MICROCHIP

PIC18F66K80 FAMILY

28/40/44/64-Pin, Enhanced Flash Microcontrollers
with ECAN™ XL P Technology

Power-Managed Modes:

* Run: CPU on, Peripherals on

« |dle: CPU off, Peripherals on

» Sleep: CPU off, Peripherals off

» Two-Speed Oscillator Start-up

« Fail-Safe Clock Monitor (FSCM)

» Power-Saving Peripheral Module Disable (PMD)

« Ultra Low-Power Wake-up

« Fast Wake-up, 1 us, Typical

* Low-Power WDT, 300 nA, Typical

* Run mode Currents Down to Very Low 3.8 pA, Typical
* |dle mode Currents Down to Very Low 880 nA, Typical
» Sleep mode Current Down to Very Low 13 nA, Typical

ECAN Bus Module Features:

* Conforms to CAN 2.0B Active Specification
* Three Operating modes:
- Legacy mode (full backward compatibility with
existing PIC18CXX8/FXX8 CAN modules)
- Enhanced mode
- FIFO mode or programmable TX/RX buffers
* Message Bit Rates up to 1 Mbps
* DeviceNet™ Data Byte Filter Support
« Six Programmable Receive/Transmit Buffers
» Three Dedicated Transmit Buffers with Prioritization
» Two Dedicated Receive Buffers

ECAN Bus Module Features (Continued):

« 16 Full, 29-Bit Acceptance Filters with Dynamic
Association

« Three Full, 29-Bit Acceptance Masks

» Automatic Remote Frame Handling

« Advanced Error Management Features

Special Microcontroller Features:

* Operating Voltage Range: 1.8V to 5.5V

* On-Chip 3.3V Regulator

» Operating Speed up to 64 MHz

« Up to 64 Kbytes On-Chip Flash Program Memory:
- 10,000 erase/write cycle, typical
- 20 years minimum retention, typical

* 1,024 Bytes of Data EEPROM:

- 100,000 Erase/write cycle data EEPROM
memory, typical

3.6 Kbytes of General Purpose Registers (SRAM)

» Three Internal Oscillators: LF-INTOSC (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

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

In-Circuit Debug via Two Pins

Programmable BOR

Programmable LVD

TABLE 1: DEVICE COMPARISON
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PIC18F25K80 | 32 Kbytes | 3,648 1,024 28 24 1 8-ch | 4/1 2/3 2 2 1 1 | Yes | No
PIC18LF25K80 | 32 Kbytes | 3,648 1,024 28 24 1 8-ch | 4/1 2/3 2 2 1 1 | Yes | No
PIC18F26K80 |64 Kbytes | 3,648 1,024 28 24 1 8-ch | 4/1 2/3 2 2 1 1 | Yes | No
PIC18LF26K80 | 64 Kbytes | 3,648 1,024 28 24 1 8-ch | 4/1 2/3 2 2 1 1 | Yes | No
PIC18F45K80 | 32 Kbytes | 3,648 1,024 |40/44| 35 1 | 11-ch| 4/1 2/3 2 2 1 1 | Yes | No
PIC18LF45K80 | 32 Kbytes | 3,648 1,024 |40/44| 35 1 | 11-ch| 4/1 2/3 2 2 1 1 | Yes | No
PIC18F46K80 | 64 Kbytes | 3,648 1,024 |40/44| 35 1 | 11-ch| 4/1 2/3 2 2 1 1 | Yes | No
PIC18LF46K80 | 64 Kbytes | 3,648 1,024 |40/44| 35 1 | 11-ch| 4/1 2/3 2 2 1 1 | Yes | No
PIC18F65K80 |32 Kbytes| 3,648 1,024 64 54 1 | 11-ch| 41 2/3 2 2 1 1 | Yes | Yes
PIC18LF65K80 | 32 Kbytes | 3,648 1,024 64 54 1 | 11-ch| 41 2/3 2 2 1 1 | Yes | Yes
PIC18F66K80 |64 Kbytes| 3,648 1,024 64 54 1 | 11-ch| 41 2/3 2 2 1 1 | Yes | Yes
PIC18LF66K80 | 64 Kbytes | 3,648 1,024 64 54 1 | 11-ch| 41 2/3 2 2 1 1 | Yes | Yes
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PIC18F66K80 FAMILY

Peripheral Highlights:

» Five CCP/ECCP modules:
- Four Capture/Compare/PWM (CCP) modules
- One Enhanced Capture/Compare/PWM
(ECCP) module
» Five 8/16-Bit Timer/Counter modules:
- Timer0: 8/16-bit timer/counter with 8-bit
programmable prescaler
- Timer1, Timer3: 16-bit timer/counter
- Timer2, Timer4: 8-bit timer/counter
* Two Analog Comparators
» Configurable Reference Clock Output
* Charge Time Measurement Unit (CTMU):
- Capacitance measurement
- Time measurement with 1 ns typical resolution
- Integrated voltage reference

High-Current Sink/Source 25 mA/25 mA

(PORTB and PORTC)

Up to Four External Interrupts

One Master Synchronous Serial Port

(MSSP) module:

- 3/4-wire SPI (supports all four SPI modes)

- 12C™ Master and Slave modes

Two Enhanced Addressable USART modules:

- LIN/J2602 support

- Auto-Baud Detect (ABD)

12-Bit A/D Converter with up to 11 Channels:

- Auto-acquisition and Sleep operation

- Differential Input mode of operation

Data Signal Modulator module:

- Select modulator and carrier sources from
various module outputs

Integrated Voltage Reference

DS30009977G-page 2
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PIC18F66K80 FAMILY

Pin Diagrams

28-Pin QFN(®

25 ] RB7/PGD/T3G/RX2/DT2/KBI3
23 ] RB5/TOCKI/T3CKI/CCP5/KBI1
22 ] RB4/AN9/C2INA/ECCP1/P1A/CTPLS/KBIO

27 :| RAO/CVREF/ANO/ULPWU
24 :| RB6/PGC/TX2/CK2/KBI2

28 | | RA1/ANT
26 [ ] MCLR/RE3

RA2/VREF-/AN2 [ |

RA3/VREF+AN3 [ |

VDDCORE/NVCAP [ |
RAS/AN4/C2INB/HLVDIN/T1CKI/SS/CTMUI [ |
vss [ |

OSC1/CLKIN/RAT [ |

OSC2/CLKOUT/RAG [ |

21| | RB3/CANRX/C20UT/P1D/CTED2/INT3
20| ] RB2/CANTX/C10UT/P1C/CTED1/INT2
19| RB1/AN8/C1INB/P1B/CTDIN/INT1

18 [ ] RBO/AN10/C1INA/FLTO/INTO

17| ] vop

16| | vss

15|_| RC7/CANRX/RX1/DT1/CCP4

-
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Note 1: Forthe QFN package, it is recommended that the bottom pad be connected to Vss.
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PIC18F66K80 FAMILY

Pin Diagrams (Continued)

28-Pin SSOP/SPDIP/SOIC

L]
MCLR/RE3 [ |1 28 | | RB7/PGD/T3G/RX2/DT2/KBI3
RAO/CVREF/ANO/ULPWU [ | 2 27 | ] RB6/PGC/TX2/CK2/KBI2
RAUAN1 [|3 26 | | RB5/TOCKIT3CKI/CCP5/KBI1
RA2/VREF-/AN2 [ |4 25 | ] RB4/ANY/C2INA/ECCP1/P1A/CTPLS/KBIO
RA3/VREF+/ANS [ |5 24 | ] RB3/CANRX/C20UT/P1D/CTED2/INT3
Vopcore/Veap [ |6 23 | | RB2/CANTX/C10UT/P1C/CTED1/INT2
RAS/AN4/C2INB/HLVDIN/T1CKISS/CTMUI [ | 7 PIC18F2XK80 22 | | RB1/AN8/C1INB/P1B/CTDIN/INT1
vss[ |8  PIC18LF2XK80 21 | | RBO/AN10/C1INA/FLTO/INTO
OSC1/CLKIN/RA7 [ |9 20 | ] voo
OSC2/CLKOUT/RAG [ |10 19 [ ] vss
RCO/SOSCO/SCLKI [ | 11 18 | | RC7TICANRX/RX1/DT1/CCP4
RC1/1SOSCI [ |12 17 | ] RC6/ICANTX/TX1/CK1/CCP3
RC2/T1G/CCP2 [ |13 16 | | RC5/SDO
RC3/REFO/SCL/SCK [ | 14 15 | | RC4/SDA/SDI
40-Pin PDIP
L[]
MCLR/IRE3 [ | 1 40 | | RB7/PGD/T3G/KBI3
RAO/CVREF/ANO/ULPWU [ | 2 39 | | RB6/PGC/KBI2
RA1/AN1/C1ING [ 3 38 | | RB5/TOCKIT3CKI/CCPS/KBI1
RA2/VREF-/AN2/C2INC [ | 4 37 | ] RB4/AN9/CTPLS/KBIO
RA3/VREF+/AN3 [ 5 36 ] RB3/CANRX/CTED2/INT3
VDDCORE/VCAP [ 6 35 ] RB2/CANTX/CTED1/INT2
RA5/AN4/HLVDIN/TICKI/SS [ | 7 34 | ] RB1/ANS/CTDIN/INT1
REQ/ANS/RD | | 8 33 | ] RBO/AN1O/FLTO/INTO
RE1/AN6/C1OUT/WR [ | 9 32 [ ] voo
RE2/AN7/C20UT/CS [ | 10 PIC18FAXK80 31 []vss
voo [ | 11 PIC18LF4XK80 30 | ] RD7/RX2/DT2/P1D/PSP7
vss [| 12 29 [ | RD6/TX2/CK2/P1CIPSP6
OSC1/CLKIN/RA7 |: 13 28 :| RD5/P1B/PSP5
OSC2/CLKOUT/RAG [ | 14 27 | | RD4/ECCP1/P1AIPSP4
RCO/SOSCO/SCLKI [ | 15 26 | | RC7/CANRX/RX1/DT1/CCP4
RC1/soscl [ ] 16 25 | | RC6/ICANTX/TX1/CK1/CCP3
RC2/T1G/CCP2 [ | 17 24 [ ] Rc5/SDO
RC3/REFO/SCL/SCK [ | 18 23 [] RC4/SDA/SDI
RDO/C1INA/PSPO [ 19 22 ] RD3/C2INB/CTMUI/PSP3
RD1/C1INB/PSP1 [ | 20 21 | ] RD2/C2INAIPSP2
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PIC18F66K80 FAMILY

Pin Diagrams (Continued)

44-Pin TQFP
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RC7/CANRX/RX1/DT1/CCP4 [ | 1 33
RD4/ECCP1/P1APSP4 || 2 32
RD5/P1B/PSP5 [ | 3 31
RD6/TX2/CK2/P1C/PSP6 [ | 4 30
RD7/RX2/DT2/P1D/PSP7 [ | 5 PIC18F4XK80 29
vss[|6 PIC18LF4XK80 28
voo [ |7 27
RBO/AN10/FLTO/INTO [ | 8 26
RB1/ANS/CTDIN/INT1 [ | 9 25
RB2/CANTX/CTED1/INT2 [ | 10 24
RB3/CANRX/CTED2/INT3 [ NG o <60~ © o S = §23
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N/C
RC0/SOSCO/SCLKI
OSC2/CLKOUT/RA6
OSC1/CLKIN/RA7
Vss

VDD
RE2/AN7/C20UT/CS
RE1/AN6/C10UT/WR
REO/AN5/RD
RAS5/AN4/HLVDIN/T1CKI/SS
VDDCORE/VCAP
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PIC18F66K80 FAMILY

Pin Diagrams (Continued)

44-pin QFN®
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RC7/CANRX/RX1/DT1/CCP4 [ | 1 33[]
RD4/ECCP1/P1APSP4 [ | 2 32[]
RDS/P1B/PSPS5 [ | 3 31| ]
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vss[ |6 PIC18LF4XK80 28[]
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Note 1:

N/C
RC0/SOSCO/SCLKI
0OSC2/CLKOUT/RA6
OSC1/CLKIN/RA7

Vss

VDD

RE2/AN7/C20UT/CS
RE1/AN6/C10UT/WR
REO/AN5/RD
RAS5/AN4/HLVDIN/T1CKI/SS
VDDCORE/VCAP

For the QFN package, it is recommended that the bottom pad be connected to Vss.
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PIC18F66K80 FAMILY

Pin Diagrams (Continued)

64-Pin QFNY/TQFP

Note 1:
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RD5/P1B/PSP5 [ |3 45[] RFs
RD6/P1C/PSP6 [ |4 44 [] RFAMDCING
RD7/P1D/PSP7 [ |5 43[] vss
RGO/RX1/DT1[ |6
RG1/CANTX2 [ |7 421 ] Avss
vss[]8 PIC18F6XK80 41| ] vop
Avon [ ]9 PIC18LF6XK80 40| ] Avop
voo []10 39 | | RE2/AN7/C20UT/CS
RG2/T3CKI [ ] 11 38 [ ] RE1/AN6/C10UT/WR
RG3TX1/CK1 [ |12 37 [ ] REO/ANS/RD
RBO/AN1O/FLTO/INTO [ |13 36 | | RF3
RB1/ANS/CTDIN/INT1 [ | 14 35 | ] RF2/MDCIN'
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For the QFN package, it is recommended that the bottom pad be connected to Vss.
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PIC18F66K80 FAMILY

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.

© 2010-2017 Microchip Technology Inc. DS30009977G-page 9



PIC18F66K80 FAMILY

1.0 DEVICE OVERVIEW

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

+ PIC18F25K80 PIC18LF25K80
+ PIC18F26K80 PIC18LF26K80
+ PIC18F45K80 PIC18LF45K80
+ PIC18F46K80 PIC18LF46K80
+ PIC18F65K80 PIC18LF65K80
+ PIC18F66K80 PIC18LF66K80

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
PIC18F66K80 family a logical choice for many
high-performance applications where price is a primary
consideration.

1.1 Core Features
1.1.1 TECHNOLOGY

All of the devices in the PIC18F66K80 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 BOR and low-power
Watchdog timer

1.1.2 OSCILLATOR OPTIONS AND
FEATURES

All of the devices in the PIC18F66K80 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 INTOSC source
(approximately 31 kHz, stable over temperature
and VDD)

- Operates as HF-INTOSC or MF-INTOSC
when block is 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 PIC18F66K80 family provides ample room for
application code, from 32 Kbytes to 64 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 20 years.

The Flash program memory is readable and writable.
During normal operation, the PIC18F66K80 family also
provides plenty of room for dynamic application data
with up to 3.6 Kbytes of data RAM.

1.1.4 EXTENDED INSTRUCTION SET

The PIC18F66K80 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’.

DS30009977G-page 10
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PIC18F66K80 FAMILY

1.1.5 EASY MIGRATION

Regardless of the memory size, all devices share the
same rich set of peripherals, allowing for a smooth
migration path as applications grow and evolve.

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 28-pin,
40-pin, 44-pin and 64-pin members, or even jumping
from smaller to larger memory devices.

The PIC18F66K80 family is also largely pin compatible
with other PIC18 families, such as the PIC18F4580,
PIC18F4680 and PIC18F8680 families of microcontrol-
lers with an ECAN module. This allows a new dimen-
sion 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 PIC18F66K80 family incor-
porates a range of serial communication peripherals,
including two Enhanced USARTSs that support
LIN/J2602, one Master SSP module capable of both
SPI and [2C™ (Master and Slave) modes of
operation and an Enhanced CAN module.

* CCP Modules: PIC18F66K80 family devices
incorporate four Capture/Compare/PWM (CCP)
modules. Up to four different time bases can be
used to perform several different operations at
once.

+ ECCP Modules: The PIC18F66K80 family has
one Enhanced CCP (ECCP) module to maximize
flexibility in control applications:

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

- Up to four PWM outputs

- 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 PIC18F66K80 family
has a differential A/D. It incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated without waiting for a sampling period, and
thus, 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.

13 Details on Individual Family
Members

Devices in the PIC18F66K80 family are available in
28-pin, 40/44-pin and 64-pin packages. Block diagrams
for each package are shown in Figure 1-1, Figure 1-2
and Figure 1-3, respectively.

The devices are differentiated from each other in these
ways:
* Flash Program Memory:
- PIC18FX5K80 (PIC18F25K80, PIC18F45K80
and PIC18F45K80) — 32 Kbytes
- PIC18FX6K80 (PIC18F26K80, PIC18F46K80
and PIC18F66K80) — 64 Kbytes
* |/O Ports:
- PIC18F2XK80 (28-pin devices) —
Three bidirectional ports
- PIC18F4XK80 (40/44-pin devices) —
Five bidirectional ports
- PIC18F6XK80 (64-pin devices) —
Seven bidirectional ports

All other features for devices in this family are identical.
These are summarized in Table 1-1, Table 1-2 and
Table 1-3.

The pinouts for all devices are listed in Table 1-4,
Table 1-5 and Table 1-6.

© 2010-2017 Microchip Technology Inc.
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TABLE 1-1: DEVICE FEATURES FOR THE PIC18F2XK80 (28-PIN DEVICES)
Features PIC18F25K80 PIC18F26K80

Operating Frequency DC - 64 MHz

Program Memory (Bytes) 32K 64K

Program Memory (Instructions) 16,384 32,768

Data Memory (Bytes) 3.6K

Interrupt Sources 31

1/0O Ports Ports A, B, C

Parallel Communications Parallel Slave Port (PSP)

Timers Five

Comparators Two

CTMU Yes

Capture/Compare/PWM (CCP) Four

Modules

Enhanced CCP (ECCP) Modules One

Serial Communications

One MSSP and Two Enhanced USARTs (EUSART)

12-Bit Analog-to-Digital Module

Eight 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

28-Pin QFN-S, SOIC, SPDIP and SSOP

TABLE 1-2:

DEVICE FEATURES FOR THE PIC18F4XK80 (40/44-PIN DEVICES)

Features PIC18F45K80 PIC18F46K80
Operating Frequency DC - 64 MHz
Program Memory (Bytes) 32K 64K
Program Memory (Instructions) 16,384 32,768
Data Memory (Bytes) 3.6K
Interrupt Sources 32

1/0 Ports

Ports A,B,C, D, E

Parallel Communications

Parallel Slave Port (PSP)

Timers Five
Comparators Two
CTMU Yes
Capture/Compare/PWM (CCP) Four
Modules

Enhanced CCP (ECCP) Modules One

Serial Communications

One MSSP and Two Enhanced USARTs (EUSART)

12-Bit Analog-to-Digital Module

Eleven 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

40-Pin PDIP and 44-Pin QFN and TQFP

DS30009977G-page 12
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TABLE 1-3: DEVICE FEATURES FOR THE PIC18F6XK80 (64-PIN DEVICES)

Features PIC18F65K80 ‘ PIC18F66K80
Operating Frequency DC - 64 MHz
Program Memory (Bytes) 32K 64K
Program Memory (Instructions) 16,384 32,768
Data Memory (Bytes) 3.6K
Interrupt Sources 32

1/0 Ports

Ports A,B,C,D,E, F, G

Parallel Communications

Parallel Slave Port (PSP)

Timers Five

Comparators Two

CTMU Yes
Capture/Compare/PWM (CCP) Four

Modules

Enhanced CCP (ECCP) Modules One

DSM Yes Yes

Serial Communications

One MSSP and Two Enhanced USARTs (EUSART)

12-Bit Analog-to-Digital Module

Eleven 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 and TQFP

© 2010-2017 Microchip Technology Inc.
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PIC18F66K80 FAMILY

FIGURE 1-1: PIC18F2XK80 (28-PIN) BLOCK DIAGRAM
Tablo Pointor<21 Data Bus<8>
able Pointer<21>
A v PORTA
Data Latch —} :
inc/dec logic 8 8 RARf;g:)(:Z)
Data Memory .
21 (24 Kbykee)
20 Address Latch
Program Counter }12 PORTB
Data Address<1‘2: ma RB<7:0>(
[ 31-LevelStack |
Address Latch 4
Access
Program Memory STKPTR | Bank
Data Latch 12 PORTC
> RC<7:0>()
8
ROM Latch p, Address
Instruction Bus<16> Decode PORTE
. RE3(:3)
Instruction State Machine
Deggﬁﬁ:lnd .’ Control Signals
Timing Power-u
OSC2/CLKO | Generation PEN Ti P
OSC1/CLKI imer
Xle—p|| NTosc Oscillator
Oscillator Start-up Timer|
16 MHz
Oscillator Power-on 8 8
Reset
Precision ALU<8>
Band Gap p|| Watchdog
Reference Timer 8
Voltage BOR and _’
B
Regulator ld LVD
VDDCORE/VCAP  VDD,Vss  MCLR
) ) ) ) A/D Comparator
Ti 2/4 T 3 p
Timer0 Timer imer imer CTMU 12-Bit 112
CCP2/3/4/5 ECCP1 EUSART1| |EUSART2 MSSP ECAN
Note 1: See Table 1-4 for I/O port pin descriptions.
2:  RAG6 and RA7 are only available as digital /O in select oscillator modes. For more information, see Section 3.0 “Oscillator
Configurations”.
3: RES3is only available when the MCLRE Configuration bit is cleared (MCLRE = 0).
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FIGURE 1-2: PIC18F4XK80 (40/44-PIN) BLOCK DIAGRAM

Data Bus<8>

Table Pointer<21>| | y'y
* PORTA
Data Latch RA<3:0>
inc/dec logic 8 8 _> .£5(1,2)
RA<7:5>
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Timing N
OSC2/CLKO | Generation PEY P(?rv_ver up
OSC1/CLKI imer
X INTOSC Oscillator
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Oscillator Power-on 8 s
Reset
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Reference Timer 8
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Regulator LvD

]

VDDCORE/VCAP VDD, VsSS

Timer0 Timer1 Timer2/4 Timer3 CTMU 1';{3“ Comf/z;rator

_F T f f _ t
S T S SO T S

s ECCP1| |EUSART1| |EUSART2|| MSSP ECAN PSP

Note 1: See Table 1-5 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: RES3is only available when the MCLRE Configuration bit is cleared (MCLRE = 0).
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FIGURE 1-3: PIC18F6XK80 (64-PIN) BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21>
A * PORTA
8 8 Data Latch —P| RA<3:0>
inc/dec logic Ea(1,2
Data Memory RA<7:5>(12)
21 (@A Kones)
20 Address Latch
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. RD<7:0>1)
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|
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Control
onto PRODH| PRODL PORTE
l k ’ RE<7:0>(13)
Timi 3 8 x 8 Multiply
imin
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OSCA1/CLKI Timer
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X Oscillator Start-up Timer
16 MHz PORTF
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Reference Timer 8
Volt BOR and —p
oltage >
Regulator LvD
PORTG
é é é RG<4:0>1)
VDDCORE/VCAP VDD, VsS MCLR
Timer0 Timert Timer2/4 Timer3 cTMU AD Comparator
12-Bit 12
CCP2/3/4/5 ECCP1 EUSART1| |EUSART2 MSSP ECAN PSP DSM
Note 1: See Table 1-6 for I/O port pin descriptions.
2:  RAG6 and RA7 are only available as digital I/O in select oscillator modes. For more information, see Section 3.0 “Oscillator
Configurations”.
3: RES3is only available when the MCLRE Configuration bit is cleared (MCLRE = 0).
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS

Pin Number
Pin Name ssopy| Pin | Buffer Description
QFN |spDIp |TYPe| Type
/SOIC
MCLR/RE3 26 1

MCLR | ST |Master Clear (input) or programming voltage (input). This
pin is an active-low Reset to the device.

RE3 | ST |General purpose, input only pin.

OSC1/CLKIN/RA7 6 9

0OSsC1 | ST |Oscillator crystal input.

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

RA7 I/0 ST/ |General purpose I/O pin.

CMOS
OSC2/CLKOUT/RA6 7 10

0SC2 (0] — |Oscillator crystal output.

Connects to crystal or resonator in Crystal Oscillator mode.

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

RAG6 110 ST/ |General purpose I/O pin.

