXXK XXXX uuuu uuuu uuuu uuuu
LATD PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
LATC PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
LATB PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
LATA PIC18F6XK22 | PIC18F8XK22 KXXK XXXX uuuu uuuu uuuu uuuu
PORTJ PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXKX uuuu uuuu
PORTH PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXXX uuuu uuuu
PORTG PIC18F6XK22 | PIC18F8XK22 ——XX XXXX ——XX XXXX --uu uuuu
PORTF PIC18F6XK22 | PIC18F8XK22 XXKXX XXX— XKKXX XXX— uuuu uuu-
PORTE PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXKX uuuu uuuu
PORTD PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXXX uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware

stack.

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

b

4: See Table 5-1 for Reset value for specific condition.

One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tRR’e:se:t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT
Stack Resets,
CM Resets

PORTC PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
PORTB PIC18F6XK22 | PIC18F8XK22 XXKXX XKXXX uuuu uuuu uuuu uuuu
PORTA PIC18F6XK22 | PIC18F8XK22 xx0x 0000 uulOu 0000 uuuu uuuu
EECON1 PIC18F6XK22 | PIC18F8XK22 xx-0 x000 uu-0 u000 uu-u uuuu
EECON2 PIC18F6XK22 | PIC18F8XK22 |  ---—- ——=—— | = —=== ———— |  —=—= ———-
TMR5H PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
TMR5L PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
T5CON PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
T5GCON PIC18F6XK22 | PIC18F8XK22 0000 0x00 uuuu uuuu uuuu uuuu
CCPR4H PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CCPRA4L PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CCP4CON PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 --uu uuuu
CCPR5H PIC18F6XK22 | PIC18F8XK22 XXKXX XXXX uuuu uuuu uuuu uuuu
CCPR5L PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
CCP5CON PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 --uu uuuu
CCPR6H PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuul
CCPR6L PIC18F6XK22 | PIC18F8XK22 XXKXX XXXX uuuu uuuu uuuu uuuu
CCP6CON PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 --uu uuuu
CCPR7H PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CCPRT7L PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
CCP7CON PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 --uu uuuu
TMR4 PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXK XXKX uuuu uuuu
PR4 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 1111 1111
T4CON PIC18F6XK22 | PIC18F8XK22 -111 1111 -111 1111 -uuu uuuu
SSP2BUF PIC18F6XK22 | PIC18F8XK22 XXKXX XKXXX uuuu uuuu uuuu uuuu
SSP2ADD PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP2STAT PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP2CON1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SSP2CON2 PIC18F6XK22 | PIC18F8XK22 0100 0000 0000 0000 uuuu uuuu
BAUDCON?1 PIC18F6XK22 | PIC18F8XK22 0100 0-00 0100 0-00 uuuu u-uu
OSCCON2 PIC18F6XK22 | PIC18F8XK22 -0-- 0-x0 -0-- 0-u0 -u-- u-uu
EEADRH PIC18F6XK22 | PIC18F8XK22 |  ———- —- oo | --—= —- o0 | —=== - uu
EEADR PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
EEDATA PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PIE6 PIC18F6XK22 | PIC18F8XK22 ---0 -000 ---0 -000 ---u -uuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware
stack.
2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).
One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).
4: See Table 5-1 for Reset value for specific condition.

b
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tie::;,t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT
Stack Resets,
CM Resets
RTCCFG PIC18F6XK22 | PIC18F8XK22 0-00 0000 u-uu uuuu u-uu uuuu
RTCCAL PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
RTCVALH PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
RTCVALL PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
ALRMCFG PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
ALRMRPT PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
ALRMVALH PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
ALRMVALL PIC18F6XK22 | PIC18F8XK22 XXXX XXXX uuuu uuuu uuuu uuuu
CTMUCONH PIC18F6XK22 | PIC18F8XK22 0-00 0000 0-00 0000 u-uu uuuu
CTMUCONL PIC18F6XK22 | PIC18F8XK22 0000 00xx 0000 00xx uuuu uuuu
CTMUICONH | PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CM1CON PIC18F6XK22 | PIC18F8XK22 0001 1111 0001 1111 uuuu uuuu
PADCFG1 PIC18F6XK22 | PIC18F8XK22 00-- -00- uu-- -uu- uu-- -uu-
PADCFG1 PIC18F6XK22 | PIC18F8XK22 000- -00- uuu- -uu- uuu- -uu-
ECCP2AS PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ECCP2DEL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CCPR2H PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
CCPR2L PIC18F6XK22 | PIC18F8XK22 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP2CON PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ECCP3AS PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
ECCP3DEL PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CCPR3H PIC18F6XK22 | PIC18F8XK22 XXXX XKXXX uuuu uuuu uuuu uuuu
CCPR3L PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
CCP3CON PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
CCPR8H PIC18F6XK22 | PIC18F8XK22 XXXK XXXX uuuu uuuu uuuu uuuu
CCPR8L PIC18F6XK22 | PIC18F8XK22 XXKXX XKXXX uuuu uuuu uuuu uuuu
CCP8CON PIC18F6XK22 | PIC18F8XK22 --00 0000 --00 0000 --uu uuuu
CCPRYH PIC18F66K22 | PIC18F86K22 XXXX XXXX uuuu uuuu uuuu uuuu
PIC18F67K22 | PIC18F87K22
CCPROL PIC18F66K22 | PIC18F86K22 XXXX XXXX uuuu uuuu uuuu uuuu
PIC18F67K22 | PIC18F87K22

comscon | FTOReRKz2 | ProTarseRaz |
CCPR10H E:glgEgSEgg g:glgig?ﬁég XXXX XXXX uuuu uuuu uuuu uuuu
CCPR10L E:glgEgSEgg g:glgig?ﬁég XXXX XXXX uuuu uuuu uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware

stack.

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

3:  One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

4: See Table 5-1 for Reset value for specific condition.
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets,
WDT Reset, .
Register Applicable Devices Power-on Reset, RESET Instruction, Wake-up via WDT
Brown-out Reset or Interrupt
Stack Resets,
CM Resets
PIC18F66K22 | PIC18F86K22
CCP10CON PIC18E67K22 | PIC18F87K22 --00 0000 --00 0000 --uu uuuu
TMR7H PIC18F66K22 | PIC18F86K22
P|C18F67K22 PIC18F87K22 XXXX XXXX uuuu uuuu uuuu uuuu
TMRIL PIC18F66K22 | PIC18F86K22
P|C18F67K22 PIC18F87K22 XXXX XXXX uuuu uuuu uuuu uuuu
PIC18F66K22 | PIC18F86K22
T7CON PIC18E67K22 | PIC18F87K22 0000 0000 uuuu uuuu uuuu uuuu
PIC18F66K22 | PIC18F86K22
T7GCON PIC18E67K22 | PIC18F87K22 0000 0x00 0000 0x00 uuuu uuuu
TMR6 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PR6 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
T6CON PIC18F6XK22 | PIC18F8XK22 -000 0000 -000 0000 -uuu uuuu
TMR8 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PR8 PIC18F6XK22 | PIC18F8XK22 1111 1111 1111 1111 uuuu uuuu
T8CON PIC18F6XK22 | PIC18F8XK22 ~000 0000 -000 0000 ~uuu uuuu
PIC18F66K22 | PIC18F86K22
TMR10 PIC18F67K22 | PIC18F87K22 0000 0000 0000 0000 uuuu uuuu
PIC18F66K22 | PIC18F86K22
PR10 PIC18F67K22 | PIC18F87K22 1111 1111 1111 1111 uuuu uuuu
PIC18F66K22 | PIC18F86K22
T10CON PIC18F67K22 | PIC18F87K22 -000 0000 -000 0000 -uuu uuuu
PIC18F66K22 | PIC18F86K22
TMR12 PIC18F67K22 | PIC18F87K22 0000 0000 0000 0000 uuuu uuuu
PIC18F66K22 | PIC18F86K22
PR12 PIC18F67K22 | PIC18F87K22 1111 1111 1111 1111 uuuu uuuu
PIC18F66K22 | PIC18F86K22
T12CON PIC18F67K22 | PIC18F87K22 -000 0000 -000 0000 -uuu uuuu
CM2CON PIC18F6XK22 | PIC18F8XK22 0001 1111 0001 1111 uuuu uuuu
CM3CON PIC18F6XK22 | PIC18F8XK22 0001 1111 0001 1111 uuuu uuuu
CCPTMRSO0 PIC18F6XK22 | PIC18F8XK22 0000 0000 uuuu uuuu uuuu uuuu
CCPTMRS1 PIC18F6XK22 | PIC18F8XK22 00-0 -000 uu-u -uuu uu-u -uuu
PIC18F66K22 | PIC18F86K22
CCPTMRSZ | bic1gF67K22 | PIC18F87K22 =770 -000 TTTu fuuu TTTu Tuuu
CCPTMRS2 PIC18F65K22 | PIC18F85K22 |  ---- —- oo | @ ---= -- wau | === - uu
REFOCON PIC18F6XK22 | PIC18F8XK22 0-00 0000 u-uu uuuu u-uu uuuu
ODCON1 PIC18F6XK22 | PIC18F8XK22 000- ---0 uuu- ---u uuu- ---u
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware
stack.

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

3:  One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

4: See Table 5-1 for Reset value for specific condition.
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TABLE 5-2: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MResets,

WDT Reset, .

Register Applicable Devices ;?xr::g:tie::;,t RESET Instruction, Wal::'ll:‘?e\::i:\tlDT
Stack Resets,
CM Resets

ODCON2 E:g:}gig?ﬁ;; E:g}gig?gg 0000 0000 uuuu uuuu uuuu uuuu
ODCON2 PIC18F65K22 | PIC18F85K22 --00 0000 --uu uuuu --uu uuuu
ODCON3 PIC18F6XK22 | PIC18F8XK22 00-- ——- 0 uu-- --- u uu-- --- u
MEMCON PIC18F6XK22 | PIC18F8XK22 0-00 --00 0-00 --00 u-uu --uu
ANCONO PIC18F6XK22 | PIC18F8XK22 1111 1111 uuuu uuuu uuuu uuuu
ANCON1 PIC18F6XK22 | PIC18F8XK22 1111 1111 uuuu uuuu uuuu uuuu
ANCON2 PIC18F6XK22 | PIC18F8XK22 1111 1111 uuuu uuuu uuuu uuuu
RCSTA2 PIC18F6XK22 | PIC18F8XK22 0000 000x 0000 000x uuuu uuuu
TXSTA2 PIC18F6XK22 | PIC18F8XK22 0000 0010 0000 0010 uuuu uuuu
BAUDCON2 PIC18F6XK22 | PIC18F8XK22 0100 0-00 0100 0-00 uuuu u-uu
SPBRGH2 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
SPBRG2 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
RCREG2 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
TXREG2 PIC18F6XK22 | PIC18F8XK22 XXXX XXXX XXXX XXXX uuuu uuuu
PSTR2CON PIC18F6XK22 | PIC18F8XK22 00-0 0001 00-0 0001 uu-u uuuu
PSTR3CON PIC18F6XK22 | PIC18F8XK22 00-0 0001 00-0 0001 uu-u uuuu
PMDO PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PMD1 PIC18F6XK22 | PIC18F8XK22 0000 0000 0000 0000 uuuu uuuu
PMD2 i:g::g:zggigg E:g1g£2§§§§ 0000 0000 0000 0000 uuuu uuuu
PMD2 PIC18F65K22 | PIC18F85K22 -0-0 0000 -0-0 0000 -u-u uuuu
s | PIOTBFEsKa2 PioTaRSI2 [
PMD3 PIC18F65K22 | PIC18F85K22 --00 000- --00 000- --uu uuu-
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

When the wake-up is due to an interrupt, and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are

updated with the current value of the PC. The STKPTR is modified to point to the next location in the hardware

stack.

2:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt vector
(0008h or 0018h).

b

4: See Table 5-1 for Reset value for specific condition.

One or more bits in the INTCONXx or PIRXx registers will be affected (to cause wake-up).
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6.0 MEMORY ORGANIZATION
PIC18F87K22 family devices have these types of
memory:

* Program Memory

» Data RAM

» Data EEPROM

As Harvard architecture devices, the data and program
memories use separate buses. This enables
concurrent access of the two memory spaces.

FIGURE 6-1:

The data EEPROM, for practical purposes, can be
regarded as a peripheral device because it is
addressed and accessed through a set of control
registers.

Additional detailed information on the operation of the
Flash program memory is provided in Section 7.0
“Flash Program Memory”. The data EEPROM s
discussed separately in Section 9.0 “Data EEPROM
Memory”.

MEMORY MAPS FOR PIC18F87K22 FAMILY DEVICES

PC<20:0>

Unimplemented
Read as ‘0’

Unimplemented
Read as ‘0’

Note:

CALL, CALLW, RCALL, 21
RETURN, RETFIE, RETLW,
ADDULNK, SUBULNK
Stack Level 1
H
L]
Stack Level 31
PIC18FX5K22 PIC18FX6K22 PIC18FX7K22
On-Chip On-Chip On-Chip 000000h 4
Memory Memory Memory
—————————————————————————————————————— 007FFFh
—————————————————————— 00FFFFh

Sizes of memory areas are not to scale. Sizes of program memory areas are enhanced to show detail.

—————— 01FFFFh

User Memory Space

Unimplemented
Read as ‘0’

\)

_____ 1FFFFFh
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6.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit Program
Counter that is capable of addressing a 2-Mbyte
program memory space. Accessing a location between
the upper boundary of the physically implemented
memory and the 2-Mbyte address will return all ‘0’s (a
NOP instruction).

The entire PIC18F87K22 family offers a range of
on-chip Flash program memory sizes, from 32 Kbytes
(up to 16,384 single-word instructions) to 128 Kbytes
(65,536 single-word instructions).

» PIC18F65K22 and PIC18F85K22 — 32 Kbytes of
Flash memory, storing up to 16,384 single-word
instructions

» PIC18F66K22 and PIC18F86K22 — 64 Kbytes of
Flash memory, storing up to 32,768 single-word
instructions

» PIC18F67K22 and PIC18F87K22 — 128 Kbytes of
Flash memory, storing up to 65,536 single-word
instructions

The program memory maps for individual family

members are shown in Figure 6-1.

6.1.1 HARD MEMORY VECTORS

All PIC18 devices have a total of three hard-coded
return vectors in their program memory space. The
Reset vector address is the default value to which the
Program Counter returns on all device Resets; it is
located at 0000h.

PIC18 devices also have two interrupt vector
addresses for handling high-priority and low-priority
interrupts. The high-priority interrupt vector is located at
0008h and the low-priority interrupt vector is at 0018h.
The locations of these vectors are shown, in relation to
the program memory map, in Figure 6-2.

FIGURE 6-2: HARD VECTOR FOR
PIC18F87K22 FAMILY
DEVICES
Reset Vector 0000h

High-

Priority Interrupt VVector | 0008h

Low-Priority Interrupt Vector | 0018h

On-Chip
Program Memory

Read ‘0’

1FFFFFh

Legend:

(Top of Memory) represents upper boundary
of on-chip program memory space (see
Figure 6-1 for device-specific values).
Shaded area represents unimplemented
memory. Areas are not shown to scale.
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6.1.2 PROGRAM COUNTER

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and contained in three separate 8-bit registers.

The low byte, known as the PCL register, is both
readable and writable. The high byte, or PCH register,
contains the PC<15:8> bits and is not directly readable
or writable. Updates to the PCH register are performed
through the PCLATH register. The upper byte is called
PCU. This register contains the PC<20:16> bits; it is
also not directly readable or writable. Updates to the
PCU register are performed through the PCLATU
register.

The contents of PCLATH and PCLATU are transferred
to the Program Counter by any operation that writes
PCL. Similarly, the upper two bytes of the Program
Counter are transferred to PCLATH and PCLATU by an
operation that reads PCL. This is useful for computed
offsets to the PC (see Section 6.1.5.1 “Computed
GOTO”).

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the Least Significant bit of PCL is fixed to
a value of ‘0’. The PC increments by two to address
sequential instructions in the program memory.

The CALL, RCALL, GOTO and program branch
instructions write to the Program Counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the Program Counter.

6.1.3 RETURN ADDRESS STACK

The return address stack enables execution of any
combination of up to 31 program calls and interrupts.
The PC is pushed onto the stack when a CALL or
RCALL instruction is executed or an interrupt is
Acknowledged. The PC value is pulled off the stack on
a RETURN, RETLW or a RETFIE instruction. The value
also is pulled off the stack on ADDULNK and SUBULNK
instructions, if the extended instruction set is enabled.
PCLATU and PCLATH are not affected by any of the
RETURN or CALL instructions.

FIGURE 6-3:

The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer, STKPTR. The stack space is not
part of either program or data space. The Stack Pointer
is readable and writable and the address on the top of
the stack is readable and writable through the
Top-of-Stack Special Function Registers. Data can also
be pushed to, or popped from, the stack using these
registers.

A CALL type instruction causes a push onto the stack.
The Stack Pointer is first incremented and the location
pointed to by the Stack Pointer is written with the
contents of the PC (already pointing to the instruction
following the CALL). A RETURN type instruction causes
a pop from the stack. The contents of the location
pointed to by the STKPTR are transferred to the PC
and then the Stack Pointer is decremented.

The Stack Pointer is initialized to ‘00000’ after all
Resets. There is no RAM associated with the location
corresponding to a Stack Pointer value of ‘00000’; this
is only a Reset value. Status bits indicate if the stack is
full, has overflowed or has underflowed.

6.1.3.1

Only the top of the return address stack (TOS) is
readable and writable. A set of three registers,
TOSU:TOSH:TOSL, holds the contents of the stack
location pointed to by the STKPTR register
(Figure 6-3). This allows users to implement a software
stack, if necessary. After a CALL, RCALL or interrupt (or
ADDULNK and SUBULNK instructions, if the extended
instruction set is enabled), the software can read the
pushed value by reading the TOSU:TOSH: TOSL regis-
ters. These values can be placed on a user-defined
software stack. At return time, the software can return
these values to TOSU:TOSH:TOSL and do a return.

While accessing the stack, users must disable the
Global Interrupt Enable bits to prevent inadvertent
stack corruption.

Top-of-Stack Access

RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

Top-of-Stack Registers

Return Address Stack <20:0>

Stack Pointer

11111

TOSU TOSH TOSL

11110 STKPTR<4:0>

[ 00h [ 1Ah [ 34h |

11101 00010

'

N J I

00011

001A34h
000D58h

00010
00001
00000

Top-of-Stack

DS30009960E-page 84 © 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

6.1.3.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 6-1) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bits. The value
of the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.

The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System (RTOS) for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

What happens when the stack becomes full depends
on the state of the STVREN (Stack Overflow Reset
Enable) Configuration bit. (For a description of the
device Configuration bits, see Section 28.1 “Configu-
ration Bits”.) If STVREN is set (default), the 31st push
will push the (PC + 2) value onto the stack, set the
STKFUL bit and reset the device. The STKFUL bit will
remain set and the Stack Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and the STKPTR will remain at 31.

REGISTER 6-1:

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and set the STKUNF bit while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset as the contents
of the SFRs are not affected.

6.1.3.3 PUSH and POP Instructions

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pull values
off of the stack, without disturbing normal program exe-
cution, is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

STKPTR: STACK POINTER REGISTER

R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL™M | STKUNF(™ — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend: C = Clearable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 STKFUL: Stack Full Flag bit("

1 = Stack has become full or overflowed

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit(")

1 = Stack underflow has occurred
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP<4:0>: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.
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6.1.3.4 Stack Full and Underflow Resets

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

6.1.4 FAST REGISTER STACK

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

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

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

Example 6-1 shows a source code example that uses
the Fast Register Stack during a subroutine call and
return.

EXAMPLE 6-1: FAST REGISTER STACK
CODE EXAMPLE
CALL SUB1, FAST ;STATUS, WREG, BSR
;SAVED IN FAST REGISTER
; STACK
L]
L]
SUBL e
L]
RETURN FAST ;RESTORE VALUES SAVED
;IN FAST REGISTER STACK

6.1.5 LOOK-UP TABLES IN PROGRAM
MEMORY

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

» Computed GOTO
« Table Reads

6.1.5.1 Computed GOTO

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

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

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

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

EXAMPLE 6-2: COMPUTED GoTo USING

AN OFFSET VALUE

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

6.1.5.2 Table Reads

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

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

The table read operation is discussed further in
Section 7.1 “Table Reads and Table Writes”.
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6.2 PIC18 Instruction Cycle
6.2.1 CLOCKING SCHEME

The microcontroller clock input, whether from an
internal or external source, is internally divided by four
to generate four non-overlapping, quadrature clocks
(Q1, Q2, Q3 and Q4). Internally, the Program Counter
is incremented on every Q1, with the instruction
fetched from the program memory and latched into the
Instruction Register (IR) during Q4.

The instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow are shown in Figure 6-4.

6.2.2 INSTRUCTION FLOW/PIPELINING

An “Instruction Cycle” consists of four Q cycles, Q1
through Q4. The instruction fetch and execute are pipe-
lined in such a manner that a fetch takes one instruction
cycle, while the decode and execute take another
instruction cycle. However, due to the pipelining, each
instruction effectively executes in one cycle. If an
instruction (such as GOTO) causes the Program
Counter to change, two cycles are required to complete
the instruction. (See Example 6-3.)

A fetch cycle begins with the Program Counter (PC)
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 6-4: CLOCKI/INSTRUCTION CYCLE
Q1 | Q2 | Q3 | Q4 1 Q1 Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4
osCt |/ /v / /L /v /v / v/ L/ s/
Q1 / — |
Q2 | | / | || Intemal
Q3 / \ | | /A W Clooe
Q4 I\ I | |
PC K BPC Y\ PC+2 x PC+4 |

|
I Execute INST (PC — 2)

0SC2/CLKO A — . o
(RC mode)

i Fetch INST (PC)

Execute INST (PC) [

Fetch INST (PC + 2)

Execute INST (PC + 2)

Fetch INST (PC + 4)

EXAMPLE 6-3: INSTRUCTION PIPELINE FLOW
TcyO Tcy1 Tcy2 Tcy3 Tcy4 Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA SUB 1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NOP)
5. Instruction @ address SUB_1 Fetch SUB_1| Execute SUB_1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline while the new instruction is being fetched and then executed.
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6.2.3 INSTRUCTIONS IN PROGRAM

MEMORY

The program memory is addressed in bytes. Instruc-
tions are stored as two or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB = 0). To maintain alignment
with instruction boundaries, the PC increments in steps
of two and the LSB will always read ‘0’ (see
Section 6.1.2 “Program Counter”).

Figure 6-5 shows an example of how instruction words
are stored in the program memory.

The cALL and GOTO instructions have the absolute
program memory address embedded into the instruc-
tion. Since instructions are always stored on word
boundaries, the data contained in the instruction is a
word address. The word address is written to PC<20:1>
which accesses the desired byte address in program
memory. Instruction #2 in Figure 6-5 shows how the
instruction, GOTO 0006h, is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner. The
offset value stored in a branch instruction represents the
number of single-word instructions that the PC will be
offset by. For more details on the instruction set, see
Section 29.0 “Instruction Set Summary”.

FIGURE 6-5: INSTRUCTIONS IN PROGRAM MEMORY
Word Address
LSB=1 LSB =0 {
Program Memory 000000h
Byte Locations —> 000002h
000004h
000006h
Instruction 1:  MOVLW 055h OFh 55h 000008h
Instruction 2:  GoTO 0006h EFh 03h 00000Ah
FOh 00h 00000Ch
Instruction 3:  MOVFF 123h, 456h C1h 23h 00000Eh
F4h 56h 000010h
000012h
000014h
6.2.4 TWO-WORD INSTRUCTIONS used by the instruction sequence. If the first word is

The standard PIC18 instruction set has four, two-word
instructions: CALL, MOVFF, GOTO and LSFR. In all
cases, the second word of the instructions always has
‘1111’ as its four Most Significant bits. The other 12 bits
are literal data, usually a data memory address.

The use of ‘1111’ in the 4 MSbs of an instruction
specifies a special form of NOP. If the instruction is
executed in proper sequence, immediately after the
first word, the data in the second word is accessed and

skipped, for some reason, and the second word is
executed by itself, a NOP is executed instead. This is
necessary for cases when the two-word instruction is
preceded by a conditional instruction that changes the
PC. Example 6-4 shows how this works.

Note: For information on two-word instructions
in the extended instruction set, see
Section 6.5 “Program Memory and the

Extended Instruction Set”.

EXAMPLE 6-4: TWO-WORD INSTRUCTIONS
CASE 1:
Object Code Source Code
0110 0110 0000 0000 | TSTFSZ REG1 ; is RAM location 07
1100 0001 0010 0011 | MOVFF REGl, REG2 ; No, skip this word
1111 0100 0101 0110 ; Execute this word as a NOP
0010 0100 0000 0000 | ADDWE REG3 ; continue code
CASE 2:
Object Code Source Code
0110 0110 0000 0000 | TSTFSZ REG1 ; is RAM location 07
1100 0001 0010 0011 MOVFEF REG1l, REG2 ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 0000 | ADDWF REG3 ; continue code
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6.3 Data Memory Organization

Note: The operation of some aspects of data
memory are changed when the PIC18
extended instruction set is enabled. See
Section 6.6 “Data Memory and the
Extended Instruction Set” for more
information.

The data memory in PIC18 devices is implemented as
static RAM. Each register in the data memory has a
12-bit address, allowing up to 4,096 bytes of data
memory. The memory space is divided into as many as
16 banks that contain 256 bytes each. PIC18FX6K22
and PIC18FX7K22 devices implement all 16 complete
banks, for a total of 4 Kbytes. PIC18FX5K22 devices
implement only the first eight complete banks, for a
total of 2 Kbytes.

Figure 6-6 and Figure 6-7 show the data memory
organization for the devices.

The data memory contains Special Function Registers
(SFRs) and General Purpose Registers (GPRs). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratchpad operations in the user’s
application. Any read of an unimplemented location will
read as ‘0’s.

The instruction set and architecture allow operations
across all banks. The entire data memory may be
accessed by Direct, Indirect or Indexed Addressing
modes. Addressing modes are discussed later in this
section.

To ensure that commonly used registers (select SFRs
and select GPRs) can be accessed in a single cycle,
PIC18 devices implement an Access Bank. This is a
256-byte memory space that provides fast access to
select SFRs and the lower portion of GPR Bank 0 with-
out using the Bank Select Register. For details on the
Access RAM, see Section 6.3.2 “Access Bank”.

6.3.1 BANK SELECT REGISTER

Large areas of data memory require an efficient
addressing scheme to make it possible for rapid access
to any address. Ideally, this means that an entire
address does not need to be provided for each read or
write operation. For PIC18 devices, this is accom-
plished with a RAM banking scheme. This divides the
memory space into 16 contiguous banks of 256 bytes.
Depending on the instruction, each location can be
addressed directly by its full 12-bit address, or an 8-bit,
low-order address and a 4-bit Bank Pointer.

Most instructions in the PIC18 instruction set make use
of the Bank Pointer, known as the Bank Select Register
(BSR). This SFR holds the four Most Significant bits of
a location’s address. The instruction itself includes the
eight Least Significant bits. Only the four lower bits of
the BSR are implemented (BSR<3:0>). The upper four
bits are unused, always read as ‘0’ and cannot be
written to. The BSR can be loaded directly by using the
MOVLB instruction.

The value of the BSR indicates the bank in data
memory. The eight bits in the instruction show the loca-
tion in the bank and can be thought of as an offset from
the bank’s lower boundary. The relationship between
the BSR'’s value and the bank division in data memory
is shown in Figure 6-7.

Since up to 16 registers may share the same low-order
address, the user must always be careful to ensure that
the proper bank is selected before performing a data
read or write. For example, writing what should be
program data to an eight-bit address of F9h, while the
BSR is OFh, will end up resetting the Program Counter.

While any bank can be selected, only those banks that
are actually implemented can be read or written to.
Writes to unimplemented banks are ignored, while
reads from unimplemented banks will return ‘0’s. Even
so, the STATUS register will still be affected as if the
operation was successful. The data memory map in
Figure 6-6 indicates which banks are implemented.

In the core PIC18 instruction set, only the MOVFF
instruction fully specifies the 12-bit address of the
source and target registers. When this instruction
executes, it ignores the BSR completely. All other
instructions include only the low-order address as an
operand and must use either the BSR or the Access
Bank to locate their target registers.
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FIGURE 6-6: DATA MEMORY MAP FOR PIC18FX5K22 AND PIC18FX7K22 DEVICES
BSR<3:0> Data Memory Map
00h
000h
= 0000 | Access RAM | o5epy When a = 0:
Bank 0 060h o
FEh GPR OFFh The BSR is ignored and the
00h 100h Access Bank is used.
ﬂ, Bank 1 GPR The first 96 bytes are general
FFh 1FFh purpose RAM (from Bank 0).
00h 200h The second 160 bytes are
=0010 Bank 2 GPR Special Function Registers
FFh oFEh (from Bank 15).
00h 300h
=0011 - -
Bank 3 GPR Whena=1:
FFh 3FFh The BSR specifies the bank
= 0100 00h 400h used by the instruction.
~ Bank 4 GPR
FFh 4FFh
=0101 00h 500h
Bank 5 GPR
FFh 5FFh
00h 600h
=0110
Bank 6 GPR
FFh 6FFh
=0111 00h 700h Access Bank
Bank 7 GPR ooh
ZSE ESOFE Access RAM Low 5Fh
=1000 | Access RAM High | 60h
Bank 8 GPR®@ Acces(ss::?éé\;l High
FFh 8FFh FFh
=1001 00h 900h
———» Bank 9 GPR®
FFh 9FFh
=1010 00h AO0Oh
————— » Bank 10 GPR®@
FFh AFFh
=1011 00h BOOh
———— » Bank 11 GPR??
FFh BFFh
=1100 00h C00h
Bank 12 GPR(®)
FFh CFFh
= 00h DOOh
1101 Bank 13 GPR(®@)
FFh DFFh
— 00h EOOh
Z 1110 Bank 14 GPR®
FFh EFFh
=1111 00h GPR(1:2) Eggﬂ
——» Bank15 | T T T T 7
SFR F60h
FFh FFFh
Note 1: Addresses, F16h through F5Fh, are also used by SFRs, but are not part of the Access RAM. Users must
always use the complete address, or load the proper BSR value, to access these registers.
2: These addresses are unused for devices with 32 Kbytes of program memory (PIC18FX5K22). For those

devices, read these addresses at 00h.
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FIGURE 6-7: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)
™ Data Memory From Opcode(®
7 BSR 0  000h 00h 7 p
[ofofofofefofa]o] B0 e [2lafafa]afafa]a]
100h
00h
2 Bank 1 ~
Bank Select FFh
200h 00h
Bank 2
300h FFh <
00h
Bank 3
NN through A
Bank 13
FFh
EOOh 00h
Bank 14 FEh
FOOh 00h
Bank 15
FFFh FFh
Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>)
to the registers of the Access Bank.
2: The MOVFF instruction embeds the entire 12-bit address in the instruction.