CMOS
Legend: CMOS = CMOS compatible input or output 12C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name SSOP/ _I_Pm BTuffer Description
QFN |SpDIP|'YP®| Type
/SOIC
PORTA is a bidirectional 1/0O port.
RAO/CVREF/ANO/ULPWU | 27 2
RAO I/0 ST/ |General purpose /O pin.
CMOS
CVREF O | Analog |Comparator reference voltage output.
ANO I | Analog |Analog Input 0.
ULPWU | | Analog |Ultra Low-Power Wake-up input.
RA1/AN1 28 3
RA1 I/0 ST/ |Digital I/O.
CMOS
AN1 I | Analog |Analog Input 1.
RA2/VREF-/AN2 1 4
RA2 I/O ST/ |Digital I/O.
CMOS
VREF- I | Analog |A/D reference voltage (low) input.
AN2 I | Analog |Analog Input 2.
RA3/VREF+/AN3 2 5
RA3 I/0 ST/ |Digital I/O.
CMOS
VREF+ I | Analog |A/D reference voltage (high) input.
AN3 I | Analog |Analog Input 3.
RA5/AN4/C2INB/HLVDIN/ | 4 7
T1CKI/SS/CTMUI
RA5 I/0 ST/ |Digital I/O.
CMOS
AN4 I | Analog |Analog Input 4.
C2INB I | Analog |Comparator 2 Input B.
HLVDIN | Analog |High/Low-Voltage Detect input.
T1CKI | ST |Timer1 clock input.
SS | ST |SPI slave select input.
CTMUI CTMU pulse generator charger for the C2INB.
Legend: CMOS = CMOS compatible input or output 12C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS (CONTINUED)

Pin Number

SSOP/ Pin | Buffer

QFN [spDIp [TYPE| Type
/SOIC

Pin Name Description

PORTB is a bidirectional I/O port.
RBO/AN10/C1INA/FLTO/ 18 21

INTO
RBO I/0 ST/ |Digital I/O.
CMOS
AN10 | Analog |Analog Input 10.
C1INA I | Analog |Comparator 1 Input A.
FLTO I ST |Enhanced PWM Fault input for ECCP1.
INTO | ST |External Interrupt O.
RB1/AN8/C1INB/P1B/ 19 22
CTDIN/INTA1
RB1 I/0 ST/ |Digital I/O.
CMOS
AN8 Analog |Analog Input 8.
C1INB Analog |Comparator 1 Input B.

|
I
P1B O | CMOS |Enhanced PWM1 Output B.
|
|

CTDIN ST |CTMU pulse delay input.
INT1 ST |External Interrupt 1.
RB2/CANTX/C10UT/ 20 23
P1C/CTED1/INT2
RB2 I/0 ST/ |Digital I/O.
CMOS
CANTX O | CMOS |CAN bus TX.
C10uUT O | CMOS |Comparator 1 output.
P1C O | CMOS |Enhanced PWM1 Output C.
CTED1 | ST |CTMU Edge 1 input.
INT2 | ST |External Interrupt 2.
RB3/CANRX/C20UT/ 21 24
P1D/CTED2/INT3
RB3 I/O ST/ |Digital I/O.
CMOS
CANRX ST |CAN bus RX.
C20uUT CMOS |Comparator 2 output.

|
o]
P1D O | CMOS |Enhanced PWM1 Output D.
|
|

CTED2 ST |CTMU Edge 2 input.
INT3 ST |External Interrupt 3.
Legend: CMOS = CMOS compatible input or output 12C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name SSOP/ _I_Pm BTuffer Description
QFN |SpDIP|'YP®| Type
/SOIC
RB4/AN9/C2INA/ECCP1/| 22 25
P1A/CTPLS/KBIO
RB4 I/0 ST/ |Digital I/O.
CMOS
AN9 I | Analog |Analog Input 9.
C2INA | | Analog |Comparator 2 Input A.
ECCP1 I/0 ST |Capture 1 input/Compare 1 output/PWM1 output.
P1A O | CMOS |Enhanced PWM1 Output A.
CTPLS (0] ST |CTMU pulse generator output.
KBIO | ST |Interrupt-on-change pin.
RB5/TOCKI/T3CKI/CCP5/| 23 26
KBI1
RB5 I/0 ST/ |Digital I/0.
CMOS
TOCKI | ST |TimerQ external clock input.
T3CKI | ST |Timer3 external clock input.
CCP5 I/0 ST/ |Capture 5 input/Compare 5 output/PWM5 output.
CMOS
KBI1 | ST |Interrupt-on-change pin.
RB6/PGC/TX2/CK2/KBI2 | 24 27
RB6 I/0 ST/ |Digital I/0.
CMOS
PGC | ST |In-Circuit Debugger and ICSP™ programming clock input
pin.
TX2 O | CMOS |EUSART asynchronous transmit.
CK2 I/0 ST |EUSART synchronous clock. (See related RX2/DT2.)
KBI2 | ST |Interrupt-on-change pin.
RB7/PGD/T3G/RX2/DT2/ | 25 28
KBI3
RB7 I/0 ST/ |Digital I/O.
CMOS
PGD I/O ST |In-Circuit Debugger and ICSP programming data pin.
T3G | ST |Timer3 external clock gate input.
RX2 | ST |EUSART asynchronous receive.
DT2 I/0 ST |EUSART synchronous data. (See related TX2/CK2.)
KBI3 | ST |Interrupt-on-change pin.
Legend: CMOS = CMOS compatible input or output I’C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name ssopy| Pin | Buffer Description
QFN [spDIp [TYPE| Type
/SOIC
PORTC is a bidirectional 1/O port.
RC0/SOSCO/SCLKI 8 11
RCO I/0 ST/ |Digital I/O.
CMOS
SOSCO | ST |Timer1 oscillator output.
SCLKI | ST |Digital SOSC input.
RC1/SOSCI 9 12
RC1 I/0 ST/ |Digital I/O.
CMOS
SOSCI | CMOS |SOSC oscillator input.
RC2/T1G/CCP2 10 13
RC2 I/0 ST/ |Digital I/O.
CMOS
T1G | ST |Timer1 external clock gate input.
CCP2 I/0 ST |Capture 2 input/Compare 2 output/PWM2 output.
RC3/REFO/SCL/SCK 11 14
RC3 I/0 ST/ |Digital I/O.
CMOS
REFO (0] — |Reference clock out.
SCL I/O 12c Synchronous serial clock input/output for 12C mode.
SCK I/0 ST |Synchronous serial clock input/output for SPI mode.
RC4/SDA/SDI 12 15
RC4 I/0 ST/ |Digital I/O.
CMOS
SDA I/0 | 1’C |I?C data input/output.
SDI | ST |SPldatain.
RC5/SDO 13 16
RC5 I/0 ST/ |Digital I/O.
CMOS
SDO O | CMOS |SPI data out.
RC6/CANTX/TX1/CK1/ 14 17
CCP3
RC6 I/0 ST/ |Digital I/O.
CMOS
CANTX O | CMOS |CAN bus TX.
™>1 O | CMOS |EUSART asynchronous transmit.
CK1 I/0 ST |EUSART synchronous clock. (See related RX1/DT1.)
CCP3 I/10 ST/ |Capture 3 input/Compare 3 output/PWM3 output.
CMOS
Legend: CMOS = CMOS compatible input or output I’C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-4: PIC18F2XK80 I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name SSOP/ _I_Pm BTuffer Description
QFN |SpDIP|'YP®| Type
/SOIC
RC7/CANRX/RX1/DT1/ 15 18
CCP4
RC7 I/O ST/ |Digital I/O.
CMOS
CANRX | ST |CAN bus RX.
RX1 | ST |EUSART asynchronous receive.
DT1 I/0 ST |EUSART synchronous data. (See related TX2/CK2.)
CCP4 I/0 ST |Capture 4 input/Compare 4 output/PWM4 output.
CMOS
Vss 5 8 P
Vss Ground reference for logic and 1/O pins.
Vss 16 19
Vss Ground reference for logic and I/O pins.
VDDCORE/VCAP 3 6 P
VDDCORE External filter capacitor connection.
VCcAP External filter capacitor connection
VDD 17 20 P
VDD Positive supply for logic and I/O pins.
Legend: CMOS = CMOS compatible input or output I’C™  =12C/SMBus input buffer
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS
Pin Number
. Pin | Buffer _
Pin Name QFN/ Type| Type Description
PDIP
TQFP
MCLR/RE3 1 18

MCLR | ST |Master Clear (input) or programming voltage (input). This
pin is an active-low Reset to the device.

RE3 | ST |General purpose, input only pin.

OSC1/CLKIN/RA7 13 30

0OSscC1 | ST |Oscillator crystal input.

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

RA7 I/0 ST/ |General purpose /O pin.

CMOS
OSC2/CLKOUT/RAG 14 31

0SsC2 (0] — | Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode.

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

RA6 110 ST/ |General purpose I/O pin.

CMOS
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer _
Pin Name QFN/ Type| Type Description
PDIP
TQFP
PORTA is a bidirectional 1/0O port.
RAO/CVREF/ANO/ULPWU | 2 19
RAO I/0 ST/ |General purpose /O pin.
CMOS
CVREF O | Analog |Comparator reference voltage output.
ANO I | Analog |Analog Input 0.
uULPWU I | Analog |Ultra Low-Power Wake-up input.
RA1/AN1/C1INC 3 20
RA1 I/0 ST/ |Digital I/O.
CMOS
AN1 I | Analog |Analog Input 1.
C1INC | | Analog |Comparator 1 Input C.
RA2/VREF-/AN2/C2INC 4 21
RA2 I/0 ST/ |Digital I/O.
CMOS
VREF- I | Analog |A/D reference voltage (low) input.
AN2 | Analog |Analog Input 2.
C2INC | | Analog |Comparator 2 Input C.
RA3/VREF+/AN3 5 22
RA3 I/O ST/ |Digital I/O.
CMOS
VREF+ I | Analog |A/D reference voltage (high) input.
AN3 I | Analog |Analog Input 3.
RA5/AN4/HLVDIN/T1CKI/| 7 24
SS
RA5 I/0 ST/ |Digital I/O.
CMOS
AN4 I | Analog |Analog Input 4.
HLVDIN I | Analog |High/Low-Voltage Detect input.
T1CKI | ST |Timer1 clock input.
sSS | ST |SPI slave select input.
Legend: 12C™ = |2C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer L.
Pin Name QFN/ Type| Type Description
PDIP
TQFP
PORTB is a bidirectional I/O port.
RBO/AN10/FLTO/INTO 33 8
RBO I/10 ST/ |Digital I/O.
CMOS
AN10 I | Analog [Analog Input 10.
FLTO I ST |Enhanced PWM Fault input for ECCP1.
INTO | ST |External Interrupt O.
RB1/AN8/CTDIN/INT1 34 9
RB1 I/0 ST/ |Digital I/O.
CMOS
AN8 I | Analog |Analog Input 8.
CTDIN | ST |CTMU pulse delay input.
INT1 | ST |External Interrupt 1.
RB2/CANTX/CTED1/ 35 10
INT2
RB2 I/0 ST/ |Digital I/O.
CMOS
CANTX O | CMOS |CAN bus TX.
CTED1 | ST |CTMU Edge 1 input.
INT2 | ST |External Interrupt 2.
RB3/CANRX/CTED2/ 36 11
INT3
RB3 I/0 ST/ |Digital I/O.
CMOS
CANRX | ST |CAN bus RX.
CTED2 | ST |CTMU Edge 2 input.
INT3 | ST |External Interrupt 3.
RB4/AN9/CTPLS/KBIO 37 14
RB4 I/O ST/ |Digital I/O.
CMOS
AN9 I | Analog |Analog Input 9.
CTPLS (0] ST |CTMU pulse generator output.
KBIO | ST |Interrupt-on-change pin.
RB5/TOCKI/T3CKI/CCP5/| 38 15
KBI1
RB5 I/10 ST/ |Digital I/O.
CMOS
TOCKI | ST |Timer0 external clock input.
T3CKI | ST |Timer3 external clock input.
CCP5 I/0 ST |Capture 5 input/Compare 5 output/PWM5 output.
KBI1 | ST |Interrupt-on-change pin.
Legend: 12C™ = |2C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output

P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer L.
Pin Name QFN/ Type| Type Description
PDIP
TQFP

RB6/PGC/KBI2 39 16

RB6 I/O ST/ |Digital I/O.

CMOS
PGC | ST |In-Circuit Debugger and ICSP™ programming clock input
pin.

KBI2 | ST |Interrupt-on-change pin.
RB7/PGD/T3G/KBI3 40 17

RB7 I/0 ST/ |Digital I/O.

CMOS

PGD I/O ST |In-Circuit Debugger and ICSP™ programming data pin.

T3G | ST |Timer3 external clock gate input.

KBI3 | ST |Interrupt-on-change pin.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output

P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer L.
Pin Name Description
poip | QFN/ | Type| Type P
TQFP
PORTC is a bidirectional 1/O port.
RC0/SOSCO/SCLKI 15 32
RCO I/0 ST/ |Digital I/O.
CMOS
SOSCO | ST |SOSC oscillator output.
SCLKI | ST |Digital SOSC input.
RC1/SOSCI 16 35
RC1 I/0 ST/ |Digital I/O.
CMOS
SOSCI | CMOS |SOSC oscillator input.
RC2/T1G/CCP2 17 36
RC2 I/0 ST/ |Digital I/O.
CMOS
T1G | ST |Timer1 external clock gate input.
CCP2 I/0 ST/ |Capture 2 input/Compare 2 output/PWM2 output.
CMOS
RC3/REFO/SCL/SCK 18 37
RC3 I/0 ST/ |Digital I/O.
CMOS
REFO O | CMOS |Reference clock out.
SCL I/O 12c Synchronous serial clock input/output for 12C mode.
SCK I/0 ST |Synchronous serial clock input/output for SPI mode.
RC4/SDA/SDI 23 42
RC4 I/0 ST/ |Digital I/O.
CMOS
SDA I/0 | 1’C |I?C data input/output.
SDI | ST |SPldatain.
RC5/SDO 24 43
RC5 I/0 ST/ |Digital I/O.
CMOS
SDO O | CMOS |SPI data out.
RC6/CANTX/TX1/CK1/ 25 44
CCP3
RC6 I/0 ST/ |Digital I/O.
CMOS
CANTX O | CMOS |CAN bus TX.
™>1 O | CMOS |EUSART synchronous transmit.
CK1 I/0 ST |EUSART synchronous clock. (See related RX2/DT2.)
CCP3 I/0 ST |Capture 3 input/Compare 3 output/PWM3 output.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output

P = Power

© 2010-2017 Microchip Technology Inc. DS30009977G-page 27



PIC18F66K80 FAMILY

TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer _
Pin Name QFN/ Type| Type Description
PDIP
TQFP
RC7/CANRX/RX1/DT1/ 26 1
CCP4
RC7 I/0 ST/ |Digital I/O.
CMOS
CANRX | ST |CAN bus RX.
RX1 | ST |EUSART asynchronous receive.

DT1 I/0 ST |EUSART synchronous data. (See related TX2/CK2.)
CCP4 I/0 ST |Capture 4 input/Compare 4 output/PWM4 output.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input

| = Input 0] = Output

P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer L.
Pin Name Description
poip | QFN/ | Type| Type P
TQFP
PORTD is a bidirectional 1/O port.
RDO/C1INA/PSPO 19 38
RDO I/0 ST/ |Digital I/O.
CMOS
C1INA I | Analog |Comparator 1 Input A.
PSPO I/0 ST/ |Parallel Slave Port data.
CMOS
RD1/C1INB/PSP1 20 39
RD1 I/0 ST/ |Digital I/O.
CMOS
C1INB I | Analog |Comparator 1 Input B.
PSP1 I/0 ST/ |Parallel Slave Port data.
CMOS
RD2/C2INA/PSP2 21 40
RD2 I/0 ST/ |Digital I/O.
CMOS
C2INA I | Analog |Comparator 2 Input A.
PSP2 I/0 ST/ |Parallel Slave Port data.
CMOS
RD3/C2INB/CTMUI/ 22 41
PSP3
RD3 I/0 ST/ |Digital I/O.
CMOS
C2INB I | Analog |Comparator 2 Input B.
CTMUI CTMU pulse generator charger for the C2INB.
PSP3 I/O ST/ |Parallel Slave Port data.
CMOS
RD4/ECCP1/P1A/PSP4 27 2
RD4 I/0 ST/ |Digital I/O.
CMOS
ECCP1 I/0 ST |Capture 1 input/Compare 1 output/PWM1 output.
P1A O | CMOS |Enhanced PWM1 Output A.
PSP4 I/0 ST/ |Parallel Slave Port data.
CMOS
RD5/P1B/PSP5 28 3
RD5 I/O ST/ |Digital I/O.
CMOS
P1B O | CMOS |Enhanced PWM1 Output B.
PSP5 I/0 ST/ |Parallel Slave Port data.
CMOS
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer L.
Pin Name QFN/ Type| Type Description
PDIP
TQFP
RD6/TX2/CK2/P1C/PSP6| 29 4
RD6 I/0 ST/ |Digital I/O.
CMOS
TX2 | ST |EUSART asynchronous transmit.
CK2 I/0 ST |EUSART synchronous clock. (See related RX2/DT2.)
P1C O | CMOS |Enhanced PWM1 Output C.
PSP6 I/O | ST/ |Parallel Slave Port data.
CMOS
RD7/RX2/DT2/P1D/PSP7| 30 5
RD7 I/O ST/ |Digital I/O.
CMOS
RX2 | ST |EUSART asynchronous receive.
DT2 I/0 ST |EUSART synchronous data. (See related TX2/CK2.)
P1D O | CMOS |Enhanced PWM1 Output D.
PSP7 I/0 ST/ |Parallel Slave Port data.
CMOS
REO/AN5/RD 8 25
REO I/O ST/ |Digital I/O.
CMOS
AN5 | Analog |Analog Input 5.
RD I ST |Parallel Slave Port read strobe.
RE1/AN6/C10UT/WR 9 26
RE1 I/0 ST/ |Digital I/O.
CMOS
ANG I | Analog |Analog Input 6.
C10UT O | CMOS |Comparator 1 output.
WR | ST |Parallel Slave Port write strobe.
RE2/AN7/C20UT/CS 10 | 27
RE2 I/0 ST/ |Digital I/O.
CMOS
AN7 I | Analog |Analog Input 7.
C20uT O | CMOS |Comparator 2 output.
cS | ST |Parallel Slave Port chip select.
RE3 See the MCLR/RES3 pin.
Legend: [2C™ = |2C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power
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TABLE 1-5: PIC18F4XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number )
Pin Name - QFN/ TT/IpTe B_I_l;f;ir Description
TQFP
Vss 12 29 P
Vss Ground reference for logic and I/O pins.
Vss 31 6
Vss Ground reference for logic and I/O pins.
VDDCORE/VCAP 6 23 P
VVDDCORE External filter capacitor connection
Vcap External filter capacitor connection
VDD 11 28 P
VDD Positive supply for logic and I/O pins.
VDD 32 7 P
VDD Positive supply for logic and I/O pins.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output

P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS
. Pin Pin | Buffer .
Pin Name Num | Type | Type Description
MCLR/RE3 28
MCLR | ST |Master Clear (input) or programming voltage (input). This pin is an
active-low Reset to the device.
RE3 | ST |General purpose, input only pin.
OSC1/CLKIN/RA7 46
OSCH1 I ST |Oscillator crystal input.
CLKIN | CMOS |External clock source input. Always associated with pin function,
OSC1. (See related OSC1/CLKI, OSC2/CLKO pins.)
RA7 110 ST/ |General purpose I/O pin.
CMOS
OSC2/CLKOUT/RAB 47
0SC2 0] — | Oscillator crystal output. Connects to crystal or resonator in Crystal
Oscillator mode.
CLKOUT (0] — |In certain oscillator modes, OSC2 pin outputs CLKO, which has 1/4
the frequency of OSC1 and denotes the instruction cycle rate.
RAG6 110 ST/ |General purpose I/O pin.
CMOS
Legend: [2C™ = |12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer .
Pin Name Num | Type | Type Description
PORTA is a bidirectional I/O port.
RAO/CVREF/ANO/ 29
ULPWU
RAO 110 ST/ |General purpose I/O pin.
CMOS
CVREF O |Analog|Comparator reference voltage output.
ANO | Analog |Analog Input 0.
ULPWU | Analog |Ultra Low-Power Wake-up input.
RA1/AN1/C1INC 30
RA1 1/0 ST/ |Digital I/0.
CMOS
AN1 | Analog |Analog Input 1.
C1INC | Analog |Comparator 1 Input C.
RA2/VREF-/AN2/C2INC 31
RA2 1/0 ST/ |Digital I/0.
CMOS
VREF- | Analog |A/D reference voltage (low) input.
AN2 | Analog|Analog Input 2.
C2INC | Analog |Comparator 2 Input C.
RA3/VREF+/AN3 32
RA3 /0 ST/ |Digital I/0.
CMOS
VREF+ | Analog | A/D reference voltage (high) input.
AN3 | Analog |Analog Input 3.
RAS5/AN4/HLVDIN/ 34
T1CKI/SS
RA5 /0 ST/ |Digital I/0.
CMOS
AN4 | Analog |Analog Input 4.
HLVDIN | Analog |High/Low-Voltage Detect input.
T1CKI | ST |Timer1 clock input.
SS | ST |SPI slave select input.

Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
PORTB is a bidirectional I/O port.
RBO/AN10/FLTO/INTO 13
RBO I/0 ST/ |Digital I/O.
CMOS
AN10 I Analog |Analog Input 10.
FLTO | ST |Enhanced PWM Fault input for ECCP1.
INTO | ST |External Interrupt O.
RB1/AN8/CTDIN/INT1 14
RB1 1/0 ST/ |Digital I/0.
CMOS
AN8 | Analog |Analog Input 8.
CTDIN I ST |CTMU pulse delay input.
INT1 | ST |External Interrupt 1.
RB2/CANTX/CTED1/ 15
INT2
RB2 1/0 ST/ |Digital I/O.
CMOS
CANTX O |CMOS |CAN bus TX.
CTED1 I ST |CTMU Edge 1 input.
INT2 | ST |External Interrupt 2.
RB3/CANRX/CTED2/ 16
INT3
RB3 /0 ST/ |Digital I/0.
CMOS
CANRX I ST |CAN bus RX.
CTED2 I ST |CTMU Edge 2 input.
INT3 | ST |External Interrupt 3.
RB4/AN9/CTPLS/KBIO 20
RB4 1/0 ST/ |Digital I/0.
CMOS
AN9 | Analog|Analog Input 9.
CTPLS (0] ST |CTMU pulse generator output.
KBIO I ST |Interrupt-on-change pin.
RB5/TOCKI/T3CKI/CCP5/| 21
KBI1
RB5 I/0 ST/ |Digital I/O.
CMOS
TOCKI | ST |Timer0 external clock input.
T3CKI | ST |Timer3 external clock input.
CCP5 110 ST/ |Capture 5 input/Compare 5 output/PWM5 output.
CMOS
KBI1 I ST |Interrupt-on-change pin.

Legend: [2C™ = |12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer .
Pin Name Num | Type | Type Description
RB6/PGC/KBI2 22
RB6 I/0 ST/ |Digital I/O.
CMOS
PGC I ST |In-Circuit Debugger and ICSP™ programming clock input pin.
KBI2 I ST |Interrupt-on-change pin.
RB7/PGD/T3G/KBI3 23
RB7 /0 ST/ |Digital I/0.
CMOS
PGD I/0 ST |In-Circuit Debugger and ICSP™ programming data pin.
T3G | ST |Timer3 external clock gate input.
KBI3 I ST |Interrupt-on-change pin.
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power
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PIC18F66K80 FAMILY

TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
PORTC is a bidirectional 1/0O port.
RC0/SOSCO/SCLKI 48
RCO /0 ST/ |Digital I/O.
CMOS
SOSCO | ST |Timer1 oscillator output.
SCLKI | ST |Digital SOSC input.
RC1/SOSCI 49
RC1 /0 ST/ |Digital I/0.
CMOS
SOSCI I CMOS |SOSC oscillator input.
RC2/T1G/CCP2 50
RC2 I/0 ST/ |Digital I/O.
CMOS
T1G | ST |Timer1 external clock gate input.
CCP2 1/0 ST |Capture 2 input/Compare 2 output/PWM2 output.
RC3/REFO/SCL/SCK 51
RC3 /0 ST/ |Digital I/0.
CMOS
REFO O | CMOS |Reference clock out.
SCL /0 1°C Synchronous serial clock input/output for 12C mode.
SCK 1/0 ST |Synchronous serial clock input/output for SPI mode.
RC4/SDA/SDI 62
RC4 1/0 ST/ |Digital I/0.
CMOS
SDA 1/0 12C  |I2C data input/output.
SDI | ST |SPIdatain.
RC5/SDO 63
RC5 /0 ST/ |Digital I/O.
CMOS
SDO O |CMOS |SPI data out.
RC6/CCP3 64
RC6 1/0 ST/ |Digital I/0.
CMOS
CCP3 1/0 ST/ |Capture 3 input/Compare 3 output/PWM3 output.
CMOS
RC7/CCP4 1
RC7 110 ST/ |Digital I/0.
CMOS
CCP4 110 ST/ |Capture 4 input/Compare 4 output/PWM4 output.
CMOS
Legend: I’C™ = |°C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
PORTD is a bidirectional 1/O port.
RDO/C1INA/PSPO 54
RDO I/0 ST/ |Digital I/O.
CMOS
C1INA | Analog | Comparator 1 Input A.
PSPO I/0 ST/ |Parallel Slave Port data.
CMOS
RD1/C1INB/PSP1 55
RD1 I/0 ST/ |Digital I/O.
CMOS
C1INB | Analog | Comparator 1 Input B.
PSP1 I/0 ST/ |Parallel Slave Port data.
CMOS
RD2/C2INA/PSP2 58
RD2 I/0 ST/ |Digital I/O.
CMOS
C2INA | Analog | Comparator 2 Input A.
PSP2 I/0 ST/ |Parallel Slave Port data.
CMOS
RD3/C2INB/CTMUI/ 59
PSP3
RD3 I/0 ST/ |Digital I/O.
CMOS
C2INB | Analog |Comparator 2 Input B.
CTMUI O |CMOS |[CTMU pulse generator charger for the C2INB.
PSP3 I/0 ST/ |Parallel Slave Port data.
CMOS
RD4/ECCP1/P1A/PSP4 2
RD4 /0 ST/ |Digital I/0.
CMOS
ECCP1 1/0 ST |Capture 1 input/Compare 1 output/PWM1 output.
P1A O |CMOS |Enhanced PWM1 Output A.
PSP4 /0 ST/ |Parallel Slave Port data.
CMOS
RD5/P1B/PSP5 3
RD5 1/0 ST/ |Digital I/0.
CMOS
P1B O |CMOS |[Enhanced PWM1 Output B.
PSP5 /0 ST/ |Parallel Slave Port data.
CMOS
Legend: [2C™ = |12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
RD6/P1C/PSP6 4
RD6 1/0 ST/ |Digital I/0.
CMOS
P1C O |CMOS |Enhanced PWM1 Output C.
PSP6 /0 ST/ |Parallel Slave Port data.
CMOS
RD7/P1D/PSP7 5
RD7 1/0 ST/ |Digital I/0.
CMOS
P1D O |CMOS |Enhanced PWM1 Output D.
PSP7 /0 ST/ |Parallel Slave Port data.
CMOS
Legend: [2C™ = |12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power
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PIC18F66K80 FAMILY

TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name Npulrr]n TT/I;e BTl;fgzr Description
PORTE is a bidirectional I/O port.
REO/AN5/RD 37
REO /0 ST/ |Digital I/0.
CMOS
AN5 | Analog |Analog Input 5.
RD I ST |Parallel Slave Port read strobe.
RE1/AN6/C10UT/WR 38
RE1 110 ST/ |Digital I/0.
CMOS
ANG6 | Analog |Analog Input 6.
c10uT O | CMOS |Comparator 1 output.
WR | ST |Parallel Slave Port write strobe.
RE2/AN7/C20UT/CS 39
RE2 110 ST/ |Digital I/0.
CMOS
AN7 | Analog |Analog Input 7.
C20UT O |CMOS |Comparator 2 output.
cS | ST |Parallel Slave Port chip select.
RE3 See the MCLR/RE3 pin.
RE4/CANRX 27
RE4 110 ST/ |Digital I/0.
CMOS
CANRX I ST |CAN bus RX.
RE5/CANTX 24
RE5 1/0 ST/ |Digital I/0.
CMOS
CANTX O |CMOS [CAN bus TX.
RE6/RX2/DT2 60
RE6 110 ST/ |Digital I/0.
CMOS
RX2 | ST |EUSART asynchronous receive.
DT2 1/0 ST |EUSART synchronous data. (See related TX2/CK2.)
RE7/TX2/CK2 61
RE7 110 ST/ |Digital I/0.
CMOS
TX2 O |CMOS |EUSART asynchronous transmit.
CK2 1/0 ST |EUSART synchronous clock. (See related RX2/DT2.)
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)
. Pin Pin | Buffer N
Pin Name Num | Type | Type Description
PORTF is a bidirectional I/O port.
RFO/MDMIN 17
RFO 1/0 ST/ |Digital I/0.
CMOS
MDMIN | CMOS |Modulator source input.
RF1 19
RF1 1/0 ST/ |Digital I/0.
CMOS
RF2/MDCIN1 35
RF2 1/0 ST/ |Digital I/0.
CMOS
MDCIN1 I ST |Modulator Carrier Input 1.
RF3 36
RF3 /0 ST/ |Digital I/0.
CMOS
RF4/MDCIN2 44
RF4 /0 ST/ |Digital I/0.
CMOS
MDCIN2 I ST |Modulator Carrier Input 2.
RF5 45
RF5 /0 ST/ |Digital I/0.
CMOS
RF6/MDOUT 52
RF6 1/0 ST/ |Digital I/0.
CMOS
MDOUT O | CMOS |Modulator output.
RF7 53
RF7 1/0 ST/ |Digital I/O.
CMOS
Legend: [2C™ = 12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Pin | Buffer .
Pin Name Num | Type | Type Description
PORTG is a bidirectional I/O port.
RGO/RX1/DT1 6
RGO I/0 ST/ |Digital I/O.
CMOS
RX1 | ST |EUSART asynchronous receive.
DT1 1/0 ST |EUSART synchronous data. (See related TX2/CK2.)
RG1/CANTX2 7
RG1 1/0 ST/ |Digital I/0.
CMOS
CANTX2 O | CMOS |CAN bus complimentary transmit output or CAN bus time clock.
RG2/T3CKI 11
RG2 I/0 ST/ |Digital I/O.
CMOS
T3CKI | ST |Timer3 clock input.
RG3/TX1/CK1 12
RG3 I/0 ST/ |Digital I/O.
CMOS
™>1 O |CMOS |EUSART asynchronous transmit.
CK1 1/0 ST |EUSART synchronous clock. (See related RX2/DT2.)
RG4/TOCKI 18
RG4 I/0 ST/ |Digital I/O.
CMOS
TOCKI | ST |Timer0 external clock input.
Legend: [2C™ = |12C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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TABLE 1-6: PIC18F6XK80 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Name Npulrr]n TT/I;e BTl;fgzr Description
Vss 8 P
Vss Ground reference for logic and 1/O pins.
Vss 26 P
Vss Ground reference for logic and I/O pins.
Avss 42 P
Avss Ground reference for analog modules.
Vss 43 P
Vss Ground reference for logic and I/O pins.
Vss 56 P
Vss Ground reference for logic and I/O pins.
AvDD 9 P
AvDD Positive supply for analog modules.
VDD 10 P
VDD Positive supply for logic and 1/O pins.
VDD 25 P
VDD Positive supply for logic and 1/O pins.
VDDCORE/VCAP 33 P
VVDDCORE External filter capacitor connection.
Vcap External filter capacitor connection.
AvDD 40 P
AvDD Positive supply for analog modules.
VDD 41 P
VDD Positive supply for logic and 1/O pins.
VDD 57 P
VDD Positive supply for logic and 1/O pins.
Legend: I’C™ = |°C/SMBus input buffer CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input (0] = Output
P = Power
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2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18FXXKXX
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC18F66K80 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 AVSs 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 8
> >

R1 M @)
R2 |
MCLR ENVREG |
VCAP/VDDCORE ———¢
C1 -
2
I PICL18FXXKXX IC7( )
Vss VDD
CG(Z)I IC3(2)
i VDD Vss L
&
>

2L favss

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< 10kQ 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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2.4 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 VcarP
10
1
g
x 0.1
@
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 # Ce;\rl)(;r::qiltgilce 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
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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

]

\ —
:;2 " ; 6V|Capacitor

N
| 7\im Cdpaditor| | | | ["Sw]

A
3

7°176.3V Capacitor v ]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Capacitance Change (%)

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”.
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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):

» ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”

« ANB849, “Basic PICmicro® Oscillator Design”

« ANO943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.7 Unused 1I/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

Primary
Oscillator

C1

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

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 47



PIC18F66K80 FAMILY

3.0 OSCILLATOR
CONFIGURATIONS

3.1 Oscillator Types

The PIC18F66K80 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
RA6 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 modes, the PLLEN (software) or
PLLCFG (CONFIG1H<4>) 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
4,8 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 1/Os.

To optimize power consumption when using
EC/HS/XT/LP/RC as the primary oscillator, the fre-
quency input range can be configured to yield an opti-
mized 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, PIC18F66K80 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 PIC18F66K80 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
setting the CONFIG1H<3:0> bits correctly. (For details,
see Register 28-2 on Page 450.)

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 450.)

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 & EC110) 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 31.25 kHz 0000
RC (External) 0-4 MHz 001x
INTIO 100x
32 kHz-16 MHz (and OSCCON, OSCCON2)
FIGURE 3-1: PIC18F66K80 FAMILY CLOCK DIAGRAM
sosco [ >
soscl @—%
X Peripherals
osc2 [X] (7> 2 >
— cPU
0SC1 PLLEN o>
FOSC<3:0> and PLLCFG /\
IDLEN
[ |16 MHz 16 MHz | 111
8 MHz 8MHz| ;14 | Clock Control —— SCS<1:0>
5 4 MHz 4 MHz 101 L
HF-INTOSC | | © |2MHz 2MHZ] 100 X FOSC<3:0>
16 MHz to @ |1 MHz 1 MHz S — :
7 011 =
31kHz O |500kHz 500 kHz | .
250 kHz 20kHz |
31kHz 31kHz| o
e 3
MF-INTOSC = (250 Kt = N IRCF<2:0>
500 kHzto [—1 & S
31 kHz 7 31Kz y
o
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3.2 Control Registers

The OSCCON register (Register 3-1) controls the main
aspects of the device clock’s operation. It selects the

The OSCTUNE register (Register 3-3) controls the
tuning and operation of the internal oscillator block. It also
implements the PLLEN bit which controls the operation of
the Phase Locked Loop (PLL) (see Section 3.5.3 “PLL

oscillator type to be used, which of the power-managed
modes to invoke and the output frequency of the
INTOSC source. It also provides status on the oscillators.

Frequency Multiplier”).

REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER
R/W-0 R/W-1 R/W-1 R/W-0 R® R-0 R/W-0 R/W-0
IDLEN IRCF2(@ IRCF1® IRCF0® OSTS HFIOFS scs1@ sScso@
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
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 = 03

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:(3)

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)®
If INTSRC = 1 and MFIOSEL = 135

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)

OSTS: Oscillator Start-up Timer Time-out Status bit(})

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)

bit 6-4

bit 3

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.

The source is selected by the INTSRC bit (OSCTUNE<7>).
Modifying these bits will cause an immediate clock source switch.
INTSRC = OSCTUNE<7> and MFIOSEL = OSCCON2<0>.

This is the lowest power option for an internal source.
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REGISTER 3-1: OSCCON: OSCILLATOR CONTROL REGISTER (CONTINUED)

bit 2 HFIOFS: HF-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)

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

01 = SOSC oscillator

00 = Default primary oscillator (OSC1/0OSC2 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.

The source is selected by the INTSRC bit (OSCTUNE<7>).
Modifying these bits will cause an immediate clock source switch.
INTSRC = OSCTUNE<7> and MFIOSEL = OSCCON2<0>.

This is the lowest power option for an internal source.

REGISTER 3-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

u-0 R-0 u-0 R/W-1 R/W-0 u-0 R-x R/W-0

= SOSCRUN = SOSCDRVWY | 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 Unimplemented: Read as ‘0’
bit 4 SOSCDRYV: Secondary Oscillator Drive Control bit(1)

1 = High-power SOSC circuit is selected

0 = Low/high-power select is done via the SOSCSEL<1:0> Configuration bits
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

Note 1: When SOSC is selected to run from a digital clock input, rather than an external crystal, this bit has no effect.
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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 is derived from 16 MHz INTOSC source (divide-by-512 enabled, HF-INTOSC)
0 = 31 kHz device clock is derived from INTOSC 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, PIC18F66K80 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-INTOSC source

* 31 kHz to 500 kHz MF-INTOSC source

* 31 kHz to 16 MHz HF-INTOSC source

The particular mode is defined by the FOSCx

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. PIC18F66K80 family devices offer the SOSC
(Timer1/3/5/7) oscillator as a secondary oscillator
source.

The SOSC can be enabled from any peripheral that
requests it. The SOSC can be enabled several ways by
doing one of the following:

* The SOSC is selected as the source by either of
the odd timers, which is done by each respective
SOSCEN bit (TxCON<3>)

* The SOSC is selected as the CPU clock source
by the SCSx bits (OSCCON<1:0>)

* 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

e 11 = Low-Power SOSC Circuit

If a secondary oscillator is not desired and digital 1/0 on

port pins, RCO and RC1, is needed, the SOSCSELXx
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 PIC18F66K80 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>
(OSCCON<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
(OSCCON2<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
INTOSC 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 SCSx 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 sources (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,
INTOSC 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 FOSCx 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

PIC18F66K80 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”.

3.4 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 tempera-
ture, 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 the limits of
ReEXT 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

Internal
0scC1
|1 Clock
CEXTL j;

= PIC18F66K80

-4— OSC2/CLKO
Fosc/4

Vss —

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 1/0O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 3-3: RCIO OSCILLATOR MODE
VDD
REXT
0SC1 Internal
L * A\Y [—> Clock
CEXT lj
Ves = = PIC18F66K80
RAG6 <«—» I/O (OSC2)
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. OSC1 OSC2
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:

« ANS588, “PIC® Microcontroller Oscillator Design
Guide”

* ANB826, “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

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 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 low drive level specification.

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

information.

expected for the application.

FIGURE 3-4: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS OR HSPLL
CONFIGURATION)
c1t 0sc1 ’|:
I l To
L Internal
[ XTAL :2: Re®) Logic
- | T 0SC2 Sleep
—e——W\ .
co® Rs® PIC18F66K80

Note 1: See Table 3-2 and Table 3-3 forinitial values of
C1 and C2.

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

3: RF varies with the oscillator mode chosen.
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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 PIC18F66K80
Fosc/4 <—— OSC2/CLKO

An external clock source may also be connected to the
OSC1 pin in the 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 CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>o—> 0sC1
Ext. System PIC18F66K80

(HS Mode)

Open «——— OSC2

3.5.3 PLL FREQUENCY MULTIPLIER

A Phase Lock 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>).
For the HF-INTOSC as primary, the PLL must be
enabled with the PLLEN. This provides a software con-
trol for the PLL, enabling even if PLLCFG is set to ‘1’,
so that the PLL is enabled only when the HF-INTOSC
frequency is within the 4 MHz to16 MHz input range.

This also enables additional flexibility for controlling the
application’s clock speed in software. The PLLEN
should be enabled in HF-INTOSC 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<6>)

0SC2

Phase

HS orEC| FIN Comparator

L) osc1 | Mode FouT

Loop
Filter
Yy
VCO
| SYSCLK
S
=

Y

3.56.3.2 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 4 MHz, 8 MHz or 16 MHz.
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3.6 Internal Oscillator Block

The PIC18F66K80 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-INTOSC.

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 31kHz to 16 MHz. If
HF-INTOSC is used with the PLL, the input frequency
to the PLL should be 4 MHz to 16 MHz
(IRCF<2:0> =111, 110 or 101).

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-INTOSC can provide only 31 kHz if INTSRC = 0.

The LF-INTOSC 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 (PWRT)

 Fail-Safe Clock Monitor (FSCM)

» Watchdog Timer (WDT)

» 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-INTOSC direct) is selected by configuring the
IRCFx 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
FOSCx Configuration bits, are available:
* In INTIO1 mode, the OSC2 pin (RAB) 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 <—= /0 (OSC1)

PIC18F66K80
Fosc/4 -«—»| OSC2

FIGURE 3-9:  INTIO2 OSCILLATOR MODE

RA7 <—{ /0 (0SC1)
PIC18F66K80
RA6 <—] /O (0SC2)

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 16 MHz or 64 MHz.

PLL operation is controlled through software. The
control bits, PLLEN (OSCTUNE<6>) and PLLCFG
(CONFIG1H<4>), are used to enable or disable its
operation. The PLL is available only to HF-INTOSC.
The other oscillator is set with HS and EC modes. Addi-
tionally, the PLL will only function when the selected
output frequency is either 4 MHz or 16 MHz
(OSCCON<6:4> =111, 110 or 101).

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 (see Figure 3-8).

¢ In INTPLL2 mode, OSC1 functions as RA7 and
OSC2 functions as RAB, both for digital input and
output. Externally, this is identical to INTIO2 (see
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 EUSARTX

An adjustment may be required when the EUSARTx
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors
indicate 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.

3.6.4.2 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 generates interrupts. When an interrupt
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 PIC18F66K80
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 (RC3) 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 (REFOCON<4>), the primary oscillator is available only when configured as the default via the
FOSCx 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 the 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 Timer1 or
3. Other features may be operating that do not require a
device clock source (i.e., MSSP slave, INTx pins and
others). Peripherals that may add significant current con-
sumption are listed in Section 31.2 “DC Characteris-
tics: Power-Down and Supply Current PIC18F66K80
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 applications.
The delays ensure that the device is kept in Reset until
the device power supply is stable under normal circum-
stances and the primary clock is operating and stable.
For additional information on power-up delays, see
Section 5.6.1 “Power-up Timer (PWRT)".

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up time of about 64 ms
(Parameter 33, Table 31-11); it is always enabled.

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 31-11), 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 disabled at quiescent Feedback inverter disabled at quiescent

voltage level

voltage level

INTOSC, INTPLL1/2

TRISA<6>

I/O pin, RAG, direction controlled by

I/0 pin, RAB, direction 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 PIC18F66K80 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 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® | scs<1:0> CPU Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRLRUN | NA 00 | Ciocked | Clocked |pie 1 i-power sxbcution 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.

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 61




PIC18F66K80 FAMILY

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 formula
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
. HFIOFSor

Main Clock Source |OSTS MFIOFS SOSCRUN
Primary Oscillator 1 0 0
INTOSC (HF-INTOSC 0 1 0
or MF-INTOSC)
Secondary Oscillator 0 0 1
MF-INTOSC or
HF-INTOSC as Primary | 1 1 0
Clock Source
LF-INTOSC is
Running or INTOSC is 0 0 0
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 clock
source to a divider that actually drives the device clock.
When the SOSCRUN bit is set, the SOSC oscillator 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 mode. This indicates that the primary clock
(INTOSC output) is generating a stable output. Enter-
ing 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 set to ‘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
SCSx 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!Qz!03!o4lo1-j --------------------- --»l 2] a3lasiarlalasl
SOSCI AUV 2 3
0sC1 _/—\_:/—\_:/—\_:/—\ : \~—— Clock Transition® ——»! ' ' : : ! !
cPy _/‘\_F\_/‘\I\ I Y e N e NIV e VNIV
Clock ! : : . I : ' ' :
Peripheral _m\ m\ M\ : YNV N NV NV NV NV NV
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Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)
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Fggg:ftlg: : : PC : X PC+2 X _PC+4
SCS<1:0> Bits Changed OSTS Bit Set

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

4.2.3 RC_RUN MODE This mode is entered by setting the SCS1 bit to ‘1’. To
. maintain software compatibility with future devices, it is

In RC_RUN mode, the CPU and peripherals are . ’

clocked from the internal oscillator block using the recommended that the SCS0 bit also be cleared, even

INTOSC multiplexer. In this mode, the primary clock is thO.UQh the bit is ignored. When the clock.source 'S
shut down. When using the LF-INTOSC source, this switched to the INTOSC multiplexer (see Figure 4-3),
mode provides the best power conservation of a,II the the primary oscillator is shut down and the OSTS bit is
Run modes, while still executing code. It works well for cleared. The IRCFx bits may be modified at any time to

user applications which are not highly timing-sensitive immediately change the clock speed.

or do not require high-speed clocks at all times. Note:  Caution should be used when modifying a
If the primary clock source is the internal oscillator singlg IRCF bit. At a lower VDD, it is
block — either LF-INTOSC or INTOSC (MF-INTOSC or possible to select a higher clock speed
HF-INTOSC) - there are no distinguishable differences than is supportable by that VbD. Improper
between the PRI_RUN and RC_RUN modes during device operation may result if the
execution. Entering or exiting RC_RUN mode, how- VDD/FOSC specifications are violated.

ever, causes a clock switch delay. Therefore, if the
primary clock source is the internal oscillator block,
using RC_RUN mode is not recommended.
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If the IRCFx 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 IRCFx 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 X 1 MFIOFS = 1, HFIOFS = 0 and clock source is MF-INTOSC

Clocks to the device continue while the INTOSC source
stabilizes after an interval of TIOBST (Parameter 39,
Table 31-11).

If the IRCFx 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 SCSx 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 (FSCM) is enabled.
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FIGURE 4-3: TRANSITION TIMING TO RC_RUN MODE
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Note 1: Clock transition typically occurs within 2-4 Tosc.

FIGURE 4-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
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Notel: 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 Sleep Mode

The power-managed Sleep mode in the PIC18F66K80
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.

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 SCSx bits are not affected by the wake-up.

FIGURE 4-5:

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 set to 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 31-11) 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 SCSx 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.

TRANSITION TIMING FOR ENTRY TO SLEEP MODE
atlazlaslaalat- - - - - - - s e oo EREE

0SC1 /T

CPU_m iy ym i
Clock T
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Clock X

Seep— 7

Program y
Cognter PC X

\J

FIGURE 4-6:

TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)
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Note1: TOST = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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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 SCSx 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 31-11), 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 SCSx 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 that is being clocked by the SOSC
oscillator. The IDLEN and SCSx 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 | oas | @4l Qe -
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FIGURE 4-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
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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 IRCFx 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 IRCFx 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 31-11). 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 IRCFx 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 IRCFx 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 TcsD (Parameter 38, Table 31-11) following the wake
event, the CPU begins executing code clocked by the
INTOSC multiplexer. The IDLEN and SCSx bits are not
affected by the wake-up. The INTOSC 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, con-
sume power. There may be cases where the application
needs what this mode does not provide: the allocation of
power resources to the CPU processing with minimal
power consumption from the peripherals.

PIC18F66K80 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 or PMD2)

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 three PMD registers in PIC18F66K80 family
devices: PMDO, PMD1 and PMD2. These registers
have bits associated with each module for disabling or
enabling a particular peripheral.
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REGISTER 4-1: PMD2: PERIPHERAL MODULE DISABLE REGISTER 2

uU-0 uU-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
— — — — MODMD® |  ECANMD 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 7-4 Unimplemented: Read as ‘0’
bit 3 MODMD: Modulator Output Module Disable bit®
1 = The modulator output module is disabled; all Modulator Output registers are held in Reset and are
not writable
0 = The modulator output module is enabled
bit 2 ECANMD: Enhanced CAN Module Disable bit
1 = The Enhanced CAN module is disabled; all Enhanced CAN registers are held in Reset and are
not writable
0 = The Enhanced CAN module is enabled
bit 1 CMP2MD: Comparator 2 Module Disable bit
1 = The Comparator 2 module is disabled; all Comparator 2 registers are held in Reset and are not
writable
0 = The Comparator 2 module is enabled
bit 0 CMP1MD: Comparator 1 Module Disable bit
1 = The Comparator 1 module is disabled; all Comparator 1 registers are held in Reset and are not
writable

0 = The Comparator 1 module is enabled

Note 1: This bit is only implemented on devices with 64 pins (PIC18F6XK80, PIC18LF6XK80).
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REGISTER 4-2: 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 ADCMD TMR4MD TMR3MD TMR2MD TMR1MD TMROMD
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 bit(?)