6.3.2 ACCESS BANK

While the use of the BSR, with an embedded 8-bit
address, allows users to address the entire range of data
memory, it also means that the user must ensure that the
correct bank is selected. If not, data may be read from,
or written to, the wrong location. This can be disastrous
if a GPR is the intended target of an operation, but an
SFR is written to instead. Verifying and/or changing the
BSR for each read or write to data memory can become
very inefficient.

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of
memory (00h-5Fh) in Bank 0 and the last 160 bytes of
memory (60h-FFh) in Bank 15. The lower half is known
as the “Access RAM” and is composed of GPRs. The
upper half is where the device’s SFRs are mapped.
These two areas are mapped contiguously in the
Access Bank and can be addressed in a linear fashion
by an eight-bit address (Figure 6-6).

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

however, the instruction is forced to use the Access
Bank address map. In that case, the current value of
the BSR is ignored entirely.

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

Access RAM also allows for faster and more code
efficient context saving and switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detail
in Section 6.6.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.

6.3.3 GENERAL PURPOSE

REGISTER FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upwards towards the bottom of
the SFR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.
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6.3.4 SPECIAL FUNCTION REGISTERS The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,

The Special Function Registers (SFRs) are registers Resets and interrupts) and those related to the

used by, the CPU apd peripheral' modules forgontrolling peripheral functions. The Reset and Interrupt registers
the desired operation of the device. These registers are are described in their respective chapters, while the

implemented as static RAM. SFRs start at the top of ALU’s STATUS register is described later in this section.
data memory (FFFh) and extend downward to occupy Registers related to the operation of the peripheral

all of Bank 15 (FOOh to FFFh) and the top part of features are described in the chapter for that peripheral.
Bank 14 (EF4h to EFFh).

A list of these registers is given in Table 6-1 and
Table 6-2.

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘0’s.

TABLE 6-1: SPECIAL FUNCTION REGISTER MAP FOR PIC18F87K22 FAMILY
Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name®

FFFh| TOSU FDFh| INDF2(" | FBFh| ECCP1AS | FO9Fh| IPR1 F7Fh| EECON1 F5Fh| RTCCFG
FFEh| TOSH FDEh|POSTINC2(")| FBEh| ECCP1DEL | FO9Eh| PIR1 F7Eh| EECON2 | F5Eh| RTCCAL
FFDh| TOSL FDDh|POSTDEC2(")| FBDh| CCPR1H | FODh| PIE1 F7Dh| TMRS5H F5Dh| RTCVALH
FFCh| STKPTR |FDCh| PREINC2(" |FBCh| CCPRIL | F9Ch|PSTR1CON|F7Ch| TMR5L F5Ch| RTCVALL
FFBh| PCLATU |FDBh| PLUSW2(") | FBBh| CCP1CON | F9Bh| OSCTUNE | F7Bh|  T5CON F5Bh| ALRMCFG
FFAh| PCLATH |FDAh| FSR2H |FBAh PIR5 F9Ah| TRISJ@ | F7Ah| T5GCON | F5Ah| ALRMRPT
FF9h PCL FD9h| FSR2L FBYh PIE5 Fooh| TRISH?® | F79n| CCPR4H F59h| ALRMVALH
FF8h| TBLPTRU |FD8h| STATUS | FB8h IPR4 Fosh| TRISG | F78h| CCPRA4L F58h| ALRMVALL
FF7h| TBLPTRH |FD7h| TMROH |FB7h| PIR4 F97h| TRISF | F77h| CCP4CON | F57h| CTMUCONH
FF6h| TBLPTRL |FD6h| TMROL | FB6h PIE4 Fo6h| TRISE | F76h| CCPRS5H F56h| CTMUCONL
FF5h| TABLAT | FD5h| TOCON | FB5h| CVRCON | F95h| TRISD | F75h| CCPR5L F55h| CTMUICONH
FF4h| PRODH | FD4h| SPBRGH1 | FB4h| CMSTAT | F94h| TRISC | F74h| CCP5CON | F54h| CM1CON
FF3h| PRODL |FD3h| OSCCON |FB3h| TMR3H | F93h| TRISB | F73h| CCPR6H F53h| PADCFG1
FF2h| INTCON |FD2h IPR5 FB2h| TMR3L | F92h| TRISA | F72h| CCPR6L F52h| ECCP2AS
FF1h| INTCON2 |FD1h| WDTCON | FB1h| T3CON | F91h| LATJ® | F71h| CCP6CON | F51h| ECCP2DEL
FFOh| INTCON3 |FDOh| RCON FBOh| T3GCON | F90n| LATH® | F70n| CCPR7H F50h| CCPR2H
FEFh| INDFO™ |FCFh| TMR1H | FAFh| SPBRG1 | F8Fh| LATG | F6Fh| CCPRT7L F4Fh| CCPR2L
FEEh| POSTINCO" | FCEh| TMRIL | FAEh| RCREG1 | F8Eh| LATF | F6Eh| CCP7CON | F4Eh| CCP2CON
FEDh|POSTDECO|FCDh| T1CON |FADh| TXREG1 |F8Dh| LATE |F6Dh TMR4 F4Dh| ECCP3AS
FECh| PREINCO(™ |FCCh| TMR2 FACh| TXSTA1 |F8Ch| LATD |F6Ch PR4 F4Ch| ECCP3DEL
FEBh| PLUSWOM |FCBh PR2 FABh| RCSTA1 |F8Bh| LATC |F6Bh| T4CON F4Bh| CCPR3H
FEAh| FSROH |FCAh| T2CON |FAAh| T1GCON | F8Ah| LATB | F6Ah| SSP2BUF | F4Ah| CCPR3L
FEOh| FSROL FC9h| SSP1BUF | FASh IPR6 F89h| LATA F69h| SSP2ADD | F49h| CCP3CON
FE8h| WREG FC8h| SSP1ADD | FA8h| HLVDCON | F88h| PORTJ? | F68h| SSP2STAT | F48h| CCPRSH
FE7h| INDF1(" | FC7h| SSP1STAT | FA7h| PSPCON | F87h| PORTH® | F67h| SSP2CON1 | F47h| CCPR8L
FE6h| POSTINC1(" | FC6h| SSP1CON1 | FA6h|  PIR6 F86h| PORTG | F66h| SSP2CON2 | F46h| CCP8CON
FE5h|POSTDEC1M)| FC5h| SSP1CON2 | FA5h IPR3 F85h| PORTF | F65h| BAUDCON1 | F45h| CCPROH®)
FE4h| PREINC1") | FC4h| ADRESH | FA4h PIR3 F84h| PORTE | F64h| OSCCON2 | F44h| CCPROL®
FE3h| PLUSW1(") | FC3h| ADRESL | FA3h PIE3 F83h| PORTD | F63h| EEADRH F43h| CCP9CON®)
FE2h| FSR1H |FC2h| ADCONO | FA2h IPR2 F82h| PORTC | F62h| EEADR F42h| CCPR10H®)
FE1h| FSRIL FC1h| ADCON1 | FA1h PIR2 F81h| PORTB | F61h| EEDATA F41h| ccPRrR10L®)
FEOh BSR FCOh| ADCON2 | FAOh PIE2 F80h| PORTA | F60h PIE6 F40h| CCP10CON®)

Note 1: Thisis not a physical register.
2: Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
3: This register is not available on devices with a program memory of 32 Kbytes (PIC18FX5K22).
4: Addresses, F16h through F5Fh, are also used by SFRs, but are not part of the Access RAM. To access these registers,
users must always load the proper BSR value.
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TABLE 6-1: SPECIAL FUNCTION REGISTER MAP FOR PIC18F87K22 FAMILY (CONTINUED)

Addr. Name Addr. Name Addr. Name Addr. Name

F3Fh| TMR7H®) | F32n| TMR12%) | F25n ANCONO | F18h| PMD1
F3Eh| TMR7LG) | F31h| PR126) | F24h| ANCON1 | F17h| PMD2
F3Dh| T7CONG) | F30n| T12CON®) | F23h| ANCON2 | F16h| PMD3
F3Ch| T7GCON®) | F2Fh| CM2CON | F22h| RCSTA2
F3Bh| TMR6 F2Eh| CM3CON | F21h| TXSTA2
F3Ah PR6 F2Dh| CCPTMRSO | F20h| BAUDCON2
F39H| T6CON | F2Ch| CCPTMRS1 | F1Fh| SPBRGH2
F38h| TMRS8 F2Bh| CCPTMRS2 | F1Eh| SPBRG2
F37h PR8 F2Ah| REFOCON | F1Dh| RCREG2
F36h| TBCON |F29H| ODCON1 |F1Ch| TXREG2
F35h| TMR10®) | F28h| ODCON2 | F1Bh| PSTR2CON
F34h| PR100) F27h| ODCON3 | F1Ah| PSTR3CON
F33h| T10CON®) | F26h| MEMCON®) | F19h|  PMDO

Note 1: Thisis not a physical register.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
3: This register is not available on devices with a program memory of 32 Kbytes (PIC18FX5K22).
4: Addresses, F16h through F5Fh, are also used by SFRs, but are not part of the Access RAM. To access these registers,
users must always load the proper BSR value.

TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY

Address | File Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit0 P‘gl'.\:‘,‘;%“R
FFFh TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000
FFEh TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000
FFDh TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000
FFCh STKPTR STKFUL STKUNF — Return Stack Pointer uu-0 0000
FFBh PCLATU — — — Holding Register for PC<20:16> ---0 0000
FFAh PCLATH Holding Register for PC<15:8> 0000 0000
FFSh PCL PC Low Byte (PC<7:0>) 0000 0000
FF8h TBLPTRU — — bit 21 Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) --00 0000
FF7h TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000
FF6h TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000
FF5h TABLAT Program Memory Table Latch 0000 0000
FF4h PRODH Product Register High Byte XXXX KKXX
FF3h PRODL Product Register Low Byte XXXX XXKX
FF2h INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x
FF1h INTCON2 RBPU INTEDGO | INTEDG1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP 1111 1111
FFOh INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 1100 0000
FEFh INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) | ———— —-——-
FEEh POSTINCO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) | -——— --——-
FEDh POSTDECO | Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) [ -——— --—-
FECh PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) | -——— --——-
FEBh PLUSWO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) — value | ---- ----
of FSRO offset by W
FEAh FSROH — — — — Indirect Data Memory Address Pointer 0 High ---- 0000
FESh FSROL Indirect Data Memory Address Pointer 0 Low Byte XXXX XXKXX
FE8h WREG Working Register XXXX XXXX
FE7h INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) | ———— ———-

Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0.
3:  Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Address | File Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘gg;%"R
FE6h POSTINCA1 Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) | -———— --—-
FE5h POSTDEC1 |Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) | -———- ———-
FE4h PREINC1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) | -———— --—-
FE3h PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) — value | --—- ----

of FSR1 offset by W
FE2h  |FSRTH — | — 1 = ] = [indirect Data Memory Address Pointer 1 High o xxxx
FE1h FSR1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XKXX
FEOh BSR — | — | — | — | Bank Select Register ---- 0000
FDFh INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) | ———— ———-
FDEh POSTINC2 Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) | -———— ———-
FDDh POSTDEC2 |Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) | -——- ———-
FDCh PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) | -——— ———-
FDBh PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) — value | ---- ----
of FSR2 offset by W
FDAh  |FSR2H — | — | — | — [diectData Memory Address Pointer 2 High ———— xxxx
FDSh FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXX XXXX
FD8h  |STATUS - | — 1 — | ~ | o | z | bc | ¢ ———x xxxx
FD7h TMROH Timer0 Register High Byte 0000 0000
FD6h TMROL Timer0 Register Low Byte XXXX XXKXX
FD5h | TocON TMROON | To8BIT | Tocs | Tose | Psa | Tops2 | Topst | ToPso |[1111 1111
FD4h SPBRGH1 USART1 Baud Rate Generator High Byte 0000 0000
FD3h OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS HFIOFS SCS1 SCS0 0110 g000
FD2h  |IPR5 TMR7GIP® | TMR12IP®) | TMR10IP®) | TMR8IP | TMR7IP®) |  TMR6IP TMR5IP TMR4IP | 1111 1111
FD1h WDTCON REGSLP — ULPLVL SRETEN — ULPEN ULPSINK SWDTEN | 0-x0 -000
FDOh  |RCON IPEN SBOREN cM RI TO PD POR BOR 0111 1lqq
FCFh TMR1H Timer1 Register High Byte XXXX XXXX
FCEh TMR1L Timer1 Register Low Byte XXXX XXXX
FCDh T1CON TMR1CS1 | TMR1CS0 I T1CKPS1 | T1CKPS0 | SOSCEN | T1SYNC | RD16 I TMR10N 0000 0000
FCCh TMR2 Timer2 Register 0000 0000
FCBh PR2 Timer2 Period Register 1111 1111
FCAh  |T2CON — | t20uTPs3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR2ON | T2CKPS1 | T2CKPSO | -000 0000
FC%h SSP1BUF MSSP Receive Buffer/Transmit Register XXXX XXXX
FC8h SSP1ADD MSSP Address Register in I2C Slave Mode. SSP1 Baud Rate Reload Register in I2C Master Mode. 0000 0000
FC7h SSP1STAT SMP CKE D/A P S RW UA BF 0000 0000
FC6h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000
FC5h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000
FC4h ADRESH A/D Result Register High Byte XXXX XXXX
FC3h ADRESL A/D Result Register Low Byte XXXX XXXX
FC2h ADCONO — CHS4 CHS3 CHs2 CHS1 CHSO0 GO/DONE ADON -000 0000
FC1h ADCON1 TRIGSEL1 | TRIGSELO VCFG1 VCFGO VNCFG CHSN2 CHSN1 CHSNO 0000 0000
FCOh ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0 0-00 0000
FBFh ECCP1AS ECCP1ASE | ECCP1AS2 | ECCP1AS1 | ECCP1ASO | PSS1AC1 PSS1ACO PSS1BD1 PSS1BD0 | 0000 0000
FBEh ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DCA1 P1DCO 0000 0000
FBDh CCPR1H Capture/Compare/PWM Register1 High Byte XXXX XKXX
FBCh CCPR1L Capture/Compare/PWM Register1 Low Byte XXXX XXXX
FBBh CCP1CON P1M1 P1MO DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1MO 0000 0000
FBAh  |PIR5 TMR7GIF® | TMR12IF® | TMR10IF®) | TMR8IF | TMR7IF® |  TMR6IF TMRSIF TMR4IF | 0000 0000
FBoh  |PIE5 TMR7GIE® | TMR12IE®) | TMR10IE®) |  TMRSIE | TMR7IE®) | TMR6IE TMR5IE TMR4IE | 0000 0000
FB8h  |IPR4 ccpP10iP® | ccpaiP® | ccpsiP CCP7IP CCP6IP CCP5IP CCP4IP CCP3IP | 1111 1111
FB7h  |PIR4 ccP10IF® | ccpaiF® | ccpsiF CCP7IF CCP8IF CCP5IF CCP4IF CCP3IF | 0000 0000
Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
3: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Address | File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 P‘gl'.:‘;%"R
FBéh  |PIE4 ccP10iE® | ccPalE® | ccPsiE CCP7IE CCP6IE CCPS5IE CCP4IE CCP3IE | 0000 0000
FB5h  |CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO 0000 0000
FB4h  |CMSTAT CMP30UT | CMP20UT | CMP10UT — — — — — e —
FB3h TMR3H Timer3 Register High Byte XXXX XXXX
FB2h TMR3L Timer3 Register Low Byte XXXX XXXX
FB1h  |T3CON TMR3CS1 | TMR3CSO | T3CKPS1 | T3CKPSO | SOSCEN | T3SYNC RD16 TMR3ON | 0000 0000
FBOh  |T3GCON TMR3GE | T3GPOL T3GTM T3GSPM T3GGO/ | T3GVAL T3GSS1 T3GSSO | 0000 0x00
T3DONE
FAFh SPBRG1 USART1 Baud Rate Generator 0000 0000
FAEh RCREGH1 USART1 Receive Register 0000 0000
FADh TXREG1 USART1 Transmit Register XXXX XXXX
FACh  |TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010
FABh  |RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x
FAAh  |T1GCON TMR1GE | T1GPOL | T1GTM T1GSPM T1GGO/ | T1GVAL T1GSS1 T1GSS0 | 0000 0x00
T1DONE
FASh  |IPR6 — — — EEIP — CMP3IP CMP2IP CMP1IP | -—-1 -111
FA8h  |HLVDCON VDIRMAG | BGVST IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDLO | 0000 0000
FA7h  |PSPCON IBF OBF IBOV PSPMODE — — — — 0000 ----
FA6h  |PIR6 — — — EEIF — CMP3IF CMP2IF CMP1IF | -—=-0 -000
FASh  |IPR3 TMR5GIP — RC2IP TX2IP CTMUIP CCP2IP CCP1IP RTCCIP | 1-11 1111
FA4h  |PIR3 TMR5GIF — RC2IF TX2IF CTMUIF CCP2IF CCP1IF RTCCIF | 0-00 0000
FA3h  |PIE3 TMR5GIE — RC2IE TX2IE CTMUIE CCP2IE CCP1IE RTCCIE | 0-00 0000
FA2h  |IPR2 OSCFIP — SSP2IP BCL2IP BCL1IP HLVDIP TMR3IP | TMR3GIP | 1-11 1111
FA1h  |PIR2 OSCFIF — SSP2IF BCL2IF BCL1IF HLVDIF TMR3IF | TMR3GIF | 0-00 0000
FAOh  |PIE2 OSCFIE — SSP2IE BCL2IE BCL1IE HLVDIE TMR3IE | TMR3GIE | 0-00 0000
FOFh  |IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | TMRIGIP | TMR2IP TMR1IP | 1111 1111
F9Eh  |PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | TMRIGIF | TMR2IF TMR1IF | 0000 0000
FoDh  |PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | TMRIGIE | TMR2IE TMR1IE | 0000 0000
F9Ch  |PSTR1CON CMPLA1 CMPLO — STRSYNC STRD STRC STRB STRA 00-0 0001
F9Bh  |OSCTUNE INTSRC PLLEN TUN5 TUN4 TUN3 TUN2 TUN1 TUNO 0000 0000
FOAh  |TRISJ®@ TRISJ7 TRISJ6 TRISJ5 TRISJ4 TRISJ3 TRISJ2 TRISJA TRISJO | 1111 1111
Fooh  |TRISH® TRISH7 TRISH6 TRISH5 TRISH4 TRISH3 TRISH2 TRISH1 TRISHO | 1111 1111
F9sh  |TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISGO | ---1 1111
F97h  |TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 — 1111 111-
Fo6h  |TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 — 1111 111-
F95h  |TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO | 1111 1111
F94h  |TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO | 1111 1111
F93h  |TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO | 1111 1111
F92h  |TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO | 1111 1111
F91h LATJ®? LATJ7 LATJ6 LATJ5 LATJ4 LATJ3 LATJ2 LATJ1 LATJO | xxxx xxxx
F90h LATH®@ LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATHO | xxxx xxxx
F8Fh  |LATG — — — LATG4 LATG3 LATG2 LATG1 LATGO | ---x xxxx
F8Eh  |LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 — KXKX KXK-
F8Dh  |LATE LATE7 LATE6 LATE5 LATE4 LATE3 LATE2 LATE1 LATEO | xxxx xxxx
F8Ch  |LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO | xxxx xxxx
F8Bh  |LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO | xxxx xxxx
F8Ah  |LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO | xxxx xxxx
F89h LATA LATA7 LATA6 LATA5 LATA4 LATA3 LATA2 LATA1 LATAO | xxxx xxxx
F88h PORTJ@ RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJO KXKX KXKX
F87h PORTH® RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO KXKX KXKX

Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0.
3:  Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Address | File Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 P‘g‘g,";%"R
F86h  |PORTG — — RG5" RG4 RG3 RG2 RG1 RGO —-XX XXXX
F85h PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 — XXXX XXX
F84h PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO XXXX XXXX
F83h PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX
F82h PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXX XXXX
F81h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX
F80h PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO XXXX XXXX
F7Fh EECON1 EEPGD CFGS — FREE WRERR WREN WR RD xx-0 %000
F7Eh EECON2 EEPROM Control Register 2 (not a physical register) | —mm
F7Dh TMR5H Timer5 Register High Byte XXXX XXXX
F7Ch TMR5L Timer5 Register Low Byte XXXX XXXX
F7Bh T5CON TMR5CS1 | TMR5CSO0 | T5CKPS1 T5CKPSO0 SOSCEN T5SYNC RD16 TMR50ON | 0000 0000
F7Ah T5GCON TMR5GE T5GPOL T5GTM T5GSPM T5GGO/ T5GVAL T5GSS1 T5GSS0 | 0000 0x00

T5DONE
F79h CCPR4H Capture/Compare/PWM Register 4 High Byte XXXX XXXX
F78h CCPR4L Capture/Compare/PWM Register 4 Low Byte XXXX XXXX
F77h  |CCP4CON — | — | pbcest | pceBo | ccrams | ccpam2 | ccpamt | ccpamo | --00 0000
F76h CCPR5H Capture/Compare/PWM Register 5 High Byte XXXX XXXX
F75h CCPR5L Capture/Compare/PWM Register 5 Low Byte XXXX XXXX
F74h  |CCP5CON — | — | obcset | Doseo | ccpsms | ccesm2 | ccpsmt | ccPsmo | --00 o000
F73h CCPR6H Capture/Compare/PWM Register 6 High Byte XXXX XXXX
F72h CCPR6L Capture/Compare/PWM Register 6 Low Byte XXXX XXXX
F71h  |CCPBCON — | — | obcest | Dpoeso | ccrems | ccpemz2 | ccpemt | ccpemo | --00 0ooo
F70h CCPR7H Capture/Compare/PWM Register 7 High Byte XXXX XXXX
F6Fh CCPR7L Capture/Compare/PWM Register 7 Low Byte XXXX XXXX
F6Eh  |CCP7CON — | — | ocret | poreo | ccprms | ccprm2 | coprmt [ ccPrmo | --00 o000
F6Dh TMR4 Timer4 Register XXXX XXXX
F6Ch PR4 Timer4 Period Register 1111 1111
F6Bh  |T4CON — | TaouTPs3 | T40UTPS2 | T4OUTPS1 | T4OUTPSO | TMR4ON | T4CKPS1 | T4CKPSO | -111 1111
F6Ah SSP2BUF MSSP Receive Buffer/Transmit Register XXXX XXXX
F69h SSP2ADD MSSP Address Register in I2C Slave Mode. MSSP1 Baud Rate Reload Register in I2C Master Mode. 0000 0000
F68h SSP2STAT SMP CKE D/A P S R/W UA BF 0000 0000
F67h SSP2CON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 0000 0000
F66h SSP2CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0100 0000
F65h BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 0100 0-00
F64h OSCCON2 — SOSCRUN — — SOSCGO — MFIOFS MFIOSEL | -0-- 0-x0
F63h EEADRH EEPROM Address Register High Byte 0000 0000
F62h EEADR EEPROM Address Register Low Byte 0000 0000
F61h EEDATA EEPROM Data Register 0000 0000
F60h PIE6 — — — EEIE — CMP3IE CMP2IE CMP1IE ---0 -000
F5Fh RTCCFG RTCEN — RTCWREN | RTCSYNC | HALFSEC RTCOE RTCPTR1 | RTCPTRO | 0-00 0000
F5Eh RTCCAL CAL7 CAL6 CAL5 CAL4 CAL3 CAL2 CAL1 CALO 0000 0000
F5Dh RTCVALH RTCC Value High Register Window Based on RTCPTR<1:0> XXXX XXXX
Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
3: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Address | File Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g#:‘;‘(’)"R
F5Ch RTCVALL RTCC Value Low Register Window Based on RTCPTR<1:0> 0000 0000
F5Bh  |ALRMCFG ALRMEN CHIME AMASK3 | AMASK2 | AMASK1 | AMASKO |ALRMPTR1 | ALRMPTRO | 0000 0000
F5Ah  |ALRMRPT ARPT7 ARPT6 ARPT5 ARPT4 ARPT3 ARPT2 ARPT1 ARPTO | 0000 0000
F59h ALRMVALH  [Alarm Value High Register Window Based on APTR<1:0> XXXX XXXX
F58h ALRMVALL  [Alarm Value Low Register Window Based on APTR<1:0> XXXX XXXX
F57h CTMUCONH | CTMUEN = CTMUSIDL TGEN EDGEN |EDGSEQEN| IDISSEN CTTRIG | 0-00 0000
F56h CTMUCONL | EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT | 0000 0000
F55h CTMUICONH |  ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO | 0000 0000
F54h CM1CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 0001 1111
F53h PADCFG1 RDPU REPU RJPUR = = RTSEC- RTSEC- = 000- -00-
SEL1 SELO
F52h ECCP2AS ECCP2ASE | ECCP2AS2 | ECCP2AS1 | ECCP2AS0 | PSS2AC1 | PSS2ACO | PSS2BD1 | PSS2BDO | 0000 0000
F51h ECCP2DEL P2RSEN P2DC6 P2DC5 P2DC4 P2DC3 P2DC2 P2DC1 P2DCO | 0000 0000
F50h CCPR2H Capture/Compare/PWM Register 2 High Byte XXXX XXXX
F4Fh CCPR2L Capture/Compare/PWM Register 2 Low Byte XXXX XXXX
FAEh  |CCP2CON P2M1 P2MO DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 CCP2MO | 0000 0000
F4Dh  |ECCP3AS ECCP3ASE | ECCP3AS2 | ECCP3AS1 | ECCP3ASO | PSS3AC1 | PSS3ACO | PSS3BD1 | PSS3BDO | 0000 0000
FACh  |ECCP3DEL P3RSEN P3DC6 P3DC5 P3DC4 P3DC3 P3DC2 P3DC1 P3DCO | 0000 0000
F4Bh CCPR3H Capture/Compare/PWM Register 3 High Byte XXXX XKXX
F4Ah CCPR3L Capture/Compare/PWM Register 3 Low Byte XXXX XKXX
F4oh  |CCP3CON Pavi | Pavo | pcse1 | pcseo | ccpams | ccpamz | ccpsmt | ccpsmo | 0000 0ooo
F48h CCPR8H Capture/Compare/PWM Register 8 High Byte XXXX XXXX
F47h CCPRS8L Capture/Compare/PWM Register 8 Low Byte XXXX XXXX
F46h  |CCPBCON — | — ] ocest | pcseo | ccrems | ccremz2 | ccpemt | ccpemo | --00 0ooo
F45h CCPROH® | Capture/Compare/PWM Register 9 High Byte XXXX XXXX
F44h CCPROL®) Capture/Compare/PWM Register 9 Low Byte XXXX XXXX
F43n  |cCPOCON®) — | — ] obcest | pceso | ccroms | ccpomz | ccpemt [ ccpamo | --oo0 oooo
F42h CCPR10H®) | Capture/Compare/PWM Register 10 High Byte XXXX KKXX
F41h CCPR10L® | Capture/Compare/PWM Register 10 Low Byte XXXX XXXX
Faon  |ccptocon®] — [ — | pcioBt | bcioBo | ccpioms | ccpiom2 | ccpiomt | ccpiomo | --oo 0000
F3Fh TMR7H®) Timer7 Register High Byte XXXX KKXX
F3Eh  |[TMR7L® Timer7 Register Low Byte 0000 0000
F3Dh  |T7CON® TMR7CS1 | TMR7CSO | T7CKPS1 | T7CKPSO | SOSCEN | T7SYNC RD16 TMR7ON | 0000 0000
F3Ch  |T7GCON®) TMR7GE | T7GPOL T7GT™ T7GSPM T7GGO/ | T7GVAL T7GSS1 T7GSSO | 0000 0x00
T7DONE
F3Bh TMR6 Timer6 Register 0000 0000
F3Ah PR6 Timer6 Period Register 1111 1111
F3%h  |T6CON — | teoutPs3 | Te0UTPS2 | TEOUTPS1 | TEOUTPSO | TMREON | T6CKPS1 | T6CKPSO | -000 0000
F38h TMR8 Timer8 Register 0000 0000
F37h PR8 Timer8 Period Register 1111 1111
F36h  |TBCON — | t8outps3 | T80UTPS2 | T8OUTPS1 | TBOUTPSO | TMR8ON | T8CKPS1 | TBCKPSO | -000 0000
F35h TMR106) TMR10 Register 0000 0000
F34h PR10() Timer10 Period Register 1111 1111
F33h T10CON®) = T1oo::JTPs T1OO2UTPS T100UTPS1 T1OOOUTPS TMR100N | T10CKPS1 | T10CKPSO | -000 0000
F32h TMR12(3) TMR12 Register 0000 0000
F31h PR123) Timer12 Period Register 1111 1111
F30h T12CON®) = T120UTPS | T120UTPS | T120UTPS1 | T120UTPS | TMR120N | T12CKPS1 | T12CKPS0 | -000 0000
3 2 0
F2Fh  |CM2CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 0001 1111

Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0.
3: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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TABLE 6-2: PIC18F87K22 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Address | File Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g#:‘;‘(’)"R
F2Eh  |CM3CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 0001 1111
F2Dh  |CCPTMRSO | C3TSEL1 | C3TSELO | C2TSEL2 | C2TSEL1 | C2TSELO | CATSEL2 | CATSEL1 | CATSELO | 0000 0000
F2Ch  |CCPTMRS1 | C7TSEL1 | C7TSELO = C6TSELO = C5TSELO | CA4TSEL1 | CATSELO | 00-0 -000
F2Bh  |CCPTMRS2 = = = 010T§EL0(3 = COTSELO® | C8TSEL1 | C8TSELO | ---0 -000
F2Ah  |REFOCON ROON — ROSSLP ROSEL RODIV3 RODIV2 RODIV1 RODIVO | 0-00 0000
F29h ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D | 000- ---0
F28h ODCON2 ccP100D® | ccpooD® | CCP8OD | CCP7OD | CCP6OD | CCP50D | CCP40OD | CCP30OD | 0000 0000
F27h ODCON3 U20D u10D — — — — — CTMUDS | 00-- --- 0
F26h MEMCON® EBDIS — WAIT1 WAITO — — WMH1 WMO 0-00 --00
F25h  |ANCONO ANSEL7 | ANSEL6 | ANSEL5 ANSEL4 ANSEL3 | ANSEL2 ANSEL1 ANSELO | 1111 1111
F24h  |ANCON1 ANSEL15 | ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 ANSEL8 | 1111 1111
F23h  |ANCON2 ANSEL23 | ANSEL22 | ANSEL21 | ANSEL20 | ANSEL19 | ANSEL18 | ANSEL17 | ANSEL16 | 1111 1111
F22h RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x
F21h TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010
F20h BAUDCON2 | ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN | 0100 0-00
F1Fh SPBRGH2 USART2 Baud Rate Generator High Byte 0000 0000
F1Eh  |SPBRG2 USART2 Baud Rate Generator 0000 0000
F1Dh RCREG2 Receive Data FIFO 0000 0000
F1Ch TXREG2 Transmit Data FIFO XXXX XXXX
F1Bh  [PSTR2CON CMPL1 CMPLO — STRSYNC STRD STRC STRB STRA 00-0 0001
F1Ah  [PSTR3CON CMPL1 CMPLO — STRSYNC STRD STRC STRB STRA 00-0 0001
F19h PMDO CCP3MD | CCP2MD | CCPIMD | UART2MD | UARTIMD | SSP2MD | SSP1MD ADCMD | 0000 0000
F18h PMD1 PSPMD | CTMUMD | RTCCMD | TMR4MD | TMR3MD | TMR2MD | TMRIMD | EMBMD | 0000 0000
F17h PMD2 TMR10MD®) | TMR8MD | TMR7MD®) | TMR6MD | TMR5MD | CMP3MD | CMP2MD | CMPIMD | 0000 0000
F16h PMD3 ccrP1omp® | ccPoMD® | CCP8MD | CCP7MD | CCP6MD | CCP5MD | CCP4MD | TMR12MD® | 0000 0000

Note 1:  This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is unimplemented.
2:  Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
3: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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6.3.5 STATUS REGISTER

The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. The STATUS register
can be the operand for any instruction, as with any
other register. If the STATUS register is the destination
for an instruction that affects the Z, DC, C, OV or N bits,
the write to these five bits is disabled.