1 = The PSP module is disabled; all PSP registers are held in Reset and are not writable
0 = The PSP module is enabled

bit 6 CTMUMD: PMD CTMU Disable bit
1 = The CTMU module is disabled; all CTMU registers are held in Reset and are not writable
0 = The CTMU module is enabled

bit 5 ADCMD: A/D Module Disable bit
1 = The A/D module is disabled; all A/D registers are held in Reset and are not writable
0 = The A/D module is enabled

bit 4 TMR4MD: TMR4MD Disable bit
1 = The Timer4 module is disabled; all Timer4 registers are held in Reset and are not writable
0 = The Timer4 module is enabled

bit 3 TMR3MD: TMR3MD Disable bit
1 = The Timer3 module is disabled; all Timer3 registers are held in Reset and are not writable
0 = The Timer3 module is enabled

bit 2 TMR2MD: TMR2MD Disable bit
1 = The Timer2 module is disabled; all Timer2 registers are held in Reset and are not writable
0 = The Timer2 module is enabled

bit 1 TMR1MD: TMR1MD Disable bit
1 = The Timer1 module is disabled; all Timer1 registers are held in Reset and are not writable
0 = The Timer1 module is enabled

bit 0 TMROMD: TimerO Module Disable bit
1 = The Timer0 module is disabled; all Timer0 registers are held in Reset and are not writable
0 = The Timer0 module is enabled

Note 1: This bitis unimplemented on 28-pin devices (PIC18F2XK80, PIC18LF2XK80).
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REGISTER 4-3: 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
CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD UART2MD UART1MD SSPMD
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 CCP5MD: CCP5 Module Disable bit

1 = The CCP5 module is disabled; all CCP5 registers are held in Reset and are not writable
0 = The CCP5 module is enabled

bit 6 CCP4MD: CCP4 Module Disable bit

1 = The CCP4 module is disabled; all CCP4 registers are held in Reset and are not writable
0 = The CCP4 module is enabled

bit 5 CCP3MD: CCP3 Module Disable bit

1 = The CCP3 module is disabled; all CCP3 registers are held in Reset and are not writable
0 = The CCP3 module is enabled

bit 4 CCP2MD: CCP2 Module Disable bit

1 = The CCP2 module is disabled; all CCP2 registers are held in Reset and are not writable
0 = The CCP2 module is enabled

bit 3 CCP1MD: ECCP1 Module Disable bit

1 = The ECCP1 module is disabled; all ECCP1 registers are held in Reset and are not writable
0 = The ECCP1 module is enabled

bit 2 UART2MD: EUSART2 Module Disable bit
1 = The USART2 module is disabled; all USART?2 registers are held in Reset and are not writable
0 = The USART2 module is enabled

bit 1 UART1MD: EUSART1 Module Disable bit
1 = The USART1 module is disabled; all USART1 registers are held in Reset and are not writable
0 = The USART1 module is enabled

bit 0 SSPMD: MSSP Module Disable bit
1 = The MSSP module is disabled; all SSP registers are held in Reset and are not writable
0 = The MSSP module is enabled
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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
execution continues or resumes without branching
(see Section 10.0 “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 IRCFx 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 inter-
nal 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
//***************************

TRI SAbi ts. TRI SA0 = 0;

PORTAbi ts. RAO = 1;

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

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

TRI SAbits. TRISAO = 1;
//*****************************
/1 Enable the Utra Low Power
// Wakeup nmodul e and al | ow
/[ capaci tor discharge
//'k****************************
WDTCONbi ts. ULPEN = 1;
WDTCONbi ts. ULPSI NK = 1;
/1 For Sleep
OSCCONbi ts. | DLEN = 0;
/1 Enter Sleep Mde
I
Sl eep();
//for sleep, execution will
//resune here

A series resistor, between RAO and the external
capacitor, provides overcurrent protection for the
RAO/CVREF/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/CVREF/ANO/ULPWU

X

N |
/|

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
temperature, 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 SOURCEYS)

Powe;ﬂ-g/l;gaged Clock Source®) Exit Delay Csl?ailafg?gy
LP, XT, HS
HSPLL OSTS
EC, RC
PRI_IDLE mode 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 + t,,®) OSTS
EC, RC Tesp®
Sleep mode
HF-INTOSC® HFIOFS
MF-INTOSC® TiossT® MFIOFS
LF-INTOSC None

Note 1: TcsD (Parameter 38, Table 31-11) 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 31-11). TRC is the PLL Lock-out Timer

(Parameter F12, Table 31-7); it is also designated as TPLL.

4: Execution continues during TIoBST (Parameter 39, Table 31-11), the INTOSC stabilization period.

5. The clock source is dependent upon the settings of the SCSx (OSCCON<1:0>), IRCFx (OSCCON<6:4>)

and FOSCx (CONFIG1H<3:0>) bits.
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5.0 RESET

The PIC18F66K80 family devices differentiate 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)  Programmable 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)".

FIGURE 5-1:

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 regis-
ter indicate that a specific Reset event has occurred. In
most cases, these bits can only be cleared by the event
and must be set 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 control bits for setting
interrupt priority (IPEN) and software control of the
BOR (SBOREN). Interrupt priority is discussed in
Section 10.0 “Interrupts”. BOR is covered in
Section 5.4 “Brown-out Reset (BOR)”.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack
Pointer

External Reset
7

MCLRE —

Stack Full/lUnderflow Reset

WDT
Time-out

VoD Rise | POR Pulse

Detect

Brown-out
Reset

BOREN<1:0>

OST 1024 Cycles

T osT/PWRT

Chip_Reset

R QF——

10-Bit Ripple Counter @

| _S28S  pWRT  655ms
||INTOSC® > 11-Bit Ripple Counter | —

L — - - - = - = — = —

I
|
I
I
|

Enable PWRT

Enable OST®

Note 1:
2: See Table 5-2 for time-out situations.

This is the INTOSC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
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REGISTER 5-1: RCON: RESET CONTROL REGISTER

R/W-0 R/W-1(D) 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 = Enables priority levels on interrupts
0 = Disables priority levels on interrupts (PIC16CXXX Compatibility mode)
bit 6 SBOREN: BOR Software Enable bit™)

If BOREN<1:0>=01;
1 =BOR is enabled
0 = BOR is disabled

If BOREN<1:0>=00,100r11;
Bit is disabled and reads 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 once the 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, CLRADT instruction or SLEEP instruction
0 = AWDT time-out has occurred
bit 2 PD: Power-down Detection Flag bit
1 = Set by power-up or by the CLRWDT instruction
0 = Set by execution of the SLEEP instruction
bit 1 POR: Power-on Reset Status bit(®)

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

Note 1: If SBOREN is enabled, its Reset state is ‘1’; otherwise, it is ‘0.

2:  The actual Reset value of POR is determined by the type of device Reset. See the notes following this
register and Section 5.7 “Reset State of Registers” for additional information.

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 Reset (MCLR)

The MCLR pin provides a method for triggering an
external Reset of the device. A Reset is generated by
holding the pin low. These 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.

In PIC18F66K80 family devices, the MCLR input can
be disabled with the MCLRE Configuration bit. When
MCLR is disabled, the pin becomes a digital input. See
Section 11.6 “PORTE, TRISE and LATE Registers”
for more information.

5.3 Power-on Reset (POR)

A Power-on Reset pulse 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 (i.e., exits the
Reset condition), device operating parameters
(voltage, frequency, temperature, etc.) 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.

POR events are captured by the POR bit (RCON<1>).
The state of the bit is set to ‘0’ whenever a Power-on
Reset occurs; it 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.

FIGURE 5-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW VbD POWER-UP)
VDD VDD
D R

R1
MCLR
o} PIC18FXX80

1

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 Electro-
static Discharge (ESD) or Electrical
Overstress (EOS).
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5.4 Brown-out Reset (BOR)

The PIC18F66K80 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>
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>). The
typical current draw (AIBOR) for zero, low and medium
power BOR is 200 nA, 750 nA and 3 pA, respectively. 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 BOREN<1:0> (CONFIG2L<2:1>)
and the SBOREN bit (RCON<6>). The four BOR
configurations are summarized in Table 5-1.

In Zero-Power BOR (ZPBORMYV), 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 accu-
racy. The trip levels (BvDD, Parameter D005), current
consumption (Section 31.2 “DC Characteristics:
Power-Down and Supply Current PIC18F66K80
Family (Industrial/Extended)”) and time required
below BvDD (TBOR, Parameter 35) can all be found in
Section 31.0 “Electrical Characteristics”.

5.4.1 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<6>). Setting SBOREN
enables the BOR to function as previously described.
Clearing SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise it is
read as ‘0.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change BOR configuration. It also allows the user to
tailor device power consumption in software by elimi-
nating the incremental current that the BOR consumes.
While the BOR current is typically very small, it may
have some impact in low-power applications.

Note: Even when BOR is under software con-
trol, the Brown-out Reset voltage level is
still set by the BORV<1:0> Configuration

bits; it cannot be changed in software.

5.4.2 DETECTING BOR

When Brown-out Reset is enabled, the BOR bit always
resets to ‘0O’ 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.

543 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

TABLE 5-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation
BOREN1 BORENO | (RCON<6>)
0 0 Unavailable |BOR is disabled; must be enabled by reprogramming the Configuration
bits.
0 1 Available |BOR is enabled in software; operation is controlled by SBOREN.
1 0 Unavailable |BOR is enabled in hardware, in Run and Idle modes; disabled during
Sleep mode.
1 1 Unavailable |BOR is enabled in hardware; must be disabled by reprogramming the
Configuration bits.
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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, which can cause widespread,
single bit changes throughout the device and result in
catastrophic failure.

In PIC18FXXKXX Flash devices, the device Configura-
tion registers (located in the configuration memory
space) are continuously monitored during operation by
comparing their values to complimentary Shadow reg-
isters. 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>) being
setto ‘0.

This bit 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
Resets. 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.

5.6 Device Reset Timers

PIC18F66K80 family devices incorporate three sepa-
rate on-chip timers that help regulate the Power-on
Reset process. Their main function is to ensure that the
device clock is stable before code is executed. These
timers are:

* Power-up Timer (PWRT)
» Oscillator Start-up Timer (OST)
* PLL Lock Time-out

5.6.1 POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT) of the PIC18F66K80
family devices is an 11-bit counter which uses the
INTOSC source as the clock input. This yields an
approximate time interval of 2048 x 32 us = 65.6 ms.
While the PWRT is counting, the device is held in
Reset.

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

The PWRT is enabled by clearing the PWRTEN
Configuration bit.
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5.6.2 OSCILLATOR START-UP TIMER
(OST)

The Oscillator Start-up Timer (OST) provides a
1024 oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (Parameter 33). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP, HS and
HSPLL modes and only on Power-on Reset or on exit
from most power-managed modes.

5.6.3 PLL LOCK TIME-OUT

With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly differ-
ent from other oscillator modes. A separate timer is
used to provide a fixed time-out that is sufficient for the
PLL to lock to the main oscillator frequency. This PLL
lock time-out (TPLL) is typically 2 ms and follows the
oscillator start-up time-out.

56.4 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:

1. After the POR pulse has cleared, PWRT
time-out is invoked (if enabled).

2. Then, the OST is activated.

The total time-out will vary based on oscillator configu-
ration and the status of the PWRT. Figure 5-3,
Figure 5-4, Figure 5-5, Figure 5-6 and Figure 5-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 5-3 through 5-6 also apply
to devices operating in XT or LP modes. For devices in
RC mode and with the PWRT disabled, on the other
hand, there will be no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 5-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXXX device
operating in parallel.

TABLE 5-2:  TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-up and Brown-out Exit from

Configuration PWRTEN =0 PWRTEN = 1 Power-Managed Mode

HSPLL 66 ms( + 1024 Tosc + 2 ms® 1024 Tosc + 2 ms® 1024 Tosc + 2 ms®
HS, XT, LP 66 msY) + 1024 Tosc 1024 Tosc 1024 Tosc
EC, ECIO 66 ms() — —
RC, RCIO 66 ms(?) — —
INTIO1, INTIO2 66 ms(?) — —

Note 1. 66 ms (65.5 ms) is the nominal Power-up Timer (PWRT) delay.
2. 2 ms is the nominal time required for the PLL to lock.

FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)

VDD —/

MCLR

INTERNAL POR | Z

X TPWRT-

PWRT TIME-OUT e TOST

OST TIME-OUT

INTERNAL RESET ‘
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FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1
VDD —/

MCLR —

INTERNAL POR ; '

. TPWRT !
PWRT TIME-OUT L_ TOST —
OST TIME-OUT ‘
INTERNAL RESET |
FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD —/ :
MCLR o am

INTERNAL POR ; !

TPWRT

PWRT TIME-OUT e TOST —». ;

OST TIME-OUT ‘ :

INTERNAL RESET

FIGURE 5-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)
5V

VDD oV v
MCLR -
INTERNAL POR 1 :

PWRT TIME-OUT l ' |

OST TIME-OUT

INTERNAL RESET
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FIGURE 5-7: TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)

VDD —/
MCLR

INTERNAL POR ; !

PWRT TIME-OUT < TOST!

OST TIME-OUT TPLL—=

PLL TIME-OUT

INTERNAL RESET

Note: TosT = 1024 clock cycles.
TPLL ~ 2 ms max. First three stages of the PWRT timer.
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5.7

Most registers are unaffected by a Reset. Their status
is unknown on a Power-on Reset 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 oper-
ation. Status bits from the RCON register, RI, TO, PD,
CM, POR and BOR, are set or cleared differently in

different Reset situations, as indicated in Table 5-3.
These bits are used in software to determine the nature
of the Reset.

Table 5-4 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 5-3: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
N Program RCON Register STKPTR Register
Condition C ter@ T = = = —T—
OUNter™ | SBOREN| CM | RI | TO | PD |POR |BOR |STKFUL | STKUNF
Power-on Reset 0000h 1 1 1 1 1 0 0 0 0
RESET Instruction 0000h u®@ u 0 u u u u u u
Brown-out Reset 0000h u®@ 1 1 1 1 u 0 u u
MCLR Reset during 0000h u® u u 1 u u u u u
Power-Managed Run modes
MCLR Reset during 0000h u® u u 1 0 u u u u
Power-Managed Idle modes and
Sleep mode
WDT Time-out during Full Power 0000h u®@ u u 0 u u u u u
or Power-Managed Run modes
MCLR Reset during Full-Power 0000h u® u u u u u u u u
execution
Stack Full Reset (STVREN = 1) 0000h u®@ u u u | u u u 1
Stack Underflow Reset 0000h u®@ u u u u u u u
(STVREN =1)
Stack Underflow Error (not an 0000h u®@ u u u u u u u 1
actual Reset, STVREN = 0)
WDT Time-out during PC +2 u®@ u u 0 0 u u u u
Power-Managed Idle or Sleep
modes
Interrupt Exit from PC +2 u®@ u u u 0 u u u u
Power-Managed modes

Legend:
Note 1:

u = unchanged

interrupt vector (008h or 0018h).

When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the

2. Reset state is ‘1’ for POR and unchanged for all other Resets when software BOR is enabled
(BOREN<1:0>, Configuration bits = 01 and SBOREN = 1); otherwise, the Reset state is ‘0’.

© 2010-2017 Microchip Technology Inc.
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PIC18F66K80 FAMILY

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt

TOSU PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---0 0000 ---0 0000 ---0 uuuu®
TOSH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu®
TOSL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu®
STKPTR PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 00-0 0000 uu- 0 0000 uu-u uuuu®
PCLATU PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---0 0000 ---0 0000 ---U uuuu
PCLATH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
PCL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 PC +2@
TBLPTRU PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 0000 --00 0000 --uu uuuu
TBLPTRH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TBLPTRL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TABLAT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
PRODH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
PRODL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 000x 0000 000u uuuu uuuu®
INTCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 -1-1 uuuu - u-u®®
INTCON3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1100 0000 11x0 0x00 uuuu uuuu®
INDFO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
POSTINCO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
POSTDECO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PREINCO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PLUSWO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
FSROH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - - - XXXX ---- uuuu ---- uuuu
FSROL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
WREG PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
INDF1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
POSTINC1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
POSTDEC1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PREINCA1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PLUSWA1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
FSR1H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - - - XXXX ---- uuuu ---- uuuu
FSR1L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BSR PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---- 0000 ---- 0000 ---- uuuu
INDF2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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PIC18F66K80 FAMILY

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
POSTINC2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
POSTDEC2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PREINC2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
PLUSW2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 N/A N/A N/A
FSR2H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 .- - XXXX ---- uuuu ---- uuuu
FSR2L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - - - X XXXX ---U uuuu ---U uuuu
TMROH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 uuuu uuuu uuuu uuuu
TMROL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 1111 uuuu uuuu
OSCCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0110 g000 0100 00q0 uuuu uuqu
OSCCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -0-1 0-x0 -0-0 0-01 -u-u u-uu
WDTCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0-x0 -xx0 0-x0 -xx0 u-u0 -uu0
RCON® PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0111 11q0 0111 qquu uuuu qquu
TMR1H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 uOuu uuuu uuuu uuuu
TMR2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
PR2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 1111 uuuu uuuu
T2CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -000 0000 - 000 0000 -uuu uuuu
SSPBUF PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
SSPSTAT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
SSPCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
SSPCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
ADRESH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -000 0000 - 000 0000 -uuu uuuu
ADCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 xxxx 0000 0qqq uuuu uuuu
ADCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0- 00 0000 0- 00 0000 u-uu uuuu
ECCP1AS PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 XXXX XXXX
CCPR1H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
CCPR1L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TXSTA2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0010 0000 0010 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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
BAUDCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 01x0 0-00 01x0 0-00 uuuu u-uu
IPR4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 -111 1111 -111 uuuu - uuu
PIR4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 -000 0000 -000 uuuu - uuu
PIE4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 -000 0000 -000 uuuu - uuu
CVRCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CMSTAT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XX-= =--- XX== ---- uu-- ----
TMR3H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
T3CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
T3GCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0x00 0000 0x00 uuuu u-uu
SPBRG1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RCREG1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TXREG1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TXSTA1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0010 0000 0010 uuuu uuuu
RCSTA1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 000x 0000 000x uuuu uuuu
T1GCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0x00 0000 0x00 uuuu u-uu
PR4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 1111 uuuu uuuu
HLVDCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
BAUDCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 01x0 0-00 01x0 0-00 uuuu u-uu
RCSTA2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 000x 0000 000x uuuu uuuu
IPR3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --11 111- --11 111- --uu uuu-
PIR3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 000- --x0 xxx- --uu uuu-
PIE3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 000- 0000 0000 uuuu uuuu
IPR2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1--- 1111 1--- 111x u--- uuuu
PIR2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0--- 0000 0--- 000x u--- uuuu®
PIE2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0--- 0000 0--- 0000 u--- uuuu
IPR1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 1111 uuuu uuuu
PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -111 1111 -111 1111 - uuu uuuu
PIR1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu®
PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -000 0000 - 000 0000 - uuu uuuu
PIE1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -000 0000 - 000 0000 - uuu uuuu
PSTR1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 00-0 0001 XX= X XXXX —
OSCTUNE PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
REFOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

P(;wer-ton % Ilzesetts, Wake-up via

Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt

CCPTMRS PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | ---0 0000 - =X XXXX ---U uuuu
TRISG PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | ---1 1111 ---1 1111 ---U uuuu
TRISF PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 1111 1111 1111 uuuu uuuu
TRISE PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 -111 1111 -111 uuuu - uuu
TRISD PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 1111 1111 1111 uuuu uuuu
TRISC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 1111 1111 1111 uuuu uuuu
TRISB PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 1111 1111 1111 uuuu uuuu
TRISA®) PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 111- 1111®) | 111- 1111® | uuu- uuuu®
ODCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
SLRCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | - 000 0000 -111 1111 -111 1111
LATG PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | ---X XXXX - - - X XXXX ---Uu uuuu
LATF PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX = XXX uuuu -uuu
LATE PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX - XXX XXXX XXXX uuuu uuuu
LATD PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
LATC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
LATB PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
LATA®) PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | xxx- xxxx® | xxx- xxxx® | uuu- uuuu®
T4CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | - 000 0000 -000 0000 - uuu uuuu
TMR4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
PORTG PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | ---X XXXX - .- X XXXX ---Uu uuuu
PORTF PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
PORTE PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
PORTD PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
PORTC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
PORTB PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | XXXX XXXX XXXX XXXX uuuu uuuu
PORTA®) PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | xxx- xxxx® | xxx- xxxx® | uuu- uuuu®
EECON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | xx-0 x000 uu- 0 u000 uu-u uuuu
EECON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
SPBRGH1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
SPBRGH2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
SPBRG2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
RCREG2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
TXREG2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 uuuu uuuu
IPR5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 1111 1111 1111 1111 uuuu uuuu
PIR5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 | 0000 0000 0000 0000 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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
PIE5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
EEADRH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---- --00 ---- --00 ---- --00
EEADR PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
EEDATA PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
ECANCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0001 0000 0001 0000 uuuu uuuu
COMSTAT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CIOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 ---0 0000 ---0 uuuu ---u
CANCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
RXBOD7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOD5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXB0OD4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXBODO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXBODLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXBOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOSIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u-uu uuuu u- uu
RXBOSIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CM1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0001 1111 0001 1111 uuuu uuuu
CM2CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0001 1111 0001 1111 uuuu uuuu
ANCONO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1111 1111 1111 1111 uuuu uuuu
ANCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 -111 1111 -111 1111 -uuu uuuu
WPUB PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX 1111 1111 uuuu uuuu
I0CB PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 ---- 0000 ---- uuuu - - - -
PMDO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 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:

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

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:  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.

4. See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.

DS30009977G-page 88

© 2010-2017 Microchip Technology Inc.




PIC18F66K80 FAMILY

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

Note 1:

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

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
PMD1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
PMD2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---- 0000 ---- 0000 ---- uuuu
PADCFG1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 ---0 0000 ---0 uuuu ---u
CTMUCONH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0- 00 0000 0- 00 0000 u-uu uuuu
CTMUCONL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CTMUICON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CCPR2H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCPR2L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCP2CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 0000 --00 0000 --uu uuuu
CCPR3H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCPR3L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCP3CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 0000 --00 0000 --uu uuuu
CCPR4H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCPRA4L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCP4CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 0000 --00 0000 --uu uuuu
CCPR5H PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCPRS5L PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
CCP5CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 --00 0000 --00 0000 --uu uuuu
PSPCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 ---- 0000 ---- uuuu - - - -
MDCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0010 0--0 0010 0--0 uuuu u--u
MDSRC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0--- XXXX 0--- XXXX u--- uuuu
MDCARH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 OXX- XXXX OXX-  XXXX uuu- uuuu
MDCARL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 OXX- XXXX OXX- XXXX uuu- uuuu
CANCON_ROO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_ROO | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
RXB1D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXB1D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXB1D0 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu XXXX XXXX
Legend: u =unchanged; x = unknown; - = unimplemented bit, read as ‘0’; g = value depends on condition.

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:  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.

4. See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

P(;wer-ton % Ilzesetts, Wake-up via

Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
RXB1EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u- uu uuuu u- uu
RXB1SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_RO1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
TXBOD7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXBOD6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB0OD5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB0OD4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXBOD3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXB0OD2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXBOD1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB0ODO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXBODLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
TXBOEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
TXBOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
TXBOSIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX XXX-  X- XX uuu- u-uu
TXBOSIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX XXXX XXXX uuuu uuuu
TXBOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0-00 0000 0-00 uuuu u- uu
CANCON_RO2 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO2 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
TXB1D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXB1D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1DO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXB1EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
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: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.

DS30009977G-page 90

© 2010-2017 Microchip Technology Inc.




PIC18F66K80 FAMILY

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

P(;wer-ton % Ilzesetts, Wake-up via

Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
TXB1SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0-00 0000 0-00 uuuu u-uu
CANCON_RO3 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO3 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
TXB2D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2DO0 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXB2DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
TXB2SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX- X- XX uuu- u-uu uuu- u-uu
TXB2SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0-00 0000 0-00 uuuu u-uu
RXM1EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXM1EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXM1SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  0- XX uuu- u-uu uuu- u-uu
RXM1SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXMOEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXMOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXMOSIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX- 0- XX uuu- u-uu uuu- u-uu
RXMOSIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFS5EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF5EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF5SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF5SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF4EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF4EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF4SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF4SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF3EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 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: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
RXF3EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF3SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF3SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF2EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF2EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF2SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF2SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF1EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF1EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF1SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF1SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOSIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXFOSIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
CANCON_RO4 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO4 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
B5D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B5D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B5D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B5DO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu uuuu uuuu
B5EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B5SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u- uu uuuu u- uu
B5SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B5CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_RO5 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO5 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
B4D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
Legend: u =unchanged; x = unknown; - = unimplemented bit, read as ‘0’; g = value depends on condition.

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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PIC18F66K80 FAMILY

TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

P(;wer-ton % Ilzesetts, Wake-up via

Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
B4D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4DO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu - uuu uuuu
B4EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u-uu uuuu u-uu
B4SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B4CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_ROG6 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO6 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
B3D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B3D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B3D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B3DO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu - uuu uuuu
B3EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B3EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u- uu uuuu u- uu
B3SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B3CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_RO7 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
B2D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B2D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 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: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
B2D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2D0 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu - uuu uuuu
B2EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u- uu uuuu u-uu
B2SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B2CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_RO8 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
B1D7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1D6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1D5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
B1D4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1D3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1D2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1D1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1DO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1DLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu - uuu uuuu
B1EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u-uu uuuu u-uu
B1SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
B1CON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
CANCON_RO9 | PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
CANSTAT_RO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 1000 0000 1000 0000 uuuu uuuu
BOD7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOD6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOD5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
BOD4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOD3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOD2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOD1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
BODO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BODLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 - XXX XXXX - uuu uuuu - uuu uuuu
BOEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
BOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOSIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX X- XX uuuu u-uu uuuu u- uu
BOSIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
BOCON PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TXBIE PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---0 00-- ---Uu uu-- ---Uu uu--
BIEO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
BSELO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 00- - 0000 00- - uuuu uu- -
MSEL3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
MSEL2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
MSEL1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0101 0000 0101 uuuu uuuu
MSELO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0101 0000 0101 0000 uuuu uuuu
RXFBCON7 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFBCONG6 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFBCON5 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFBCON4 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFBCON3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFBCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0001 0001 0001 0001 uuuu uuuu
RXFBCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0001 0001 0001 0001 uuuu uuuu
RXFBCONO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
SDFLC PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 ---0 0000 ---0 0000 ---Uu uuuu
RXF15EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF15EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF15SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF15SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF14EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF14EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF14SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF14SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF13EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF13EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF13SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX- X- XX uuu- Uu-uu uuu- u-uu
RXF13SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF12EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF12EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF12SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
P(;wer-ton % Ilzesetts, Wake-up via
Register Applicable Devices BrO\?vsne:o’ut RESET Inst?zitlion, WDT
Reset Stack Resets or Interrupt
RXF12SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF11EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF11EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF11SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX- X- XX uuu- u-uu uuu- u-uu
RXF11SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF10EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF10EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF10SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF10SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF9EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOEIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF9SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF9SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF8EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF8EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF8SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF8SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF7EIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXF7EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF7SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX- X- XX uuu- u-uu uuu- u-uu
RXF7SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXFGEIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFG6EIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX  XXXX uuuu uuuu uuuu uuuu
RXF6SIDL PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXX-  X- XX uuu- u-uu uuu- u-uu
RXF6SIDH PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 XXXX XXXX uuuu uuuu uuuu uuuu
RXFCONO PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXFCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
BRGCON3 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 00-- -000 00-- -000 uu-- -uuu
BRGCON2 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
BRGCON1 PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
TXERRCNT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 uuuu uuuu
RXERRCNT PIC18F2XK80 | PIC18F4XK80 | PIC18F6XK80 0000 0000 0000 0000 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:

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

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:  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.

4: See Table 5-3 for Reset value for specific conditions.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When not

enabled as PORTA pins, they are disabled and read as ‘0.
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6.0 MEMORY ORGANIZATION
PIC18F66K80 family devices have these types of
memory:

* Program Memory

» Data RAM

» Data EEPROM

As Harvard architecture devices, the data and program

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 is
discussed separately in Section 8.0 “Data EEPROM

memories use separate busses. This enables Memory”.

concurrent access of the two memory spaces.

FIGURE 6-1: MEMORY MAPS FOR PIC18F66K80 FAMILY DEVICES
| PC<20:0> | 21

CALL, CALLW RCALL,

RETURN, RETFIE, RETLW
ADDULNK, SUBULNK

Stack Level 1
[

Stack Level 31

PIC18FX5K80

On-Chip On-Chip 000000 4
Memory Memory
—————————————————————————————— 007FFFh
——————————— 00FFFFh

PIC18FX6K80

Unimplemented
Read as ‘0’

User Memory Space

Unimplemented
Read as ‘0’

\

%

——————————— 1FFFFFh

Note: Sizes of memory areas are not to scale. Size

s of program memory areas are enhanced to show detail.
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6.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit Program
Counter (PC) 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 ‘O’s (a
NOP instruction).

The entire PIC18F66K80 family offers a range of
on-chip Flash program memory sizes, from 32 Kbytes
(16,384 single-word instructions) to 64 Kbytes
(32,768 single-word instructions).
« PIC18F25K80, PIC18F45K80 and PIC18F65K80 —
32 Kbytes of Flash memory, storing up to
16,384 single-word instructions
» PIC18F26K80, PIC18F46K80 and PIC18F66K80 —
64 Kbytes of Flash memory, storing up to
32,768 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

PIC18F66K80 FAMILY
DEVICES

Reset Vector 0000h

High-Priority Interrupt Vector | 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 (LSb) 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, RETLWor a RETFI E instruction. The value
is also 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 (TOS) 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 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 instruc-
tions, if the extended instruction set is enabled), the
software can read the pushed value by reading the
TOSU:TOSH:TOSL registers. 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

Top-of-Stack

001A34h

00010

000D58h

00001

00000
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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 of 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.

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 is readable and writable, the
ability to push values onto the stack and pull values off
of the stack, without disturbing normal program execu-
tion, 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.

REGISTER 6-1: 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® | 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: Bit7 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
(CONFIGA4L<0>). When STVREN is set, a full or under-
flow condition will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit, but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.

6.1.4 FAST REGISTER STACK

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

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

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 | abel , FAST
instruction must be executed to save the STATUS,
WREG and BSR registers to the Fast Register Stack. A
RETURN, FAST instruction is then executed to restore
these registers from the Fast Register Stack.

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

; STATUS, WREG, BSR

; SAVED | N FAST REG STER
; STACK

CALL SuBl, FAST

SUB1 .
L]
RETURN FAST ; RESTORE VALUES SAVED

; I N FAST REG STER STACK

6.1.5 LOOK-UP TABLES IN PROGRAM
MEMORY

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

* Computed GOTO
* Table Reads

6.1.5.1 Computed GOTO

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

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

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

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

EXAMPLE 6-2: COMPUTED GOTOUSING

AN OFFSET VALUE

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

6.1.5.2 Table Reads

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

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

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

© 2010-2017 Microchip Technology Inc.
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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.

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).

CLOCK/INSTRUCTION CYCLE

Q1 | Q2 | Q3 | Q4 1 Q1 |

osc1
Ql

Q2 | Q3 | Q4 !
L/~ v/ v/ v/ L /s L/

Ql | Q2 | Q3 | Q4 |

Q2 |

Internal

Phase

Q3 |
Q4[\

|
/ |
|| Clock

|

PC Y

PC +2 PC+4 |

X

0OSC2/CLKO
(RC mode)

|
I Execute INST (PC — 2)

e N A

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

Tey1

Tcy2

MOVLW 55h Fetch 1

Execute 1

MOVWF PORTB

Fetch 2

Execute 2

Tcy3

Tcy4

BRA SUB 1
BSF PORTA, BI T3 (Forced NOP)
Instruction @address SUB 1

o s~ 0DdPE

Fetch 3

Execute 3

Fetch 4

Flush (NOP)

TcyS

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 (LSB) 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 incre-
ments 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.

FIGURE 6-5:

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”.

INSTRUCTIONS IN PROGRAM MEMORY

Program Memory

Byte Locations —>

Instruction 1: MOVLW 055h

Instruction 2: Ooro 0006h

Instruction 3:  MOVFF 123h, 456h

Word Address
LSB=1 LSB=0 \
000000h
000002h
000004h
000006h
OFh 55h 000008h
EFh 03h 00000Ah
FOh 00h 00000Ch
C1h 23h 00000Eh
F4h 56h 000010h
000012h
000014h

6.2.4 TWO-WORD INSTRUCTIONS

The standard PIC18 instruction set has four, two-word
instructions: CALL, MOVFF, GOTOand LSFR. In all cases,
the second word of the instructions always has ‘1111’ as
its four Most Significant bits (MSbs). 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

EXAMPLE 6-4: TWO-WORD INSTRUCTIONS

used by the instruction sequence. If the first word is
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”.

CASE 1:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REGL

1100 0001 0010 0011 | MOVFF REGL, REG2
1111 0100 0101 0110
0010 0100 0000 0000 | ADDWF REG3

is RAM | ocation 07?

No, skip this word

Execute this word as a NOP
conti nue code

CASE 2:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REGL

1100 0001 0010 0011 | MOVFF REGL, REG2
1111 0100 0101 0110
0010 0100 0000 0000 | ADDW REG3

is RAM | ocation 07?

Yes, execute this word
2nd word of instruction
conti nue 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 16 banks
that contain 256 bytes each.

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 ‘O’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 rapid access to any
address possible. 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
eight-bit, low-order address and a four-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 and 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 PIC18FX5K80 AND PIC18FX6K80 DEVICES
BSR<3:0> Data Memory Map
00h
000h
= 0000 | Access RAM | o5y When a = 0:
————  » Bank 0 060h .
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 — 1.
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
00h 700h
=0111 Access Bank
Bank 7 GPR 0oh
FFh 7FFh
00h 800h | Access RAM Low| SFh
=1000 i
Bank 8 GPR Accessé::?éé\/l High
FFh 8FFh (SFRs) 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 CO0h
Bank 12 GPR
FFh CFFh
- 00h DOOh
1101 Bank 13 GPR
FFh DFFh
EOOh
=1110 , Bank 14 oo
an GPR()
=1111 FFh EFFh
—— » Bank 15 00h GPRW FOOh
______ F5Fh
F60h
FFh SFR FFFh
Note 1: Addresses, E41h through F5Fh, are also used by SFRs, but are not part of the Access RAM.

registers.

Users must always use the complete address, or load the proper BSR value, to access these

© 2010-2017 Microchip Technology Inc.
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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 rom Opcode 0
[o]ofofofofo]s]o] i - S N ES Y EY Y ES Y
100h
B 00h B
@ 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 Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
all of Bank 15 (FOOh to FFFh) and the top part of
Bank 14 (EF4h to EFFh).

A list of these registers is given in Table 6-1 and
Table 6-2.

The SFRs can be classified

into two sets: those

associated with the “core” device functionality (ALU,

Resets and

interrupts) and those related to the

peripheral functions. The Reset and Interrupt registers
are described in their respective chapters, while the
ALU’s STATUS register is described later in this section.
Registers related to the operation of the peripheral
features are described in the chapter for that peripheral.

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

TABLE 6-1: SPECIAL FUNCTION REGISTER MAP FOR PIC18F66K80 FAMILY

Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name

FFFh TOSU FDFh INDF2() FBFh| ECCP1AS F9Fh IPR1 F7Fh| EECON1 F5Fh| CM1CON®
FFEh TOSH FDEh| POSTINC2®) | FBEh| ECCP1DEL F9Eh PIR1 F7Eh| EECON2 | F5Eh| CM2CON®)
FFDh TOSL FDDh| POSTDEC2(®) | FBDh|  CCPR1H FoDh PIE1 F7Dh| SPBRGH1 | F5Dh| ANCONO®)
FFCh STKPTR FDCh| PREINC2() | FBCh CCPRIL FoCh| PSTR1CON F7Ch| SPBRGH2 | F5Ch| ANCON1®)
FFBh PCLATU FDBh| PLUSW2() | FBBh| CCP1CON F9Bh| OSCTUNE F7Bh| SPBRG2 | F5Bh| WPUB®

FFAh PCLATH FDAh FSR2H FBAh TXSTA2 F9Ah| REFOCON F7Ah| RCREG2 | F5Ah| 10CB®

FFoh PCL FD9h FSR2L FB9h| BAUDCON2 F99h| CCPTMRS F79h| TXREG2 | F59h| PMDO®

FF8h| TBLPTRU FD8h STATUS FB8h IPR4 Fogh|  TRISG®) F78h|  IPR5 F58h| PMD1®)

FF7h|  TBLPTRH FD7h TMROH FB7h PIR4 F97h TRISF®) F77h PIR5 F57h| PMD20)

FFeéh|  TBLPTRL FD6h TMROL FB6h PIE4 Fo6h|  TRISE® F76h|  PIE5 F56h| PADCFG1®)
FF5h TABLAT FD5h TOCON FB5h|  CVRCON F95h|  TRISD® F75h| EEADRH | F55h|CTMUCONH®
FF4h PRODH FD4h —@ FB4h CMSTAT F94h TRISC F74h| EEADR F54h| CTMUCONL®)
FF3h PRODL FD3h| OSCCON FB3h TMR3H F93h TRISB F73h| EEDATA F53h|CTMUICONH®
FF2h INTCON FD2h| OSCCON2 FB2h TMR3L F92h TRISA F72h| ECANCON | F52h| CCPR2H®)
FF1h|  INTCON2 FD1h| WDTCON FB1h T3CON F91h ODCON F71h| COMSTAT | F51h| CCPR2L®
FFOh|  INTCON3 FDOh RCON FBOh|  T3GCON F90h|  SLRCON F70h| CIOCON | F50h|CCP2CON®*®)
FEFh INDFOW FCFh TMR1H FAFh SPBRG1 F8Fh LATG®) F6Fh| CANCON | F4Fh| CCPR3H*)
FEEh| POSTINCO®W | FCEh TMR1L FAEh RCREG1 F8Eh LATF®) FBEh| CANSTAT | F4Eh| CCPR3L“
FEDh| POSTDECO® | FCDh T1CON FADh TXREGH1 F8Dh LATE® F6Dh| RXBOD7 | F4Dh| CCP3CON®
FECh| PREINCO® | FCCh TMR2 FACh TXSTA1 F8Ch LATD® F6Ch| RXBOD6 | F4Ch| CCPR4H®
FEBh| PLUSWO® | FCBh PR2 FABh RCSTA1 F8Bh LATC F6Bh| RXBOD5 | F4Bh| CCPR4L®)
FEAh FSROH FCAh T2CON FAAh|  T1GCON F8Ah LATB F6Ah| RXBOD4 | F4Ah| CCP4CON®)
FE9h FSROL FCOh|  SSPBUF FA%h PR4 F89h LATA F69h| RXBOD3 F49h| CCPR5H®)
FE8h WREG FCsh|  SSPADD FA8h|  HLVDCON F88h T4CON F68h| RXBOD2 F48h| CCPR5L®)
FE7h INDF1() FC8h|  SSPMSK FA7h| BAUDCON1 F87h TMR4 F67h| RXBOD1 F47h| CCP5CON®)
FE6h| POSTINC1® | FC7h| SSPSTAT FA6h RCSTA2 F86h| PORTG®) F66h| RXBODO F46h| PSPCON®5)
FESh| POSTDEC1® | FCéh| SSPCON1 FA5h IPR3 F8sh|  PORTF® F65h| RXBODLC | F45h| MDCONG®)
FE4h| PREINC1® | FC5h| SSPCON2 FA4h PIR3 F84h PORTE F64h| RXBOEIDL | F44h| MDSRC®®)
FE3h| PLUSW1® FC4h|  ADRESH FA3h PIE3 F83h| PORTD® F63h| RXBOEIDH | F43h| MDCARH(?5)
FE2h FSR1H FC3h|  ADRESL FA2h IPR2 F82h PORTC F62h| RXBOSIDL | F42h| MDCARL®GS)
FE1h FSRI1L FC2h|  ADCONO FA1h PIR2 F81h PORTB F61h| RXBOSIDH | F41h —@)

FEOh BSR FC1h|  ADCON1 FAOh PIE2 F80h PORTA F60h| RXBOCON | F40h —@

FCOh|  ADCON2

Note 1 This is not a physical register.

2: Unimplemented registers are read as ‘0.

3: This register is only available on devices with 64 pins.
4

5

This register is not available on devices with 28 pins.

Addresses, E41h through F5Fh, are also used by the SFRs, but are not part of the Access RAM. To access these registers, users must

always load the proper BSR value.

© 2010-2017 Microchip Technology Inc.
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TABLE 6-1: SPECIAL FUNCTION REGISTER MAP FOR PIC18F66K80 FAMILY (CONTINUED)

Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name Addr. Name
F3Fh| CANCON_RO0® | FOFh|CANCON_R0O3®)| EDFh| CANCON_R0O4®) | EAFh|CANCON_RO7®)| E7Fh| TXBIE® E4Fh| RXF7EIDL®
F3Eh|CANSTAT_RO0®)| FOEh|CANSTAT RO3®)| EDEh| CANSTAT_R0O4®)| EAEh|CANSTAT RO7®)| E7Eh| BIEO® E4Eh| RXF7EIDH®)
F3Dh| RXB1D7(®) FODh|  TXB2D7®) EDDh B5D70) EADh B2D70) E7Dh| BSELO® | E4Dh| RXF7SIDL®)
F3ch| RxB1D6®) Foch| TxB2D6® | EDCh B5D6() EACh B2D6®) E7Ch| MSEL3®) | E4Ch| RXF7SIDH®)
F3Bh| RXB1D5(®) FOBh|  TXxB2D5(®) EDBh B5D5() EABh B2D5®) E7Bh| MSEL2®) | E4Bh| RXF6EIDL®)
F3Ah| RXB1D4® FOAh|  TXB2D4® EDAh B5D40) EAAh B2D40) E7Ah| MSEL1® | E4Ah| RXF6EIDH®)
F39h| RXB1D3®) Fooh| TxB2D3®) ED%h B5D3() EA9h B2D3®) E79h| MSELO® | E49nh| RxFeSIDLO)
F38h| RXB1D2() Fosh| TxB2D20) ED8h B5D2(%) EA8h B2D2) E78h|RXFBCON7®)| E48h| RXF6SIDH®
F37h| RXB1D1® FO7h| TxB2D1(®) ED7h B5D10) EA7h B2D1) E77h|RXFBCON6®)| E47h| RXFCON1(®)
F36h| RXB1D0®) Foeh| TxB2D0®) ED6h B5D0®) EA6h B2D0®) E76h|RXFBCON5®)| E46h| RXFCONO®)
F35h| RXB1DLC® Fosh| TxB2DLC®) | ED5h B5DLC®) EA5h|  B2DLCO®) E75h|RXFBCON4®)| E45h| BRGCON3®)
F34h| RXB1EIDL®) | Fo4h| TXB2EIDL® | ED4h B5EIDL®) EA4h|  B2EIDL® E74h|RXFBCON3®)| E44h| BRGCON2®)
F33h| RXB1EIDH® | F03n| TXB2EIDH® | ED3h|  BSEIDH®) EA3h|  B2EIDH® E73h|RXFBCON2®)| E43h| BRGCON1®)
F32h| RxB1SIDL® | Fo2n| TxB2SIDL®) | ED2h B5SIDLO) EA2h|  B2SIDL®) E72h|RXFBCON1®)| E42h| TXERRCNT®)
F31h| RXB1SIDH®) | Fo1h| TXB2SIDH® | ED1h B5SIDH®) EAth|  B2SIDH®) E71h|RXFBCONO®)| E41h| RXERRCNT®)
F30h| RXB1CON® | Fooh| TXB2CON®) | EDOh B5CON®) EAOh|  B2CON®) E70h| SDFLC®)

F30h| RXB1CON®) | EFFh| RXM1EIDL® | ECFh| CANCON_RO5® | E9Fh|CANCON_RO8®)| E6Fh|RXF15EIDL®)
F2Fh| CANCON_RO1®)| EFEh| RXM1EIDH®) | ECEh| CANSTAT RO5®) | E9Eh|CANSTAT RO8(®)| E6Eh|RXF15EIDH®)

F2Eh|CANSTAT_RO1®)| EFDh| RXM1SIDL® | ECDh B4D7(%) E9Dh B1D7® E6Dh|RXF15SIDL®)

F2Dh| TXBOD7® EFCh| RXM1SIDH®) | ECCh B4D6( E9Ch B1D6®) E6Ch|RXF15SIDH®)

F2ch|  TXBOD6®) EFBh| RXMOEIDL® | ECBh B4D50®) E9Bh B1D50®) E6Bh|RXF14EIDL®)

F2Bh|  TxBoD5®) EFAh| RXMOEIDH®) | ECAh B4D4®) E9Ah B1D4® E6Ah|RXF14EIDH®)

F2Ah|  TxB0D4®) EF9h| RXMOSIDL® | EC9h B4D3®) E99h B1D3® E69h|RXF14SIDL®)

F20h|  TXBOD3®) EF8h| RXMOSIDH®) | EC8h B4D20) E98h B1D20) E68h|RXF14SIDHO)
F28h| TXBOD2® EF7h| RXF5EIDL®) | EC7h B4D1®) E97h B1D1® E67h|RXF13EIDL®)
F27h|  TXBOD1® EF6h| RXF5EIDH® | EC6h B4D0® E96h B1DO® E66h|RXF13EIDH®
F26h|  TXBODO®) EF5h| RXF5SIDL® | EC5h B4DLC® E95h B1DLC®) E65h|RXF13SIDL®)
F25h| TXBODLC® | EF4h| RXF5SIDH®) | EC4h B4EIDL®) E94h|  B1EIDL®) E64h|RXF13SIDH®
F24h| TXBOEIDL®) | EF3n| RXF4EIDL®) | EC3h|  B4EIDH®) E93h|  B1EIDH®) E63h|RXF12EIDL®)
F23h| TXBOEIDH® | EF2h| RXF4EIDH® | EC2h B4SIDL®) E92h|  B1SIDL® E62h|RXF12EIDHO)
F22h| TXBOSIDL®) | EF1h| RXF4SIDL®) | EC1h|  B4SIDH®) E91h|  B1SIDH® E61h|RXF12SIDL®)
F21h| TXBOSIDH®) | EFOh| RXF4SIDH®) | ECOh B4CON®) E90h|  B1CON®) E60h|RXF12SIDH®
F20h| TXBOCON® | EEFh| RXF3EIDL®) | EBFh| CANCON_RO6®)| E90h|  B1CON® E5Fh|RXF11EIDL®)
F1Fh| CANCON_R0O2®) | EEEh| RXF3EIDH®) | EBEh|CANSTAT RO6®)| E8Fh|CANCON_RO9®)| E5Eh|RXF11EIDH®

F1Eh|CANSTAT_RO2®)| EEDh| RXF3SIDL® | EBDh B3D7®) E8Eh|CANSTAT_R0O9®)| E5Dh|RXF11SIDL®)

F1Dh| TXB1D7®) EECh| RXF3SIDH®) | EBCh B3D6() E8Dh BoD7®) E5Ch|RXF11SIDHO)

F1Ch| TXB1D6® EEBh| RXF2EIDL®) | EBBh B3D5®) E8Ch BoD6®) E5Bh|RXF10EIDL®)

F1Bh| TXB1D50) EEAh| RXF2EIDH®) | EBAh B3D4() E8Bh BOD5(®) E5Ah|RXF10EIDH®)

F1Ah| TxB1D4®) EE9h| RXF2SIDLO) | EB9h B3D3®) E8Ah BOD4®) E59h|RXF10SIDL®)

F19h| TXB1D3® EE8h| RXF2SIDH®) | EB8h B3D2( E89h BoD3®) E58h|RXF10SIDH®
F18h| TXB1D2® EE7h| RXF1EIDL® | EB7h B3D1( E88h BOD2(®) E57h| RXFOEIDL®)
F17h|  TXB1D1O) EE6h| RXF1EIDH®) | EB6h B3D0®) E87h BoD1) E56h| RXFOEIDH®)
F16h| TXB1DO® EE5h| RXF1SIDL® | EB5h B3DLC®) E86h B0oDO® E55h| RXFISIDL®)
F15h| TXB1DLC®) | EE4h| RXF1SIDH®) | EB4h B3EIDLO) E85h|  BODLC® E54h| RXFOSIDH(®)
F14h| TXB1EIDL®) | EE3h| RXFOEIDL®) | EB3h B3EIDH® E84h|  BOEIDL® E53h| RXF8EIDLO)
F13h| TXB1EIDH® | EE2h| RXFOEIDH® | EB2h B3SIDL®) E83h|  BOEIDH® E52h| RXFSEIDH®)
F12h| TXB1SIDL®) | EE1h| RXFOSIDL®) | EB1h|  B3SIDH®) E82h|  BOSIDL®) E51h| RXF8SIDL®)
F11h| TXB1SIDH® | EEOh| RXFOSIDH® | EBOh B3CON®) E81h|  BOSIDH® E50h| RXF8SIDH®)
F10h| TXB1CON®) E80h|  BOCON®)

Note This is not a physical register.