These bits are set or cleared according to the device

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOVWEF instructions be used to
alter the STATUS register because these instructions
do not affect the Z, C, DC, OV or N bits in the STATUS
register.

For other instructions not affecting any Status bits, see
the instruction set summaries in Table 29-2 and
Table 29-3.

logic. Therefore, the result of an instruction with the Note: The C and DC bits operate, in subtraction,
STATUS register as destination may be different than as borrow and digit borrow bits, respectively.
intended. For example, CLRF STATUS will set the Z bit
but leave the other bits unchanged. The STATUS
register then reads back as ‘000u uluu’.
REGISTER 6-2: STATUS REGISTER
uU-0 uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N oV z pc c@
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit
This bit is used for signed arithmetic (2's complement). It indicates whether the result was negative
(ALU MSB = 1).
1 = Result was negative
0 = Result was positive
bit 3 OV: Overflow bit
This bit is used for signed arithmetic (2's complement). It indicates an overflow of the seven-bit
magnitude which causes the sign bit (bit 7) to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation)
0 = No overflow occurred
bit 2 Z: Zero bit
1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit(")
For ADDWF, ADDLW, SUBLW and SUBWF instructions:
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit 0 C: Carry/Borrow bit(®
For ADDWF, ADDLW, SUBLW and SUBWEF instructions:
1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred
Note 1: For borrow, the polarity is reversed. A subtraction is executed by adding the 2's complement of the second
operand.
2:

For borrow, the polarity is reversed. A subtraction is executed by adding the 2’'s complement of the second
operand.
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6.4 Data Addressing Modes

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

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

The addressing modes are:

* Inherent
 Literal
» Direct
 Indirect

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

6.4.1 INHERENT AND LITERAL
ADDRESSING

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

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

6.4.2 DIRECT ADDRESSING

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

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

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

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

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

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

6.4.3 INDIRECT ADDRESSING

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

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

LFSR FSRO, 100h ;
NEXT CLRF POSTINCO ; Clear INDF
; register then
; inc pointer

BTFEFSS FSROH, 1 ; All done with

; Bankl?
BRA NEXT ; NO, clear next
CONTINUE ; YES, continue
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6.4.3.1 FSR Registers and the

INDF Operand

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

Indirect Addressing is accomplished with a set of Indi-
rect File Operands, INDFO through INDF2. These can
be thought of as “virtual” registers. The operands are

FIGURE 6-8: INDIRECT ADDRESSING

mapped in the SFR space, but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSR1L.

Instructions that use the INDF registers as operands
actually use the contents of their corresponding FSR as
a pointer to the instruction’s target. The INDF operand
is just a convenient way of using the pointer.

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

Using an instruction with one of the
Indirect Addressing registers as the
operand....

ADDWF,

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

. 7
register....

0

FSR1H:FSR1L

x| |[2]1]2] [2]2]o]o[a]2]o]o]

k

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

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

000h
INDF1, 1 Bank 0
100h
Bank 1
200h
Bank 2
300h
7 0
L Bank 3 NN
J N through N
Bank 13
EOOh
Bank 14
FOOh
> Bank 15
FFFh
Data Memory
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6.4.3.2 FSR Registers and POSTINC,
POSTDEC, PREINC and PLUSW

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

These operands are:

« POSTDEC — Accesses the FSR value, then
automatically decrements it by ‘1’ afterwards

« POSTINC — Accesses the FSR value, then
automatically increments it by ‘1’ afterwards

* PREINC - Increments the FSR value by ‘1’, then
uses it in the operation

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

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

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair. Rollovers of
the FSRnL register, from FFh to 00h, carry over to the
FSRnH register. On the other hand, results of these
operations do not change the value of any flags in the
STATUS register (for example, Z, N and OV bits).

The PLUSW register can be used to implement a form
of Indexed Addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

6.4.3.3 Operations by FSRs on FSRs

Indirect Addressing operations that target other FSRs
or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual
registers will not result in successful operations.

As a specific case, assume that the FSROH:FSROL
registers contain FE7h, the address of INDF1.
Attempts to read the value of the INDF1, using INDFO
as an operand, will return 00h. Attempts to write to
INDF1, using INDFO as the operand, will result in a
NOP.

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair, but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L.

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, however, particularly if their
code uses Indirect Addressing.

Similarly, operations by Indirect Addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution, so that they do not inadvertently
change settings that might affect the operation of the
device.

6.5 Program Memory and the
Extended Instruction Set

The operation of program memory is unaffected by the
use of the extended instruction set.

Enabling the extended instruction set adds five
additional two-word commands to the existing PIC18
instruction set: ADDFSR, CALLW, MOVSE, MOVSS and
SUBFSR. These instructions are executed as described
in Section 6.2.4 “Two-Word Instructions”.
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6.6 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
Configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Using the
Access Bank for many of the core PIC18 instructions
introduces a new addressing mode for the data memory
space. This mode also alters the behavior of Indirect
Addressing using FSR2 and its associated operands.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode. Inherent and literal
instructions do not change at all. Indirect Addressing
with FSRO and FSR1 also remains unchanged.

6.6.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of Indirect Addressing using the FSR2
register pair and its associated file operands. Under the
proper conditions, instructions that use the Access
Bank — that is, most bit-oriented and byte-oriented
instructions — can invoke a form of Indexed Addressing
using an offset specified in the instruction. This special
addressing mode is known as Indexed Addressing with
Literal Offset or the Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:
» Use of the Access Bank (‘a’ = 0)

» A file address argument that is less than or equal
to 5Fh

Under these conditions, the file address of the
instruction is not interpreted as the lower byte of an
address (used with the BSR in Direct Addressing) or as
an 8-bit address in the Access Bank. Instead, the value
is interpreted as an offset value to an Address Pointer
specified by FSR2. The offset and the contents of FSR2
are added to obtain the target address of the operation.

6.6.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use Direct
Addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set. Instruc-
tions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they do not use the Access Bank
(Access RAM bit = 1), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the
different possible addressing modes when the
extended instruction set is enabled is shown in
Figure 6-9.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 29.2.1
“Extended Instruction Syntax”.
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FIGURE 6-9:

COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND

BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

EXAMPLE INSTRUCTION: ADDWF,

When a =0 and f > 60h:

The instruction executes in
Direct Forced mode. f is
interpreted as a location in the
Access RAM, between 060h
and FFFh. This is the same as
locations, F60h to FFFh
(Bank 15), of data memory.

Locations below 060h are not
available in this addressing
mode.

When a =0 and f < 5Fh:

The instruction executes in
Indexed Literal Offset mode. ‘f
is interpreted as an offset to the
address value in FSR2. The
two are added together to
obtain the address of the target
register for the instruction. The
address can be anywhere in
the data memory space.

Note that in this mode, the
correct syntax is now:

ADDWF [k], d

where ‘K’ is the same as f.

When a =1 (all values of f):

The instruction executes in
Direct mode (also known as
Direct Long mode). f s
interpreted as a location in
one of the 16 banks of the data
memory space. The bank is
designated by the Bank Select
Register (BSR). The address
can be in any implemented
bank in the data memory
space.

000h

060h

100h

(C
DJ

FOOh

F40h

£, d, a (Opcode: 0010 0lda ffff ffff)

Bank 0

Bank 1
through
Bank 14

(C
DJ

00h
60h

Valid range
for 'f

FFh

Bank 15

FFFh

000h

060h

100h

(C
JJ

FOOh

F40h

Access RAM

Data Memory

Bank 0

Bank 1
through
Bank 14

(C

[001001da | Frreeees |

D W

| FSR2H | FsR2L |

FFFh

000h

060h

100h

(C
JJ

FOOh

F40h

Data Memory

BSR

Bank O

-

Bank 1
through
Bank 14

(C
J2J

i

|001001da | FEFFFFEE |

Bank 15

FFFh

Data Memory
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6.6.3 MAPPING THE ACCESS BANK IN

INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user-defined “window”
that can be located anywhere in the data memory
space.

The value of FSR2 establishes the lower boundary of
the addresses mapped into the window, while the
upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped
as previously described. (See Section 6.3.2 “Access
Bank”.) An example of Access Bank remapping in this
addressing mode is shown in Figure 6-10.

FIGURE 6-10:
OFFSET ADDRESSING

Remapping the Access Bank applies only to operations
using the Indexed Literal Offset mode. Operations that
use the BSR (Access RAM bit = 1) will continue to use
Direct Addressing as before. Any Indirect or Indexed
Addressing operation that explicitly uses any of the
indirect file operands (including FSR2) will continue to
operate as standard Indirect Addressing. Any instruc-
tion that uses the Access Bank, but includes a register
address of greater than O05Fh, will use Direct
Addressing and the normal Access Bank map.

6.6.4 BSR IN INDEXED LITERAL

OFFSET MODE

Although the Access Bank is remapped when the
extended instruction set is enabled, the operation of the
BSR remains unchanged. Direct Addressing, using the
BSR to select the data memory bank, operates in the
same manner as previously described.

REMAPPING THE ACCESS BANK WITH INDEXED LITERAL

Example Situation:

ADDWE £, d, a 000N Not Accessible
FSR2H:FSR2L = 120h 05Fh
Locations in the region Bank 0
from the FSR2 Pointer 100h
(120h) to the pointer plus 120hfF — — — — -
05Fh (17Fh) are mapped ~ q7p,| _ Window _} 00h
to the bottom of the Bank 1 m ]
Access RAM (000h-05Fh).  200h Bank 1 “Window”
Special Function Registers | (| = = — — — — ggn
at F60h through FFFh are
mapped to 60h through o Bank 2 A
FFh, as usual. through SFRs
Bank 0 addresses below Bank 14
5Fh are not available in FFh
this mode. They can still Access Bank
be addressed by using the FOOh
BSR.

Bank 15

F6Oh| — — — — — 4
SFRs
FFFh
Data Memory
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7.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. For execution of a write to, or erasure of,
program memory:

* Memory of 32 Kbytes and 64 Kbytes (PIC18FX-
5K22 and PIC18FX6K22 devices) — Blocks of 64
bytes

* Memory of 128 Kbytes (PIC18FX7K22 devices) —
Blocks of 128 bytes

Writing or erasing program memory will cease
instruction fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 7-1: TABLE READ OPERATION

71 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data RAM:

» Table Read (TBLRD)
» Table Write (TBLWT)

The program memory space is 16 bits wide, while the
data RAM space is eight bits wide. Table reads and
table writes move data between these two memory
spaces through an eight-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 7-1 shows the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 7.5 “Writing
to Flash Program Memory”. Figure 7-2 shows the
operation of a table write with program memory and data
RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word-aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word-aligned.

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU | TBLPTRH i TBLPTRL

~

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
\ﬂ_l

Note 1: The Table Pointer register points to a byte in program memory.
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FIGURE 7-2:

TABLE WRITE OPERATION

Instruction:

Program

Holding Registers

TBLWT*

Memory

Table Pointer(")

TBLPTRU ;| TBLPTRH i TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Note 1: The Table Pointer actually points to one of 64 holding registers; the address of which is determined by
TBLPTRL<5:0>. The process for physically writing data to the program memory array is discussed in
Section 7.5 “Writing to Flash Program Memory”.

7.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include the:

* EECONT1 register
* EECONZ2 register
» TABLAT register

* TBLPTR registers

7.21 EECON1 AND EECON2 REGISTERS

The EECON1 register (Register 7-1) is the control
register for memory accesses. The EECON2 register,
not a physical register, is used exclusively in the
memory write and erase sequences. Reading
EECON2 will read all ‘0’s.

The EEPGD control bit determines if the access is a
program or data EEPROM memory access. When
clear, any subsequent operations operate on the data
EEPROM memory. When set, any subsequent
operations operate on the program memory.

The CFGS control bit determines if the access is to the
Configuration/Calibration registers or to program
memory/data  EEPROM memory. When set,
subsequent operations operate on Configuration
registers regardless of EEPGD (see Section 28.0
“Special Features of the CPU”). When clear, memory
selection access is determined by EEPGD.

The FREE bit, when set, allows a program memory
erase operation. When FREE is set, the erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled.

The WREN bit, when set, allows a write operation. On
power-up, the WREN bit is clear. The WRERR bit is set
in hardware when the WR bit is set and cleared when
the internal programming timer expires and the write
operation is complete.

Note:  During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset or a write operation was
attempted improperly.

The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the write operation.

Note: The EEIF interrupt flag bit (PIR6<4>) is
set when the write is complete. It must be
cleared in software.
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REGISTER 7-1: EECON1: EEPROM CONTROL REGISTER 1

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR(") WREN WR RD
bit 7 bit 0
Legend: S = Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)
0 = Perform write-only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(")
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation or an improper write attempt)
0 = The write operation completed
bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once the write is complete.
The WR bit can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read (Read takes one cycle. RD is cleared in hardware. The RD bit can only

be set (not cleared) in software. The RD bit cannot be set when EEPGD =1 or CFGS = 1.)
0 = Does not initiate an EEPROM read

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error
condition.
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7.2.2 TABLAT — TABLE LATCH REGISTER

The Table Latch (TABLAT) is an eight-bit register
mapped into the SFR space. The Table Latch register
is used to hold 8-bit data during data transfers between
program memory and data RAM.

7.2.3 TBLPTR — TABLE POINTER

REGISTER

The Table Pointer (TBLPTR) register addresses a byte
within the program memory. The TBLPTR is comprised
of three SFR registers: Table Pointer Upper Byte, Table
Pointer High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). These three regis-
ters join to form a 22-bit wide pointer. The low-order
21 bits allow the device to address up to 2 Mbytes of
program memory space. The 22nd bit allows access to
the Device ID, the User ID and the Configuration bits.

The Table Pointer register, TBLPTR, is used by the
TBLRD and TBLWT instructions. These instructions can
update the TBLPTR in one of four ways, based on the
table operation. These operations are shown in
Table 7-1 and only affect the low-order 21 bits.

7.24 TABLE POINTER BOUNDARIES

The TBLPTR is used in reads, writes and erases of the
Flash program memory.

When a TBLRD is executed, all 22 bits of the TBLPTR
determine which byte is read from program memory
into the TABLAT.

When a TBLWT is executed, the six LSbs of the Table
Pointer register (TBLPTR<5:0>) determine which of
the 64 program memory holding registers is written to.
When the timed write to program memory begins (via
the WR bit), the 16 MSbs of the TBLPTR
(TBLPTR<21:6>) determine which program memory
block of 64 bytes is written to. For more detail, see
Section 7.5 “Writing to Flash Program Memory”.

When an erase of program memory is executed, the
16 MSbs of the Table Pointer register (TBLPTR<21:6>)
point to the 64-byte block that will be erased. The Least
Significant bits (TBLPTR<5:0>) are ignored.

Figure 7-3 describes the relevant boundaries of the
TBLPTR based on Flash program memory operations.

TABLE 7-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer

TBLRD™ TBLPTR is not modified

TBLWT*

TBLRD™+ TBLPTR is incremented after the read/write

TBLWT*+

TBLRD* - TBLPTR is decremented after the read/write

TBLWT* -

TBLRD+* TBLPTR is incremented before the read/write

TBLWT+*

FIGURE 7-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0
A A A A

TABLE ERASE/WRITE TABLE WRITE
TBLPTR<21:6> TBLPTR<5:0>

TABLE READ - TBLPTR<21:0>
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7.3 Reading the Flash Program TBLPTR points to a byte address in program space.
Memory Executing TBLRD places the byte pointed to into
TABLAT. In addition, the TBLPTR can be modified

The TBLRD instruction is used to retrieve data from automatically for the next table read operation.

program memory and places it into data RAM. Table

reads from program memory are performed, one byte The internal program memory is typically organized by

words. The Least Significant bit of the address selects

ata time. between the high and low bytes of the word. Figure 7-4
shows the interface between the internal program
memory and the TABLAT.

FIGURE 7-4: READS FROM FLASH PROGRAM MEMORY

Program Memory

(Even Byte Address) (Odd Byte Address)

TBLPTR = xxxxx1 TBLPTR = xxxxx0

Instruction Register TABLAT
(IR) —— FETCH TBLRD——|  Read Register

EXAMPLE 7-1: READING A FLASH PROGRAM MEMORY WORD

BCF EECON1, CFGS ; point to Flash program memory
BSF EECON1, EEPGD ; access Flash program memory
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base
MOVWE  TBLPTRU ; address of the word

MOVLW CODE_ADDR HIGH
MOVWE' TBLPTRH

MOVLW CODE_ADDR_LOW
MOVWEF TBLPTRL

READ_WORD
TBLRD*+ ; read into TABLAT and increment
MOVF TABLAT, W ; get data
MOVWE WORD_EVEN
TBLRD*+ ; read into TABLAT and increment
MOVF TABLAT, W ; get data

MOVEFE WORD_ODD
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7.4 Erasing Flash Program Memory

The erase blocks are:

* PIC18FX5K22 and PIC18FX6K22 — 32 words or
64 bytes

* PIC18FX7K22 — 64 words or 128 bytes
Word erase in the Flash array is not supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 or 128 bytes of program
memory is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased. The
TBLPTR<5:0> bits are ignored.

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

For protection, the write initiate sequence for EECON2
must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

7.4.1 FLASH PROGRAM MEMORY
ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load the Table Pointer register with the address
of the row to be erased.

2. Setthe EECON1 register for the erase operation:

» Set the EEPGD bit to point to program memory

» Clear the CFGS bit to access program memory

» Set the WREN bit to enable writes

» Set the FREE bit to enable the erase

Disable the interrupts.

Write 0x55 to EECONZ2.

Write OxAA to EECON2.

Set the WR bit.

This begins the row erase cycle.

The CPU will stall for the duration of the erase
for Tiw. (See Parameter D133A.)

7. Re-enable interrupts.

@ o b~ w

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWE TBLPTRH
MOVLW CODE_ADDR LOW
MOVWE TBLPTRL
ERASE_ROW

BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts

Required MOVLW  0x55

Sequence MOVWEF  EECON2 ; write 55h
MOVLW 0xAA
MOVWEF EECON2 ; write OAAh

BSF EECON1, WR
BSF INTCON, GIE

; start erase (CPU stall)
; re-enable interrupts

© 2009-2018 Microchip Technology Inc.
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7.5 Writing to Flash Program Memory

The programming blocks are:

* PIC18FX5K22 and PIC18FX6K22 — 32 words or
64 bytes

* PIC18FX7K22 — 64 words or 128 bytes
Word or byte programming is not supported.

Table writes are used internally to load the holding
registers needed to program the Flash memory. The
number of holding registers used for programming by
the table writes are:

» PIC18FX5K22 and PIC18FX6K22 — 64
» PIC18FX7K22 — 128

Since the Table Latch (TABLAT) is only a single byte, the
TBLWT instruction may need to be executed 64 times for
each programming operation. All of the table write oper-
ations will essentially be short writes because only the
holding registers are written. At the end of updating the
64 or 128 holding registers, the EECON1 register must
be written to in order to start the programming operation
with a long write.

FIGURE 7-5:

The long write is necessary for programming the
internal Flash. Instruction execution is halted while in a
long write cycle. The long write is terminated by the
internal programming timer.

The EEPROM on-chip timer controls the write time.
The write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device.

Note:  The default value of the holding registers
on device Resets, and after write opera-
tions, is FFh. A write of FFh to a holding
register does not modify that byte. This
means that individual bytes of program
memory may be modified, provided that
the change does not attempt to change
any bit from a ‘0’ to a ‘1’. When modifying
individual bytes, it is not necessary to load
all 64 or 128 holding registers before
executing a write operation.

TABLE WRITES TO FLASH PROGRAM MEMORY

Write Register

Program Memory
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FLASH PROGRAM MEMORY WRITE
SEQUENCE

The sequence of events for programming an internal
program memory location should be:

1.
2.
3.

10.
1.

12.
13.

Read the 64 or 128 bytes into RAM.
Update the data values in RAM as necessary.

Load the Table Pointer register with the address
being erased.

Execute the row erase procedure.

Load the Table Pointer register with the address
of the first byte being written.

Write the 64 or 128 bytes into the holding
registers with auto-increment.

Set the EECON1 register for the write operation:

» Set the EEPGD bit to point to program memory
+ Clear the CFGS bit to access program memory
» Set the WREN to enable byte writes

Disable the interrupts.

Write 0x55 to EECONZ2.

Write OXAA to EECON2.

Set the WR bit. This will begin the write cycle.
The CPU will stall for duration of the write for Tiw
(see Parameter D133A).

Re-enable the interrupts.
Verify the memory (table read).

An example of the required code is shown in
Example 7-3.

Note:

Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the 64 or
128 bytes in the holding register.

Note:

Self-write execution to Flash and
EEPROM memory cannot be done while
running in LP Oscillator mode (Low-Power
mode). Therefore, executing a self-write
will put the device into High-Power mode.
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EXAMPLE 7-3: WRITING TO FLASH PROGRAM MEMORY

MOVLW  SIZE_OF_ BLOCK ; number of bytes in erase block
MOVWE COUNTER
MOVLW  BUFFER_ADDR HIGH ; point to buffer
MOVWEF FSROH
MOVLW BUFFER_ADDR_LOW
MOVWE  FSROL
MOVLW CODE_ADDR UPPER ; Load TBLPTR with the base
MOVWE  TBLPTRU ; address of the memory block
MOVLW CODE_ADDR HIGH
MOVWEF TBLPTRH
MOVLW CODE_ADDR LOW
MOVWE  TBLPTRL

READ BLOCK
TBLRD*+ ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWE  POSTINCO ; store data
DECFSZ COUNTER ; done?
BRA READ BLOCK ; repeat

MODIFY WORD
MOVLW DATA ADDR HIGH ; point to buffer
MOVWE  FSROH
MOVLW DATA ADDR LOW
MOVWE FSROL
MOVLW  NEW_DATA LOW ; update buffer word
MOVWEF POSTINCO
MOVLW NEW_DATA HIGH
MOVWE  INDFO

ERASE BLOCK
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWE  TBLPTRU ; address of the memory block
MOVLW CODE_ADDR HIGH
MOVWE TBLPTRH
MOVLW CODE_ADDR LOW
MOVWEF TBLPTRL
BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 0x55

Required MOVWE  EECON2 ; write 55h

Sequence MOVLW 0xAA
MOVWEF EECON2 ; write OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
TBLRD*- ; dummy read decrement
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWE  FSROH
MOVLW BUFFER ADDR LOW
MOVWE FSROL

WRITE BUFFER BACK
MOVLW SIZE OF BLOCK ; number of bytes in holding register
MOVWE COUNTER

WRITE BYTE TO_ HREGS
MOVFF  POSTINCO, WREG ; get low byte of buffer data
MOVWE  TABLAT ; present data to table latch
TBLWT+* ; write data, perform a short write

; to internal TBLWT holding register.

DECFSZ COUNTER ; loop until buffers are full
BRA WRITE_BYTE TO_HREGS
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EXAMPLE 7-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
PROGRAM MEMORY
BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BCF INTCON, GIE ; disable interrupts
MOVLW 0x55
Required MOVWE  EECON2 ; write 55h
Sequence MOVLW 0xAA
MOVWE EECON2 ; write OAAh
BSF EECON1, WR ; start program (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
BCF EECON1, WREN ; disable write to memory
7.5.2 WRITE VERIFY 754 PROTECTION AGAINST
SPURIOUS WRITES

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

7.5.3 UNEXPECTED TERMINATION OF

WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and repro-
grammed if needed. If the write operation is interrupted
by a MCLR Reset or a WDT Time-out Reset during
normal operation, the user can check the WRERR bit
and rewrite the location(s) as needed.

To protect against spurious writes to Flash program
memory, the write initiate sequence must also be
followed. See Section 28.0 “Special Features of the
CPU” for more details.

7.6 Flash Program Operation During

Code Protection
See Section 28.6 “Program Verification and Code

Protection” for details on code protection of Flash
program memory.

TABLE 7-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TBLPTRU — — bit 21() | Program Memory Table Pointer Upper Byte (TBLPTR<20:16>)
TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>)
TBLPTRL |Program Memory Table Pointer Low Byte (TBLPTR<7:0>)
TABLAT Program Memory Table Latch
INTCON GIE/GIEH | PEIE/GIEL ‘ TMROIE | INTOIE ‘ RBIE TMROIF INTOIF RBIF
EECON2 |EEPROM Control Register 2 (not a physical register)
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD
IPR6 — — — EEIP — CMP3IP CMP2IP CMP1IP
PIR6 — — — EEIF — CMP3IF CMP2IF CMP1IF
PIE6 — — — EEIE — CMP3IE CMP2IE CMP1IE
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
Note 1: Bit 21 of the TBLPTRU allows access to the device Configuration bits.
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8.0 EXTERNAL MEMORY BUS

Note: The External Memory Bus is not
implemented on 64-pin devices.

The External Memory Bus (EMB) allows the device to
access external memory devices (such as Flash,
EPROM or SRAM) as program or data memory. It
supports both 8 and 16-Bit Data Width modes and
three address widths of up to 20 bits.

The bus is implemented with 28 pins, multiplexed
across four 1/0 ports. Three ports (PORTD, PORTE
and PORTH) are multiplexed with the address/data bus
for a total of 20 available lines, while PORTJ is
multiplexed with the bus control signals.

A list of the pins and their functions is provided in
Table 8-1.

TABLE 8-1: PIC18F87K22 FAMILY EXTERNAL BUS - I/O PORT FUNCTIONS
Name Port Bit External Memory Bus Function
RDO/ADO PORTD 0 Address Bit 0 or Data Bit 0
RD1/AD1 PORTD 1 Address Bit 1 or Data Bit 1
RD2/AD2 PORTD 2 Address Bit 2 or Data Bit 2
RD3/AD3 PORTD 3 Address Bit 3 or Data Bit 3
RD4/AD4 PORTD 4 Address Bit 4 or Data Bit 4
RD5/AD5 PORTD 5 Address Bit 5 or Data Bit 5
RD6/AD6 PORTD 6 Address Bit 6 or Data Bit 6
RD7/AD7 PORTD 7 Address Bit 7 or Data Bit 7
REO/AD8 PORTE 0 Address Bit 8 or Data Bit 8
RE1/AD9 PORTE 1 Address Bit 9 or Data Bit 9
RE2/AD10 PORTE 2 Address Bit 10 or Data Bit 10
RE3/AD11 PORTE 3 Address Bit 11 or Data Bit 11
RE4/AD12 PORTE 4 Address Bit 12 or Data Bit 12
RE5/AD13 PORTE 5 Address Bit 13 or Data Bit 13
RE6/AD14 PORTE 6 Address Bit 14 or Data Bit 14
RE7/AD15 PORTE 7 Address Bit 15 or Data Bit 15
RHO/A16 PORTH 0 Address Bit 16
RH1/A17 PORTH 1 Address Bit 17
RH2/A18 PORTH 2 Address Bit 18
RH3/A19 PORTH 3 Address Bit 19
RJO/ALE PORTJ 0 Address Latch Enable (ALE) Control pin
RJ1/OE PORTJ 1 Output Enable (OE) Control pin
RJ2/WRL PORTJ 2 Write Low (WRL) Control pin
RJ3/WRH PORTJ 3 | Write High (WRH) Control pin
RJ4/BAO PORTJ 4 Byte Address Bit 0 (BAOQ)
RJ5/CE PORTJ 5 Chip Enable (CE) Control pin
RJ6/LB PORTJ 6 Lower Byte Enable (LB) Control pin
RJ7/UB PORTJ 7 Upper Byte Enable (UB) Control pin

Note: For the sake of clarity, only I/0O port and external bus assignments are shown here. One or more additional
multiplexed features may be available on some pins.
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8.1 External Memory Bus Control The operation of the EBDIS bit is also influenced by the

) ) ) program memory mode being used. This is discussed
The operation _of the |nt§rface is conFroIIed .by the in more detail in Section 8.5 “Program Memory
MEMCON register (Register 8-1). This register is Modes and the External Memory Bus”.

available in all program memory operating modes
except Microcontroller mode. In this mode, the register
is disabled and cannot be written to.

The EBDIS bit (MEMCON<7>) controls the operation
of the bus and related port functions. Clearing EBDIS
enables the interface and disables the I/O functions of
the ports, as well as any other functions multiplexed to
those pins. Setting the bit enables the I/O ports and
other functions, but allows the interface to override
everything else on the pins when an external memory
operation is required. By default, the external bus is
always enabled and disables all other I/O.

The WAIT bits allow for the addition of Wait states to
external memory operations. The use of these bits is
discussed in Section 8.3 “Wait States”.

The WM bits select the particular operating mode used
when the bus is operating in 16-Bit Data Width mode.
These bits are discussed in more detail in Section 8.6
“16-Bit Data Width Modes”. These bits have no effect
when an 8-Bit Data Width mode is selected.