Unimplemented registers are read as ‘0’.

This register is not available on devices with 28 pins.

1
2:
3:  This register is only available on devices with 64 pins.
4
5

Addresses, E41h through F5Fh, are also used by the 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 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY

Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page

FFFh |TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) 84
FFEh |TOSH Top-of-Stack High Byte (TOS<15:8>) 84
FFDh |TOSL Top-of-Stack Low Byte (TOS<7:0>) 84
FFCh |STKPTR STKFUL STKUNF — SP4 SP3 SP2 SP1 SPO 84
FFBh |PCLATU — — Bit 21 Holding Register for PC<20:16> 84
FFAh |PCLATH Holding Register for PC<15:8> 84
FF9h |PCL PC Low Byte (PC<7:0>) 84
FF8h |TBLPTRU — — Bit 21 Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) 84
FF7h |TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 84
FF6h |TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 84
FF5h | TABLAT Program Memory Table Latch 84
FF4h |PRODH Product Register High Byte 84
FF3h |PRODL Product Register Low Byte 84
FF2h |INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 84
FF1h |[INTCON2 RBPU INTEDGO INTEDG1 INTEDG2 | INTEDG3 TMROIP INT3IP RBIP 84
FFOh |[INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 84
FEFh |INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) 84
FEEh |POSTINCO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) 84
FEDh |POSTDECO Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) 84
FECh |PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) 84
FEBh |PLUSWO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) — 84

value of FSRO offset by W
FEAh |FSROH — — — — Indirect Data Memory Address Pointer 0 High Byte 84
FESh |FSROL Indirect Data Memory Address Pointer 0 Low Byte 84
FE8h |WREG Working Register 84
FE7h |INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) 84
FE6h |POSTINC1 Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) 84
FE5h |POSTDEC1 Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) 84
FE4h |PREINCA1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) 84
FE3h |PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) — 84

value of FSR1 offset by W
FE2h |FSR1H — | — | = | = [indirect Data Memory Address Pointer 1 High Byte 84
FE1h |FSR1L Indirect Data Memory Address Pointer 1 Low Byte 84
FEOh |BSR — | — | = | — |sanksSelectRegister 84
FDFh |INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) 84
FDEh |POSTINC2 Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) 85
FDDh |POSTDEC2 Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) 85
FDCh |PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) 85
FDBh |PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) — 85

value of FSR2 offset by W
FDAh |FSR2H — | — | = | — [indirect Data Memory Address Pointer 2 High Byte 85
FD9h |FSR2L Indirect Data Memory Address Pointer 2 Low Byte 85
FD8h |STATUS — | — ] = 1 ~ ] o | z | bc | c 85
FD7h |TMROH Timer0 Register High Byte 85
FD6h |TMROL TimerO Register Low Byte 85
FD5h | TOCON TMROON | TosBIT | Tocs | TosE | Psa | Tops2 | Tops1t | ToPso 85
FD4h |Unimplemented —
FD3h |OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS HFIOFS SCS1 SCS0 85
FD2h |OSCCON2 — SOSCRUN — SOSCDRV | SOSCGO — MFIOFS MFIOSEL 85
FD1h |WDTCON REGSLP — ULPLVL SRETEN — ULPEN ULPSINK | SWDTEN 85
FDOh |RCON IPEN SBOREN cM RI TO PD POR BOR 85
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page
FCFh |TMR1H Timer1 Register High Byte 85
FCEh |TMR1L Timer1 Register Low Bytes 85
FCDh |[T1CON TMR1CS1 | TMR1CS0 | T1CKPS1 | T1CKPS0 | SOSCEN | T1SYNC | RD16 | TMR10ON 85
FCCh |TMR2 Timer2 Register 85
FCBh |PR2 Timer2 Period Register 85
FCAh |T2CON — | 120uTPs3 | T20uTPs2 | T20UTPS1 [ T20UTPSO | TMR20N | T2cKPS1 | T2cKPSO 85
FC9h |SSPBUF MSSP Receive Buffer/Transmit Register 85
FC8h |SSPADD MSSP Address Register (I2C™ Slave Mode), MSSP Baud Rate Reload Register (12C Master Mode) 85
FC8h [SSPMSK MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO 85
FC7h |SSPSTAT SMP CKE D/A P S RIW UA BF 85
FC6h |SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 85
FC5h [SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 85
FC4h |ADRESH A/D Result Register High Byte 85
FC3h |ADRESL A/D Result Register Low Byte 85
FC2h |ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO0 GO/DONE ADON 85
FC1h |ADCONT1 TRIGSEL1 | TRIGSELO VCFG1 VCFGO VNCFG CHSN2 CHSN1 CHSNO 85
FCOh [ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCS0 85
FBFh |ECCP1AS ECCP1ASE | ECCP1AS2 | ECCP1AS1 | ECCP1ASO | PSS1AC1 | PSS1ACO | PSS1BD1 | PSS1BDO 85
FBEh |ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DCO 85
FBDh |CCPR1H Capture/Compare/PWM Register 1 High Byte 85
FBCh |CCPRI1L Capture/Compare/PWM Register 1 Low Byte 85
FBBh |[CCP1CON P1M1 P1MO DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1MO 85
FBAh |TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 85
FB9h |BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 85
FB8h |[IPR4 TMR4IP EEIP CMP2IP CMP1IP — CCP5IP CCP4IP CCP3IP 85
FB7h |[PIR4 TMR4IF EEIF CMP2IF CMP1IF — CCP5IF CCP4IF CCP3IF 85
FB6h |PIE4 TMR4IE EEIE CMP2IE CMP1IE — CCP5IE CCP4IE CCP3IE 85
FB5h |CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO 85
FB4h |CMSTAT CMP20UT | CMP10UT — — — — — — 85
FB3h |TMR3H Timer3 Register High Byte 85
FB2h |TMR3L Timer3 Register Low Bytes 85
FB1h |T3CON TMR3CS1 | TMR3CSO0 | T3CKPS1 T3CKPS0 | SOSCEN T3SYNC RD16 TMR30ON 85
FBOh |T3GCON TMR3GE T3GPOL T3GTM T3GSPM T3GGO/ T3GVAL T3GSS1 T3GSS0 85
T3DONE
FAFh |SPBRGH1 EUSART1 Baud Rate Generator Register Low Byte 85
FAEh |RCREGH1 EUSART1 Receive Register 85
FADh |TXREG1 EUSART1 Transmit Register 85
FACh |TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 85
FABh |RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 85
FAAh |[T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS1 T1GSS0 85
T1DONE
FASh |PR4 Timer4 Period Register 85
FA8h |HLVDCON VDIRMAG BGVST IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDLO 85
FA7h |BAUDCON?1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 85
FA6h |RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 85
FA5h [IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP — 85
FA4h (PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF — 85
FA3h (PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE — 85
FA2h |IPR2 OSCFIP — — — BCLIP HLVDIP TMR3IP TMR3GIP 85
FA1h |PIR2 OSCFIF — — — BCLIF HLVDIF TMR3IF TMR3GIF 85
FAOh (PIE2 OSCFIE — — — BCLIE HLVDIE TMR3IE TMR3GIE 85
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR, BOR
on page
F9Fh |IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP TMR2IP TMR1IP 86
FO9Eh |PIR1 PSPIF ADIF RC1IF TX1IF SSPIF TMR1GIF TMR2IF TMR1IF 85
F9Dh |PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE TMR2IE TMR1IE 85
F9Ch |PSTR1CON CMPLA1 CMPLO — STRSYNC STRD STRC STRB STRA 85
F9Bh |OSCTUNE INTSRC PLLEN TUN5S TUN4 TUN3 TUN2 TUN1 TUNO 86
F9Ah |REFOCON ROON — ROSSLP ROSEL RODIV3 RODIV2 RODIV1 RODIVO 86
F9%h |CCPTMRS — — — C5TSEL C4TSEL C3TSEL C2TSEL C1TSEL 86
F98h |TRISG — — — TRISG4 TRISG3 TRISG2 TRISG1 TRISGO 86
F97h |TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISFO 86
F96h |TRISE TRISE7 TRISE6 TRISES TRISE4 — TRISE2 TRISE1 TRISEO 86
F95h |TRISD TRISD7 TRISD6 TRISD5 TRISD4 TRISD3 TRISD2 TRISD1 TRISDO 86
F94h |TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 86
F93h |TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 86
F92h |TRISA TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO 86
F91h |ODCON SSPOD CCP50D CCP40D CCP30D CCP20D CCP10D u20D u10D 86
F90h |SLRCON — SLRG SLRF SLRE SLRD SLRC SLRB SLRA 86
F8Fh |LATG — — — LATG4 LATG3 LATG2 LATG1 LATGO 86
F8Eh |LATF LATF7 LATF6 LATF5 LATF4 — LATF2 LATF1 LATFO 86
F8Dh |LATE LATE7 LATE6 LATES LATE4 — LATE2 LATE1 LATEO 86
F8Ch |LATD LATD7 LATD6 LATD5 LATD4 LATD3 LATD2 LATD1 LATDO 86
F8Bh |LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO 86
F8Ah |LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 86
F89h |LATA LATA7 LATA6 LATA5 — LATA3 LATA2 LATA1 LATAO 86
F88h |T4CON — T4OUTPS3 | T4AOUTPS2 | T4AOUTPS1 | T4AOUTPSO | TMR4ON | T4CKPS1 | T4CKPSO 86
F87h |TMR4 Timer4 Register 86
F86h |PORTG — — — RG4 RG3 RG2 RG1 RGO 86
F85h |PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO 86
F84h |PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO 86
F83h |PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 86
F82h |PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 86
F81h |PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 86
F80h |PORTA RA7 RA6 RA5 — RA3 RA2 RA1 RAO 86
F7Fh |EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 86
F7Eh |EECON2 Flash Self-Program Control Register (not a physical register) 86
F7Dh |SPBRGH1 EUSART1 Baud Rate Generator Register High Byte 86
F7Ch |SPBRGH2 EUSART2 Baud Rate Generator Register High Byte 86
F7Bh |SPBRG2 EUSART2 Baud Rate Generator Register Low Byte 86
F7Ah |RCREG2 EUSART2 Receive Register 86
F79h |TXREG2 EUSART?2 Transmit Register 87
F78h |IPR5 IRXIP WAKIP ERRIP TX2BIP TXB1IP TXBOIP RXB1IP RXBOIP 87
F77h |PIR5 IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF RXBOIF 87
F76H |PIES IRXIE WAKIE ERRIE TX2BIE TXB1IE TXBOIE RXB1IE RXBOIE 87
F75h |EEADRH Data EE Address Register High Byte 87
F74h |EEADR Data EE Address Register Low Byte 87
F73h |EEDATA Data EE Data Register 87
F72h |ECANCON MDSEL1 MDSELO FIFOWM EWIN4 EWIN3 EWIN2 EWIN1 EWINO 87
F71h |COMSTAT RXBOOVFL | RXB1OVFL TXBO TXBP RXBP TXWARN | RXWARN EWARN 87
F70h |CIOCON TX2SRC TX2EN ENDRHI CANCAP — — — CLKSEL 87
F6Fh |CANCON REQOP2 REQOP1 REQOPO ABAT WIN2/FP3 | WIN1/FP2 | WINO/FP1 FPO 87
F6Eh |CANSTAT OPMODE2 | OPMODE1 | OPMODEO — ICODE2/ ICODE1/ ICODEO/ —/ 87
EICOD4 EICODE3 | EICODE2 | EICODE1 EICODEO
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page
F6Dh |RXBOD7 RXBOD77 RXBOD76 RXBOD75 RXB0OD74 RXB0OD73 RXBOD72 RXBOD71 RXB0OD70 87
F6Ch |RXBOD6 RXB0OD67 RXB0OD66 RXB0OD65 RXB0D64 RXB0OD63 RXB0D62 RXB0OD61 RXB0OD60 87
F6Bh |RXBOD5 RXB0OD57 RXB0OD56 RXBOD55 RXB0D54 RXB0OD53 RXB0OD52 RXBOD51 RXB0OD50 87
F6Ah |RXBOD4 RXB0ODA47 RXB0D46 RXB0OD45 RXB0D44 RXB0D43 RXB0D42 RXB0OD41 RXB0D40 87
F69h |RXBOD3 RXB0OD37 RXB0OD36 RXB0OD35 RXB0D34 RXB0OD33 RXB0OD32 RXBOD31 RXB0OD30 87
F68h |RXBOD2 RXB0OD27 RXB0D26 RXB0D25 RXB0D24 RXB0D23 RXB0D22 RXB0D21 RXB0D20 87
F67h |RXBOD1 RXBOD17 RXB0OD16 RXBOD15 RXB0D14 RXB0OD13 RXB0OD12 RXBOD11 RXB0OD10 87
F66h |RXBODO RXB0ODO7 RXB0OD06 RXB0ODO05 RXB0D04 RXB0OD03 RXB0OD02 RXB0ODO1 RXB0ODO00 87
F65h |RXBODLC — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO 87
F64h |RXBOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 87
F63h |RXBOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 87
F62h |RXBOSIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 87
F61h |RXBOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 87
F60h |RXBOCON RXFUL RXM1 RXMO — RXRTRRO | RXBODBEN JTOFF FILHITO 87
F60h |RXBOCON RXFUL RXM1 RTRRO FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO 87
F5Fh |CM1CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 87
F5Eh |CM2CON CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO 87
F5Dh |ANCONO ANSEL7 ANSEL6 ANSEL5 ANSEL4 ANSEL3 ANSEL2 ANSEL1 ANSELO 87
F5Ch |ANCON1 — ANSEL14 ANSEL13 ANSEL12 ANSEL11 ANSEL10 ANSEL9 ANSELS8 87
F5Bh |WPUB WPUB7 WPUB6 WPUBS WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 87
F5Ah |1OCB 10CB7 10CB6 10CB5 10CB4 — — — — 87
F59h |PMDO CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD | UART2MD | UART1MD SSPMD 87
F58h |PMD1 PSPMD CTMUMD ADCMD TMR4MD TMR3MD TMR2MD TMR1MD TMROMD 89
F57h |PMD2 — — — — MODMD ECANMD CMP2MD CMP1MD 89
F56h |PADCFG1 RDPU REPU RFPU RGPU — — — CTMUDS 89
F55h |CTMUCONH CTMUEN — CTMUSIDL TGEN EDGEN |EDGSEQEN| IDISSEN CTTRIG 89
F54h |CTMUCONL EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT 89
F53h |CTMUICON ITRIMS ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO 89
F52h |CCPR2H Capture/Compare/PWM Register 2 High Byte 89
F51h |CCPR2L Capture/Compare/PWM Register 2 Low Byte 89
F50h |CCP2CON — | — ] obcet | bczeo | ccpams | ccpam2 | ccpamt | ccpamo 89
F4Fh |CCPR3H Capture/Compare/PWM Register 3 High Byte 89
F4Eh |CCPR3L Capture/Compare/PWM Register 3 Low Byte 89
F4Dh |CCP3CON — | — ] obcset | paso | ccpams | ccpam2 | ccpami | ccpamo 89
F4Ch |CCPR4H Capture/Compare/PWM Register 4 High Byte 89
F4Bh |CCPRA4L Capture/Compare/PWM Register 4 Low Byte 89
F4Ah |CCP4CON — | — ] obcast | pcaBo | ccpams | ccpam2 | ccpamt | ccpamo 89
F49H |CCPR5SH Capture/Compare/PWM Register 5 High Byte 89
F48h |CCPR5L Capture/Compare/PWM Register 5 Low Byte 89
F47h |CCP5CON — — DC5B1 DC5B0 CCP5M3 CCP5M2 CCP5M1 CCP5MO 89
F46h |PSPCON IBF OBF IBOV PSPMODE — — — — 89
F45h |MDCON MDEN MDOE MDSLR MDOPOL MDO — — MDBIT 89
F44h |MDSRC MDSODIS — — — MDSRC3 MDSRC2 MDSRC1 MDSRCO 89
F43h |MDCARH MDCHODIS | MDCHPOL | MDCHSYNC — MDCH3 MDCH2 MDCH1 MDCHO 89
F42h |MDCARL MDCLODIS | MDCLPOL | MDCLSYNC — MDCL3 MDCL2 MDCL1 MDCLO 89
F41h |Unimplemented —
F40h |Unimplemented —
F3Fh |CANCON_ROO [CANCON_ROO 89
F3Eh |CANSTAT_ROO [CANSTAT_ROO 89
F3Dh |RXB1D7 RXB1D77 RXB1D76 RXB1D75 RXB1D74 RXB1D73 RXB1D72 RXB1D71 RXB1D70 89
F3Ch |RXB1D6 RXB1D67 RXB1D66 RXB1D65 RXB1D64 RXB1D63 RXB1D62 RXB1D61 RXB1D60 89
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)
Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page

F3Bh |RXB1D5 RXB1D57 | RXB1D56 | RXB1D55 | RXB1D54 | RXB1D53 | RXB1D52 | RXB1D51 | RXB1D50 89
F3Ah |RXB1D4 RXB1D47 | RXB1D46 | RXB1D45 | RXB1D44 | RXB1D43 | RXB1D42 | RXB1D41 | RXB1D40 89
F39h |RXB1D3 RXB1D37 | RXB1D36 | RXB1D35 | RXB1D34 | RXB1D33 | RXB1D32 | RXB1D31 | RXB1D30 89
F38h |RXB1D2 RXB1D27 | RXB1D26 | RXB1D25 | RXB1D24 | RXB1D23 | RXB1D22 | RXB1D21 | RXB1D20 89
F37h |RXB1D1 RXB1D17 | RXB1D16 | RXB1D15 | RXB1D14 | RXB1D13 | RXB1D12 | RXB1D11 | RXB1D10 89
F36h |RXB1D0 RXB1D07 | RXB1D06 | RXB1D05 | RXB1D04 | RXB1D03 | RXB1D02 | RXB1D01 | RXB1D0O 89
F35h |RXB1DLC — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO 89
F34h |RXB1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 90
F33h |RXB1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 90
F32h |RXB1SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 90
F31h |RXB1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 90
F30h |RXB1CON RXFUL RXM1 RXMO — RXRTRRO |RXBODBEN| JTOFF FILHITO 90
F30h |RXB1CON RXFUL RXM1 RTRRO FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO 90
F2Fh |CANCON_RO1 [CANCON_RO1 90
F2Eh |CANSTAT_RO1 |CANSTAT_RO1 90
F2Dh |TXBOD7 TXBOD77 | TXBOD76 TXBOD75 TXBOD74 | TXBOD73 | TXBOD72 | TXBOD71 | TXBOD70 90
F2Ch |TXBOD6 TXBOD67 | TXBOD66 TXBOD65 TXBOD64 | TXBOD63 | TXBOD62 | TXBOD61 | TXBOD60 90
F2Bh |TXBOD5 TXBOD57 | TXBOD56 TXBOD55 TXBOD54 | TXBOD53 | TXBOD52 | TXBOD51 | TXBOD50 90
F2Ah | TXBOD4 TXB0OD47 | TXBOD46 TXBOD45 TXB0OD44 | TXBOD43 | TXBOD42 | TXB0OD41 | TXBOD40 90
F29h |TXBOD3 TXBOD37 | TXBOD36 TXBOD35 TXBOD34 | TXBOD33 | TXBOD32 | TXBOD31 | TXBOD30 90
F28h |TXBOD2 TXB0OD27 | TXBOD26 TXB0OD25 TXB0D24 | TXBOD23 | TXBOD22 | TXB0D21 | TXB0D20 90
F27h | TXBOD1 TXBOD17 | TXBOD16 TXBOD15 TXBOD14 | TXBOD13 | TXBOD12 | TXBOD11 TXB0OD10 90
F26h | TXBODO TXBOD0O7 | TXBODO06 TXBODO05 TXBOD04 | TXBOD03 | TXBOD02 | TXBODO1 | TXBODOO 90
F25h |TXBODLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 90
F24h |TXBOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 90
F23h |TXBOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 90
F22h |TXBOSIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 90
F21h | TXBOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 90
F20h |TXBOCON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 90
F1Fh |CANCON_RO2 [CANCON_RO2 90
F1Eh |CANSTAT_RO2 [CANSTAT_RO2 90
F1Dh |TXB1D7 TXB1D77 | TXB1D76 TXB1D75 TXB1D74 | TXB1D73 | TXB1D72 | TXB1D71 | TXB1D70 90
F1Ch |TXB1D6 TXB1D67 | TXB1D66 TXB1D65 TXB1D64 | TXB1D63 | TXB1D62 | TXB1D61 | TXB1D60 90
F1Bh |TXB1D5 TXB1D57 | TXB1D56 TXB1D55 TXB1D54 | TXB1D53 | TXB1D52 | TXB1D51 | TXB1D50 90
F1Ah |TXB1D4 TXB1D47 | TXB1D46 TXB1D45 TXB1D44 | TXB1D43 | TXB1D42 | TXB1D41 | TXB1D40 90
F19h |TXB1D3 TXB1D37 | TXB1D36 TXB1D35 TXB1D34 | TXB1D33 | TXB1D32 | TXB1D31 | TXB1D30 90
F18h |TXB1D2 TXB1D27 | TXB1D26 TXB1D25 TXB1D24 | TXB1D23 | TXB1D22 | TXB1D21 | TXB1D20 90
F17h |TXB1D1 TXB1D17 | TXB1D16 TXB1D15 TXB1D14 | TXB1D13 | TXB1D12 | TXB1D11 TXB1D10 90
F16h |TXB1DO TXB1D07 | TXB1D06 TXB1D05 TXB1D04 | TXB1D03 | TXB1D02 | TXB1D01 | TXB1D0O 90
F15h |TXB1DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 90
F14h |TXB1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 90
F13h |TXB1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 90
F12h |TXB1SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 90
F11h |TXB1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 90
F10h |TXB1CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 90
FOFh |CANCON_RO3 [CANCON_RO3 90
FOEh |CANSTAT_RO3 [CANSTAT_RO3 90
FODh |TXB2D7 TXB2D77 | TXB2D76 TXB2D75 TXB2D74 | TXB2D73 | TXB2D72 | TXB2D71 | TXB2D70 90
FOCh |TXB2D6 TXB2D67 | TXB2D66 TXB2D65 TXB2D64 | TXB2D63 | TXB2D62 | TXB2D61 | TXB2D60 91
FOBh |TXB2D5 TXB2D57 | TXB2D56 TXB2D55 TXB2D54 | TXB2D53 | TXB2D52 | TXB2D51 | TXB2D50 91
FOAh |TXB2D4 TXB2D47 | TXB2D46 TXB2D45 TXB2D44 | TXB2D43 | TXB2D42 | TXB2D41 | TXB2D40 —
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page
FO9h |TXB2D3 TXB2D37 | TXB2D36 TXB2D35 TXB2D34 | TXB2D33 | TXB2D32 | TXB2D31 TXB2D30 91
FO8h |TXB2D2 TXB2D27 | TXB2D26 TXB2D25 TXB2D24 | TXB2D23 | TXB2D22 | TXB2D21 TXB2D20 91
FO7h |TXB2D1 TXB2D17 | TXB2D16 TXB2D15 TXB2D14 | TXB2D13 | TXB2D12 | TXB2D11 TXB2D10 91
FO6h |TXB2DO TXB2D07 | TXB2D06 TXB2D05 TXB2D04 | TXB2D03 | TXB2D02 | TXB2DO1 TXB2D00 91
FO5h |TXB2DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 91
FO4h |TXB2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
FO3h |TXB2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
FO2h |TXB2SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 91
FO1h |TXB2SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
FOOh |TXB2CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 91
EFFh |RXM1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EFEh |RXM1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EFDh |RXM1SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EFCh |RXM1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EFBh |RXMOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EFAh |RXMOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EF9h |RXMOSIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EF8h |RXMOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EF7h |RXF5EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EF6h |RXF5EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EF5h |RXF5SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EF4h |RXF5SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EF3h |RXF4EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EF2h |RXF4EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EF1h |RXF4SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EFOh |RXF4SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EEFh |RXF3EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EEEh |RXF3EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EEDh |RXF3SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EECh |RXF3SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EEBh |RXF2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EEAh |RXF2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EE9h |RXF2SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EE8h |RXF2SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EE7h |RXF1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EE6h |RXF1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EE5h |RXF1SIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EE4h |RXF1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EE3h |RXFOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
EE2h |RXFOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
EE1h |RXFOSIDL SID2 SID1 SIDO — EXIDEN — EID17 EID16 91
EEOh |RXFOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EDFh |CANCON_RO4 |CANCON_RO4 91
EDEh |CANSTAT_RO4 |CANSTAT_RO4 91
EDDh |B5D7 B5D77 B5D76 B5D75 B5D74 B5D73 B5D72 B5D71 B5D70 91
EDCh |B5D6 B5D67 B5D66 B5D65 B5D64 B5D63 B5D62 B5D61 B5D60 91
EDBh |B5D5 B5D57 B5D56 B5D55 B5D54 B5D53 B5D52 B5D51 B5D50 91
EDAh |B5D4 B5D47 B5D46 B5D45 B5D44 B5D43 B5D42 B5D41 B5D40 91
EDSh |B5D3 B5D37 B5D36 B5D35 B5D34 B5D33 B5D32 B5D31 B5D30 91
ED8h |B5D2 B5D27 B5D26 B5D25 B5D24 B5D23 B5D22 B5D21 B5D20 91
ED7h |B5D1 B5D17 B5D16 B5D15 B5D14 B5D13 B5D12 B5D11 B5D10 91
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)
Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page