REGISTER 8-1:  MEMCON: EXTERNAL MEMORY BUS CONTROL REGISTER("

R/W-0 u-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
EBDIS — WAIT1 WAITO — — WM1 WMO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EBDIS: External Bus Disable bit

1 = External bus is enabled when microcontroller accesses external memory; otherwise, all external
bus drivers are mapped as 1/O ports
0 = External bus is always enabled, 1/O ports are disabled

bit 6 Unimplemented: Read as ‘0’
bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count bits

11 = Table reads and writes will wait 0 Tcy
10 = Table reads and writes will wait 1 Tcy
01 = Table reads and writes will wait 2 Tcy
00 = Table reads and writes will wait 3 Tcy

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 WM<1:0>: TBLWT Operation with 16-Bit Data Bus Width Select bits

1x = Word Write mode: TABLAT word output; WRH is active when TABLAT is written
01 = Byte Select mode: TABLAT data is copied on both MSB and LSB; WRH and (UB or LB) will activate
00 = Byte Write mode: TABLAT data is copied on both MSB and LSB; WRH or WRL will activate

Note 1: Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0.
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8.2 Address and Data Width

The PIC18F87K22 family of devices can be inde-
pendently configured for different address and data
widths on the same memory bus. Both address and
data width are set by Configuration bits in the CON-
FIG3L register. As Configuration bits, this means that
these options can only be configured by programming
the device and are not controllable in software.

The BW bit selects an 8-bit or 16-bit data bus width.
Setting this bit (default) selects a data width of 16 bits.

The ABW<1:0> bits determine both the program mem-
ory operating mode and the address bus width. The
available options are 20-bit, 16-bit and 12-bit, as well
as Microcontroller mode (external bus is disabled).
Selecting a 16-bit or 12-bit width makes a correspond-
ing number of high-order lines available for 1/O
functions. These pins are no longer affected by the
setting of the EBDIS bit. For example, selecting a
16-Bit Addressing mode (ABW<1:0>=01) disables
A<19:16> and allows PORTH<3:0> to function without
interruptions from the bus. Using the smaller address
widths allows users to tailor the memory bus to the size
of the external memory space for a particular design
while freeing up pins for dedicated I/O operation.

Because the ABW bits have the effect of disabling pins
for memory bus operations, it is important to always
select an address width at least equal to the data width.
If a 12-bit address width is used with a 16-bit data
width, the upper four bits of data will not be available on
the bus.

All combinations of address and data widths require
multiplexing of address and data information on the
same lines. The address and data multiplexing, as well
as /0 ports made available by the use of smaller
address widths, are summarized in Table 8-2.

8.2.1 ADDRESS SHIFTING ON THE
EXTERNAL BUS

By default, the address presented on the external bus
is the value of the PC. In practical terms, this means
that addresses in the external memory device, below
the top of on-chip memory, are unavailable to the
microcontroller. To access these physical locations, the
glue logic between the microcontroller and the external
memory must somehow translate addresses.

To simplify the interface, the external bus offers an
extension of Extended Microcontroller mode that
automatically performs address shifting. This feature is
controlled by the EASHFT Configuration bit. Setting
this bit offsets addresses on the bus by the size of the
microcontroller’s on-chip program memory and sets
the bottom address at 0000h. This allows the device to
use the entire range of physical addresses of the
external memory.

8.2.2 21-BIT ADDRESSING

As an extension of 20-bit address width operation, the
External Memory Bus can also fully address a 2-Mbyte
memory space. This is done by using the Bus Address
Bit 0 (BAO) control line as the Least Significant bit of the
address. The UB and LB control signals may also be
used with certain memory devices to select the upper
and lower bytes within a 16-bit wide data word.

This addressing mode is available in both 8-Bit and
certain 16-Bit Data Width modes. Additional details are
provided in Section 8.6.3 “16-Bit Byte Select Mode”
and Section 8.7 “8-Bit Data Width Mode”.

TABLE 8-2: ADDRESS AND DATA LINES FOR DIFFERENT ADDRESS AND DATA WIDTHS
Multiplexed Data and | Address Only Lines Ports Available
Data Width Address Width Address Lines (and (and Corresponding
. for /O
Corresponding Ports) Ports)
12-bit AD<11:8> PORTE<7:4>,
(PORTE<3:0>) All of PORTH
. AD<15:8>
. 16-bit AD<7:0> . All of PORTH
8-bit (PORTD<7:0>) (PORTE<7:0>)
A<19:16>, AD<15:8>
20-bit (PORTH<3:0>, —
PORTE<7:0>)
16-bit AD<15:0> — All of PORTH
16-bit . (PORTD<7:0>, A<19:16>
20-bit PORTE<7:0>) (PORTH<3:0>) —
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8.3 Wait States

While it may be assumed that external memory devices
will operate at the microcontroller clock rate, this is
often not the case. In fact, many devices require longer
times to write or retrieve data than the time allowed by
the execution of table read or table write operations.

To compensate for this, the External Memory Bus can
be configured to add a fixed delay to each table opera-
tion using the bus. Wait states are enabled by setting
the WAIT Configuration bit. When enabled, the amount
of delay is set by the WAIT<1:0> bits (MEMCON<5:4>).
The delay is based on multiples of microcontroller
instruction cycle time and is added following the
instruction cycle when the table operation is executed.
The range is from no delay to 3 Tcy (default value).

8.4 Port Pin Weak Pull-ups

With the exception of the upper address lines,
A<19:16>, the pins associated with the External Mem-
ory Bus are equipped with weak pull-ups. The pull-ups
are controlled by the upper three bits of the PADCFG1
register (PADCFG1<7:5>). They are named RDPU,
REPU and RJPU, and control pull-ups on PORTD,
PORTE and PORTJ, respectively. Setting one of these
bits enables the corresponding pull-ups for that port. All
pull-ups are disabled by default on all device Resets.

In Extended Microcontroller mode, the port pull-ups
can be useful in preserving the memory state on the
external bus while the bus is temporarily disabled
(EBDIS = 1).

8.5 Program Memory Modes and the
External Memory Bus

The PIC18F87K22 family of devices is capable of
operating in one of two program memory modes, using
combinations of on-chip and external program memory.
The functions of the multiplexed port pins depend on
the program memory mode selected, as well as the
setting of the EBDIS bit.

In Microcontroller Mode, the bus is not active and the
pins have their port functions only. Writes to the
MEMCOM register are not permitted. The Reset value
of EBDIS (‘0’) is ignored and the ABW pins behave as
I/O ports.

In Extended Microcontroller Mode, the external
program memory bus shares 1/O port functions on the
pins. When the device is fetching or doing table
read/table write operations on the external program
memory space, the pins will have the external bus
function.

If the device is fetching and accessing internal program
memory locations only, the EBDIS control bit will
change the pins from external memory to I/O port

functions. When EBDIS = 0, the pins function as the
external bus. When EBDIS = 1, the pins function as I/O
ports.

If the device fetches or accesses external memory
while EBDIS = 1, the pins will switch to the external
bus. If the EBDIS bit is set by a program executing from
external memory, the action of setting the bit will be
delayed until the program branches into the internal
memory. At that time, the pins will change from external
bus to I/O ports.

If the device is executing out of internal memory when
EBDIS = 0, the memory bus address/data and control
pins will not be active. They will go to a state where the
active address/data pins are tri-state, the CE, OE,
WRH, WRL, UB and LB signals are ‘1’, and ALE and
BAO are ‘0’. Note that only those pins associated with
the current address width are forced to tri-state; the
other pins continue to function as I/0O. In the case of
16-bit address width, for example, only AD<15:0>
(PORTD and PORTE) are affected; A<19:16>
(PORTH<3:0>) continue to function as I/0.

In all external memory modes, the bus takes priority
over any other peripherals that may share pins with it.
This includes the Parallel Master Port (PMP) and serial
communication modules which would otherwise take
priority over the 1/0 port.

8.6 16-Bit Data Width Modes

In 16-Bit Data Width mode, the external memory
interface can be connected to external memories in
three different configurations:

» 16-Bit Byte Write
» 16-Bit Word Write
» 16-Bit Byte Select

The configuration to be used is determined by the
WM<1:0> bits in the MEMCON register
(MEMCON<1:0>). These three different configurations
allow the designer maximum flexibility in using both
8-bit and 16-bit devices with 16-bit data.

For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the Address bits, AD<15:0>, are
available on the external memory interface bus. Follow-
ing the address latch, the Output Enable (OE) signal
will enable both bytes of program memory at once to
form a 16-bit instruction word. The Chip Enable (CE
signal) is active at any time that the microcontroller
accesses external memory, whether reading or writing;
it is inactive (asserted high) whenever the device is in
Sleep mode.

In Byte Select mode, JEDEC® standard Flash memo-
ries will require BAO for the byte address line and one
I/O line to select between Byte and Word mode. The
other 16-bit modes do not need BAO. JEDEC standard
static RAM memories will use the UB or LB signals for
byte selection.
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8.6.1 16-BIT BYTE WRITE MODE During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD<15:0> bus. The appropriate WRH or WRL control
line is strobed on the LSb of the TBLPTR.

Figure 8-1 shows an example of 16-Bit Byte Write
mode for PIC18F87K22 family devices. This mode is
used for two separate 8-bit memories connected for
16-bit operation. This generally includes basic EPROM
and Flash devices. It allows table writes to byte-wide
external memories.

FIGURE 8-1: 16-BIT BYTE WRITE MODE EXAMPLE

D<7:0>

PIC18F87K22 (MSB) (LSB)
. A<19:0>
AD<7:0> 373 A<x:0> P A<x.0>

D<15:8> D<7:0>

>
ey D<7:0> €= D<7:0>
CE CE

AD<15:8> P 373 OE WR® O WR®
ALE .

A<19:16>(1

\ 4

CE
OE
WRH
WRL

Address Bus

Data Bus F—

Control Lines

Note 1: Upper order address lines are used only for 20-bit address widths.
2: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.
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8.6.2 16-BIT WORD WRITE MODE

Figure 8-2 shows an example of 16-Bit Word Write
mode for PIC18F87K22 family devices. This mode is
used for word-wide memories, which includes some of
the EPROM and Flash type memories. This mode
allows opcode fetches and table reads from all forms of
16-bit memory, and table writes to any type of
word-wide external memories. This method makes a
distinction between TBLWT cycles to even or odd
addresses.

During a TBLWT cycle to an even address
(TBLPTR<0> = 0), the TABLAT data is transferred to a
holding latch and the external address data bus is
tri-stated for the data portion of the bus cycle. No write
signals are activated.

FIGURE 8-2:

During a TBLWT cycle to an odd address
(TBLPTR<0> = 1), the TABLAT data is presented on
the upper byte of the AD<15:0> bus. The contents of
the holding latch are presented on the lower byte of the
AD<15:0> bus.

The WRH signal is strobed for each write cycle; the
WRL pin is unused. The signal on the BAO pin indicates
the LSb of the TBLPTR, but it is left unconnected.
Instead, the UB and LB signals are active to select both
bytes. The obvious limitation to this method is that the
table write must be done in pairs on a specific word
boundary to correctly write a word location.

16-BIT WORD WRITE MODE EXAMPLE

PIC18F87K22
AD<7:0> 373

A<20:1> | A<x0> JEDEC® Word

EPROM Memory
D<15:0>

AD<15:8> e

ALE

373

A<19:16>(1)

P D<15:0>

CE OE WRW@

CE
OE

WRH

Note 1: Upper order address lines are used only for 20-bit address widths.
2: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.

Address Bus
Data Bus
Control Lines

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 121



PIC18F87K22 FAMILY

8.6.3 16-BIT BYTE SELECT MODE

Figure 8-3 shows an example of 16-Bit Byte Select
mode. This mode allows table write operations to
word-wide external memories with byte selection
capability. This generally includes both word-wide
Flash and SRAM devices.

During a TBLWT cycle, the TABLAT data is presented
on the upper and lower byte of the AD<15:0> bus. The
WRH signal is strobed for each write cycle; the WRL
pin is not used. The BAO or UB/LB signals are used to
select the byte to be written, based on the Least
Significant bit of the TBLPTR register.

Flash and SRAM devices use different control signal
combinations to implement Byte Select mode. JEDEC
standard Flash memories require that a controller I/O
port pin be connected to the memory’s BYTE/WORD
pin to provide the select signal. They also use the BAO
signal from the controller as a byte address. JEDEC
standard static RAM memories, on the other hand, use
the UB or LB signals to select the byte.

FIGURE 8-3: 16-BIT BYTE SELECT MODE EXAMPLE
>
PIC18F87K22
A<20:1>
AD<7:0> |« P 373 P A<x:1>  JEDEC®Word
—> Flash Memory
D<15:0>
D<15:0> [y
s _
AD<15:8> | > 1380 CE
N 373 =P AO
ALE BYTE/IWORD OE WR("
A<19:16>? P
OE
WRH
WRL A<20:1> | A<xi>  JEDEC® Word
BAO SRAM Memory
10 D<15:0>
LS CE D<15:0> | ey
LB LB
uB UB OE WR(®
Address Bus —
Data Bus —

Note 1: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.
2: Upper order address lines are used only for 20-bit address width.
3: Demultiplexing is only required when multiple memory devices are accessed.

Control Lines E—
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8.6.4

16-BIT MODE TIMING

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

FIGURE 8-4: EXTERNAL MEMORY BUS TIMING FOR TBLRD
(EXTENDED MICROCONTROLLER MODE)
|
Q1‘Q2‘Q3‘Q4 Q1‘Q2‘Q3‘Q4 Q1‘Q2‘QS‘Q4 Q1‘Q2‘Q3’Q4|
I
A<19:16> — | |< och D |
I I | | I
AD<15:0> — I —{crasn—( o2s6h ) |
_ | | | |
CE | | | \ i / |
ALE _| I |/ \ | |
] I | | |
OE | | | ] |
Memory | Opcode Fetch | Opcode Fetch | TBLRD 92h | Opcode Fetch |
Cycle | TBLRD * | MOVLW 55h | from 199E67h | ADDLW 55h |
| from 000100h | from 000102h from 000104h

I | |

Instruction INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW

Execution
FIGURE 8-5: EXTERNAL MEMORY BUS TIMING FOR SLEEP

(EXTENDED MICROCONTROLLER MODE)

A<19:16>

AD<15:0>

CE

ALE

OE

Memory
Cycle

Instruction
Execution

Q1‘Q2‘Q3‘Q4 Q1‘Q2‘Q3‘Q4 o -

X 00h >< 00h \

/

{ |

—I—<3AAAh>—< 0003h |>—<3AABh>—< 0E55h 9
| f

| | /
I |

| i '

|

I
Opcode Fetch |
T

SLEEP
from 007554h

INST(PC - 2)

|
|
|
I N I W
|
|

Opcode Fetch
MOVLW 55h
from 007556h

Sleep Mode, Bus Inactive

\J

SLEEP
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8.7 8-Bit Data Width Mode

In 8-Bit Data Width mode, the External Memory Bus
operates only in Multiplexed mode; that is, data shares
the 8 Least Significant bits of the address bus.

Figure 8-6 shows an example of 8-Bit Multiplexed
mode for PIC18F8XK22 devices. This mode is used for
a single, 8-bit memory connected for 16-bit operation.
The instructions will be fetched as two 8-bit bytes on a
shared data/address bus. The two bytes are sequen-
tially fetched within one instruction cycle (Tcy).
Therefore, the designer must choose external memory
devices according to timing calculations based on
1/2 Tcy (2 times the instruction rate). For proper mem-
ory speed selection, glue logic propagation delay times
must be considered, along with setup and hold times.

The Address Latch Enable (ALE) pin indicates that the
Address bits, AD<15:0>, are available on the External
Memory Bus interface. The Output Enable (OE) signal

will enable one byte of program memory for a portion of
the instruction cycle, then BAO will change and the
second byte will be enabled to form the 16-bit instruc-
tion word. The Least Significant bit of the address, BAO,
must be connected to the memory devices in this
mode. The Chip Enable (CE) signal is active at any
time that the microcontroller accesses external
memory, whether reading or writing. It is inactive
(asserted high) whenever the device is in Sleep mode.

This generally includes basic EPROM and Flash
devices. It allows table writes to byte-wide external
memories.

During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD<15:0> bus. The appropriate level of the BAO control
line is strobed on the LSb of the TBLPTR.

FIGURE 8-6: 8-BIT MULTIPLEXED MODE EXAMPLE
D<7:0>
PIC18F87K22
. A<19:0>
AD<7:0> 373 > A<x:1>
ALE D<15:8> AO
&—)-|D<7:0>
AD<15:8>(1) —
CE
A<19:16>(1 OE WR®@
BAO
CE
OE
WRL
Address Bus —
Data Bus ——
Control Lines e
Note 1: Upper order address bits are only used for 20-bit address width. The upper AD byte is used for all

address widths except 8-bit.

2: This signal only applies to table writes. See Section 7.1 “Table Reads and Table Writes”.
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8.7.1 8-BIT MODE TIMING

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

Figure 8-7 and Figure 8-8.

FIGURE 8-7: EXTERNAL MEMORY BUS TIMING FOR TBLRD
(EXTENDED MICROCONTROLLER MODE)
I
Q1‘Q2‘QS‘Q4 Q1‘Q2’QS‘Q4 Q1‘Q2‘Q3‘Q4 Q1’Q2‘Q3‘Q4|
I
A<19:16> — | |< och D '
I | .
AD<15:8> | | : < CFh '|> :
AD<7:0> —] | ! < 33h >—< 92h b |
| | I I I
ALE _| | L/ \ I I
I | | I I
OE | | | — I
Memory | Opcode Fetch | Opcode Fetch | TBLRD 92h | Opcode Fetch |
Cycle | TBLRD * ! MOVLW 55h I from 199E67h I ADDLW 55h [
‘ from 000100h from 000102h from 000104h
Igiggﬁzgz INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
FIGURE 8-8: EXTERNAL MEMORY BUS TIMING FOR SLEEP
(EXTENDED MICROCONTROLLER MODE)
Q1‘Q2‘Q3‘Q4 Q1‘Q2‘QS‘Q4 Ql - - - - e e >
A<19:16> 00h 00h h
A A /
AD<15:8> J—( 3Ah >< 3Ah I>
| | |
AD<7:0> AI—< AAh >—< 00h >< 03h |>—< ABh >—< 0Eh>< 55h |>
| | |
BAO | / N / (N
@ : /
I
ALE _| [\ L/ \ |
I | |
A e U A U
Memory Opcode Fetch Opcode Fetch B Sleep Mode, Bus Inactive o
Cycle SLEEP MOVLW 55h - o
from 007554h from 007556h
Instructi
B oo tion INST(PC - 2) SLEEP
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8.8 Operation in Power-Managed

Modes

In alternate, power-managed Run modes, the external
bus continues to operate normally. If a clock source
with a lower speed is selected, bus operations will run
at that speed. In these cases, excessive access times
for the external memory may result if Wait states have
been enabled and added to external memory opera-
tions. If operations in a lower power Run mode are
anticipated, users should provide in their applications
for adjusting memory access times at the lower clock
speeds.

In Sleep and Idle modes, the microcontroller core does
not need to access data; bus operations are
suspended. The state of the external bus is frozen, with
the address/data pins, and most of the control pins,
holding at the same state they were in when the mode
was invoked. The only potential changes are to the CE,
LB and UB pins, which are held at logic high.

TABLE 8-3: REGISTERS ASSOCIATED WITH THE EXTERNAL MEMORY BUS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MEMCON™ | EBDIS — WAIT1 WAITO — — WM1 WMO
PADCFG1 RDPU REPU RJPU( — — RTSECSEL1|RTSECSELO —
PMD1 PSPMD | CTMUMD | RTCCMD | TMR4MD | TMR3MD | TMR2MD TMR1MD EMBMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during External Memory Bus access.
Note 1: Unimplemented in 64-pin devices (PIC18F6XK22), read as ‘0’.
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9.0 DATA EEPROM MEMORY

The data EEPROM is a nonvolatile memory array,
separate from the data RAM and program memory, that
is used for long-term storage of program data. It is not
directly mapped in either the register file or program
memory space, but is indirectly addressed through the
Special Function Registers (SFRs). The EEPROM is
readable and writable during normal operation over the
entire VDD range.

Five SFRs are used to read and write to the data
EEPROM, as well as the program memory. They are:

+ EECON1
+ EECON2
« EEDATA
+ EEADR

+ EEADRH

The data EEPROM allows byte read and write. When
interfacing to the data memory block, EEDATA holds
the 8-bit data for read/write and the EEADRH:EEADR
register pair holds the address of the EEPROM location
being accessed.

The EEPROM data memory is rated for high erase/write
cycle endurance. A byte write automatically erases the
location and writes the new data (erase-before-write).
The write time is controlled by an on-chip timer; it will
vary with voltage and temperature, as well as from chip-
to-chip. Please refer to Parameter D122 (Table 31-1 in
Section 31.0 “Electrical Characteristics”) for exact
limits.

9.1 EEADR and EEADRH Registers

The EEADRH:EEADR register pair is used to address
the data EEPROM for read and write operations.
EEADRH holds the two MSbs of the address; the upper
6 bits are ignored. The 10-bit range of the pair can
address a memory range of 1024 bytes (00h to 3FFh).

9.2 EECON1 and EECON2 Registers

Access to the data EEPROM is controlled by two
registers: EECON1 and EECON2. These are the same
registers which control access to the program memory
and are used in a similar manner for the data
EEPROM.

The EECONT1 register (Register 9-1) is the control
register for data and program memory access. Control
bit, EEPGD, determines if the access will be to program
memory or data EEPROM memory. When clear,
operations will access the data EEPROM memory.
When set, program memory is accessed.

Control bit, CFGS, determines if the access will be to
the Configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access Configuration registers. When CFGS is clear,
the EEPGD bit selects either program Flash or data
EEPROM memory.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set in hardware when the WREN bit is set, and cleared,
when the internal programming timer expires and the
write operation is complete.

Note:  During normal operation, the WRERR is
read as ‘1’. This can indicate that a write
operation was prematurely terminated by
a Reset or a write operation was

attempted improperly.

The WR control bit initiates write operations. The bit
cannot be cleared, only set, in software. It is cleared in
hardware at the completion of the write operation.

Note: The EEIF interrupt flag bit (PIR6<4>) is
set when the write is complete; it must be
cleared in software.

Control bits, RD and WR, start read and erase/write
operations, respectively. These bits are set by firmware
and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 7.1 “Table Reads
and Table Writes” regarding table reads.

The EECONZ2 register is not a physical register. It is
used exclusively in the memory write and erase
sequences. Reading EECON2 will read all ‘0’s.
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REGISTER 9-1: EECON1: DATA EEPROM CONTROL REGISTER 1

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR(") WREN WR RD
bit 7 bit 0
Legend: S = Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory
0 = Access data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers
0 = Access Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit
1 = Erase the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Perform write-only
bit 3 WRERR: Flash Program/Data EEPROM Error Flag bit(")
1 = A write operation is prematurely terminated (any Reset during self-timed programming in normal
operation or an improper write attempt)
0 = The write operation has completed
bit 2 WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles to Flash program/data EEPROM
0 = Inhibits write cycles to Flash program/data EEPROM
bit 1 WR: Write Control bit
1 = Initiates a data EEPROM erase/write cycle, or a program memory erase cycle or write cycle
(The operation is self-timed and the bit is cleared by hardware once the write is complete.
The WR bit can only be set (not cleared) in software.)
0 = Write cycle to the EEPROM is complete
bit 0 RD: Read Control bit
1 = Initiates an EEPROM read
(Read takes one cycle. RD is cleared in hardware. The RD bit can only be set (not cleared) in

software. The RD bit cannot be set when EEPGD = 1 or CFGS = 1.)
0 = Does not initiate an EEPROM read

Note 1: When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows tracing of the error
condition.
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9.3 Reading the Data EEPROM
Memory

To read a data memory location, the user must write the
address to the EEADRH:EEADR register pair, clear the
EEPGD control bit (EECON1<7>) and then set control
bit, RD (EECON1<0>). The data is available in the
EEDATA register after one cycle; therefore, it can be
read after one NOP instruction. EEDATA will hold this
value until another read operation or until it is written to
by the user (during a write operation).

The basic process is shown in Example 9-1.

9.4 Writing to the Data EEPROM
Memory

To write an EEPROM data location, the address must
first be written to the EEADRH:EEADR register pair
and the data written to the EEDATA register. The
sequence in Example 9-2 must be followed to initiate
the write cycle.

The write will not begin if this sequence is not exactly
followed (write 0x55 to EECONZ2, write OxAA to
EECONZ2, then set WR bit) for each byte. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution (i.e., runaway programs). The WREN bit should
be kept clear at all times, except when updating the
EEPROM. The WREN bit is not cleared by hardware.

After a write sequence has been initiated, EECON1,
EEADRH:EEADR and EEDATA cannot be modified.
The WR bit will be inhibited from being set unless the
WREN bit is set. The WREN bit must be set on a
previous instruction. Both WR and WREN cannot be
set with the same instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt,
or poll this bit. EEIF must be cleared by software.

9.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

Note:  Self-write execution to Flash and
EEPROM memory cannot be done while
running in LP Oscillator mode (Low-Power
mode). Therefore, executing a self-write

will put the device into High-Power mode.
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EXAMPLE 9-1: DATA EEPROM READ

MOVWE EEADRH

MOVWE  EEADR

BCF EECON1,
BCF EECON1,
BSF EECON1,
NOP

MOVF EEDATA,

MOVLW  DATA EE_ADDRH

MOVLW DATA EE_ADDR

EEPGD
CFGS
RD

W

’

; Upper bits of Data Memory Address to read

; Lower bits of Data Memory Address to read
; Point to DATA memory

; Access EEPROM

; EEPROM Read

; W = EEDATA

EXAMPLE 9-2: DATA EEPROM WRITE

MOVLW
MOVWE
MOVLW
MOVWE'
MOVLW
MOVWE
BCF
BCF
BSF

BCF
MOVLW
Required MOVWE
Sequence MOVLW
MOVWE
BSF
BTFSC
BSF

BCF

DATA EE ADDRH

EEADRH

DATA EE ADDR

EEADR

DATA EE DATA

EEDATA
EECON1,
EECON1,
EECON1,

INTCON,
0x55
EECON2
0xAA
EECON2
EECON1,
EECON1,
INTCON,

EECON1,

EEPGD
CEFGS
WREN

GIE

WR
WR
GIE

WREN

Upper bits of Data Memory Address to write
Lower bits of Data Memory Address to write

Data Memory Value to write
Point to DATA memory
Access EEPROM

Enable writes

Disable Interrupts

Write 55h

Write OAAh

Set WR bit to begin write

Wait for write to complete GOTO $-2

Enable Interrupts

User code execution
Disable writes on write complete (EEIF set)
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9.6 Operation During Code-Protect

Data EEPROM memory has its own code-protect bits in
the Configuration Words. External read and write
operations are disabled if code protection is enabled.

The microcontroller itself can both read and write to the
internal data EEPROM, regardless of the state of the
code-protect Configuration bit. Refer to Section 28.0
“Special Features of the CPU” for additional
information.

9.8 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that is updated often).
Frequently changing values will typically be updated
more often than Specification D124. If this is the case,
an array refresh must be performed. For this reason,
variables that change infrequently (such as constants,

IDs, calibration, etc.) should be stored in Flash program

9.7  Protection Against Spurious Write memory.

A simple data EEPROM refresh routine is shown in
Example 9-3.

If data EEPROM is only used to store
constants and/or data that changes often,
an array refresh is likely not required. See
Specification D124.

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have Note:
been implemented. On power-up, the WREN bit is
cleared. In addition, writes to the EEPROM are blocked
during the Power-up Timer period (TPWRT,
Parameter 33 in Table 31-13).

The write initiate sequence, and the WREN bit
together, help prevent an accidental write during
brown-out, power glitch or software malfunction.

EXAMPLE 9-3: DATA EEPROM REFRESH ROUTINE
CLRF EEADR ; Start at address O
CLRF EEADRH ;
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes

LOOP ; Loop to refresh array

BSF EECON1, RD ; Read current address
MOVLW 0x55 7
MOVWE EECON2 ; Write 55h
MOVLW 0xAA ;
MOVWE EECON2 ; Write OAAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA LOOP ; Not zero, do it again
INCFSZ EEADRH, F ; Increment the high address
BRA LOOP ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts
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TABLE 9-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
EEADRH |EEPROM Address Register High Byte
EEADR EEPROM Address Register Low Byte
EEDATA EEPROM Data Register
EECON2 |EEPROM Control Register 2 (not a physical register)
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD
IPR6 — — — EEIP — CMP3IP CMP2IP CMP1IP
PIR6 — — — EEIF — CMP3IF CMP2IF CMP1IF
PIE6 — — — EEIE — CMP3IE CMP2IE CMP1IE
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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10.0 8 x 8 HARDWARE MULTIPLIER
10.1

All PIC18 devices include an 8 x 8 hardware multiplier
as part of the ALU. The multiplier performs an unsigned
operation and yields a 16-bit result that is stored in the
product register pair, PRODH:PRODL. The multiplier’s
operation does not affect any flags in the STATUS
register.

Introduction

Making multiplication a hardware operation allows it to
be completed in a single instruction cycle. This has the
advantages of higher computational throughput and
reduced code size for multiplication algorithms and
allows PIC18 devices to be used in many applications
previously reserved for digital-signal processors. A
comparison of various hardware and software multiply
operations, along with the savings in memory and
execution time, is shown in Table 10-1.

10.2 Operation

Example 10-1 shows the instruction sequence for an 8 x
8 unsigned multiplication. Only one instruction is
required when one of the arguments is already loaded in
the WREG register.

Example 10-2 shows the sequence to do an 8 x 8
signed multiplication. To account for the sign bits of the
arguments, each argument’s Most Significant bit (MSb)
is tested and the appropriate subtractions are done.