ED6h |B5D0 B5D07 B5D06 B5D05 B5D04 B5D03 B5D02 B5D01 B5D00 91
ED5h |B5DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 91
ED4h |B5EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 91
ED3h |B5EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 91
ED2h |B5SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 91
ED1h |B5SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 91
EDOh |B5CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 91
ECFh |CANCON_RO5 |CANCON_RO5 91
ECEh |CANSTAT_RO5 |CANSTAT_RO5 92
ECDh |B4D7 B4D77 B4D76 B4D75 B4D74 B4D73 B4D72 B4D71 B4D70 92
ECCh |B4D6 B4D67 B4D66 B4D65 B4D64 B4D63 B4D62 B4D61 B4D60 92
ECBh |B4D5 B4D57 B4D56 B4D55 B4D54 B4D53 B4D52 B4D51 B4D50 92
ECAh |B4D4 B4D47 B4D46 B4D45 B4D44 B4D43 B4D42 B4D41 B4D40 92
EC9h |B4D3 B4D37 B4D36 B4D35 B4D34 B4D33 B4D32 B4D31 B4D30 92
EC8h |B4D2 B4D27 B4D26 B4D25 B4D24 B4D23 B4D22 B4D21 B4D20 92
EC7h |B4D1 B4D17 B4D16 B4D15 B4D14 B4D13 B4D12 B4D11 B4D10 92
EC6h |B4D0O B4D07 B4D06 B4D05 B4D04 B4D03 B4D02 B4D01 B4D00 92
EC5h |B4DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 92
EC4h |B4EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 92
EC3h |B4EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 92
EC2h |B4SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 92
EC1h |B4SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 92
ECOh |B4CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 92
EBFh |CANCON_RO6 |CANCON_RO6 92
EBEh |CANSTAT_RO6 |CANSTAT_RO6 92
EBDh |B3D7 B3D77 B3D76 B3D75 B3D73 B3D73 B3D72 B3D71 B3D70 92
EBCh |B3D6 B3D67 B3D66 B3D65 B3D63 B3D63 B3D62 B3D61 B3D60 92
EBBh |B3D5 B3D57 B3D56 B3D55 B3D53 B3D53 B3D52 B3D51 B3D50 92
EBAh |B3D4 B3D47 B3D46 B3D45 B3D43 B3D43 B3D42 B3D41 B3D40 92
EBSh |B3D3 B3D37 B3D36 B3D35 B3D33 B3D33 B3D32 B3D31 B3D30 92
EB8h |B3D2 B3D27 B3D26 B3D25 B3D23 B3D23 B3D22 B3D21 B3D20 92
EB7h |B3D1 B3D17 B3D16 B3D15 B3D13 B3D13 B3D12 B3D11 B3D10 92
EB6h |B3D0 B3D07 B3D06 B3D05 B3D03 B3D03 B3D02 B3DO01 B3D00 92
EB5h |B3DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 92
EB4h |B3EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 92
EB3h |B3EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 92
EB2h |B3SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 92
EB1h |B3SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 92
EBOh |B3CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 92
EAFh |CANCON_RO7 |CANCON_RO7 92
EAEh |CANSTAT_RO7 |CANSTAT_RO7 92
EADh |B2D7 B2D77 B2D76 B2D75 B2D72 B2D73 B2D72 B2D71 B2D70 92
EACh |B2D6 B2D67 B2D66 B2D65 B2D62 B2D63 B2D62 B2D61 B2D60 92
EABh |B2D5 B2D57 B2D56 B2D55 B2D52 B2D53 B2D52 B2D51 B2D50 93
EAAh |B2D4 B2D47 B2D46 B2D45 B2D42 B2D43 B2D42 B2D41 B2D40 93
EASh |B2D3 B2D37 B2D36 B2D35 B2D32 B2D33 B2D32 B2D31 B2D30 93
EA8h |B2D2 B2D27 B2D26 B2D25 B2D22 B2D23 B2D22 B2D21 B2D20 93
EA7h |B2D1 B2D17 B2D16 B2D15 B2D12 B2D13 B2D12 B2D11 B2D10 93
EA6h |B2D0 B2D07 B2D06 B2D05 B2D02 B2D03 B2D02 B2D01 B2D00 93
EA5h |B2DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 93
EA4h |B2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 93
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR
on page
EA3h |B2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 93
EA2h |B2SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 93
EA1h |B2SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 93
EAOh |B2CON TXBIF TXABT TXLARB TXERR TXREQ — TXPRI1 TXPRIO 93
E9Fh |CANCON_RO8 |CANCON_RO8 93
E9Eh |CANSTAT_RO8 |CANSTAT_RO8 93
E9Dh |B1D7 B1D77 B1D76 B1D75 B1D71 B1D73 B1D72 B1D71 B1D70 93
E9Ch |B1D6 B1D67 B1D66 B1D65 B1D61 B1D63 B1D62 B1D61 B1D60 93
E9Bh |B1D5 B1D57 B1D56 B1D55 B1D51 B1D53 B1D52 B1D51 B1D50 93
E9Ah |B1D4 B1D47 B1D46 B1D45 B1D41 B1D43 B1D42 B1D41 B1D40 93
E99h |B1D3 B1D37 B1D36 B1D35 B1D31 B1D33 B1D32 B1D31 B1D30 93
E98h |B1D2 B1D27 B1D26 B1D25 B1D21 B1D23 B1D22 B1D21 B1D20 93
E97h |B1D1 B1D17 B1D16 B1D15 B1D11 B1D13 B1D12 B1D11 B1D10 93
E96h |B1DO B1D07 B1D06 B1D05 B1D01 B1D03 B1D02 B1D01 B1D00 93
E95h |B1DLC — TXRTR — — DLC3 DLC2 DLC1 DLCO 93
E94h |B1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 93
E93h |B1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 93
E92h |B1SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 93
E91h |B1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 93
E90h |B1CON TXBIF TXABT TXLARB TXERR TXREQ RTREN TXPRI1 TXPRIO 93
E90h |B1CON RXFUL RXM1 RXRTRRO FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO 93
E8Fh |CANCON_RO9 |[CANCON_RO9 93
E8Eh |CANSTAT_RO9 [CANSTAT_RO9 93
E8Dh |BOD7 BOD77 BOD76 BOD75 BOD70 BOD73 BOD72 BOD71 BOD70 93
E8Ch |BOD6 BOD67 BOD66 BOD65 BOD60 BOD63 BOD62 BOD61 BOD60 93
E8Bh |BOD5 BOD57 BOD56 BOD55 BOD50 BOD53 BOD52 BOD51 BOD50 93
E8Ah |BOD4 BOD47 BOD46 BOD45 BOD40 BOD43 BOD42 BOD41 BOD40 93
E89h |BOD3 BOD37 BOD36 BOD35 BOD30 BOD33 BOD32 BOD31 BOD30 93
E88h |BOD2 BOD27 BOD26 BOD25 BOD20 BOD23 BOD22 BOD21 BOD20 94
E87h |BOD1 BOD17 BOD16 BOD15 BOD10 BOD13 BOD12 BOD11 BOD10 94
E86h |BODO BODO7 BOD06 BODO05 BOD0O BOD03 BOD02 BODO1 BODOO 94
E85h |BODLC — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO 94
E84h |BOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 94
E83h |BOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 94
E82h |BOSIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 94
E81h |BOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 94
E80h |BOCON TXBIF TXABT TXLARB TXERR TXREQ RTREN TXPRI1 TXPRIO 94
E80h |BOCON RTXFUL RXM1 RXRTRRO FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO 94
E7Fh |TXBIE — — — CAN TX Buffer Interrupt Enable — — 94
E7Eh |BIEO CAN Buffer Interrupt Enable 94
E7Dh |BSELO Mode Select Register 0 — — 94
E7Ch |MSEL3 CAN Mask Select Register 3 94
E7Bh |MSEL2 CAN Mask Select Register 2 94
E7Ah |MSEL1 CAN Mask Select Register 1 94
E79h |MSELO CAN Mask Select Register 0 94
E78h |RXFBCON7 CAN Buffer 15/14 Pointer Register 94
E77h |RXFBCON6 CAN Buffer 13/12 Pointer Register 94
E76h |RXFBCON5 CAN Buffer 11/10 Pointer Register 94
E75h |RXFBCON4 CAN Buffer 9/8 Pointer Register 94
E74h |RXFBCON3 CAN Buffer 7/6 Pointer Register 94
E73h |RXFBCON2 CAN Buffer 5/4 Pointer Register 94
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TABLE 6-2: PIC18F66K80 FAMILY REGISTER FILE SUMMARY (CONTINUED)

Value on
Addr. File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 POR, BOR
on page
E72h |RXFBCON1 CAN Buffer 3/2 Pointer Register 94
E71h |RXFBCONO CAN Buffer 1/0 Pointer Register 94
E70h |SDFLC — — — CAN Device Net Count Register 94
E6Fh |RXF15EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 94
E6Eh |RXF15EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 94
E6Dh |RXF15SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 94
E6Ch |RXF15SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 94
E6Bh |RXF14EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 94
E6Ah |RXF14EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 94
E69h |RXF14SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 94
E68h |RXF14SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 94
E67h |RXF13EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 94
E66h |RXF13EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E65h |RXF13SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E64h |RXF13SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E63h |RXF12EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E62h |RXF12EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E61h |RXF12SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E60h |RXF12SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E5Fh |RXF11EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E5Eh |RXF11EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E5Dh |RXF11SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E5Ch |RXF11SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E5Bh |RXF10EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E5Ah |RXF10EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E59h |RXF10SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E58h |RXF10SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E57h |RXF9EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E56h |RXF9EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E55h |RXF9SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E54h |RXF9SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E53h |RXF8EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E52h |RXF8EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E51h |RXF8SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E50h |RXF8SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E4Fh |RXF7EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E4Eh |RXF7EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E4Dh |RXF7SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E4Ch |RXF7SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E4Bh |RXFGEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO 95
E4Ah |RXFGEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 95
E49h |RXF6SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 95
E48h |RXF6SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 95
E47h |RXFCON1 CAN Receive Filter Control Register 1 95
E46h |RXFCONO CAN Receive Filter Control Register 0 95
E45h |BRGCON3 WAKDIS WAKEFIL — — — SEG2PH2 | SEG2PH1 | SEG2PHO 95
E44h |BRGCON2 SEG2PHTS SAM SEG1PH2 | SEG1PH1 | SEG1PHO | PRSEG2 PRSEGH1 PRSEGO 96
E43h |BRGCON1 SJwW1 SJWO BRP5 BRP4 BRP3 BRP2 BRP1 BRPO 96
E42h |TXERRCNT TEC7 TEC6 TEC5 TEC4 TEC3 TEC2 TEC1 TECO 96
E41h |RXERRCNT REC7 REC6 REC5 REC4 REC3 REC2 REC1 RECO 96
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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.

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOV 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

These bits are set or cleared according to the device 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
U-0 U-0 u-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 ADDW, ADDLW SUBLWand 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 occurred
bit 0 C: Carry/Borrow bit®
For ADDWF, ADDLW SUBLWand SUBWF 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 ‘a’ is ‘0’, the address is interpreted
as being a register in the Access Bank. Addressing that
uses the Access RAM is sometimes also known as
Direct Forced Addressing mode.

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

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

6.4.3 INDIRECT ADDRESSING

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

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

LFSR FSRO, 100h ;
NEXT CLRF POSTI NCO Cl ear | NDF
; register then
; inc pointer
BTFSS FSROH, 1 ; Al done with
; Bankl1?
BRA NEXT ; NO clear next
CONTI NUE ; YES, continue

© 2010-2017 Microchip Technology Inc.
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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]o]o]a]1]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
I NDF1, 1 Bank 0
100h
Bank 1
200h
Bank 2
300h
7 0
L Bank 3 SN
J “n through M
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 MOVSF, 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 dif-
ferent 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:

ADDW [Kk], 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 is
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.

f,

d,

a (Opcode: 0010 Olda ffff ffff)

000h
060h
Bank O JL
100h
00h
Bank 1 60h
" through U A
Bank 14 Valid Range
for 'f
FFh
Fooh Access RAM
Bank 15
F40hF — = — = = = — 1
SFRs
FFFh
Data Memory
000h
Bank 0
060h
100n [001001da [Ffifffff ]
Bank 1 <_,@EL3
N through 2>
N Bank14 |
| FsR2H | FsRaL |
FOOh
Bank 15
FAOh| — — — — — — — |
SFRs
FFFh
Data Memory
BSR
000h 00000000
Bank O j—'
060h
100h )
Bank 1 [001001da [fFFffff
~  through
M Bank 14 1
FOOh
Bank 15
FAOh| — — — — — — _ ]
SFRs
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:

000h
ADDWE f, d, a Not Accessible
FSR2H:FSR2L = 120h 05Fh
Locations in the region Bank 0

from the FSR2 Pointer 100h
(120h) to the pointer plus 120hF — — — — 4
05Fh (17Fh) are mapped 17Fh| XV"EOVL ]

to the bottom of the Bank 1
Access RAM (000h-05Fh). 200h

Special Function Registers
at F60h through FFFh are

mapped to 60h through e Bank 2 R
FFh, as usual. through
Bank 0 addresses below Bank 14
5Fh are not available in
this mode. They can still
be addressed by using the FOOh
BSR.
Bank 15
F60hf — — — — — 4
SFRs
FFFh

F
m 00h
{

)J

Data Memory

Bank 1 “Window”
_______ 5Fh
60h
SFRs
FFh

Access Bank
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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. A write to program memory is executed on
blocks of 64 bytes at a time. Program memory is
erased in blocks of 64 bytes at a time. A bulk erase
operation may not be issued from user code.

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

7.1 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 (TBLWI)

The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-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 | 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: TBLWI™*

Program Memory
Holding Registers

Table Pointer(!)

TBLPTRU TBLPTRH TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Note 1: The Table Pointer actually points to one

Section 7.5 “Writing to Flash Program

TBLPTRL<5:0>. The process for physically writing data to the program memory array is discussed in

of 64 holding registers, the address of which is determined by

Memory”.

7.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWI 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 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 (PIR4<6>) 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 = Accesses Flash program memory
0 = Accesses data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Accesses Configuration registers
0 = Accesses Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit

1 = Erases the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)
0 = Performs 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. 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 TBLWI 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

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 TABLAT.

When a TBLW 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
TBLPTR based on Flash program memory operations.

TABLE 7-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLW INSTRUCTIONS
Example Operation on Table Pointer
TBLRD* . -
TBLWI* TBLPTR is not modified
TBLRD* + . .
TBLWI* + TBLPTR is incremented after the read/write
TBLRD* - . .
TBLWI* - TBLPTR is decremented after the read/write
TBLRD+* . .
TBLWI+* TBLPTR is incremented before the read/write
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
Memory

The TBLRD instruction is used to retrieve data from

program memory and places it into data RAM. Table

reads from program memory are performed one byte at
atime.

FIGURE 7-4:

TBLPTR points to a byte address in program space.
Executing TBLRD places the byte pointed to into
TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 7-4
shows the interface between the internal program
memory and the TABLAT.

READS FROM FLASH PROGRAM MEMORY

(Even Byte Address)

Program Memory

(Odd Byte Address)

TBLPTR = xxxxx1 TBLPTR = xxxxx0

MOVLW CODE_ADDR_HI GH
MOWAE  TBLPTRH
MOVLW  CCDE_ADDR_LOW
MOWAE  TBLPTRL

MOVE  WORD_ODD

Instruction Register TABLAT
(IR) 9 FETCH TBLRD Read Register
EXAMPLE 7-1: READING A FLASH PROGRAM MEMORY WORD
MOVLW  CODE_ADDR_UPPER ; Load TBLPTR with the base
MOWF  TBLPTRU ; address of the word

READ_WORD
TBLRD* + ; read into TABLAT and increnent
MOVF TABLAT, W ; get data
MOWAE  WORD EVEN
TBLRD* + ; read into TABLAT and increnent
MOVF TABLAT, W ; get data
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7.4 Erasing Flash Program Memory

The erase blocks are 32 words or 64 bytes.
Word erase in the Flash array is not supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 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 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 55h to EECONZ2.

Write 0OAAh 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 g bk w

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW  CODE_ADDR_UPPER ; load TBLPTR wi th the base
MOWF  TBLPTRU address of the nenory bl ock
MOVLW  CODE_ADDR_HI GH
MOWFF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL
ERASE_ROW

BSF EECON1, EEPGD ; point to Flash program menory
BCF EECON1, CFGS ; access Flash program nmenory
BSF EECON1, WREN ; enable wite to menory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF INTCON, G E ; disable interrupts

Requi r ed MOVLW  55h

Sequence MOWWF  EECON2 wite 55h
MOVLW  0AAh
MOWAF  EECON2 ; wite OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, G E ; re-enable interrupts
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7.5 Writing to Flash Program Memory

The programming blocks are 32 words or 64 bytes.
Word or byte programming is not supported.

Table writes are used internally to load the holding regis-
ters needed to program the Flash memory. There are
64 holding registers for programming by the table writes.

Since the Table Latch (TABLAT) is only a single byte, the
TBLWI 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.

The long write is necessary for programming the inter-
nal Flash. Instruction execution is halted while in a long
write cycle. The long write is terminated by the internal
programming timer.

FIGURE 7-5:

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 operations 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 bitfroma ‘0’ to a
‘1’. When modifying individual bytes, it is
not necessary to load all 64 holding
registers before executing a write
operation.

TABLE WRITES TO FLASH PROGRAM MEMORY

TABLAT
Write Register

Program Memory

7.51 FLASH PROGRAM MEMORY WRITE
SEQUENCE

The sequence of events for programming an internal

program memory location should be:

1. Read the 64 bytes into RAM.

2. Update the data values in RAM as necessary.

3. Load the Table Pointer register with the address
being erased.

4. Execute the row erase procedure.

5. Load the Table Pointer register with the address
of the first byte being written.

6. Write the 64 bytes into the holding registers with
auto-increment.

7. Setthe 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

8. Disable the interrupts.

9. Write 55h to EECON2.
10. Write 0AAh to EECON2.

11. Set the WR bit. This will begin the write cycle.
The CPU will stall for the duration of the write for
Tiw (see Parameter D133A).

12. Re-enable the interrupts.
13. Verify the memory (table read).

An example of the required code is shown in
Example 7-3 on the following page.

Note:  Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the 64 bytes in
the holding register.
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EXAMPLE 7-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW Sl ZE_OF_BLOCK ; number of bytes in erase block
MOVWF  COUNTER
MOVLW  BUFFER_ADDR_HI GH ; point to buffer
MOVWF  FSROH
MOVLW  BUFFER_ADDR_LOW
MOVWF  FSROL
MOVLW  CODE_ADDR_UPPER ; Load TBLPTR with the base
MOWF  TBLPTRU ; address of the menmory bl ock
MOVLW  CODE_ADDR_HI GH
MOWANF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOVWF  TBLPTRL
READ_BLOCK
TBLRD* + ; read into TABLAT, and inc
MOVF TABLAT, W ; get data
MOVWF  POSTI NCO ; store data
DECFSZ COUNTER ; done?
BRA READ_ BLOCK ; repeat
MODI FY_WORD
MOVLW  DATA_ADDR HI GH ; point to buffer
MOVWF  FSROH
MOVLW  DATA_ADDR_LOW
MOVWF  FSROL
MOVLW  NEW DATA LOW ; update buffer word
MOVWF  POSTI NCO
MOVLW  NEW DATA HI GH
MOVWF | NDFO
ERASE_BLOCK
MOVLW  CODE_ADDR_UPPER ; load TBLPTR with the base
MOWF  TBLPTRU ; address of the nmenmory bl ock
MOVLW  CODE_ADDR_HI GH
MOVWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOVWF  TBLPTRL
BSF EECON1, EEPGD ; point to Flash program nmenory
BCF EECON1, CFGS ; access Flash program nenory
BSF EECON1, WREN ; enable wite to nenory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF INTCON, G E ; disable interrupts
MOVLW  55h
Requi r ed MOWWF  EECON2 ; wite 55h
Sequence MOVLW  0AAh
MOVWF  EECON2 ; wite OAAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, G E ; re-enable interrupts
TBLRD* - ; dummy read decrenent
MOVLW  BUFFER_ADDR_HI GH ; point to buffer
MOVWF  FSROH
MOVLW  BUFFER_ADDR _LOW
MOVWF  FSROL
WRI TE_BUFFER_BACK
MOVLW  SI ZE_OF_BLOCK ; nunber of bytes in holding register
MOVWF  COUNTER
WRI TE_BYTE_TO_HREGS
MOVFF  POSTI NCO, WREG ; get low byte of buffer data
MOWWF  TABLAT ; present data to table latch
TBLWI+* ; wite data, performa short wite
; to internal TBLWI hol ding register.
DECFSZ COUNTER ; loop until buffers are full
BRA WRI TE_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 menory
BCF EECON1, CFGS access Fl ash program nmenory
BSF EECON1, WREN enable wite to nenory
BCF INTCON, G E disable interrupts
MOVLW  55h
Requi r ed MOWWF  EECON2 ; write 55h
Sequence MOVLW  0AAh
MOVWWF  EECON2 ; write OAAh
BSF EECON1, WR start program (CPU stall)
BSF INTCON, G E re-enable interrupts
BCF EECON1, WREN disable wite to nenory
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.

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.

7.5.3

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 detail.