EXAMPLE 10-1: 8 x 8 UNSIGNED
MULTIPLY ROUTINE

MOVF  ARGl, W ;

MULWF ~ ARG2 ; ARGl * ARG2 ->

; PRODH:PRODL

EXAMPLE 10-2:

8 x 8 SIGNED MULTIPLY
ROUTINE

MOVF ARGl, W

MULWF  ARG2 ; ARGl * ARG2 ->
; PRODH:PRODL

BTFSC ARG2, SB ; Test Sign Bit

SUBWF  PRODH, F ; PRODH = PRODH
; - ARG1

MOVF ARG2, W

BTFSC ARG1l, SB ; Test Sign Bit

SUBWE PRODH, F ; PRODH = PRODH
; - ARG2

TABLE 10-1: PERFORMANCE COMPARISON FOR VARIOUS MULTIPLY OPERATIONS
Program Cvcles Time
Routine Multiply Method Memory I¥II
Words) | (M2¥) | @ 64 MHz | @ 48 MHz | @ 10 MHz | @ 4 MHz
8 x 8 Unsigned Without Hardw.are Multiply 13 69 4.3 ps 5.7 us 27.6 us 69 us
Hardware Multiply 1 1 62.5 ns 83.3ns 400 ns 1ps
. Without Hardware Multiply 33 91 5.6 us 7.5 us 36.4 us 91 us
8 x 8 Signed -
Hardware Multiply 6 6 375ns 500 ns 24 s 6 us
16 X 16 Without Hardware Multiply 21 242 15.1 us 20.1 ps 96.8 us 242 ps
Unsigned Hardware Multiply 28 28 1.7 us 2.3 us 1.2 us 28 us
. Without Hardware Multiply 52 254 15.8 us 21.2 us 101.6 us | 254 us
16 x 16 Signed -
Hardware Multiply 35 40 25us 3.3 us 16.0 us 40 ps
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Example 10-3 shows the sequence to do a 16 x 16 EQUATION 10-2: 16 x 16 SIGNED
unsigned multiplication. Equation 10-1 shows the MULTIPLICATION
algorithm that is used. The 32-bit result is stored in four ALGORITHM
registers (RES3:RESO). RES3:RES0= ARGIH:ARGIL e ARG2H:ARG2L
= (ARGIH e ARG2H o 2%) +
EQUATION 10-1: 16 x 16 UNSIGNED (ARGIH o ARG2L e 28) +
MULTIPLICATION (ARGIL » ARG2H  2%) +
ALGORITHM (ARGIL e ARG2L) + y
(-1 « ARG2H<7> ¢ ARGIH:ARGIL ¢ 2'°) +
RES3:RESO = ARGIH:ARGIL » ARG2H:ARG2L (-1 « ARGIH<7> « ARG2H:ARG2L o 21°)
=  (ARGIH e ARG2H e 210) +

(ARGIH e ARG2L e 28) +

8
(ARGIL e ARG2H e 2°) + EXAMPLE 10-4: 16 x 16 SIGNED
(ARGIL ¢ ARG2L) MULTIPLY ROUTINE
MOVFE ARGIL, W
EXAMPLE 10-3: 16 x 16 UNSIGNED MULWF  ARG2L ; ARG1L * ARG2L ->
MULTIPLY ROUTINE 7 PRODH: PRODL
MOVFF  PRODH, RES1 ;
MOVE  ARGIL, W MOVFF  PRODL, RESO ;
MULWF  ARG2L ; ARG1L * ARG2L-> ;
; PRODH:PRODL MOVEF ARG1H, W
MOVFF  PRODH, RES1 ; MULWF  ARG2H ; ARG1H * ARG2H ->
MOVFF  PRODL, RESO ; ; PRODH:PRODL
; MOVFF  PRODH, RES3 ;
MOVFE ARG1H, W MOVFF  PRODL, RES2 ;
MULWF  ARG2H ; ARGLH * ARG2H-> ;
; PRODH:PRODL MOVF ARGIL, W
MOVFF PRODH, RES3 ; MULWF ARG2H ; ARGLIL * ARG2H ->
MOVFF  PRODL, RES2 ; 7 PRODH:PRODL
. MOVF PRODL, W ;
ADDWF RES1, F ; Add cross

MOVF ARGIL, W

MULWEF  ARG2H ; ARGIL * ARG2H->
; PRODH:PRODL

MOVF PRODL, W ;

MOVE PRODH, W ; products
ADDWFC RES2, F ;
CLRF WREG ;
ADDWFC RES3, F ;

ADDWF RES1, F ; Add cross .
MOVF PRODH, W ; products MOVF ARGIH, W ;
ADDWFC RESZ, F ; MULWE  ARG2L ; ARGIH * ARG2L ->
CLRF WREG i ; PRODH:PRODL
ADDWFC RES3, F ; MOVF PRODL, W ;
; ADDWF RES1, F ; Add cross
MOVF ARG1H, W ; MOVF PRODH, W ; products
MULWF  ARG2L ; ARGI1H * ARG2L-> ADDWFC RES2, F ;
; PRODH:PRODL CLRF WREG ;
MOVFE PRODL, W ; ADDWFC RES3, F ;
ADDWF RES1, F ; Add cross ;
MOVF PRODH, W ; products BTFSS ARG2H, 7 ; ARG2H:ARG2L neg-?
ADDWFEC RES2, F ; BRA SIGN_ARG]. ; no, check ARGl
CLRF WREG . MOVFE ARGIL, W ;
ADDWFC RES3, F ; SUBWF  RESZ ;
MOVF ARGIH, W ;
SUBWFB RES3 ; SIGN ARGl
Example 10-4 shows the sequence to do a 16 x 16 BTFSS ARG1H, 7 ; ARGIH:ARG1L neg?
signed multiply. Equation 10-2 shows the algorithm BRA CONT CODE  ; no, done
used. The 32-bit result is stored in four registers MOVF ARG2L, W ;
(RES3:RES0). To account for the sign bits of the SUBWE  RES2 i

MOVF ARG2H, W ;

arguments, the MSb for each argument pair is tested
SUBWFB RES3

and the appropriate subtractions are done. .

CONT CODE
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11.0 INTERRUPTS

Members of the PIC18F87K22 family of devices have
multiple interrupt sources and an interrupt priority
feature that allows most interrupt sources to be
assigned a high-priority level or a low-priority level. The
high-priority interrupt vector is at 0008h and the
low-priority interrupt vector is at 0018h. High-priority
interrupt events will interrupt any low-priority interrupts
that may be in progress.

The registers for controlling interrupt operation are:

+ RCON

* INTCON

* INTCONZ2

* INTCON3

* PIR1, PIR2, PIR3
» PIE1, PIE2, PIE3
* IPR1, IPR2, IPR3

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the
assembler/compiler to automatically take care of the
placement of these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

* Flag bit — Indicating that an interrupt event
occurred

« Enable bit — Enabling program execution to

branch to the interrupt vector address when the

flag bit is set
* Priority bit — Specifying high priority or low priority
The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits that enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) and GIEH bit
(INTCON<7>) enables all interrupts that have the
priority bit cleared (low priority). When the interrupt flag,
enable bit and appropriate Global Interrupt Enable bit
are set, the interrupt will vector immediately to address,
0008h or 0018h, depending on the priority bit setting.
Individual interrupts can be disabled through their
corresponding enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit that
enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit that enables/disables all
interrupt sources. All interrupts branch to address,
0008h, in Compatibility mode.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a
low-priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine (ISR),
the source(s) of the interrupt can be determined by poll-
ing the interrupt flag bits. The interrupt flag bits must be
cleared in software, before re-enabling interrupts, to
avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used) that re-enables interrupts.

For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to modify
any of the Interrupt Control registers while
any interrupt is enabled. Doing so may
cause erratic microcontroller behavior.
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FIGURE 11-1: PIC18F87K22 FAMILY INTERRUPT LOGIC
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11.1  INTCON Registers Note: Interrupt flag bits are set when an interrupt

The INTCON registers are readable and writable condition occurs regardless of the state of

registers that contain various enable, priority and flag its corresponding gnable bit or the Global
bits. Interrupt Enable bit. User software should

ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt.
This feature allows for software polling.

REGISTER 11-1:  INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE/GIEH PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF(M
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE/GIEH: Global Interrupt Enable bit
When IPEN = 0:

1 = Enables all unmasked interrupts
0 = Disables all interrupts

When IPEN = 1:
1 = Enables all high-priority interrupts
0 = Disables all interrupts

bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

When IPEN = 1:
1 = Enables all low-priority peripheral interrupts
0 = Disables all low-priority peripheral interrupts
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt
bit 4 INTOIE: INTO External Interrupt Enable bit
1 = Enables the INTO external interrupt
0 = Disables the INTO external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTOIF: INTO External Interrupt Flag bit
1 = The INTO external interrupt occurred (must be cleared in software)
0 = The INTO external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit(")

1 = At least one of the RB<7:4> pins changed state (must be cleared in software)
0 = None of the RB<7:4> pins have changed state

Note 1: A mismatch condition will continue to set this bit. Reading PORTB, and then waiting one additional instruction
cycle, will end the mismatch condition and allow the bit to be cleared.
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REGISTER 11-2: INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU INTEDGO INTEDGH1 INTEDG2 INTEDG3 TMROIP INT3IP RBIP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual TRIS register values
bit 6 INTEDGO: External Interrupt O Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 5 INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 3 INTEDG3: External Interrupt 3 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 INT3IP: INT3 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority
0 = Low priority

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Interrupt Enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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REGISTER 11-3: INTCON3: INTERRUPT CONTROL REGISTER 3

R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 INT2IP: INT2 External Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 INT3IE: INT3 External Interrupt Enable bit
1 = Enables the INT3 external interrupt
0 = Disables the INT3 external interrupt
bit 4 INT2IE: INT2 External Interrupt Enable bit
1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt
bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt
bit 2 INT3IF: INT3 External Interrupt Flag bit
1 = The INT3 external interrupt occurred (must be cleared in software)
0 = The INT3 external interrupt did not occur
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur
bit 0 INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Interrupt Enable bit. User software should ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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11.2  PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the condition occurs, regardless of the state of

peripheral interrupts. Due to the number of peripheral its corresponding enable bit or the Global
interrupt sources, there are six Peripheral Interrupt Interrupt Enable bit, GIE (INTCON<7>).
Request (Flag) registers (PIR1 through PIRG). 2: User software should ensure the
appropriate interrupt flag bits are cleared
prior to enabling an interrupt and after
servicing that interrupt.

REGISTER 11-4: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIF ADIF RC1IF TX1IF | SSP1IF ‘ TMR1GIF ‘ TMR2IF TMR1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit

1 = A read or write operation has taken place (must be cleared in software)
0 = No read or write operation has occurred
bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete
bit 5 RC1IF: EUSART Receive Interrupt Flag bit
1 = The EUSART receive buffer, RCREGH1, is full (cleared when RCREGH1 is read)
0 = The EUSART receive buffer is empty
bit 4 TX1IF: EUSART Transmit Interrupt Flag bit
1 = The EUSART transmit buffer, TXREG1, is empty (cleared when TXREG1 is written)
0 = The EUSART transmit buffer is full
bit 3 SSP1IF: Master Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive
bit 2 TMR1GIF: Timer1 Gate Interrupt Flag bit
1 = Timer gate interrupt occurred (must be cleared in software)
0 = No timer gate interrupt occurred
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred
bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow
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REGISTER 11-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF — SSP2IF BCL2IF | BCL1IF ‘ HLVDIF ‘ TMR3IF TMR3GIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit
1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock is operating
bit 6 Unimplemented: Read as ‘0’
bit 5 SSP2IF: Master Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception has been completed (must be cleared in software)
0 = Waiting to transmit/receive
bit 4 BCL2IF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 3 BCLA1IF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = A low-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the regulator’s low-voltage trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS register overflowed (must be cleared in software)
0 = TMRS register did not overflow
bit 0 TMR3GIF: TMR3 Gate Interrupt Flag bit

1 = Timer gate interrupt occurred (must be cleared in software)
0 = No timer gate interrupt occurred
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REGISTER 11-6: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

R/W-0 u-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR5GIF — RC2IF TX2IF | CTMUIF | CCP2IF | CCP1IF RTCCIF
bit 7 bit 0

Legend:

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

-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMRS5GIF: Timer5 Gate Interrupt Flag bit

1 = Timer gate interrupt occurred (must be cleared in software)
0 = No timer gate interrupt occurred
bit 6 Unimplemented: Read as ‘0’
bit 5 RC2IF: EUSART Receive Interrupt Flag bit
1 = The EUSART receive buffer, RCREG2, is full (cleared when RCREG?2 is read)
0 = The EUSART receive buffer is empty
bit 4 TX2IF: EUSART Transmit Interrupt Flag bit
1 = The EUSART transmit buffer, TXREG2, is empty (cleared when TXREG2 is written)
0 = The EUSART transmit buffer is full
bit 3 CTMUIF: CTMU Interrupt Flag bit
1 = CTMU interrupt occurred (must be cleared in software)
0 = No CTMU interrupt occurred
bit 2 CCP2IF: ECCP2 Interrupt Flag bit

Capture mode:

1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred

Compare mode:

1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred

PWM mode:

Unused in this mode.

bit 1 CCP1IF: ECCP1 Interrupt Flag bit
Capture mode:
1 = A TMR register capture occurred (must be cleared in software)
0 = No TMR register capture occurred

Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)

0 = No TMR register compare match occurred
PWM mode:
Unused in this mode.

bit 0 RTCCIF: RTCC Interrupt Flag bit

1 = RTCC interrupt occurred (must be cleared in software)
0 = No RTCC interrupt occurred
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REGISTER 11-7: PIR4: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccp10IF™ | ccpaiF | ccpsiF | cCP7IF | cCPelIF | CCPsIF | CCP4IF | CCP3IF
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-1 CCP<10:4>IF: CCP<10:4> Interrupt Flag bits(")

Capture Mode:

1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred

Compare Mode:

1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred

PWM Mode:

Not used in PWM mode.

bit 0 CCP3IF: ECCP3 Interrupt Flag bit

Capture Mode:

1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred

Compare Mode:

1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred

PWM Mode:

Not used in PWM mode.

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-8: PIR5: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 5

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR7GIFD | TMR12IF™ | TMR10IF® | TMR8IF | TMR7IF) | TMReIF | TMRSIF TMR4IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR7GIF: TMR7 Gate Interrupt Flag bits(!)
1 = TMR gate interrupt occurred (bit must be cleared in software)
0 = No TMR gate interrupt occurred
bit 6 TMR12IF: TMR12 to PR12 Match Interrupt Flag bit(")
1 = TMR12 to PR12 match occurred (must be cleared in software)
0 = No TMR12 to PR12 match occurred
bit 5 TMR10IF: TMR10 to PR10 Match Interrupt Flag bit(")
1 = TMR10 to PR10 match occurred (must be cleared in software)
0 = No TMR10 to PR10 match occurred
bit 4 TMRS8IF: TMR8 to PR8 Match Interrupt Flag bit
1 = TMRS8 to PR8 match occurred (must be cleared in software)
0 = No TMRS8 to PR8 match occurred
bit 3 TMR7IF: TMR7 Overflow Interrupt Flag bit(")
1 = TMRY register overflowed (must be cleared in software)
0 = TMRY register did not overflow
bit 2 TMRG6IF: TMR6 to PR6 Match Interrupt Flag bit
1 = TMR6 to PR6 match occurred (must be cleared in software)
0 = No TMR6 to PR6 match occurred
bit 1 TMRS5IF: TMR5 Overflow Interrupt Flag bit
1 = TMRS5 register overflowed (must be cleared in software)
0 = TMRS5 register did not overflow
bit 0 TMR4IF: TMR4 to PR4 Match Interrupt Flag bit

1 = TMR4 to PR4 match occurred (must be cleared in software)
0 = No TMR4 to PR4 match occurred

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-9: PIR6: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 6

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

— — — EEF | — | CMP3IF | CMP2IF | CMP1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEDATA/Flash Write Operation Interrupt Flag bit

1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3 Unimplemented: Read as ‘0’

bit 2 CMP3IF: CMP3 Interrupt Flag bit
1 = CMP3 interrupt occurred (must be cleared in software)
0 = No CMP3 interrupt occurred

bit 1 CMP2IF: CMP2 Interrupt Flag bit
1 = CMP2 interrupt occurred (must be cleared in software)
0 = No CMP2 interrupt occurred

bit 0 CMP1IF: CM1 Interrupt Flag bit

1 = CMP1 interrupt occurred (must be cleared in software)
0 = No CMP1 interrupt occurred
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11.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are six Peripheral
Interrupt Enable registers (PIE1 through PIE6). When
IPEN (RCON<7>) = 0, the PEIE bit must be set to
enable any of these peripheral interrupts.

REGISTER 11-10: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE ADIE RC1IE TX1IE SSP1IE TMR1GIE TMR2IE TMR1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5 RC1IE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TX1IE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 3 SSP1IE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 TMR1GIE: TMR1 Gate Interrupt Enable bit
1 = Enables the gate
0 = Disabled the gate
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt
bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt
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REGISTER 11-11: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIE — SSP2IE BCL2IE BCL1IE HLVDIE TMR3IE TMR3GIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCEFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 SSP2IE: Master Synchronous Serial Port 2 Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 4 BCL2IE: Bus Collision Interrupt Enable bit

1 = Enables the bus collision interrupt
0 = Disables the bus collision interrupt

bit 3 BCLA1IE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled

bit 2 HLVDIE: High/Low-Voltage Detect Interrupt Enable bit
1 = Enabled
0 = Disabled

bit 1 TMRS3IE: TMR3 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled

bit 0 TMR3GIE: Timer3 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 11-12: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

R/W-0 U-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR5GIE — RC2IE TX2IE CTMUIE CCP2IE CCP1IE RTCCIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMRS5GIE: Timer5 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 RC2IE: EUSART Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 CTMUIE: CTMU Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP2IE: ECCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 CCP1IE: ECCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 RTCCIE: RTCC Interrupt Enable bit
1 = Enabled
0 = Disabled

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

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccp1oie® | ccpale CCPSIE CCP7IE CCP6IE CCPS5IE CCP4IE CCP3IE
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 CCP<10:3>IE: CCP<10:3> Interrupt Enable bits(")
1 = Enabled
0 = Disabled

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-14: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER 5

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR7GIE" | TMR12IEM | TMR10IEM | TMRSIE | TMR7IE(™ TMR6IE TMRSIE TMRA4IE
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR7GIE: TMR7 Gate Interrupt Enable bit(")
1 = Enabled
0 = Disabled
bit 6 TMR12IE: TMR12 to PR12 Match Interrupt Enable bit(")

1 = Enables the TMR12 to PR12 match interrupt
0 = Disables the TMR12 to PR12 match interrupt

bit 5 TMR10IE: TMR10 to PR10 Match Interrupt Enable bit(!)

1 = Enables the TMR10 to PR10 match interrupt
0 = Disables the TMR10 to PR10 match interrupt

bit 4 TMRSIE: TMR8 to PR8 Match Interrupt Enable bit

1 = Enables the TMR8 to PR8 match interrupt
0 = Disables the TMR8 to PR8 match interrupt

bit 3 TMRYIE: TMR7 Overflow Interrupt Enable bit(")

1 = Enables the TMRY7 overflow interrupt
0 = Disables the TMR7 overflow interrupt

bit 2 TMRG6IE: TMR6 to PR6 Match Interrupt Enable bit

1 = Enables the TMR6 to PR6 match interrupt
0 = Disables the TMR6 to PR6 match interrupt

bit 1 TMRSIE: TMRS5 Overflow Interrupt Enable bit

1 = Enables the TMRS5 overflow interrupt
0 = Disables the TMR5 overflow interrupt

bit 0 TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit

1 = Enables the TMR4 to PR4 match interrupt
0 = Disables the TMR4 to PR4 match interrupt

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-15: PIE6: PERIPHERAL INTERRUPT ENABLE REGISTER 6

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

— — — EEIE — CMP3IE CMP2IE CMP1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 EEIE: Data EEDATA/Flash Write Operation Enable bit

1 = Interrupt is enabled
0 = interrupt is disabled

bit 3 Unimplemented: Read as ‘0’
bit 2 CMP3IE: CMP3 Enable bit
1 = Interrupt is enabled
0 = interrupt is disabled
bit 1 CMP2E: CMP2 Enable bit
1 = Interrupt is enabled
0 = interrupt is disabled
bit 0 CMP1IE: CMP1 Enable bit

1 = Interrupt is enabled
0 = interrupt is disabled
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11.4 IPR Registers

The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are six Peripheral
Interrupt Priority registers (IPR1 through IPR6). Using
the priority bits requires that the Interrupt Priority
Enable (IPEN) bit (RCON<7>) be set.

REGISTER 11-16: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
PSPIP ADIP RC1IP TX1IP SSP1IP TMR1GIP TMR2IP TMR1IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0 = Low priority

bit 5 RC1IP: EUSART Receive Interrupt Priority bit
1 = High priority
0 = Low priority

bit 4 TX1IP: EUSART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority

bit 3 SSP1IP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority

bit 2 TMR1GIP: Timer1 Gate Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 11-17:

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP — SSP2IP BCL2IP BCL1IP HLVDIP TMR3IP TMR3GIP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 Unimplemented: Read as ‘0’
bit 5 SSP2IP: Master Synchronous Serial Port 2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 BCL2IP: Bus Collision Interrupt priority bit (MSSP)
1 = High priority
0 = Low priority
bit 3 BCL1IP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR3GIP: TMR3 Gate Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 11-18: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

R/W-1 u-0 R-1 R-1 R/W-1 R/W-1 R/W-1 R/W-1
TMR5GIP — RC2IP TX2IP CTMUIP CCP2IP CCP1IP RTCCIP
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR5GIP: Timer5 Gate interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 Unimplemented: Read as ‘0’

bit 5 RC2IP: EUSART Receive Priority Flag bit
1 = High priority
0 = Low priority

bit 4 TX2IP: EUSART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority

bit 3 CTMUIP: CTMU Interrupt Priority bit
1 = High priority
0 = Low priority

bit 2 CCP2IP: ECCP2 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 CCP1IP: ECCP1 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 RTCCIP: RTCC Interrupt Priority bit
1 = High priority
0 = Low priority

REGISTER 11-19: IPR4: PERIPHERAL INTERRUPT PRIORITY REGISTER 4

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ccrpi1oiPt | ccpaipt CCP8IP CCP7IP CCP6IP CCP5IP CCP4IP CCP3IP
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 CCP<10:3>IP: CCP<10:3> Interrupt Priority bits(!)

1 = High priority
0 = Low priority

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-20: IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER 5

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
T™R7GIP( | TMR12IP(D) | TMR10IP() | TMR8IP | TMR7IP(D | TMRe6IP TMR5IP TMR4IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR7GIP: TMR7 Gate Interrupt Priority bit(")
1 = High priority
0 = Low priority
bit 6 TMR12IP: TMR12 to PR12 Match Interrupt Priority bit(1)
1 = High priority
0 = Low priority
bit 5 TMR10IP: TMR10 to PR10 Match Interrupt Priority bit(")
1 = High priority
0 = Low priority
bit 4 TMRS8IP: TMR8 to PR8 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TMR7IP: TMR7 Overflow Interrupt Priority bit(")
1 = High priority
0 = Low priority
bit 2 TMRG6IP: TMRG6 to PR6 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMRSIP: TMRS Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR4IP: TMR4 to PR4 Match Interrupt Priority bit

1 = High priority
0 = Low priority

Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).
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REGISTER 11-21: IPR6: PERIPHERAL INTERRUPT PRIORITY REGISTER 6

U-0 U-0 U-0 R/W-1 U-0 R/W-1 R/W-1 R/W-1

— — — EEIP — CMP3IP CMP2IP CMP1IP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4 EEIP: EE Interrupt Priority bit

1 = High priority
0 = Low priority

bit 3 Unimplemented: Read as ‘0’

bit 2 CMP3IP: CMP3 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 CMP2IP: CMP2 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 CMP1IP: CMP1 Interrupt Priority bit
1 = High priority
0 = Low priority
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11.5 RCON Register

The RCON register contains the bits used to determine
the cause of the last Reset, or wake-up from Idle or
Sleep modes. RCON also contains the bit that enables
interrupt priorities (IPEN).

REGISTER 11-22: RCON: RESET CONTROL REGISTER

R/W-0 R/W-1 R/W-1 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN SBOREN CcM RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6 SBOREN: Software BOR Enable bit
For details of bit operation, see Register 5-1.
bit 5 CM: Configuration Mismatch Flag bit

1 = A Configuration Mismatch Reset has not occurred
0 = A Configuration Mismatch Reset has occurred (must be subsequently set in software)

bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 5-1.
bit 3 TO: Watchdog Timer Time-out Flag bit

For details of bit operation, see Register 5-1.
bit 2 PD: Power-Down Detection Flag bit

For details of bit operation, see Register 5-1.
bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 5-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 5-1.
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11.6 INTx Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1,
RB2/INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge. If
that bit is clear, the trigger is on the falling edge.

When a valid edge appears on the RBx/INTx pin, the
corresponding flag bit, INTxIF, is set. This interrupt can
be disabled by clearing the corresponding enable bit,
INTXIE. Before re-enabling the interrupt, the flag bit
(INTxIF) must be cleared in software in the Interrupt
Service Routine.

All external interrupts (INTO, INT1, INT2 and INT3) can
wake up the processor from the power-managed
modes if bit, INTxIE, was set prior to going into the
power-managed modes. If the Global Interrupt Enable
bit (GIE) is set, the processor will branch to the interrupt
vector following wake-up.

The interrupt priority for INT1, INT2 and INT3 is
determined by the value contained in the Interrupt
Priority  bits, INT1IP  (INTCON3<6>), INT2IP
(INTCON3<7>) and INT3IP (INTCON2<1>).

There is no priority bit associated with INTO. It is always
a high-priority interrupt source.

11.7 TMRO Interrupt

In 8-bit mode (the default), an overflow in the TMRO
register (FFh — 00h) will set flag bit, TMROIF. In 16-bit
mode, an overflow in the TMROH:TMROL register pair
(FFFFh — 0000h) will set TMROIF.

The interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
TimerO0 is determined by the value contained in the inter-
rupt priority bit, TMROIP (INTCON2<2>). For further
details on the Timer0 module, see Section 13.0 “Timer0
Module”.

11.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).

Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

11.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack.

If a fast return from interrupt is not used (see
Section 6.3 “Data Memory Organization”), the user
may need to save the WREG, STATUS and BSR regis-
ters on entry to the Interrupt Service Routine (ISR).
Depending on the user’s application, other registers
may also need to be saved.

Example 11-1 saves and restores the WREG, STATUS
and BSR registers during an Interrupt Service Routine.

EXAMPLE 11-1:  SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVWE ~ W_TEMP
MOVFF STATUS, STATUS TEMP
MOVFEF BSR, BSR_TEMP

; USER ISR CODE
MOVEF BSR_TEMP, BSR

MOVFE W _TEMP, W
MOVFEF STATUS TEMP, STATUS

; W _TEMP is in virtual bank
; STATUS_TEMP located anywhere
; BSR_TMEP located anywhere

; Restore BSR
; Restore WREG
; Restore STATUS

© 2009-2018 Microchip Technology Inc.
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TABLE 11-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF
INTCON2 RBPU | INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 | TMROIP | INT3IP RBIP
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF
PIR1 PSPIP ADIF RC1IF TX1IF SSP1IF | TMR1GIF | TMR2IF | TMR1IF
PIR2 OSCFIF — SSP2IF | BCL2IF | BCL1IF | HLVDIF | TMRS3IF | TMR3GIF
PIR3 TMR5GIF — RC2IF TX2IF CTMUIF | CCP2IF | CCP1IF | RTCCIF
PIR4 ccP1oIF | ccpalF) | CCP8IF | CCP7IF | CCP6IF | CCP5IF | CCP4IF | CCP3IF
PIR5 TMR7GIFM | TMR12IFM [TMR10IFM | TMR8IF | TMR7IF® | TMR6IF | TMR5IF | TMR4IF
PIR6 — — — EEIF — CMP3IF | CMP2IF | CMP1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | TMR1GIE | TMR2IE | TMRIIE
PIE2 OSCFIE — SSP2IE | BCL2IE | BCL1IE | HLVDIE | TMR3IE | TMR3GIE
PIE3 TMR5GIE — RC2IE TX2IE CTMUIE | CCP2IE | CCP1IE | RTCCIE
PIE4 ccP10lEM | ccPalE( | CCP8IE | CCP7IE | CCP6IE | CCP5IE | CCP4IE | CCP3IE
PIE5 TMR7GIEM | TMR12IEM | TMR10IE(| TMR8IE | TMR7IE(" | TMR6IE | TMR5IE | TMRA4IE
PIE6 — — — EEIE — CMP3IE | CMP2IE | CMP1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | TMR1GIP | TMR2IP | TMR1IP
IPR2 OSCFIP — SSP2IP | BCL2IP | BCL1IP | HLVDIP | TMR3IP | TMR3GIP
IPR3 TMR5GIP — RC2IP TX2IP CTMUIP | CCP2IP | CCP1IP | RTCCIP
IPR4 ccp1oiPM | ccralP | ccP8IP | CCP7IP | CCP6IP | CCP5IP | CCP4IP | CCP3IP
IPR5 TMR7GIPM | TMR12IPM [ TMR10IP(M| TMR8IP | TMR7IP(M) | TMR6IP | TMR5IP | TMRA4IP
IPR6 — — — EEIP — CMP3IP | CMP2IP | CMP1IP
RCON IPEN SBOREN CM RI TO PD POR BOR

Legend: Shaded cells are not used by the interrupts.
Unimplemented on devices with a program memory of 32 Kbytes (PIC18FX5K22).

Note 1:
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12.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to nine ports available. Some
pins of the I/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose /O pin.

Each port has three memory mapped registers for its
operation:

» TRIS register (Data Direction register)

* PORT register (reads the levels on the pins of the
device)

» LAT register (Output Latch register)

Reading the PORT register reads the current status of
the pins, whereas writing to the PORT register writes to
the Output Latch (LAT) register.

Setting a TRIS bit (= 1) makes the corresponding port
pin an input (putting the corresponding output driver in
a High-Impedance mode). Clearing a TRIS bit (= 0)
makes the corresponding port pin an output (i.e., puts
the contents of the corresponding LAT bit on the
selected pin).

The Output Latch (LAT register) is useful for
read-modify-write operations on the value that the 1/0
pins are driving. Read-modify-write operations on the
LAT register read and write the latched output value for
the PORT register.

A simplified model of a generic 1/0O port, without the
interfaces to other peripherals, is shown in Figure 12-1.

FIGURE 12-1: GENERIC I/0 PORT
OPERATION
RD LAT
gata
us D Q »—|X’
WR LAT 1/0 Pin
or PORT Kx N
Data Latch

e— D Q

WR TRIS EKX—\_

TRIS Latch Input
Buffer

e
RD TRIS N

/‘ Q D

EN
RD PORT {>o _|

12.1 /O Port Pin Capabilities

When developing an application, the capabilities of the
port pins must be considered. Outputs on some pins
have higher output drive strength than others. Similarly,
some pins can tolerate higher than VDD input levels.

All of the digital ports are 5.5V input tolerant. The ana-
log ports have the same tolerance — having clamping
diodes implemented internally.

12.11 PIN OUTPUT DRIVE

When used as digital I/0, the output pin drive strengths
vary, according to the pins’ grouping, to meet the needs
for a variety of applications. In general, there are two
classes of output pins, in terms of drive capability:

» Outputs designed to drive higher current loads,
such as LEDs:
- PORTA - PORTB
- PORTC

» Outputs with lower drive levels, but capable of
driving normal digital circuit loads with a high input

impedance. Able to drive LEDs, but only those
with smaller current requirements:

- PORTD - PORTE
- PORTF - PORTG
- PORTH( - PORTJM
T These ports are not available on 64-pin
devices.

12.1.2 PULL-UP CONFIGURATION

Four of the 1/0 ports (PORTB, PORTD, PORTE and
PORTJ) implement configurable weak pull-ups on all
pins. These are internal pull-ups that allow floating
digital input signals to be pulled to a consistent level
without the use of external resistors.

The pull-ups are enabled with a single bit for each of the
ports: RBPU (INTCON2<7>) for PORTB, and RDPU,
REPU and RJPU (PADCFG1<7:5>) for the other ports.

© 2009-2018 Microchip Technology Inc.
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REGISTER 12-1: PADCFG1: PAD CONFIGURATION REGISTER

R/W-0 R/W-0 R/W-0 u-0 uU-0 R/W-0 R/W-0 uU-0
RDPU REPU RJPU) — — RTSECSEL1(" |RTSECSELO(M —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7

bit 6

bit 5

bit 4-3
bit 2-1

bit 0

RDPU: PORTD Pull-up Enable bit

1 = PORTD pull-up resistors are enabled by individual port latch values
0 = All PORTD pull-up resistors are disabled

REPU: PORTE Pull-up Enable bit

1 = PORTE pull-up resistors are enabled by individual port latch values
0 = All PORTE pull-up resistors are disabled

RJPU: PORTJ Pull-up Enable bit(?)

1 = PORTJ pull-up resistors are enabled by individual port latch values
0 = All PORTJ pull-up resistors are disabled

Unimplemented: Read as ‘0’

RTSECSEL<1:0>: RTCC Seconds Clock Output Select bits(")

11 = Reserved; do not use

10 = RTCC source clock is selected for the RTCC pin (the pin can be LF-INTOSC or SOSC, depending
on the RTCOSC (CONFIG3L<1>) bit setting)

01 = RTCC seconds clock is selected for the RTCC pin

00 = RTCC alarm pulse is selected for the RTCC pin

Unimplemented: Read as ‘0’

Note 1: To enable the actual RTCC output, the RTCOE (RTCCFG<2>) bit must be set.
2: Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
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12.1.3 OPEN-DRAIN OUTPUTS FIGURE 12-2: USING THE OPEN-DRAIN

The output pins for several peripherals are also OUTPUT (USART SHOWN
equipped with a configurable, open-drain output option. AS EXAMPLE)

This allows the peripherals to communicate with
external digital logic, operating at a higher voltage
level, without the use of level translators. PIC18F87K22

3.3V

The open-drain option is implemented on port pins
specifically associated with the data and clock outputs
of the USARTSs, the MSSP module (in SPI mode) and VDD TXX
the CCP modules. This option is selectively enabled by (at logic ‘1)
setting the open-drain control bits in the registers,
ODCON1, ODCON2 and ODCONS3.

When the open-drain option is required, the output pin

3.3V

+5V

5V

must also be tied through an external pull-up resistor
provided by the user to a higher voltage level, up to 5V
(Figure 12-2). When a digital logic high signal is output,
it is pulled up to the higher voltage level.

REGISTER 12-2: ODCON1: PERIPHERAL OPEN-DRAIN CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 u-0 u-0 u-0 u-0

R/W-0

SSP10D CCP20D CCP10D — — — —

SSP20D

bit 7

bit 0

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

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

bit 7 SSP10D: MSSP1 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 6 CCP20D: ECCP2 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 5 CCP10D: ECCP1 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 4-1 Unimplemented: Read as ‘0’

bit 0 SSP20D: MSSP2 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
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REGISTER 12-3: ODCON2: PERIPHERAL OPEN-DRAIN CONTROL REGISTER 2

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ccp1oop™ | ccpoob | ccpPsoD | CCP7OD | CCP60OD CCP50D CCP40D | CCP30D
bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 CCP100D: CCP10 Open-Drain Output Enable bit("
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 6 CCP90D: CCP9 Open-Drain Output Enable bit(")

1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 5 CCP80OD: CCP8 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 4 CCP70D: CCP7 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 3 CCP60D: CCP6 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 2 CCP50D: CCP5 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 1 CCP40D: CCP4 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 0 CCP30D: ECCP3 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

Note 1: Notimplemented on devices with 32-byte program memory (PIC18FX5K22).
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REGISTER 12-4: ODCON3: PERIPHERAL OPEN-DRAIN CONTROL REGISTER 3

R/W-0 R/W-0 U-0 u-0 U-0 U-0 u-0 R/W-0
U20D u10D — — — — — CTMUDS
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 U20D: EUSART2 Open-Drain Output Enable bit

1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 6 U10D: EUSART1 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
bit 5-1 Unimplemented: Read as ‘0’
bit 0 CTMUDS: CTMU Pulse Delay Enable bit

1 = Pulse delay input for CTMU is enabled on pin, RF1
0 = Pulse delay input for CTMU is disabled on pin, RF1

12.1.4 ANALOG AND DIGITAL PORTS Setting these registers makes the corresponding pins
analog and clearing the registers makes the ports digi-
tal. For details on these registers, see Section 23.0
“12-Bit Analog-to-Digital Converter (A/D) Module”.

Many of the ports multiplex analog and digital function-
ality, providing a lot of flexibility for hardware designers.
PIC18F87K22 family devices can make any analog pin
analog or digital, depending on an application’s needs.
The ports’ analog/digital functionality is controlled by
registers: ANCONO, ANCON1 and ANCON2.
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12.2 PORTA, TRISA and
LATA Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction and Output Latch registers are
TRISA and LATA.

RA4/TOCKI is a Schmitt Trigger input. All other PORTA
pins have TTL input levels and full CMOS output
drivers.

RA5 and RA<3:0> are multiplexed with analog inputs
for the A/D Converter.

The operation of the analog inputs as A/D Converter
inputs is selected by clearing or setting the ANSEL
control bits in the ANCON1 register. The corresponding
TRISA bits control the direction of these pins, even
when they are being used as analog inputs. The user
must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

Note: RA5 and RA<3:0> are configured as
analog inputs on any Reset and are read
as ‘0’. RA4 is configured as a digital input.

OSC2/CLKO/RA6 and OSC1/CLKI/RA7 normally
serve as the external circuit connections for the exter-
nal (primary) oscillator circuit (HS Oscillator modes), or
the external clock input and output (EC Oscillator
modes). In these cases, RA6 and RA7 are not available
as digital 1/0 and their corresponding TRIS and LAT
bits are read as ‘0’. When the device is configured to
use HF-INTOSC, MF-INTOSC or LF-INTOSC as the
default oscillator mode, RA6 and RA7 are automatically
configured as digital 1/0; the oscillator and clock
in/clock out functions are disabled.

RAS5 has additional functionality for Timer1 and Timer3.
It can be configured as the Timer1 clock input or the
Timer3 external clock gate input.

EXAMPLE 12-1:  INITIALIZING PORTA

CLRF PORTA ;  Initialize PORTA by

clearing output latches
Alternate method to

; clear output data latches

; Select bank with ANCON1 register
Configure A/D

for digital inputs

Select bank with TRISA register
Value used to initialize

CLRF LATA

BANKSEL ANCON1
MOVLW 00h
MOVWE ANCON1
BANKSEL TRISA
MOVLW O0BFh

data direction
Set RA<7, 5:0> as inputs,
; RA<6> as output

MOVWE TRISA
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TABLE 12-1: PORTA FUNCTIONS
Pin Name Function Szﬁ:ﬁg 110 'I'I)I/ge Description
RAO/ANO/ULPWU RAO 0 (0] DIG |LATA<0> data output; not affected by analog input.
1 | TTL | PORTA<0> data input; disabled when analog input is enabled.
ANO 1 I ANA | A/D Input Channel 0. Default input configuration on POR; does not
affect digital output.
uLPwWU 1 | ANA | Ultra Low-Power Wake-up input.
RA1/AN1 RA1 0 O DIG | LATA<1> data output; not affected by analog input.
1 | TTL | PORTA<1> data input; disabled when analog input is enabled.
AN1 1 | ANA | A/D Input Channel 1. Default input configuration on POR; does not
affect digital output.
RA2/AN2/VREF- RA2 0 O DIG |LATA<2> data output; not affected by analog input.
1 | TTL | PORTA<2> data input; disabled when analog functions are enabled.
AN2 1 | ANA | A/D Input Channel 2. Default input configuration on POR.
VREF- 1 | ANA | A/D and comparator low reference voltage input.
RA3/AN3/VREF+ RA3 0 (0] DIG |LATA<3> data output; not affected by analog input.
1 | TTL | PORTA<3> data input; disabled when analog input is enabled.
AN3 1 | ANA | A/D Input Channel 3. Default input configuration on POR.
VREF+ 1 | ANA | A/D and comparator high reference voltage input.
RA4/TOCKI RA4 0 0] DIG |LATA<4> data output.
1 | ST PORTA<4> data input. Default configuration on POR.
TOCKI x | ST Timer0 clock input.
RAS5/AN4/T1CKI/ RA5 0 O DIG | LATA<5> data output; not affected by analog input.
T3G/HLVDIN 1 | TTL | PORTA<5> data input; disabled when analog input is enabled.
AN4 1 | ANA | A/D Input Channel 4. Default configuration on POR.
T1CKI x | ST Timer1 clock input.
T3G | ST Timer3 external clock gate input.
HLVDIN 1 | ANA | High/Low-Voltage Detect (HLVD) external trip point input.
OSC2/CLKO/RA6 0SC2 X ) ANA | Main oscillator feedback output connection (HS, XT and LP modes).
CLKO x O DIG | System cycle clock output (Fosc/4, EC and INTOSC modes).
RA6 0 (0] DIG |LATA<6> data output; disabled when FOSC2 Configuration bit is set.
1 | TTL | PORTA<6> data input; disabled when FOSC2 Configuration bit is set.
OSC1/CLKI/RA7 0OSC1 x | ANA | Main oscillator input connection (HS, XT and LP modes).
CLKI x | ANA | Main external clock source input (EC modes).
RA7 0 O DIG | LATA<7> data output; disabled when FOSC2 Configuration bit is set.
1 | TTL | PORTA<7> data input; disabled when FOSC2 Configuration bit is set.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

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

TABLE 12-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTA RA7() RA6(") RA5 RA4 RA3 RA2 RA1 RAO
LATA LATA7™M | LATA6( LATA5 LATA4 LATA3 LATA2 LATA1 LATAO
TRISA TRISA7(!) | TRISAG() | TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
ANCONO | ANSEL7 | ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 | ANSELO
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTA.
Note 1: These bits are enabled depending on the oscillator mode selected. When not enabled as PORTA pins,

they are disabled and read as ‘x’.
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12.3 PORTB, TRISB and
LATB Registers

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

EXAMPLE 12-2: INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches
CLRF LATB ; Alternate method
; to clear output
; data latches

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

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

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

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

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

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

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

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

c) Clear flag bit, RBIF.

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

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

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

TABLE 12-3: PORTB FUNCTIONS
Pin Name Function SZﬁ::g 1/0 TI)I((;e Description
RBO/INTO/FLTO RBO 0 o DIG | LATB<0> data output.
1 | TTL | PORTB<0> data input; weak pull-up when RBPU bit is cleared.
INTO 1 | ST External Interrupt O input.
FLTO x | ST Enhanced PWM Fault input for ECCPx.
RB1/INT1 RB1 0 o DIG | LATB<1> data output.
1 | TTL |PORTB<1> data input; weak pull-up when RBPU bit is cleared.
INT1 1 | ST External Interrupt 1 input.
RB2/INT2/CTED1 RB2 0 o} DIG |LATB<2> data output.
1 | TTL PORTB<2> data input; weak pull-up when RBPU bit is cleared.
INT2 1 | ST External Interrupt 2 input.
CTED1 x | ST CTMU Edge 1 input.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Extended Microcontroller mode.
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TABLE 12-3: PORTB FUNCTIONS (CONTINUED)
Pin Name Function SZE:::g 110 lellge Description
RB3/INT3/CTED2/ RB3 0 (6] DIG | LATB<3> data output.
ECCP2/P2A 1 | TTL PORTB<3> data input; weak pull-up when RBPU bit is cleared.
INT3 1 | ST External Interrupt 3 input.
CTED2 x | ST CTMU Edge 2 input.
eccp2!) 0 o) DIG |ECCP2 compare output and ECCP2 PWM output.
Takes priority over port data.
1 | ST ECCP2 capture input.
P2A 0 O DIG ECCP2 Enhanced PWM output, Channel A.
May be configured for tri-state during Enhanced PWM shutdown
events. Takes priority over port data.
RB4/KBIO RB4 0 (0] DIG | LATB<4> data output.
1 | TTL PORTB<4> data input; weak pull-up when RBPU bit is cleared.
KBIO 1 | TTL | Interrupt-on-pin change.
RB5/KBI1/T3CKI/ RB5 0 (0] DIG | LATB<5> data output.
TG 1 | TTL PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 | TTL Interrupt-on-pin change.
T3CKI x | ST Timer3 clock input.
T1G x | ST Timer1 external clock gate input.
RB6/KBI2/PGC RB6 0 (6] DIG | LATB<6> data output.
1 | TTL PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 | TTL Interrupt-on-pin change.
PGC x | ST Serial execution (ICSP™) clock input for ICSP and ICD operations.
RB7/KBI3/PGD RB7 0 (0] DIG | LATB<7> data output.
1 | TTL PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 | TTL Interrupt-on-pin change.
PGD x O DIG | Serial execution data output for ICSP and ICD operations.
x | ST Serial execution data input for ICSP and ICD operations.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Extended Microcontroller mode.
TABLE 12-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATBA1 LATBO
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
INTCON2 RBPU INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 TMROIP INT3IP RBIP
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF
ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D

Legend: Shaded cells are not used by PORTB.

© 2009-2018 Microchip Technology Inc.

DS30009960E-page 167




PIC18F87K22 FAMILY

12.4 PORTC, TRISC and
LATC Registers

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

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

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

TABLE 12-5: PORTC FUNCTIONS

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

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

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

EXAMPLE 12-3:  INITIALIZING PORTC

CLRF PORTC ; Initialize PORTC by
; clearing output
; data latches

CLRF LATC ; Alternate method
; to clear output
; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction

MOVWE  TRISC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

Pin Name Function SZﬁ:ﬁg 110 Tl;ge Description
RC0/SOSCO/ RCO 0 (0] DIG |LATC<0> data output.
SCLKI/ 1 I | ST |PORTC<0> data input.
SOSCO 1 | ST | SOSC oscillator output.
SCLKI 1 | ST | Digital clock input; enabled when SOSC oscillator is disabled.
RC1/SOSCI/ RC1 0 (0] DIG |LATC<1> data output.
ECCP2/P2A 1 | | ST |PORTC<1> datainput.
SOSCI x | ANA | SOSC oscillator input.
eccp2) 0 O DIG | ECCP2 compare output and ECCP2 PWM output; takes priority over port data.
1 | ST | ECCP2 capture input.
P2A 0 O DIG | ECCP2 Enhanced PWM output, Channel A.
May be configured for tri-state during Enhanced PWM shutdown events; takes
priority over port data.
RC2/ECCP1/ RC2 0 ) DIG |LATC<2> data output.
P1A 1 | | ST |PORTC<2> data input.
ECCP1 0 (0] DIG | ECCP1 compare output and ECCP1 PWM output; takes priority over port data.
1 | ST |ECCP1 capture input.
P1A 0 (0] DIG |ECCP1 Enhanced PWM output, Channel A.
May be configured for tri-state during Enhanced PWM shutdown events; takes
priority over port data.

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

Pin Name Function S.Lﬁ::g 110 'I'I;ge Description
RC3/SCK1/ RC3 0 ) DIG |LATC<3> data output.
SCL1 1 | | ST |PORTC<3> data input.
SCK1 0 O DIG | SPI clock output (MSSP module); takes priority over port data.
1 | ST | SPI clock input (MSSP module).
SCL1 0 O DIG |I2C clock output (MSSP module); takes priority over port data.
1 | 12C | 12C clock input (MSSP module); input type depends on module setting.
RC4/SDI1/ RC4 0 (0] DIG |LATC<4> data output.
SDA1 1 | | ST |PORTC<4> data input.
SDI1 | ST | SPI data input (MSSP module).
SDA1 1 O DIG |I2C data output (MSSP module); takes priority over port data.
1 | 12C | I2C data input (MSSP module); input type depends on module setting.
RC5/SDO1 RC5 0 ) DIG |LATC<5> data output.
1 | ST |PORTC<5> data input.
SDO1 0 (0] DIG | SPI data output (MSSP module).
RC6/TX1/CK1 RC6 0 ) DIG |LATC<6> data output.
1 | ST |PORTC<6> data input.
X1 1 O DIG | Synchronous serial data output (EUSART module); takes priority over port data.
CK1 1 (0] DIG | Synchronous serial data input (EUSART module); user must configure as an input.
1 | ST | Synchronous serial clock input (EUSART module).
RC7/RX1/DT1 RC7 0 ) DIG |LATC<7> data output.
1 I ST |PORTC<7> data input.
RX1 1 | ST | Asynchronous serial receive data input (EUSART module).
DT1 1 (0] DIG | Synchronous serial data output (EUSART module); takes priority over port data.
1 | ST | Synchronous serial data input (EUSART module); user must configure as an input.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input, TTL = TTL Buffer Input,
[2C = 12C/SMBus Buffer Input, x =Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Default assignment for ECCP2 when the CCP2MX Configuration bit is set.

TABLE 12-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
LATC LATC7 LATBC6 LATCS LATCB4 LATC3 LATC2 LATC1 LATCO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D
ODCON3 u20D u10D — — — — — CTMUDS

Legend: Shaded cells are not used by PORTC.
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12.5 PORTD, TRISD and
LATD Registers

PORTD is an 8-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISD and LATD.

All pins on PORTD are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

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

Each of the PORTD pins has a weak internal pull-up. A

PORTD can also be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control
bit, PSPMODE (TRISE<4>). In this mode, the input
buffers are TTL. For additional information, see
Section 12.11 “Parallel Slave Port”.

The PORTD also has the 12C and SPI functionality on
RD4, RD5 and RD6. The pins for SPI are also
configurable for open-drain output. Open-drain
configuration is selected by setting bit, SSP20D
(ODCON1<0>).

RDO has a CTMU functionality. RD1 has the
functionality for the Timer5 clock input and Timer7

. . o external clock gate input.
single control bit can turn off all the pull-ups. This is

performed by setting bit, RDPU (PADCFG1<7>). The

. X EXAMPLE 12-4: INITIALIZING PORTD
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are CLRF ~ PORTD ; Initialize PORTD by
disabled on all device Resets. 7 clearing output

; data latches

On 80-pin devices, PORTD is multiplexed with the CLRF  LATD  ; Alternate method
system bus as part of the external memory interface. ; to clear output
The 1/0 port and other functions are only available ; data latches
when the interface is disabled by setting the EBDIS bit MOVLW  OCFh ; Value used to
(MEMCON<7>). When the interface is enabled, ; initialize data
PORTD is the low-order byte of the multiplexed 7 direction
address/data bus (AD<7:0>). The TRISD bits are also MOVWE  TRISD ; Set RD<3:0> as inputs
overridden. ; RD<5:4> as outputs

; RD<7:6> as inputs

TABLE 12-7: PORTD FUNCTIONS

Pin Name Function SZ?t::g 110 'I'I)/lge Description
RDO/PSPO/ RDO 0 0 DIG |LATD<0> data output.
ADO/CTPLS 1 | ST | PORTD<0> data input.

pspo(® x /0 TTL | Parallel Slave Port data.

ADO(® % 110 TTL | External Memory Address/Data 0.

CTPLS x O DIG | CTMU pulse generator output.
RD1/PSP1/ RD1 0 0 DIG |LATD<1> data output.
AD1/TSCKI/ 1 | ST |PORTD<1> data input.
76 psp1(M x /0 TTL | Parallel Slave Port data.

AD1( x /0 TTL | External Memory Address/Data 1.

T5CKI x | ST Timer5 clock input.

T7G x | ST Timer7 external clock gate input.
RD2/PSP2/AD2 RD2 0 0 DIG |LATD<2> data output.
1 | ST PORTD<2> data input.
psp2" x /0 TTL | Parallel Slave Port data.
AD2( x /0 TTL | External Memory Address/Data 2.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
I2C = 12C/SMBus Buffer Input, x =Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: The Parallel Slave Port (PSP) is available only in Microcontroller mode.
2: This feature is available only on PIC18F8XK22 devices.
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TABLE 12-7: PORTD FUNCTIONS (CONTINUED)

Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RD3/PSP3/AD3 RD3 0 O DIG LATD<3> data output.
1 | ST PORTD<3> data input.
psp3() x I/0 | TTL |Parallel Slave Port data.
AD3(@ x 110 TTL | External Memory Address/Data 3.
RD4/PSP4/ RD4 0 (0] DIG LATD<4> data output.
AD4/SDO2 1 | ST |PORTD<4> data input.
PspPat!) x /0 | TTL |Parallel Slave Port data.
AD4(® % 110 TTL |External Memory Address/Data 4.
SDO2 0 P DOG | SPI data output (MSSP module).
RD5/PSP5/ RD5 0 (0] DIG LATD<5> data output.
ADS5/SDI2/ 1 | ST | PORTD<5> data input.
SDA2
pspPs() x /O | TTL |Parallel Slave Port data.
AD5(@) % 110 TTL |External Memory Address/Data 5.
SDI2 1 | ST SPI data input (MSSP module).
SDA2 0 (0] 12c I2C data input (MSSP module). Input type depends on module setting.
RD6/PSP6/ RD6 0 (0] DIG LATD<6> data output.
ADB/SCK2/ 1 | ST |PORTD<6> data input.
sct2 PsPe(") x /O | TTL |Parallel Slave Port data.
AD6(? % 110 TTL |External Memory Address/Data 6.
SCK2 0 (0] DIG | SPI clock output (MSSP module); takes priority over port data.
1 | ST SPI clock input (MSSP module).
SCL2 0 (0] DIG | I2C clock output (MSSP module); takes priority over port data.
1 | 12c 12C clock input (MSSP module). Input type depends on module
setting.
RD7/PSP7/ RD7 0 (0] DIG LATD<7> data output.
AD7/SS2 1 | ST |PORTD<7> data input.
psp7(1) x /O | TTL |Parallel Slave Port data.
AD7(2) x 110 TTL | External Memory Address/Data 7.
SS2 1 | TTL | Slave select input for MSSP module.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
12C = 12C/SMBus Buffer Input, x =Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: The Parallel Slave Port (PSP) is available only in Microcontroller mode.
2: This feature is available only on PIC18F8XK22 devices.

TABLE 12-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO
TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 TRISD2 TRISD1 TRISDO
PADCFG1 RDPU REPU RJPUM — — RTSECSEL1 | RESECSELO —
ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D

Legend: Shaded cells are not used by PORTD.
Note 1: Unimplemented on PIC18F6XK22 devices, read as ‘0.
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12.6 PORTE, TRISE and
LATE Registers

PORTE is an eight-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISE and LATE.

All pins on PORTE are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output. The RE7 pin is also
configurable for open-drain output when ECCP2 is
active on this pin. Open-drain configuration is selected
by setting the CCP20D control bit (ODCON1<6>)

Note:
Each of the PORTE pins has a weak internal pull-up. A
single control bit can turn off all the pull-ups. This is

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

On 80-pin devices, the multiplexing for the outputs of
ECCP1 and ECCP3is controlled by the ECCPMX Con-
figuration bit. Clearing this bit re-assigns the P1B/P1C
and P3B/P3C outputs to PORTH.

For devices operating in Microcontroller mode, the RE7
pin can be configured as the alternate peripheral pin for
the ECCP2 module and Enhanced PWM Output 2A.
This is done by clearing the CCP2MX Configuration bit.
PORTE is also multiplexed with the Parallel Slave Port
address lines. RE1 and REO are multiplexed with the
control signals, WR and RD.

RE3 can also be configured as the Reference Clock
Output (REFO) from the system clock. For further
details, see Section 3.7 “Reference Clock Output”.

EXAMPLE 12-5:  INITIALIZING PORTE

performed by setting bit, REPU (PADCFG1<6>). The CLRE  FORTE 7 Initialize PORTE by
. . ; clearing output
weak pull-up is automatically turned off when the port : data latches
pin is configured as an output. The pull-ups are CLRF LATE ; Alternate method
disabled on any device Reset. ; to clear output
. . . ; data latches
PORTE is also multiplexed with Enhanced PWM MOVLH  03h } Value used to
Outputs, B and C for ECCP1 and ECCP3, for Outputs, . initialize data
B, C and D for ECCP2. For all devices, their default ; direction
assignments are on PORTE<6:0>. MOVWF TRISE ; Set RE<1:0> as inputs
; RE<7:2> as outputs
TABLE 12-9: PORTE FUNCTIONS
. . TRIS /10 L
Pin Name Function Setting /0 Type Description
REO/RD/P2D REO 0 (o] DIG |LATE<0> data output.
AD8 1 | ST | PORTE<0> data input.
RD x O DIG Parallel Slave Port read strobe pin.
x | TTL | Parallel Slave Port read pin.
P2D 0 (o] — ECCP2 PWM Output D.
May be configured for tri-state during Enhanced PWM shutdown events.
AD8®?) x O DIG External memory interface, Data Bit 8 output.
x | TTL | External memory interface, Data Bit 8 input.
RE1/P2C/WR/ RE1 0 o DIG |LATE<1> data output.
AD9 1 | ST PORTE<1> data input.
P2C 0 o — ECCP2 PWM Output C.
May be configured for tri-state during Enhanced PWM shutdown events.
WR x O DIG Parallel Slave Port write strobe pin.
x | TTL | Parallel Slave Port write pin.
AD92) % 0 DIG |External memory interface, Data Bit 9 output.
x | TTL | External memory interface, Data Bit 9 input.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

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

Note 1:

Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Microcontroller mode.
This feature is only available on PIC18F8XKXX devices.
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TABLE 12-9: PORTE FUNCTIONS (CONTINUED)

Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RE2/CS/P2B/ RE2 0 (o] DIG |LATE<2> data output.
CCP10/AD10 1 | ST |PORTE<2> data input.
cs x | TTL Parallel Slave Port chip select.
P2B 0 o] — ECCP2 PWM Output B.
May be configured for tri-state during Enhanced PWM shutdown events.
CCP10 1 I/0 ST Capture 10 input/Compare 10 output/PWM10 output.
AD10@ x (0] DIG | External memory interface, Address/Data Bit 10 output.
x | TTL | External memory interface, Data Bit 10 input.
RE3/P3C/ RE3 0 O DIG |LATE<3> data output.
CCPY/REFO/ 1 | ST |PORTE<3> data input.
ADT P3C 0 O — ECCP3 PWM Output C.
May be configured for tri-state during Enhanced PWM shutdown events.
CCP9 0 O DIG | CCP9 Compare/PWM output; takes priority over port data.
1 | ST CCP9 capture input.
REFO x O DIG Reference output clock.
AD11®@ x (0] DIG | External memory interface, Address/Data Bit 11 output.
x | TTL | External memory interface, Data Bit 11 input.
RE4/P3B/ RE4 0 O DIG LATE<4> data output.
CCP8/AD12 1 | ST |PORTE<4> data input.
P3B 0 O — ECCP3 PWM Output B.
May be configured for tri-state during Enhanced PWM shutdown events.
CCP8 0 O DIG | CCP8 compare/PWM output; takes priority over port data.
1 | ST CCP8 capture input.
AD12d x (0] DIG | External memory interface, Address/Data Bit 12 output.
x | TTL | External memory interface, Data Bit 12 input.
RE5/P1C/ RE5 0 (o] DIG |LATE<5> data output.
CCP7/AD13 1 | ST |PORTE<5> data input.
P1C 0 O — ECCP1 PWM Output C.
May be configured for tri-state during Enhanced PWM shutdown events.
CCP7 0 O DIG | CCP7 compare/PWM output; takes priority over port data.
1 | ST CCP7 capture input.
AD13@ x (0] DIG | External memory interface, Address/Data Bit 13 output.
x | TTL | External memory interface, Data Bit 13 input.
RE6/P1B/ RE6 0 (o] DIG |LATE<6> data output.
CCP6/AD14 1 | ST |PORTE<6> data input.
P1B 0 (e} — ECCP1 PWM Output B.
May be configured for tri-state during Enhanced PWM shutdown events.
CCP6 0 (0] DIG | CCP6 compare/PWM output; takes priority over port data.
1 | ST CCP9 capture input.
AD14@ x (0] DIG | External memory interface, Address/Data Bit 14 output.
x | TTL | External memory interface, Data Bit 14 input.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Microcontroller mode.
2: This feature is only available on PIC18F8XKXX devices.
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TABLE 12-9: PORTE FUNCTIONS (CONTINUED)
Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RE7/ECCP2/ RE7 0 (6] DIG |LATE<7> data output.
P2A/AD15 1 | ST |PORTE<7> data input.
Eccp2) 0 O DIG ECCP2 compare/PWM output; takes priority over port data.
1 | ST ECCP2 capture input.
P2A 0 O — ECCP2 PWM Output A.
May be configured for tri-state during Enhanced PWM shutdown event.
AD15@ x (0] DIG | External memory interface, Address/Data Bit 15 output.

x | TTL | External memory interface, Data Bit 15 input.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

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

Note 1:

2: This feature is only available on PIC18F8XKXX devices.

TABLE 12-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Alternate assignment for ECCP2 when the CCP2MX Configuration bit is cleared and in Microcontroller mode.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO
LATE LATE7 LATE6 LATE5 | LATE4 | LATE3 LATE2 LATE1 LATEO
TRISE TRISE7 TRISE6 | TRISE5 | TRISE4 | TRISE3 TRISE2 TRISE1 TRISEO
PADCFG1 RDPU REPU RJPUP) — — RTSECSEL1 |RTSECSELO| —
ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D
ODcoN2 | ccpP100DM | ccpoop! | cCP8OD | CCP70OD | CCP6OD | CCP50D CCP40D | CCP30D

Legend: Shaded cells are not used by PORTE.

Note 1:

Unimplemented on PIC18FX5K22 devices, read as ‘0.

2: Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
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12.7 PORTF, LATF and TRISF Registers EXAMPLE 12-6: INITIALIZING PORTF
PORTF is a 7-bit wide, bidirectional port. The CIREL L FORIE o dmtiaiize BORIE by
. . . . ; clearing output
corresponding Data Direction and Output Latch registers . data latches
are TRISF and LATF. All pins on PORTF are CLRF LATF ; Alternate method
implemented with Schmitt Trigger input buffers. Each pin ; to clear output
is individually configurable as an input or output. ; data latches
. BANKSEL  ANCON1 ; Select bank with ANCON1 register
Pins, RF1 through RF6, may be used as comparator MOVIH  1Fh ; Make ANG, AN7 and ANS digital
inputs or outputs by setting the appropriate bits in the MOVIT ANCONL  ;
CMCON register. To use RF<7:1> as digital inputs, it is MOVLW  OFh i Make AN8, AN9, AN10 and ANI1l
also necessary to turn off the comparators. digital
MOVWF ANCON ; Set PORTF as digital I/0
Note 1: On device Resets, pins, RF<7:1>, are BANKSEL TRISF ; Select bank with TRISF register
configured as analog inputs and are read MOVLW 0CEh ; Value used to
as ‘0. ; initialize data
; direction
2: To configure PORTF as a digital I/O, turn MOVWE TRISF ; Set RF3:RF1 as inputs
off the comparators and clear ANCON1 ; RF5:RF4 as outputs
and ANCONB2 to digital. i RE7:RF6 as inputs
TABLE 12-11: PORTF FUNCTIONS
. . TRIS /10 L
Pin Name Function Setting 110 Type Description
RF1/AN6/C20UT/ RF1 0 (0] DIG |LATF<1> data output; not affected by analog input.
CTDIN 1 | ST |PORTF<1> data input; disabled when analog input is enabled.
AN6 1 | ANA | A/D Input Channel 6. Default configuration on POR.
C20uUT 0 O DIG | Comparator 2 output; takes priority over port data.
CTDIN 1 | ST CTMU pulse delay input.
RF2/AN7/C10UT RF2 0 (0] DIG |LATF<2> data output; not affected by analog input.
1 | ST PORTF<2> data input; disabled when analog input is enabled.
AN7 1 | ANA | A/D Input Channel 7. Default configuration on POR.
C10UT 0 (0] DIG | Comparator 1 output; takes priority over port data.
RF3/AN8/C2INB/ RF3 0 O DIG LATF<3> data output; not affected by analog input.
CTMUI 1 | ST PORTF<3> data input; disabled when analog input is enabled.
AN8 1 | ANA | A/D Input Channel 8 and Comparator C2+ input. Default input
configuration on POR; not affected by analog output.
C2INB 1 | ANA | Comparator 2 Input B.
CTMUI x O — CTMU pulse generator charger for the C2INB comparator input.
RF4/AN9/C2INA RF4 0 (0] DIG |LATF<4> data output; not affected by analog input.
1 | ST PORTF<4> data input; disabled when analog input is enabled.
AN9 1 | ANA | A/D Input Channel 9 and Comparator C2- input. Default input
configuration on POR; does not affect digital output.
C2INA 1 | ANA | Comparator 2 Input A.
RF5/AN10/CVREF/ RF5 0 (6] DIG | LATF<5> data output; not affected by analog input. Disabled when
C1INB CVREF output is enabled.
1 | ST PORTF<5> data input; disabled when analog input is enabled.
Disabled when CVREF output is enabled.
AN10 1 | ANA | A/D Input Channel 10 and Comparator C1+ input. Default input
configuration on POR.
CVREF x (0] ANA | Comparator voltage reference output. Enabling this feature disables
digital 1/0.
C1INB 1 | ANA | Comparator 1 Input B.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
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TABLE 12-11: PORTF FUNCTIONS (CONTINUED)
Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RF6/AN11/C1INA RF6 0 O DIG LATF<6> data output; not affected by analog input.
1 | ST PORTF<6> data input; disabled when analog input is enabled.
AN11 1 | ANA | A/D Input Channel 11 and Comparator C1- input. Default input
configuration on POR; does not affect digital output.
C1INA 1 | ANA | Comparator 1 Input A.
RF7/AN5/SS1 RF7 0 (0] DIG |LATF<7> data output; not affected by analog input.
1 | ST PORTF<7> data input; disabled when analog input is enabled.
AN5 1 | ANA | A/D Input Channel 5. Default configuration on POR.
SS1 1 | TTL | Slave select input for MSSP module.

Legend:

TABLE 12-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 —
LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 —
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 —
ANCONO ANSEL7 | ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 ANSELO
ANCON1 ANSEL15 | ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSEL8
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTF.
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12.8 PORTG, TRISG and
LATG Registers
PORTG is a b5-bit wide, bidirectional port. The

corresponding Data Direction and Output Latch registers
are TRISG and LATG.

PORTG is multiplexed with the AUSART and CCP,
ECCP, Analog, Comparator, RTCC and Timer input
functions (Table 12-13). When operating as 1/O, all
PORTG pins have Schmitt Trigger input buffers. The
open-drain functionality for the CCPx and UART can be
configured using ODCONX.

TABLE 12-13: PORTG FUNCTIONS

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTG pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the
corresponding peripheral section for the correct TRIS bit
settings. The pin override value is not loaded into the
TRIS register. This allows read-modify-write of the TRIS
register without concern due to peripheral overrides.

EXAMPLE 12-7: INITIALIZING PORTG

CLRF PORTG ; Initialize PORTG by
; clearing output
; data latches
BCF CMICON, CON ; disable
; comparator 1
CLRF LATG ; Alternate method
; to clear output
; data latches
BANKSEL ANCON2 ; Select bank with ACON2 register
MOVLW 0FOh ; make AN16 to AN19
; digital
MOVWE ANCON2
BANKSEL TRISG ; Select bank with TRISG register
MOVLW 04h ; Value used to
; initialize data
; direction
MOVWE TRISG ; Set RG1:RGO as
; outputs
; RG2 as input
; RG4:RG3 as inputs

. . TRIS /10 L
Pin Name Function Setting /10 Type Description
RGO/ECCP3/ RGO 0 O DIG LATG<0> data output.
P3A 1 | ST |PORTG<0> data input.
ECCP3 0 0 DIG ECCP3 compare output and ECCP3 PWM output; takes priority over
port data.
1 | ST ECCP3 capture input.
P3A 0 O — ECCP3 PWM Output A.
May be configured for tri-state during Enhanced PWM shutdown
events.
RG1/TX2/CK2/ RG1 0 (e} DIG |LATG<1> data output.
AN1T9/C30UT 1 | ST | PORTG<1> data input.
TX2 1 (0] DIG | Synchronous serial data output (EUSART module); takes priority over
port data.
CK2 1 (0] DIG | Synchronous serial data input (EUSART module); user must configure
as an input.
1 | ST Synchronous serial clock input (EUSART module).
AN19 1 | ANA | A/D Input Channel 19.
Default input configuration on POR. Does not affect digital output.
C30UT x O DIG | Comparator 3 output.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
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TABLE 12-13: PORTG FUNCTIONS (CONTINUED)

. . TRIS /10 L
Pin Name Function Setting 110 Type Description
RG2/RX2/DT2/ RG2 0 O DIG |LATG<2> data output.
AN18/C3INA 1 | ST |PORTG<2> data input.
RX2 1 | ST Asynchronous serial receive data input (EUSART module).
DT2 1 (0] DIG | Synchronous serial data output (EUSART module); takes priority over
port data.
1 | ST Synchronous serial data input (EUSART module); user must configure
as an input.
AN18 1 | ANA | A/D Input Channel 18.
Default input configuration on POR; does not affect digital output.
C3INA x | ANA | Comparator 3 Input A.
RG3/CCP4/AN17/ RG3 0 (6] DIG |LATG<3> data output.
P3D/C3INB 1 | ST |PORTG<3> data input.
CCP4 0 O DIG CCP4 compare/PWM output; takes priority over port data.
1 | ST CCP4 capture input.
AN17 1 | ANA | A/D Input Channel 17.
Default input configuration on POR; does not affect digital output.
P3D 0 O — ECCP3 PWM Output D.
May be configured for tri-state during Enhanced PWM.
C3INB x | ANA | Comparator 3 Input B.
RG4/RTCC/ RG4 0 O DIG | LATG<4> data output.
T7CKITSG/ 1 | ST |PORTG<4> data input.
CCP5/AN16/ =T ol =T
P1D/C3ING CcC x O G CC output.
T7CKI x | ST Timer7 clock input.
T5G x | ST Timer5 external clock gate input.
CCP5 0 O DIG CCP5 compare/PWM output; takes priority over port data.
1 | ST CCP5 capture input.
AN16 1 | ANA | A/D Input Channel 17.
Default input configuration on POR; does not affect digital output.
P1D 0 (o] — ECCP1 PWM Output D.
May be configured for tri-state during Enhanced PWM.
C3INC x | ANA | Comparator 3 Input C.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 12-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTG — — RG5(2) RG4 RG3 RG2 RG1 RGO
TRISG - = = TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO
ANCON2 ANSEL23 | ANSEL22 | ANSEL21 | ANSEL20 | ANSEL19 | ANSEL18 | ANSEL17 | ANSEL16
ODCON1 SSP10D | CCP20D | CCP10D — — — — SSP20D
ODCON2 ccpr10oDM|ccroop | ccP8oOD | CCP7OD | CCP6OD | CCP50D | CCP40OD | CCP30D
ODCON3 U20D u10D — — — — — CTMUDS
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTG.

Note 1: Unimplemented on PIC18FX5K22 devices, read as ‘0’.

2: This bit is available when Master Clear is disabled (MCLRE = 0). When MCLRE is set, the bit is
unimplemented.
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129 PORTH, LATH and

EXAMPLE 12-8:  INITIALIZING PORTH

TRISH Registers CLRF PORTH ; Initialize PORTH by
; clearing output
Note: PORTH is available only on the 80-pin ; data latches
devices. CLRF LATH ; Alternate method
; to clear output
PORTH is an 8-bit wide, bidirectional I/O port. The ; data latches , ‘
corresponding Data Direction and Output Latch registers BANKSEL ANCONZ  ; Select bank with ANCON2 register
are TRISH and LATH MOVLW 0Fh ; Configure PORTH as
: MOVWE ~ ANCON2  ; digital I/O
All pins on PORTH are implemented with Schmitt MOVLW  OFh ; Configure PORTH as
Trigger input buffers. Each pin is individually MOVWE ~ ANCONL ; digital 1/0
configurable as an input or OUtpUt BANKSEL TRISH ; Select bank with TRISH register
’ MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWE TRISH ; Set RH3:RHO as inputs
; RH5:RH4 as outputs
; RH7:RH6 as inputs
TABLE 12-15: PORTH FUNCTIONS
. . TRIS /10 I
Pin Name Function Setting 110 Type Description
RHO/AN23/A16 RHO 0 O DIG | LATH<O0> data output.
1 | ST PORTH<0> data input.
AN23 1 | ANA | A/D Input Channel 23.
Default input configuration on POR; does not affect digital input.
A16 x (0] DIG | External memory interface, Address Line 16; takes priority over port
data.
RH1/AN22/A17 RH1 0 O DIG |LATH<1> data output.
1 | ST PORTH<1> data input.
AN22 1 | ANA | A/D Input Channel 22.
Default input configuration on POR; does not affect digital input.
A17 x O DIG External memory interface, Address Line 17; takes priority over port
data.
RH2/AN21/A18 RH2 0 O DIG |LATH<2> data output.
1 | ST PORTH<2> data input.
AN21 1 | ANA | A/D Input Channel 21.
Default input configuration on POR; does not affect digital input.
A18 x O DIG External memory interface, Address Line 18; takes priority over port
data.
RH3/AN20/A19 RH3 0 (o] DIG | LATH<3> data output.
1 | ST PORTH<3> data input.
AN20 1 | ANA | A/D Input Channel 20.
Default input configuration on POR; does not affect digital input.
A19 x O DIG External memory interface, Address Line 19; takes priority over port
data.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
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TABLE 12-15: PORTH FUNCTIONS (CONTINUED)

Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RH4/CCP9/ RH4 0 (o] DIG |LATH<4> data output.
P3C/AN12/ 1 | ST | PORTH<4> data input.
C2INC CCP9 0 O DIG | CCP9 compare/PWM output; takes priority over port data.
1 | ST CCP9 capture input.
P3C 0 o — ECCP3 PWM Output C.
May be configured for tri-state during Enhanced PWM.
AN12 1 | ANA | A/D Input Channel 12.
Default input configuration on POR; does not affect digital input.
C2INC X | ANA | Comparator 2 Input C.
RH5/CCP8/ RH5 0 O DIG | LATH<5> data output.
P3B/AN13/ 1 | ST | PORTH<5> data input.
C2IND CCP8 0 (6] DIG | CCP8 compare/PWM output; takes priority over port data.
1 | ST CCP8 capture input.
P3B 0 O — ECCP3 PWM Output B.
May be configured for tri-state during Enhanced PWM.
AN13 1 | ANA | A/D Input Channel 13.
Default input configuration on POR; does not affect digital input.
C2IND x | ANA | Comparator 2 Input D.
RH6/CCP7/ RH6 0 O DIG LATH<6> data output.
P1C/AN14/ 1 | ST | PORTH<6> data input.
C1INC CCP7 0 O DIG | CCP7 compare/PWM output; takes priority over port data.
1 | ST CCP7 capture input.
P1C 0 O — ECCP1 PWM Output C.
May be configured for tri-state during Enhanced PWM.
AN14 1 | ANA | A/D Input Channel 14.
Default input configuration on POR; does not affect digital input.
C1INC x | ANA | Comparator 1 Input C.
RH7/CCP6/ RH7 0 o DIG |LATH<7> data output.
P1B/AN15 1 | ST |PORTH<7> data input.
CCP6 0 (6] DIG | CCP6 compare/PWM output; takes priority over port data.
1 | ST CCP6 capture input.
P1B 0 O — ECCP1 PWM Output B.
May be configured for tri-state during Enhanced PWM.
AN15 1 | ANA | A/D Input Channel 15.
Default input configuration on POR; does not affect digital input.

Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

DS30009960E-page 180 © 2009-2018 Microchip Technology Inc.



PIC18F87K22 FAMILY

TABLE 12-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTH(" RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO
LATH( LATH7 LATH6 LATH5 LATH4 LATH3 LATH2 LATH1 LATHO
TRISH(") TRISH7 | TRISH6 | TRISH5 | TRISH4 | TRISH3 | TRISH2 | TRISH1 | TRISHO
ANCON1 ANSEL15 | ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSELS
ANCON2 ANSEL23 | ANSEL22 | ANSEL21 | ANSEL20 | ANSEL19 | ANSEL18 | ANSEL17 | ANSEL16
ODCON2 | ccP100D@ | ccpooDf? | cCP8OD | CCP7OD | CCP60OD | CCP50D | CCP40OD | CCP30D

Note 1:

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

2: Unimplemented on PIC18FX5K22 devices, read as ‘0’.

12.10 PORTJ, TRISJ and
LATJ Registers

| Note: PORTJ is available only on 80-pin devices. I

PORTJ is an 8-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISJ and LATJ.

All pins on PORTJ are implemented with Schmitt

Trigger input buffers. Each pin is individually
configurable as an input or output.
Note:

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

When the external memory interface is enabled, all of
the PORTJ pins function as control outputs for the inter-
face. This occurs automatically when the interface is
enabled by clearing the EBDIS control bit
(MEMCON<7>). The TRISJ bits are also overridden.

Each of the PORTJ pins has a weak internal pull-up.
The pull-ups are provided to keep the inputs at a known
state for the external memory interface while powering
up. A single control bit can turn off all the pull-ups. This
is performed by clearing bit, RIPU (PADCFG1<5>).
The weak pull-up is automatically turned off when the
port pin is configured as an output. The pull-ups are
disabled on any device Reset.

INITIALIZING PORTJ

; Initialize PORTJ by

; clearing output latches
LATJ ; Alternate method

; to clear output latches
; Value used to

; initialize data

; direction

; Set RJ3:RJ0 as inputs

; RJ5:RJ4 as output

; RJ7:RJ6 as inputs

EXAMPLE 12-9:

CLRF

PORTJ

CLRF

MOVLW  OCFh

MOVWE  TRISJ

© 2009-2018 Microchip Technology Inc.
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TABLE 12-17: PORTJ FUNCTIONS

Pin Name Function S:E:ﬁg 110 'I'I)I/ge Description
RJO/ALE RJO 0 O DIG LATJ<0> data output.
1 | ST PORTJ<0> data input.
ALE x (6] DIG | External memory interface address latch enable control output; takes
priority over digital 1/0.
RJ1/OE RJ1 0 O DIG LATJ<1> data output.
1 | ST PORTJ<1> data input.
OE x O DIG External memory interface output enable control output; takes priority
over digital 1/0.
RJ2/WRL RJ2 0 O DIG LATJ<2> data output.
1 | ST PORTJ<2> data input.
WRL x O DIG External Memory Bus write low byte control; takes priority over
digital I/0.
RJ3/WRH RJ3 0 o] DIG |LATJ<3> data output.
1 | ST PORTJ<3> data input.
WRH x (0] DIG External memory interface write high-byte control; takes priority over
digital I/0.
RJ4/BAO RJ4 0 (0] DIG |LATJ<4> data output.
1 | ST PORTJ<4> data input.
BAO x O DIG External Memory Interface Byte Address O control output; takes
priority over digital 1/0.
RJ5/CE RJ5 0 (6] DIG |LATJ<5> data output.
1 | ST PORTJ<5> data input.
CE x O DIG External memory interface chip enable control output; takes priority
over digital 1/0.
RJ6/LB RJ6 0 0 DIG LATJ<6> data output.
1 | ST PORTJ<6> data input.
LB x O DIG External memory interface lower byte enable control output; takes
priority over digital 1/0.
RJ7/UB RJ7 0 o] DIG |LATJ<7> data output.
1 | ST PORTJ<7> data input.
uB x O DIG External memory interface upper byte enable control output; takes
priority over digital 1/O.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Trigger Buffer Input,

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

TABLE 12-18: SUMMARY OF REGISTERS ASSOCIATED WITH PORTJ

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTJ™ RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJO
LATJ™M LATJ7 LATJ6 LATJ5 LATJ4 LATJ3 LATJ2 LATJ1 LATJO
TRISJM TRISJ7 | TRISJ6 | TRISJ5 | TRISJ4 | TRISJ3 TRISJ2 TRISJ1 TRISJO
PADCFG1 RDPU REPU RJPUM = = RTSECSEL1 | RTSECSELO —

Legend: Shaded cells are not used by PORTJ.

Note 1:

Unimplemented on 64-pin devices (PIC18F6XK22), read as ‘0’.
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12.11 Parallel Slave Port

PORTD can function as an 8-bit-wide Parallel Slave
Port (PSP), or microprocessor port, when control bit,
PSPMODE (PSPCON<4>), is set. The port is asyn-
chronously readable and writable by the external world
through the RD control input pin (REQ/P2D/RD/AD8)
and WR control input pin (RE1/P2C/WR/AD?9).

Note: The Parallel Slave Port is available only in
Microcontroller mode.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an eight-bit latch.

Setting bit, PSPMODE, enables port pin,
REO/P2D/RD/AD8, to be the RD input,
RE1/P2C/WR/AD9 to be the WR input and
RE2/P2B/CCP10/CS/AD10 to be the CS (Chip Select)
input. For this functionality, the corresponding data
direction bits of the TRISE register (TRISE<2:0>) must

be configured as inputs (= 111).

A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits (PIR1<7>
and PSPCON<7>, respectively) are set when the write
ends.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit (PSPCON<6>) is set. If the user
writes new data to PORTD to set OBF, the data is
immediately read out, but the OBF bit is not set.

When either the CS or RD line is detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP. When this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.

The timing for the control signals in Write and Read
modes is shown in Figure 12-4 and Figure 12-5,
respectively.

FIGURE 12-3: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE PORT)
r-— — —=--=-=--"=--=-= A
| Data Bus ,\ |
D Q '
| 5 | %
| XYR LATD ) ok = | Pin("
I PORTD Data Latch TTL I
I q Q D I
[ [
| |RDPORTD EN |— |
| TRIS Latch |
I ] I
: RD LATIN\J :

One Bit of PORTD

, Set Interrupt Flag

—_ —_ — = d

~ PSPIF (PIR1<7>)

NG

Write J—
g

Note: The I/O pin has protection diodes to VDD and Vss.
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REGISTER 12-5: PSPCON: PARALLEL SLAVE PORT CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 uU-0 u-0 U-0 U-0
IBF OBF IBOV PSPMODE — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit

1 = The output buffer still holds a previously written word
0 = The output buffer has been read

bit 5 IBOV: Input Buffer Overflow Detect bit

1 = A write occurred when a previously input word had not been read (must be cleared in software)
0 = No overflow occurred

bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General Purpose I/O mode

bit 3-0 Unimplemented: Read as ‘0’

FIGURE 12-4: PARALLEL SLAVE PORT WRITE WAVEFORMS

Q1 | @2 | @3 | @4 Q1 | @2 | @3 | @4 . Q1 | @2 | Q3 | Q4

m

" ; NN
PORTD<7:0> —{ | N = :
IBF : \\\»/

OBF — :
PSPIF \‘/
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FIGURE 12-5: PARALLEL SLAVE PORT READ WAVEFORMS
Q1 | @2 | @3 | @4 . Q1 | @2 | @3 | 4 . Q1 | Q2 | Q3 | 4
s 1\ : ; : /-
WR — : : :
RD | /\ AN \\7\ L
PORTD<7:0> — ( { ; | —
IBF ' \ '
or RN
PSPIF f . / f
TABLE 12-19: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO
TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO
PORTE RE7 RE6 RES5 RE4 RE3 RE2 RE1 REO
LATE LATE7 LATEG6 LATES LATE4 LATE3 LATE2 LATE1 LATEO
TRISE TRISE7 TRISE6 TRISE5 TRISE4 TRISE3 TRISE2 TRISE1 TRISEO
PSPCON IBF OBF IBOV PSPMODE — — — —
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | TMR1GIP | TMR2IP TMR1IP
PMD1 PSPMD | CTMUMD | RTCCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | EMBDM
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
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13.0 TIMERO MODULE

The Timer0 module incorporates the following features:
» Software-selectable operation as a timer or
counter in both 8-bit or 16-bit modes
* Readable and writable registers
» Dedicated 8-bit, software programmable

The TOCON register (Register 13-1) controls all
aspects of the module’s operation, including the
prescale selection. It is both readable and writable.

Figure 13-1 provides a simplified block diagram of the
Timer0 module in 8-bit mode. Figure 13-2 provides a
simplified block diagram of the Timer0 module in 16-bit
mode.

prescaler
» Selectable clock source (internal or external)
» Edge select for external clock
* Interrupt-on-overflow

REGISTER 13-1: TOCON: TIMERO CONTROL REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPSA1 TOPSO
bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 TMROON: TimerQ On/Off Control bit

1 = Enables Timer0
0 = Stops Timer0
bit 6 TO8BIT: Timer0 8-Bit/16-Bit Control bit
1 = Timer0 is configured as an 8-bit timer/counter
0 = TimerO is configured as a 16-bit timer/counter
bit 5 TOCS: Timer0 Clock Source Select bit
1 = Transition on TOCKI pin input edge
0 = Internal clock (Fosc/4)
bit 4 TOSE: TimerO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Timer0 Prescaler Assignment bit
1 = TimerO prescaler is not assigned; Timer0 clock input bypasses prescaler
0 = TimerO0 prescaler is assigned; Timer0 clock input comes from prescaler output
bit 2-0 TOPS<2:0>: Timer0 Prescaler Select bits

111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 =1:64 Prescale value
100 =1:32 Prescale value
011 =1:16 Prescale value

010=1:8 Prescale value
001 =14 Prescale value
000 =1:2 Prescale value
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13.1 Timer0 Operation

TimerQ can operate as either a timer or a counter. The
mode is selected with the TOCS bit (TOCON<5>). In
Timer mode (TOCS = 0), the module increments on
every clock by default unless a different prescaler value
is selected (see Section 13.3 “Prescaler”). If the
TMRO register is written to, the increment is inhibited
for the following two instruction cycles. The user can
work around this by writing an adjusted value to the
TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In this mode, TimerOQ increments either on every
rising edge or falling edge of the TOCKI pin. The
incrementing edge is determined by the Timer0 Source
Edge Select bit, TOSE (TOCON<4>); clearing this bit
selects the rising edge. Restrictions on the external
clock input are discussed below.

An external clock source can be used to drive TimerO;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

13.2 Timer0 Reads and Writes in 16-Bit
Mode

TMROH is not the actual high byte of Timer0 in 16-bit
mode. It is actually a buffered version of the real high
byte of TimerO, which is not directly readable nor
writable (see Figure 13-2). TMROH is updated with the
contents of the high byte of TimerO during a read of
TMROL. This provides the ability to read all 16 bits of
TimerQ without having to verify that the read of the high
and low byte was valid, due to a rollover between
successive reads of the high and low byte.

Similarly, a write to the high byte of TimerO must also
take place through the TMROH Buffer register. The high
byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of TimerQ
to be updated at once.

FIGURE 13-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
1 Internal —> TMROIF
TOCKI Pin Programmable Clocks on Overflow
Prescaler

TOSE (2 Tcy Delay)

ToCS 8

TOPS<2:0> 8

PSA < WA > Internal Data Bus

Note: Upon Reset, Timer0Q is enabled in 8-bit mode with clock input from TOCKI max. prescale.

FIGURE 13-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Fosc/4 0
Sync with Set
1 Internal —»‘ TMROL | H;g\r?%())/te }—PTMROIF
TOCKI Pin Programmable Clocks on Overflow
Prescaler 8
TOSE (2 Tcy Delay)
Tocs 3 Ij \ \ /— Read TMROL
TOPS<2:0> _
PSA Write TMROL
8
8
TMROH
8
\/_8
< > Internal Data Bus

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

An 8-bit counter is available as a prescaler for the TimerO
module. The prescaler is not directly readable or writable.
Its value is set by the PSA and TOPS<2:0> bits
(TOCON<3:0>), which determine the prescaler
assignment and prescale ratio.

Clearing the PSA bit assigns the prescaler to the Tim-
er0 module. When it is assigned, prescale values from
1:2 through 1:256, in power-of-two increments, are
selectable.

When assigned to the Timer0 module, all instructions
writing to the TMRO register (for example, CLRF TMRO,
MOVWF TMRO, BSF TMRO) clear the prescaler count.

Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count but will not change the prescaler
assignment.

13.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution.

13.4 Timer0 Interrupt

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMROIF flag bit. The interrupt can be masked by
clearing the TMROIE bit (INTCON<5>). Before re-
enabling the interrupt, the TMROIF bit must be cleared
in software by the Interrupt Service Routine (ISR).

Since Timer0 is shut down in Sleep mode, the TMRO
interrupt cannot awaken the processor from Sleep.

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMERO

Name Bit 7 Bit 6 Bit 5 Bit 3 Bit 2 Bit 1 Bit 0
TMROL Timer0 Register Low Byte
TMROH Timer0 Register High Byte
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
TOCON TMROON TO8BIT TOCS PSA TOPS2 TOPS1 TOPSO
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by Timer0.
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14.0 TIMER1 MODULE

The Timer1 timer/counter module incorporates these
features:

» Software-selectable operation as a 16-bit timer or
counter

» Readable and writable eight-bit registers (TMR1H
and TMR1L)

» Selectable clock source (internal or external) with
device clock or SOSC oscillator internal options

* Interrupt-on-overflow
* Reset on ECCP Special Event Trigger
« Timer with gated control

Figure 14-1 displays a simplified block diagram of the
Timer1 module.

The Timer1 oscillator can also be used as a low-power
clock source for the microcontroller in power-managed
operation. The Timer1 can also work on the SOSC
oscillator.

Timer1 is controlled through the T1CON Control
register (Register 14-1). It also contains the Secondary
Oscillator Enable bit (SOSCEN). Timer1 can be
enabled or disabled by setting or clearing control bit,
TMR10ON (T1CON<0>).

The Fosc clock source should not be used with the
ECCP capture/compare features. If the timer will be

used with the capture or compare features, always
select one of the other timer clocking options.

REGISTER 14-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMR1CS1 TMR1CSO0 T1CKPSH1 T1CKPSO0 SOSCEN T1SYNC RD16 TMR10ON
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-6 TMR1CS<1:0>: Timer1 Clock Source Select bits

10 = Timer1 clock source is either from a pin or oscillator, depending on the SOSCEN bit:

SOSCEN = 0:

External clock from the T1CKI pin (on the rising edge).

SOSCEN = 1:

Depending on the SOSCSEL Configuration bit, the clock source is either a crystal oscillator on the
SOSCI/SOSCO pins or an internal clock from the SCLKI pin.

01 = Timer1 clock source is the system clock (FOSC)(1)

00 = Timer1 clock source is the instruction clock (Fosc/4)

T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

SOSCEN: SOSC Oscillator Enable bit

1 = SOSC is enabled and available for Timer1

0 = SOSC is disabled for Timer1

The oscillator inverter and feedback resistor are turned off to eliminate power drain.

T1SYNC: Timer1 External Clock Input Synchronization Select bit
TMR1CS<1:0>=10:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMR1CS<1:0> = 0Ox:

This bit is ignored. Timer1 uses the internal clock when TMR1CS<1:0> = 1x.

RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timer1 in one 16-bit operation
0 = Enables register read/write of Timer1 in two 8-bit operations

bit 5-4

bit 3

bit 2

bit 1

Note 1: The Fosc clock source should not be selected if the timer will be used with the ECCP capture/compare features.
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REGISTER 14-1: T1CON: TIMER1 CONTROL REGISTER (CONTINUED)

bit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

Note 1: The Fosc clock source should not be selected if the timer will be used with the ECCP capture/compare features.
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14.1 Timer1 Gate Control Register

The Timer1 Gate Control register (T1GCON),
displayed in Register 14-2, is used to control the Tim-
er1 gate.

REGISTER 14-2: T1GCON: TIMER1 GATE CONTROL REGISTER("

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0
TMR1GE | T1GPOL T1GTM T1GSPM |T1GGO/T1IDONE| T1GVAL T1GSS1 T1GSS0
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMR1GE: Timer1 Gate Enable bit
If TMR1ON = 0:
This bit is ignored.
If TMR1ON = 1:

1 = Timer1 counting is controlled by the Timer1 gate function
0 = Timer1 counts regardless of Timer1 gate function
bit 6 T1GPOL: Timer1 Gate Polarity bit
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
bit 5 T1GTM: Timer1 Gate Toggle Mode bit
1 = Timer1 Gate Toggle mode is enabled
0 = Timer1 Gate Toggle mode is disabled and toggle flip-flop is cleared
Timer1 gate flip-flop toggles on every rising edge.
bit 4 T1GSPM: Timer1 Gate Single Pulse Mode bit
1 = Timer1 Gate Single Pulse mode is enabled and is controlling Timer1 gate
0 = Timer1 Gate Single Pulse mode is disabled
bit 3 T1GGO/T1DONE: Timer1 Gate Single Pulse Acquisition Status bit
1 = Timer1 gate single pulse acquisition is ready, waiting for an edge
0 = Timer1 gate single pulse acquisition has completed or has not been started
This bit is automatically cleared when T1GSPM is cleared.
bit 2 T1GVAL: Timer1 Gate Current State bit
Indicates the current state of the Timer1 gate that could be provided to TMR1H:TMR1L; unaffected by
Timer1 Gate Enable (TMR1GE) bit.
bit 1-0 T1GSS<1:0>: Timer1 Gate Source Select bits

11 = Comparator 2 output

10 = Comparator 1 output

01 = TMR2 to match PR2 output
00 = Timer1 gate pin

Note 1: Programming the T1GCON prior to T1CON is recommended.
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14.2 Timer1 Operation

The Timer1 module is an 8 or 16-bit incrementing
counter that is accessed through the TMR1H:TMR1L
register pair.

When used with an internal clock source, the module is
a timer and increments on every instruction cycle.
When used with an external clock source, the module
can be used as either a timer or counter. It increments
on every selected edge of the external source.

Timer1 is enabled by configuring the TMR1ON and
TMR1GE bits in the T1ICON and T1GCON registers,
respectively.

When SOSC is selected as Crystal mode (by
SOSCSEL), the RC1/SOSCI/ECCP2/P2A and RCO/
SOSCO/SCLKI pins become inputs. This means the
values of TRISC<1:0> are ignored and the pins are
read as ‘0’.

14.3 Clock Source Selection

The TMR1CS<1:0> and SOSCEN bits of the TICON
register are used to select the clock source for Timer1.
Register 14-1 displays the clock source selections.

14.3.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, the
TMR1H:TMRI1L register pair will increment on multiples
of Fosc, as determined by the Timer1 prescaler.

14.3.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the Timer1
module may work as a timer or a counter.

When enabled to count, Timer1 is incremented on the
rising edge of the external clock input, T1CKI. Either of
these external clock sources can be synchronized to the
microcontroller system clock or they can run
asynchronously.

When used as a timer with a clock oscillator, an
external, 32.768 kHz crystal can be used in conjunction
with the dedicated internal oscillator circuit.

Note: In Counter mode, a falling edge must be
registered by the counter prior to the first
incrementing rising edge after any one or
more of the following conditions:

« Timer1 enabled after POR Reset
* Write to TMR1H or TMR1L

* Timer1 is disabled

* Timer1 is disabled (TMR10ON = 0)

When T1CKIl is high, Timer1 is enabled
(TMR10ON = 1) when T1CKl is low.

TABLE 14-1: TIMER1 CLOCK SOURCE SELECTION
TMR1CS1 TMR1CSO0 SOSCEN Clock Source
0 1 x Clock Source (Fosc)
0 0 x Instruction Clock (Fosc/4)
1 0 0 External Clock on T1CKI Pin
1 0 1 Oscillator Circuit on SOSCI/SOSCO Pins
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FIGURE 14-1: TIMER1 BLOCK DIAGRAM
T1GSS<1:0>
16 X 00 T1GSPM
From TMR2 —— 01 T1G IN
Match PR2 - TIGVAL =5 Data Bus
(F)rotm ?omparator 1 10 Single Pulse RD
Hipd | Acq. Control Q1— EN T1GCON
From Comparator 2 1
Output T1GGO/TT DONEJ Interrupt | Set
TMR1ON T det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set Flag bit,
TMRA1IF, on
Overflow 2)
L TMR1 EN ol Synchronized
TMR1H TMRIL | |o L T1OK Clock Input

Note 1:

RoNpN

TMR1CS<1:0> T1SYNC
SOSCO/SCLKI X'— ouT® |—

T1CON.SOSCEN —

T3CON.SOSCEN Fosc/4 Fosc/2
SOSCGO ?ﬁ Internal — 00 Internal Sleep Input
SCS<1:0>= 01 Clock Clock

1

SOSC 10 Prescaler Synchronize(®)
1,2,4,8 Er
oo det
Fosc o1 2
Internal —|
Clock T1CKPS<1:0>

o

)
T1cki < '|>

ST Buffer is a high-speed type when using T1CKI.

Timer1 register increments on rising edge.

Synchronization does not operate while in Sleep.

The output of SOSC is determined by the SOSCSEL<1:0> Configuration bits.
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14.4 Timer1 16-Bit Read/Write Mode

Timer1 can be configured for 16-bit reads and writes.
When the RD16 control bit (T1CON<1>) is set, the
address for TMR1H is mapped to a buffer register for
the high byte of Timer1. A read from TMR1L loads the
contents of the high byte of Timer1 into the Timer1 High
Byte Buffer register. This provides the user with the
ability to accurately read all 16 bits of Timer1 without
having to determine whether a read of the high byte,
followed by a read of the low byte, has become invalid
due to a rollover between reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits at once to both the high and low bytes of Timer1.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler; the
prescaler is only cleared on writes to TMR1L.

14.5 SOSC Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins, SOSCI (input) and SOSCO (amplifier
output). It is enabled by any peripheral that requests it.
There are eight ways the SOSC can be enabled: if the
SOSC is selected as the source by any of the odd
timers, which is done by each respective SOSCEN bit
(TxCON<3>), if the SOSC is selected as the RTCC
source by the RTCOSC Configuration bit (CON-
FIG3L<1>), if the SOSC is selected as the CPU clock
source by the SCS bits (OSCCON<1:0>) or if the
SOSCGO bit is set (OSCCON2<3>). The SOSCGO bit
is used to warm up the SOSC so that it is ready before
any peripheral requests it. The oscillator is a low-power
circuit, rated for 32 kHz crystals. It will continue to run
during all power-managed modes. The circuit for a typi-
cal low-power oscillator is depicted in Figure 14-2.
Table 14-2 provides the capacitor selection for the
SOSC oscillator.

The user must provide a software time delay to ensure
proper start-up of the SOSC oscillator.

FIGURE 14-2: EXTERNAL COMPONENTS
FOR THE SOSC

LOW-POWER OSCILLATOR

C1
12 pF PIC18F87K22

——— X} soscl

= XTAL
~ 32.768 kHz

F———+{X} sosco

c2
12 pF

Note: See the Notes with Table 14-2 for additional
information about capacitor selection.

TABLE 14-2: CAPACITOR SELECTION FOR
THE TIMER
OSCILLATOR(2:3:4:5)

Oscillator
Type Freq. C1 C2
LP 32 kHz 12 pr(M 12 pr(M

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

2: Higher capacitance increases the stabil-
ity of the oscillator, but also increases the
start-up time.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Capacitor values are for design guid-
ance only. Values listed would be typical
of a CL = 10 pF rated crystal when
SOSCSEL<1:0>=11.

5: Incorrect capacitance value may result in
a frequency not meeting the crystal

manufacturer’s tolerance specification.

The SOSC crystal oscillator drive level is determined
based on the SOSCSEL<1:0> (CONFIG1L<4:3>) Con-
figuration bits. The Higher Drive Level mode,
SOSCSEL<1:0> =11, is intended to drive a wide variety
of 32.768 kHz crystals with a variety of Capacitance
Load (CL) ratings.
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The Lower Drive Level mode is highly optimized for
extremely low-power consumption. It is not intended to
drive all types of 32.768 kHz crystals. In the Low Drive
Level mode, the crystal oscillator circuit may not work
correctly if excessively large discrete capacitors are
placed on the SOSCO and SOSCI pins. This mode is
designed to work only with discrete capacitances of
approximately 3 pF-10 pF on each pin.

Crystal manufacturers usually specify a CL (Capaci-
tance Load) rating for their crystals. This value is
related to, but not necessarily the same as, the values
that should be used for C1 and C2 in Figure 14-2.

For more details on selecting the optimum C1 and C2
for a given crystal, see the crystal manufacturer’s appli-
cations information. The optimum value depends, in
part, on the amount of parasitic capacitance in the
circuit, which is often unknown. For that reason, it is
highly recommended that thorough testing and valida-
tion of the oscillator be performed after values have
been selected.

14.5.1 USING SOSC AS A
CLOCK SOURCE

The SOSC oscillator is also available as a clock source
in power-managed modes. By setting the System
Clock Select bits, SCS<1:0> (OSCCON<1:0>), to ‘01,
the device switches to SEC_RUN mode, and both the
CPU and peripherals are clocked from the SOSC oscil-
lator. If the IDLEN bit (OSCCON<7>) is cleared and a
SLEEP instruction is executed, the device enters
SEC_IDLE mode. Additional details are available in
Section 4.0 “Power-Managed Modes”.

Whenever the SOSC oscillator is providing the clock
source, the SOSC System Clock Status flag,
SOSCRUN (OSCCON2<6>), is set. This can be used
to determine the controller’s current clocking mode. It
can also indicate the clock source currently being used
by the Fail-Safe Clock Monitor (FSCM).

If the Clock Monitor is enabled and the SOSC oscillator
fails while providing the clock, polling the SOCSRUN
bit will indicate whether the clock is being provided by
the SOSC oscillator or another source.

14.5.2 SOSC OSCILLATOR LAYOUT
CONSIDERATIONS

The SOSC oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity. This is especially true when
the oscillator is configured for extremely Low-Power
mode, SOSCSEL<1:0> (CONFIG1L<4:3>) = 01.

The oscillator circuit, displayed in Figure 14-2, should
be located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the
oscillator, it may help to have a grounded guard ring
around the oscillator circuit. The guard, as displayed in
Figure 14-3, could be used on a single-sided PCB or in
addition to a ground plane. (Examples of a high-speed
circuit include the ECCP1 pin, in Output Compare or
PWM mode, or the primary oscillator using the
OSC2 pin.)
FIGURE 14-3: OSCILLATOR CIRCUIT
WITH GROUNDED
GUARD RING

(O vop
(. Vss

—1—(O | osc1
—{—O J§ osc2

O | roo
H—O J rc1

(O Rec2

Note: Not drawn to scale.

In the Low Drive Level mode, SOSCSEL<1:0> =01, itis
critical that RC2 1/O pin signals be kept away from the
oscillator circuit. Configuring RC2 as a digital output, and
toggling it, can potentially disturb the oscillator circuit,
even with a relatively good PCB layout. If possible, either
leave RC2 unused or use it as an input pin with a slew
rate limited signal source. If RC2 must be used as a
digital output, it may be necessary to use the Higher
Drive Level Oscillator mode (SOSCSEL<1:0> = 11) with
many PCB layouts.

Even in the Higher Drive Level mode, careful layout
procedures should still be followed when designing the
oscillator circuit.

In addition to dV/dt induced noise considerations, it is
important to ensure that the circuit board is clean. Even
a very small amount of conductive soldering flux
residue can cause PCB leakage currents that can
overwhelm the oscillator circuit.

14.6 Timer1 Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The Tim-
er1 interrupt, if enabled, is generated on overflow which
is latched in interrupt flag bit, TMR1IF (PIR1<0>). This
interrupt can be enabled or disabled by setting or clear-
ing the Timer1 Interrupt Enable bit, TMR1IE (PIE1<0>).

© 2009-2018 Microchip Technology Inc.
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14.7 Resetting Timer1 Using the ECCP
Special Event Trigger

If ECCP modules are configured to use Timer1 and to
generate a Special Event Trigger in Compare mode
(CCPxM<3:0> = 1011), this signal will reset Timer1. The
trigger from ECCP2 will also start an A/D conversion, if
the A/D module is enabled. (For more information, see
Section 20.3.4 “Special Event Trigger”.)

To take advantage of this feature, the module must be
configured as either a timer or a synchronous counter.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a period register for Timer1.

If Timer1 is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timer1 coincides with a
Special Event Trigger, the write operation will take
precedence.

Note: The Special Event Trigger from the
ECCPx module will only clear the TMR1
register’s content, but not set the TMR1IF
interrupt flag bit (PIR1<0>).

14.8 Timer1 Gate

Timer1 can be configured to count freely or the count can
be enabled and disabled using the Timer1 gate circuitry.
This is also referred to as Timer1 gate count enable.

Timer1 gate can also be driven by multiple selectable
sources.

14.8.1 TIMER1 GATE COUNT ENABLE

The Timer1 Gate Enable mode is enabled by setting
the TMR1GE bit of the TIGCON register. The polarity
of the Timer1 Gate Enable mode is configured using
the T1GPOL bit (T1GCON<6>).

When Timer1 Gate Enable mode is enabled, Timer1
will increment on the rising edge of the Timer1 clock
source. When Timer1 Gate Enable mode is disabled,
no incrementing will occur and Timer1 will hold the
current count. See Figure 14-4 for timing details.

TABLE 14-3: TIMER1 GATE ENABLE

SELECTIONS
(1) T1GPOL . Timer1
TCLK™| r1cconse>) | T PN operation
0 0 0 Counts
0 0 1 Holds Count
0 1 0 Holds Count
0 1 1 Counts

T The clock on which TMR1 is running. For more
information, see Figure 14-1.

Note: The CCP and ECCP modules use Timers,
1 through 8, for some modes. The assign-
ment of a particular timer to a CCP/ECCP
module is determined by the Timer to CCP
enable bits in the CCPTMRSXx registers.
For more details, see Register 19-2,

Register 19-3 and Register 20-2.
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FIGURE 14-4:

TIMER1 GATE COUNT ENABLE MODE

TMR1GE

T1GPOL
T1G_IN

mow 1 1L

T1GVAL :

Timer1 N

XN+1X N +2

XN+3X N+4

14.8.2 TIMER1 GATE SOURCE
SELECTION

The Timer1 gate source can be selected from one of
four sources. Source selection is controlled by the
T1GSSx (T1GCON<1:0>) bits (see Table 14-4).

TABLE 14-4: TIMER1 GATE SOURCES

T1GSS<1:0> Timer1 Gate Source

00 Timer1 Gate Pin

01 TMR2 to Match PR2
(TMR2 increments to match PR2)

10 Comparator 1 Output
(comparator logic high output)

11 Comparator 2 Output
(comparator logic high output)

The polarity for each available source is also selectable,
controlled by the T1GPOL bit (T1GCON<6>).

14.8.2.1 T1G Pin Gate Operation

The T1G pin is one source for Timer1 gate control. It
can be used to supply an external source to the Timer1
gate circuitry.

14.8.2.2  Timer2 Match Gate Operation

The TMR2 register will increment until it matches the
value in the PR2 register. On the very next increment
cycle, TMR2 will be reset to 00h. When this Reset

occurs, a low-to-high pulse will automatically be gener-
ated and internally supplied to the Timer1 gate circuitry.
The pulse will remain high for one instruction cycle and
will return back to a low state until the next match.

The T1GPOL bit determines when the Timer1 counter
increments based on this pulse. When T1GPOL = 1,
Timer1 increments for a single instruction cycle follow-
ing a TMR2 match with PR2. When T1GPOL = 0, Tim-
er1 increments continuously, except for the cycle
following the match, when the gate signal goes from
low-to-high.

14.8.2.3 Comparator 1 Output Gate
Operation

The output of Comparator 1 can be internally supplied
to the Timer1 gate circuitry. After setting up
Comparator 1 with the CM1CON register, Timer1 will
increment depending on the transitions of the
CMP10UT (CMSTAT<5>) bit.

14.8.2.4 Comparator 2 Output Gate
Operation

The output of Comparator 2 can be internally supplied
to the Timer1 gate circuitry. After setting up
Comparator 2 with the CM2CON register, Timer1 will
increment depending on the transitions of the
CMP20UT (CMSTAT<6>) bit.

© 2009-2018 Microchip Technology Inc.
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14.8.3 TIMER1 GATE TOGGLE MODE

When Timer1 Gate Toggle mode is enabled, it is
possible to measure the full cycle length of a Timer1
gate signal, as opposed to the duration of a single level
pulse.

The Timer1 gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. (For timing details, see Figure 14-5.)

FIGURE 14-5:

TIMER1 GATE TOGGLE MODE

The T1GVAL bit (T1GCON<2>) indicates when the
Toggled mode is active and the timer is counting.

The Timer1 Gate Toggle mode is enabled by setting the
T1GTM bit (T1GCON<5>). When T1GTM is cleared,
the flip-flop is cleared and held clear. This is necessary
in order to control which edge is measured.

TMR1GE

T1GPOL

T1GT™M

T1G_IN

T1GVAL |

| R -
Timer1 N (N+1{N+2XN+3 N+4 >-<N+6>-< N+8
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14.8.4 TIMER1 GATE SINGLE PULSE
MODE

When Timer1 Gate Single Pulse mode is enabled, it is
possible to capture a single pulse gate event. Timer1
Gate Single Pulse mode is enabled by setting the
T1GSPM bit (T1GCON<4>) and the T1IGGO/T1DONE
bit (T1GCON<3>). The Timer1 will be fully enabled on
the next incrementing edge.

On the next trailing edge of the pulse, the T1GGO/
T1DONE bit will automatically be cleared. No other
gate events will be allowed to increment Timer1 until
the TIGGO/T1DONE bit is once again set in software.

FIGURE 14-6:

Clearing the T1GSPM bit of the TIGCON register will
also clear the T1GGO/T1DONE bit. (For timing details,
see Figure 14-6.)

Simultaneously enabling the Toggle and Single Pulse
modes will permit both sections to work together. This
allows the cycle times on the Timer1 gate source to be
measured. (For timing details, see Figure 14-7.)

14.8.5 TIMER1 GATE VALUE STATUS

When the Timer1 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 T1GVAL bit
(T1GCON<2>). This bit is valid even when the Timer1
gate is not enabled (TMR1GE bit is cleared).

TIMER1 GATE SINGLE PULSE MODE

TMR1GE

T1GPOL

T1GSPM

Cleared by Hardware on

T1GGO/ \4— Set by Software

T1DONE

T1G_IN

Counting Enabled on
Rising Edge of T1G

‘ ¢ Falling Edge of T1IGVAL

L O O N o B

T1GVAL !

Timer1 N

N+2

RTCCIF—k* Cleared by Software

Cleared by

}4— Set by Hardware on i‘: Software

Falling Edge of T1GVAL
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FIGURE 14-7:

TIMER1 GATE SINGLE PULSE AND TOGGLE COMBINED MODE

T1GVAL
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T1GSPM

T1GTM
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T1GGO/ |<— Set by Software ‘ ¢ Falling Edge of TIGVAL
T1DONE Counting Enabled on
Rising Edge of T1G

Timer1

N+4

RTCCW Cleared by Software

Set by Hardware on Cleared by
Falling Edge of T1GVAL mware

TABLE 14-5: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | TMR1GIF | TMR2IF | TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSP1IE | TMR1GIE | TMR2IE | TMRIIE
IPR1 PSPIP ADIP RC1IP TX1IP SSP1IP | TMR1GIP | TMR2IP | TMR1IP
TMR1L Timer1 Register Low Byte
TMR1H Timer1 Register High Byte
T1CON TMR1CS1 | TMR1CSO [ T1CKPS1| T1CKPSO | SOSCEN | T1SYNC RD16 | TMR1ON
T1GCON TMR1GE | T1GPOL | T1GTM | T1GSPM | T1GGO/ | T1GVAL | T1GSS1 | T1GSSO

T1DONE

OSCCON2 — SOSCRUN — — SOSCGO — MFIOFS | MFIOSEL
PMD1 PSPMD | CTMUMD |RTCCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | EMBDM

Legend: Shaded cells are not used by the Timer1 module.

Note 1:

Unimplemented on 32-Kbyte devices (PIC18FX5K22).
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15.0 TIMER2 MODULE

The Timer2 module incorporates the following features:

» Eight-bit Timer and Period registers (TMR2 and
PR2, respectively)

» Both registers are readable and writable
» Software programmable prescaler
(1:1,1:4 and 1:16)
» Software programmable postscaler
(1:1 through 1:16)

* Interrupt on TMR2 to PR2 match

» Optional use as the shift clock for the
MSSP modules

This module is controlled through the T2CON register
(Register 15-1) that enables or disables the timer, and
configures the prescaler and postscaler. Timer2 can be
shut off by clearing control bit, TMR20ON (T2CON<2>),
to minimize power consumption.

A simplified block diagram of the module is shown in
Figure 15-1.

15.1 Timer2 Operation

In normal operation, TMR2 is incremented from 00h on
each clock (Fosc/4). A four-bit counter/prescaler on the
clock input gives the prescale options of direct input,
divide-by-4 or divide-by-16. These are selected by the
prescaler control bits, T2CKPS<1:0> (T2CON<1:0>).

The value of TMR2 is compared to that of the Period reg-
ister, PR2, on each clock cycle. When the two values
match, the comparator generates a match signal as the
timer output. This signal also resets the value of TMR2
to 00h on the next cycle and drives the output counter/
postscaler. (See Section 15.2 “Timer2 Interrupt”.)

The TMR2 and PR2 registers are both directly readable
and writable. The TMR2 register is cleared on any
device Reset, while the PR2 register initializes at FFh.
Both the prescaler and postscaler counters are cleared
on the following events:

* A write to the TMR2 register
* A write to the T2CON register

* Any device Reset — Power-on Reset (POR),
MCLR Reset, Watchdog Timer Reset (WDTR) or
Brown-out Reset (BOR)

TMRZ2 is not cleared when T2CON is written.

Note: The CCP and ECCP modules use Timers,
1 through 8, for some modes. The assign-
ment of a particular timer to a CCP/ECCP
module is determined by the Timer to CCP
enable bits in the CCPTMRSXx registers.
For more details, see Register 20-2,

Register 19-2 and Register 19-3.

REGISTER 15-1: T2CON: TIMER2 CONTROL REGISTER

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

— T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO TMR20ON T2CKPS1 T2CKPSO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6-3 T20UTPS<3:0>: Timer2 Output Postscale Select bits

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

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

© 2009-2018 Microchip Technology Inc.
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15.2 Timer2 Interrupt

Timer2 can also generate an optional device interrupt.
The Timer2 output signal (TMR2 to PR2 match) provides
the input for the 4-bit output counter/postscaler. This
counter generates the TMR2 match interrupt flag, which
is latched in TMR2IF (PIR1<1>). The interrupt is enabled
by setting the TMR2 Match Interrupt Enable bit, TMR2IE
(PIE1<1>).

A range of 16 postscaler options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T20UTPS<3:0> (T2CON<6:3>).

FIGURE 15-1: TIMER2 BLOCK DIAGRAM

15.3 Timer2 Output

The unscaled output of TMR2 is available primarily to
the ECCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can optionally be used as the shift clock source
for the MSSP modules operating in SPI mode.
Additional information is provided in Section 21.0
“Master Synchronous Serial Port (MSSP) Module”.

T20UTPS<3:0>

1:1to0 1:16

2

" Set TMR2IF

Postscaler

A

> TMR2 Output

T2CKPS<1:0> ﬁ
\

I Reset

(to PWM or MSSPx)
A TMR2/PR2
Match

Fosc/4 TMR2

1:1, 1:4, 1:16

Prescaler

):D{ Comparator 4—“

@8

It

Internal Data Bus < >

TABLE 15-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSP1IF | TMR1GIF | TMR2IF | TMR1IF
PIE PSPIE ADIE RC1IE TX1IE | SSP1E | TMRIGIE | TMR2IE | TMRIIE
IPR1 PSPIP ADIP RC1IP TX1IP | SSP1IP | TMR1GIP | TMR2IP | TMR1IP
TMR2 Timer2 Register
T2CON — | T20UTPS3 [ T20UTPS2 | T20UTPS1 [ T20UTPSO | TMR2ON | T2CKPS1 | T2CKPSO
PR2 Timer2 Period Register
PMD1 PSPMD | CTMUMD | RTCCMD | TMR4MD | TMR3MD | TMR2MD | TMRIMD | EMBDM
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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16.0 TIMERS3/5/7 MODULES

The Timer3/5/7 timer/counter modules incorporate
these features:

» Software-selectable operation as a 16-bit timer or
counter

» Readable and writable eight-bit registers (TMRxH
and TMRxL)

» Selectable clock source (internal or external) with
device clock or SOSC oscillator internal options

* Interrupt-on-overflow
* Module Reset on ECCP Special Event Trigger

Timer7 is unimplemented for devices with a program
memory of 32 Kbytes (PIC18FX5K22).

Note: Throughout this section, generic references
are used for register and bit names that are the
same — except for an ‘x’ variable that indicates
the item’s association with the Timer3, Timer5
or Timer7 module. For example, the control
register is named TxCON and refers to

T3CON, TS5CON and T7CON.

A simplified block diagram of the Timer3/5/7 module is
shown in Figure 16-1.

The Timer3/5/7 module is controlled through the
TxCON register (Register 16-1). It also selects the
clock source options for the ECCP modules. (For more
information, see Section 20.1.1 “ECCP Module and
Timer Resources”.)

The Fosc clock source should not be used with the
ECCP capture/compare features. If the timer will be
used with the capture or compare features, always
select one of the other timer clocking options.

© 2009-2018 Microchip Technology Inc.
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REGISTER 16-1: TxCON: TIMERx CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TMRxCS1 TMRxCSO0 TxCKPS1 TxCKPSO0 SOSCEN TxSYNC RD16 TMRxON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 TMRxCS<1:0>: Timerx Clock Source Select bits
10 = Timer1 clock source depends on the SOSCEN bit:
SOSCEN = 0:
External clock from the T1CKI pin (on the rising edge).
SOSCEN = 1:

Depending on the SOSCSEL fuses, either a crystal oscillator on the SOSCI/SOSCO pins or an external
clock from the SCLKI pin.

01 = Timerx clock source is the system clock (Fosc)(")
00 = Timerx clock source is the instruction clock (FOsc/4)
bit 5-4 TxCKPS<1:0>: Timerx Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 3 SOSCEN: SOSC Oscillator Enable bit

1 = SOSC/SCLKI are enabled for Timerx (based on the SOSCSEL fuses)
0 = SOSC/SCLKI are disabled for Timerx and TxCKI is enabled
bit 2 TxSYNC: Timerx External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMRxCS<1:0>=10:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMRxCS<1:0> = 0x:
This bit is ignored; Timer3 uses the internal clock.
bit 1 RD16: 16-Bit Read/Write Mode Enable bit
1 = Enables register read/write of Timerx in one 16-bit operation
0 = Enables register read/write of Timerx in two eight-bit operations
bit 0 TMRxON: Timerx On bit

1 = Enables Timerx
0 = Stops Timerx

Note 1: The Fosc clock source should not be selected if the timer will be used with the ECCP capture/compare
features.
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16.1 Timer3/5/7 Gate Control Register

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

REGISTER 16-2: TxGCON: TIMERx GATE CONTROL REGISTER("

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-x R/W-0 R/W-0
TMRXGE | TxGPOL | TxGTM | TxGSPM | TxGGO/TxDONE | TxGVAL TxGSS1 TxGSS0
bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMRxGE: Timerx Gate Enable bit
If TMRXON = 0:
This bit is ignored.
If TMRXON = 1:

1 = Timerx counting is controlled by the Timerx gate function
0 = Timerx counts regardless of Timerx gate function
bit 6 TxGPOL: Timerx Gate Polarity bit
1 = Timerx gate is active-high (Timerx counts when gate is high)
0 = Timerx gate is active-low (Timerx counts when gate is low)
bit 5 TxGTM: Timerx Gate Toggle Mode bit
1 = Timerx Gate Toggle mode is enabled.
0 = Timerx Gate Toggle mode is disabled and toggle flip-flop is cleared
Timerx gate flip-flop toggles on every rising edge.
bit 4 TxGSPM: Timerx Gate Single Pulse Mode bit
1 = Timerx Gate Single Pulse mode is enabled and is controlling Timerx gate
0 = Timerx Gate Single Pulse mode is disabled
bit 3 TxGGO/TxDONE: Timerx Gate Single Pulse Acquisition Status bit
1 = Timerx gate single pulse acquisition is ready, waiting for an edge
0 = Timerx gate single pulse acquisition has completed or has not been started
This bit is automatically cleared when TxGSPM is cleared.
bit 2 TxGVAL: Timerx Gate Current State bit
Indicates the current state of the Timerx gate that could be provided to TMRxH: TMRXxL. Unaffected by the
Timerx Gate Enable (TMRxGE) bit.
bit 1-0 TxGSS<1:0>: Timerx Gate Source Select bits

11 = Comparator 2 output

10 = Comparator 1 output

01 = TMR(x+1) to match PR(x+1) output(z)

00 = Timer1 gate pin

The Watchdog Timer oscillator is turned on if TMRxGE = 1, regardless of the state of TMRxON.

Note 1: Programming the TXxGCON prior to TXCON is recommended.
2: Timer(x+1) will be Timer4/6/8 for Timerx (Timer3/5/7), respectively.
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REGISTER 16-3: OSCCON2: OSCILLATOR CONTROL REGISTER 2

uU-0 R-0 uU-0 u-0 R/W-0 U-0 R-x R/W-0
— SOSCRUN — — SOSCGO — MFIOFS MFIOSEL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘0’
bit 6 SOSCRUN: SOSC Run Status bit
1 = System clock comes from a secondary SOSC
0 = System clock comes from an oscillator other than SOSC
bit 5-4 Unimplemented: Read as ‘0’
bit 3 SOSCGO: Oscillator Start Control bit
1 = Oscillator is running even if no other sources are requesting it
0 = Oscillator is shut off if no other sources are requesting it (When the SOSC is selected to run from
a digital clock input, rather than an external crystal, this bit has no effect.)
bit 2 Unimplemented: Read as ‘0’
bit 1 MFIOFS: MF-INTOSC Frequency Stable bit
1 = MF-INTOSC is stable
0 = MF-INTOSC is not stable
bit 0 MFIOSEL: MF-INTOSC Select bit

1 = MF-INTOSC is used in place of HF-INTOSC frequencies of 500 kHz, 250 kHz and 31.25 kHz
0 = MF-INTOSC is not used
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16.2 Timer3/5/7 Operation The operating mode is determined by the clock select

] ] ] ] bits, TMRXCSx (TXCON<7:6>). When the TMRxCSx bits
Timer3, Timer5 and Timer7 can operate in these are cleared (= 00), Timer3/5/7 increments on every inter-
modes: nal instruction cycle (Fosc/4). When TMRxCSx = 01, the
» Timer Timer3/5/7 clock source is the system clock (Fosc), and

when it is ‘10’, Timer3/5/7 works as a counter from the
external clock from the TxCKI pin (on the rising edge after
the first falling edge) or the SOSC oscillator.

» Synchronous Counter
» Asynchronous Counter
» Timer with Gated Control

FIGURE 16-1: TIMER3/5/7 BLOCK DIAGRAM
T3GSS<1:0>

T3G . ’ 00 T3GSPM
FromTMR4 —— 01 T3G_IN
Match PR4 - T3GVAL 5 3 Data Bus
From Comparator 1 Single Pulse RD
Output — 10 al

Acq. Control Q1— EN T3GCON
From Comparator 2 11 J
Output T3GGO/T3DONE Interrupt | Set

T det TMR3GIF

T3GPOL
TMR3GE
Set Flag bit
TMR3IF on
Overflow @)
L TVRS EN ol Synchronized
TMR3H TMR3L T3CLK Clock Input
—Q D
1|
TMR3CS<1:0> T35YNC
SOSCO/SCLKI X'_ ouT# | —
SOSC Prescaler Synchronize(®)
1,2,4,8 _/_
o det
soscl X} EN 0 )A( :

Fosc T3CKPS<1:0>

T1CON.SOSCEN — Internal —1 01

T3CON.SOSCEN Clock Fosc/2
SOSCGO ?— It Sleep Input
SCS<1:0>=01 Fosc/4 Clock

Internal — 00

(1) Clock
Tacki X ,I>

Note 1: ST Buffer is high-speed type when using T3CKI.

Timer3 registers increment on rising edge.

Synchronization does not operate while in Sleep.

The output of SOSC is determined by the S