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(1) 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| INTOIEE | RBIE | TMROIF | INTOIF RBIF
EECON2 | EEPROM Control Register 2 (not a physical register)

EECON1 EEPGD CFGS — FREE WRERR WREN WR RD
IPR4 TMR4IP EEIP CMP2IP | CMP1IP — CCP5IP CCP4IP CCP3IP
PIR4 TMRA4IF EEIF CMP2IF | CMP1IF — CCP5IF CCP4IF CCP3IF
PIE4 TMRA4IE EEIE CMP2IE| CMPI1IE — CCPSIE CCP4IE CCP3IE
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 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.

8.1 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).

8.2 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 8-1) 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 (PIR4<6>) 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 ‘O’s.
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REGISTER 8-1: 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 = Accesses Flash program memory
0 = Accesses data EEPROM memory
bit 6 CFGS: Flash Program/Data EEPROM or Configuration Select bit
1 = Accesses Configuration registers
0 = Accesses Flash program or data EEPROM memory
bit 5 Unimplemented: Read as ‘0’
bit 4 FREE: Flash Row Erase Enable bit

1 = Erases the program memory row addressed by TBLPTR on the next WR command (cleared by
completion of erase operation)
0 = Performs 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. 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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8.3 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 after one
instruction cycle, in the EEDATA register. 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 8-1.

8.4 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 8-2 must be followed to initiate
the write cycle.

The write will not begin if this sequence is not exactly
followed (write 55h to EECON2, write 0AAh 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.

8.5 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 (low-power)
mode. Executing a self-write will put the

device into High-Power mode.
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EXAMPLE 8-1: DATA EEPROM READ

MOVLW  DATA_EE_ADDRH ;

MOVWF  EEADRH ; Upper bits of Data Menory Address to read

MOVLW  DATA_EE_ADDR ;

MOWNF  EEADR ; Lower bits of Data Menory Address to read

BCF EECON1, EEPGD ; Point to DATA nenory

BCF EECON1, CFGS ; Access EEPROM

BSF EECON1, RD ; EEPROM Read

NOP

MOV EEDATA, W ;W= EEDATA

EXAMPLE 8-2: DATA EEPROM WRITE
MOVLW  DATA_EE_ADDRH ;
MOVWWF  EEADRH ; Upper bits of Data Menory Address to wite
MOVLW  DATA_EE_ADDR ;
MOV  EEADR ; Lower bits of Data Menobry Address to wite
MOVLW  DATA _EE_DATA ;
MOWWF  EEDATA ; Data Menmory Value to wite
BCF EECON1, EEPGD ; Point to DATA nenory
BCF EECON1, CFGS ; Access EEPROM
BSF EECON1, WREN ; Enable writes
BCF INTCON, G E Di sable Interrupts
MOVLW  55h ;
Requi r ed MOVWWF  EECON2 ; Wite 55h
Sequence MOVLW  0AAh ;
MOWWF  EECON2 ; Wite 0AAh
BSF EECON1L, WR ; Set WR bit to begin wite
BTFSC EECON1, WR ; Wit for wite to conplete GOTO $-2
BSF INTCON, G E ; Enable Interrupts
User code execution

BCF EECON1, WREN Di sable wites on wite conplete (EElIF set)
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8.6 Operation During Code-Protect

Data EEPROM memory has its own code-protect bits in
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.

8.8 Using the Data EEPROM

The data EEPROM is a high-endurance,
byte-addressable array that has been optimized for the
storage of frequently changing information (e.g., pro-
gram variables or other data that are updated often).
Frequently changing values will typically be updated
more often than Parameter D124. If this is not 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

8.7  Protection Against Spurious Write memory.

A simple data EEPROM refresh routine is shown in

There are conditions when the device may not want to Example 8-3.

write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have Note:  If data EEPROM is only used to store
been implemented. On power-up, the WREN bit is constants and/or data that changes often,
cleared. In addition, writes to the EEPROM are blocked an array refresh is likely not required. See
during the Power-up Timer period (TPWRT, Parameter D124.

Parameter 33).

The write initiate sequence, and the WREN bit
together, help prevent an accidental write during
brown-out, power glitch or software malfunction.

EXAMPLE 8-3: DATA EEPROM REFRESH ROUTINE

CLRF EEADR ; Start at address O
CLRF EEADRH ;
BCF EECON1, CFGS ; Set for menory
BCF EECON1, EEPGD Set for Data EEPROM
BCF INTCON, G E ; Disable interrupts
BSF EECON1, WREN ; Enable wites

LOooOP ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW  55h ;
MOVWF  EECON2 ; Wite 55h
MOVLW  0AAh ;

MOVWF  EECON2 ; Wite OAAh

BSF EECONL, ; Set WR bit to begin wite
BTFSC EECONL, ; Wait for wite to conplete
BRA $-2

I NCFSZ EEADR, F ; Increnent address

BRA LooP ; Not zero, do it again

33

I NCFSZ EEADRH, F ; Increnent the high address
BRA LOooOP ; Not zero, do it again

BCF EECON1, WREN ; Disable wites

BSF INTCON, G E ; Enable interrupts
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TABLE 8-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

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
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
IPR4 TMR4IP EEIP CMP2IP | CMP1IP — CCP5IP CCP4IP CCP3IP
PIR4 TMR4IF EEIF CMP2IF | CMP1IF — CCPSIF CCP4IF CCP3IF
PIE4 TMR4IE EEIE CMP2IE | CMP1IE — CCP5IE CCP4IE CCP3IE
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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9.0
9.1

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.

8 x 8 HARDWARE MULTIPLIER

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 9-1.

9.2

Example 9-1 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 9-2 shows the sequence to do an 8 x 8 signed
multiplication. To account for the sign bits of the argu-
ments, each argument’s Most Significant bit (MSb) is
tested and the appropriate subtractions are done.

Operation

EXAMPLE 9-1: 8 x 8 UNSIGNED MULTIPLY
ROUTINE
MOVF ARGL, W ;
MULWF  ARR2 ; ARGL * ARXR ->
PRODH: PRODL
EXAMPLE 9-2: 8 x 8 SIGNED MULTIPLY
ROUTINE
MOVF ARGL, W
MULW  AR&R ; ARGL * ARXR ->
;  PRODH: PRODL
BTFSC ARX2, SB Test Sign Bit
SUBW  PRODH, F PRODH = PRODH
- ARGL
MOVF ARR, W
BTFSC ARGlL, SB Test Sign Bit
SUBW  PRODH, F PRODH = PRODH
- ARX

TABLE 9-1: PERFORMANCE COMPARISON FOR VARIOUS MULTIPLY OPERATIONS
Program Cveles Time
Routine Multiply Method Memory y
(Words) (Max) @64MHz | @48 MHz | @ 10 MHz | @ 4 MHz
Without h Itipl 1 4. 7 27.
8 x 8 unsigned ithout hardware r.nu tiply 3 69 3us 5.7 us 6 us 69 us
Hardware multiply 1 1 62.5ns 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 6 375 ns 500 ns 2.4 us 6 us
16 X 16 Without hardware multiply 21 242 15.1 pus 20.1 ps 96.8 us 242 ps
unsigned Hardware multiply 28 28 1.7 us 2.3 s 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 2.5us 3.3 us 16.0 us 40 ps
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Example 9-3 shows the sequence to do a 16 x 16
unsigned multiplication. Equation 9-1 shows the
algorithm that is used. The 32-bit result is stored in four
registers (RES3:RESO).

EQUATION 9-1: 16 x 16 UNSIGNED
MULTIPLICATION
ALGORITHM

RES3:RESO = ARGIH:ARGIL ¢« ARG2H:ARG2L

=  (ARGIH e ARG2H e 210) +
(ARGIH e ARG2L e 28) +
(ARGIL o ARG2H e 2%) +
(ARGIL e ARG2L)

EXAMPLE 9-3: 16 x 16 UNSIGNED

MULTIPLY ROUTINE

MOVF ARGLL, W
MULWF  ARG2L ; ARGLIL * ARGL->
; PRODH: PRODL

MOVFF  PRODH, RES1 ;
MOVFF  PRODL, RESO ;

MOVF ARGLH, W

MULWF  ARGZH ; ARGIH * AR&H- >
; PRODH: PRODL

MOVFF  PRODH, RES3 ;

MOVFF  PRODL, RES2 ;

MOVF ARGIL, W

MULWF  ARGH ; ARGLL * ARRH >
;  PRODH: PRODL

MOVF PRODL, W ;

ADDW  RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWFC RES2, F ;

CLRF WREG ;

ADDWFC RES3, F ;

MOVF ARGLH, W ;
MULWF  ARG2L ; ARGLH * ARRL->
; PRODH: PRODL

MOVF PRODL, W ;
ADDW RES1, F . Add cross
MOVF PRODH, W ; products
ADDWC RES2, F ;

CLRF WREG ;

ADDWFC RES3, F ;

Example 9-4 shows the sequence to do a 16 x 16
signed multiply. Equation 9-2 shows the algorithm
used. The 32-bit result is stored in four registers
(RES3:RES0). To account for the sign bits of the
arguments, the MSb for each argument pair is tested
and the appropriate subtractions are done.

EQUATION 9-2: 16 x 16 SIGNED
MULTIPLICATION

ALGORITHM

RES3:RESO= ARGIH:ARGIL ¢ ARG2H:ARG2L
= (ARGIH e ARG2H o 2!%) +
(ARGIH o ARG2L e 28) +
(ARGIL o ARG2H e 2%) +
(ARGIL » ARG2L) +
(-1 e ARG2H<7> « ARGIH:ARGIL o 2!6) +

(-1 « ARGIH<7> ¢ ARG2H:ARG2L o 2!

EXAMPLE 9-4: 16 x 16 SIGNED MULTIPLY

ROUTINE

MOVF ARGLIL, W

MULW  ARG2L ARGIL * ARGL ->

; PRODH: PRODL
MOVFF PRODH, RES1 ;
MOVFF PRODL, RESO ;
MOVF ARGIH, W
MULWF  AR&H ; ARGLH * ARQH ->
; PRODH: PRODL

MOVFF  PRODH, RES3 ;
MOVFF  PRODL, RES2 ;

MOVF ARGLIL, W
MULW  ARG2H ARGIL * AR&H ->

; PRODH: PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWC RES2, F ;

CLRF WREG ;

ADDWC RES3, F ;

MOVF ARGIH, W ;

MULWF  ARG2L ; ARGLH * ARRL ->
; PRODH: PRODL

MOVF PRODL, W ;

ADDWF RES1, F ; Add cross

MOVF PRODH, W ; products

ADDWC RES2, F ;
CLRF VWREG ;
ADDWC RES3, F ;

BTFSS AR&R2H, 7 ARG2H: ARG2L neg?

BRA SI GN_ARGL ;. no, check ARGL
MOVF ARGLL, W ;
SUBWF  RES2 ;
MOVF ARGIH, W ;
SUBWFB RES3 ;
S| GN_ARGL
BTFSS ARGLH, 7 ; ARGLH: ARGLL neg?
BRA CONT_CODE ; no, done
MOVF ARG2L, W ;
SUBWF  RES2 ;
MOVF ARGRH, W ;
SUBWFB RES3
CONT_CODE
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10.0 INTERRUPTS

Members of the PIC18F66K80 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, PIR4 and PIRS
» PIE1, PIE2Z, PIES, PIE4 and PIES
* IPR1, IPR2, IPR3, IPR4 and IPR5

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>) 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. INT-
CON<6> is the PEIE bit that enables/disables all periph-
eral 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, RETFI E, 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 10-1: PIC18F66K80 FAMILY INTERRUPT LOGIC
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10.1 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 10-1: 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()
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 has not overflowed
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)

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. To end the mismatch condition and allow the bit to be
cleared, read PORTB and wait one additional instruction cycle.
2. Each pin on PORTB for interrupt-on-change is individually enabled and disabled in the IOCB register. By
default, all pins are disabled.
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REGISTER 10-2: INTCONZ2: 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’ = Bitis 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 port TRIS values
bit 6 INTEDGO: External Interrupt 0 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 5 INTEDGZ1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 4 INTEDGZ2: 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 10-3: 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 INTL1IE: 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 INTLIF: 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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10.2 PIR Registers Note 1: 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, GIE
(INTCON<7>).

2: User software should ensure the
appropriate interrupt flag bits are cleared
prior to enabling an interrupt and after
servicing that interrupt.

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are six Peripheral Interrupt
Request (Flag) registers (PIR1 through PIR5).

REGISTER 10-4: 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 | SSPIF ‘ 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 = Aread 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: EUSARTx Receive Interrupt Flag bit
1 = The EUSARTX receive buffer, RCREGH1, is full (cleared when RCREG1 is read)
0 = The EUSARTX receive buffer is empty
bit 4 TX1IF: EUSARTx Transmit Interrupt Flag bit
1 = The EUSARTX transmit buffer, TXREGH1, is empty (cleared when TXREG1 is written)
0 = The EUSARTX transmit buffer is full
bit 3 SSPIF: 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 10-5:

PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 u-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF — — — BCLIF | 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’ = Bitis 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 (bit must be cleared in software)
0 = Device clock is operating
bit 6-4 Unimplemented: Read as ‘0’
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (bit must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = Alow-voltage condition occurred (bit 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 = TMR3 register overflowed (bit must be cleared in software)
0 = TMRS register did not overflow
bit 0 TMR3GIF: TMR3 Gate Interrupt Flag bit

1 = Timer gate interrupt occurred (bit must be cleared in software)

0 = No timer gate interrupt occurred
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REGISTER 10-6: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

uU-0 uU-0 R-0 R-0 R/W-0 R/W-0 R/W-0 uU-0
— — RC2IF TX2IF | CTMUIF | CCP2IF | CCP1IF —
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 Unimplemented: Read as ‘0’
bit 5 RC2IF: EUSARTXx Receive Interrupt Flag bit

1 = The EUSARTXx receive buffer, RCREG2, is full (cleared when RCREG?2 is read)
0 = The EUSARTX receive buffer is empty
bit 4 TX2IF: EUSARTX Transmit Interrupt Flag bit
1 = The EUSARTX transmit buffer, TXREG2, is empty (cleared when TXREG2 is written)
0 = The EUSARTX 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: CCP2 Interrupt Flag bit

Capture mode:
1 = ATMR1/TMRS register capture occurred (must be cleared in software)

0 = No TMR1/TMRa3 register capture occurred

Compare mode:

1 = ATMR1/TMRS register compare match occurred (must be cleared in software)
0 = No TMR1/TMRS register compare match occurred

PWM mode:

Unused in this mode.

bit 1 CCP1IF: ECCP1 Interrupt Flag bit

Capture mode:
1 = ATMR1/TMRS register capture occurred (must be cleared in software)

0 = No TMR1/TMRa3 register capture occurred

Compare mode:

1 = ATMR1/TMRS register compare match occurred (must be cleared in software)
0 = No TMR1/TMRS register compare match occurred

PWM mode:

Unused in this mode.

bit 0 Unimplemented: Read as ‘0’
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REGISTER 10-7: PIR4: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
TMR4IF EEIF CMP2IF | CMPIIF | — | CCP5IF | 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 TMRA4IF: TMR4 Overflow Interrupt Flag bit

1 = TMRA4 register overflowed (must be cleared in software)
0 = TMR4 register did not overflow

bit 6 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 5 CMP2IF: CMP2 Interrupt Flag bit

1 = CMP2 interrupt occurred (must be cleared in software)
0 = CMP2 interrupt did not occur

bit 4 CMP1IF: CMP1 Interrupt Flag bit

1 = CMP1 interrupt occurred (must be cleared in software)
0 = CMP1 interrupt did not occur

bit 3 Unimplemented: Read as ‘0’
bit 2 CCPS5IF: CCP5 Interrupt Flag bit

Capture Mode
1 = ATMR register capture occurred (bit 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 1 CCPA4IF: CCP4 Interrupt Flag bit

Capture Mode
1 = ATMR register capture occurred (bit 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: CCP3 Interrupt Flag bit
Capture Mode
1 = ATMR register capture occurred (bit 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.
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REGISTER 10-8: PIRS5: 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
IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF RXBOIF/
FIFOFIF
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 IRXIF: Invalid Message Received Interrupt Flag bits
1 = Aninvalid message occurred on the CAN bus
0 = No invalid message occurred on the CAN bus
bit 6 WAKIF: Bus Wake-up Activity Interrupt Flag bit
1 = Activity on the CAN bus has occurred
0 = No activity on the CAN bus
bit 5 ERRIF: Error Interrupt Flag bit (Multiple sources in COMSTAT register)
1 = An error has occurred in the CAN module (multiple sources)
0 = No CAN module errors have occurred
bit 4 TXB2IF: Transmit Buffer 2 Interrupt Flag bit
1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
bit 3 TXBL1IF: Transmit Buffer 1 Interrupt Flag bit
1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message
bit 2 TXBOIF: Transmit Buffer O Interrupt Flag bit
1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 0 has not completed transmission of a message
bit 1 RXB1IF: Receive Buffer 1 Interrupt Flag bit
Mode 0:
1 = CAN Receive Buffer 1 has received a new message
0 = CAN Receive Buffer 1 has not received a new message
Modes 1 and 2:
1 = A CAN Receive Buffer/FIFO has received a new message
0 = A CAN Receive Buffer/FIFO has not received a new message
bit 0 Bit operation is dependent on the selected mode:

Mode 0:

RXBOIF: Receive Buffer 0 Interrupt Flag bit

1 = CAN Receive Buffer 0 has received a new message

0 = CAN Receive Buffer 0 has not received a new message

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOFIF: FIFO Full Interrupt Flag bit

1 = FIFO has reached full status as defined by the FIFO_HF bit

0 = FIFO has not reached full status as defined by the FIFO_HF bit
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10.3 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 10-9:

PIE1l: 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 SSPIE 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 RCL1IE: EUSARTX Receive Interrupt Enable bit
1 = Enables the EUSARTX receive interrupt
0 = Disables the EUSARTX receive interrupt
bit 4 TX1IE: EUSARTX Transmit Interrupt Enable bit
1 = Enables the EUSARTX transmit interrupt
0 = Disables the EUSARTX transmit interrupt
bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 TMRI1GIE: 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 10-10: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 u-0 u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIE — — — BCLIE 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’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6-4 Unimplemented: Read as ‘0’
bit 3 BCLIE: 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 10-11: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

uU-0 uU-0 R-0 R-0 R/W-0 R/W-0 R/W-0 U-0
— — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
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 7-6 Unimplemented: Read as ‘0’
bit 5 RC2IE: EUSARTX Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 TX2IE: EUSARTX Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 CTMUIE: CTMU Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 CCP2IE: CCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 CCP1IE: ECCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 Unimplemented: Read as ‘0’
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REGISTER 10-12: PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

R/W-0 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0
TMR4IE EEIE CMP2IE CMP1IE — CCP5IE CCP4IE CCP3IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TMRA4IE: TMR4 Overflow Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 6 EEIE: Data EEDATA/Flash Write Operation Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 5 CMP2IE: CMP2 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 4 CMP1IE: CMP1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 3 Unimplemented: Read as ‘0’
bit 2 CCPSIE: CCPS5 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 1 CCP4IE: CCP4 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 0 CCP3IE: CCP3 Interrupt Flag bits

1 = Interrupt is enabled
0 = Interrupt is disabled
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REGISTER 10-13: 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
IRXIE WAKIE ERRIE TXB2IE TXB1IE TXBOIE RXB1IE RXBOIE/
FIFOFIE
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 IRXIE: Invalid Message Received Interrupt Flag bit

1 = Interrupt is enabled
0 = Interrupt is disabled
bit 6 WAKIE: Bus Wake-up Activity Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 5 ERRIE: Error Interrupt Flag bit (multiple sources in the COMSTAT register)
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 4 TXB2IE: Transmit Buffer 2 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 3 TXBL1IE: Transmit Buffer 1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 2 TXBOIE: Transmit Buffer O Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 1 RXB1IE: Receive Buffer 1 Interrupt Flag bit
1 = Interrupt is enabled
0 = Interrupt is disabled
bit 0 Bit operation is dependent on the selected mode:

Mode 0:

RXBOIE: Receive Buffer 0 Interrupt Flag bit
1 = Interrupt is enabled

0 = Interrupt is disabled

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOFIE: FIFO Full Interrupt Flag bit

1 = Interrupt is enabled

0 = Interrupt is disabled
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10.4 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 10-14: 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 SSPIP 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: EUSARTX Receive Interrupt Priority bit
1 = High priority
0 = Low priority

bit 4 TX1IP: EUSARTX Transmit Interrupt Priority bit
1 = High priority
0 = Low priority

bit 3 SSPIP: 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 10-15:

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 uU-0 uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1
OSCFIP — — — BCLIP 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’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6-4 Unimplemented: Read as ‘0’
bit 3 BCLIP: 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 10-16:

IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 uU-0
— — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
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 Unimplemented: Read as ‘0’
bit 5 RC2IP: EUSARTX Receive Priority Flag bit
1 = High priority
0 = Low priority
bit 4 TX2IP: EUSARTX 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: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 CCP1IP: ECCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 Unimplemented: Read as ‘0’
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REGISTER 10-17: IPR4: PERIPHERAL INTERRUPT PRIORITY REGISTER 4

R/W-1 R/W-1 R/W-1 R/W-1 U-0 R/W-1 R/W-1 R/W-1
TMRA4IP EEIP CMP2IP CMP1IP — 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 TMRA4IP: TMR4 Overflow Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 EEIP: EE Interrupt Priority bit
1 = High priority
0 = Low priority

bit 5 CMP2IP: CMP2 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 4 CMP1IP: CMP1 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 3 Unimplemented: Read as ‘0’

bit 2 CCPS5IP: CCP5 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 1 CCP4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority

bit CCP3IP: CCP3 Interrupt Priority bits
1 = High priority
0 = Low priority
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REGISTER 10-18:

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
IRXIP WAKIP ERRIP TXB2IP TXB1IP TXBOIP RXB1IP RXBOIP/
FIFOFIE
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 IRXIP: Invalid Message Received Interrupt Priority bits
1 = High priority
0 = Low priority
bit 6 WAKIP: Bus Wake-up Activity Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 ERRIP: CAN Bus Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXB2IP: Transmit Buffer 2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TXB1IP: Transmit Buffer 1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 TXBOIP: Transmit Buffer O Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 RXB1IP: Receive Buffer 1 Interrupt Priority bit
Mode 0:
1 = High priority for Receive Buffer 1
0 = Low priority for Receive Buffer 1
Modes 1 and 2:
1 = High priority for received messages
0 = Low priority for received messages
bit 0 RXBOIP/FIFOFIP: Receive Buffer 0 Interrupt Priority bit

Mode 0:

1 = High priority for Receive Buffer 0
0 = Low priority for Receive Buffer 0
Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOFIE: FIFO Full Interrupt Flag bit
1 = High priority

0 = Low priority
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10.5 RCON Register

The RCON register contains 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 10-19: 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 = Enables priority levels on interrupts
0 = Disables 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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10.6 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.

10.7 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”.

10.8 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>), and
each individual pin can be enabled/disabled by its
corresponding bit in the IOCB register.

Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

REGISTER 10-20: I0CB: INTERRUPT-ON-CHANGE PORTB CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 U-0 U-0
loce7® locBe® locBs® locB4® — — — —
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 7-4 IOCB<7:4>: Interrupt-on-Change PORTB Control bits(®)

1 = Interrupt-on-change is enabled
0 = Interrupt-on-change is disabled

bit 3-0 Unimplemented: Read as ‘0’

Note 1. Interrupt-on-change also requires that the RBIE bit of the INTCON register be set.
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10.9

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR

Context Saving During Interrupts

registers are saved on the Fast Return Stack.

EXAMPLE 10-1:

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
also may need to be saved.

Example 10-1 saves and restores the WREG, STATUS
and BSR registers during an Interrupt Service Routine.

SAVING STATUS, WREG AND BSR REGISTERS IN RAM

MOVFF
MOVFF

MOVFF

MOWE W TEMP
STATUS, STATUS TEMP
BSR, BSR TEMP

USER | SR CCDE

; WTEMP is in virtual
STATUS_TEMP | ocat ed anywhere

bank

BSR_TMEP | ocat ed anywhere

BSR TEMP, BSR Rest ore BSR
MOVF WTEMP, W Rest ore WREG
MOVFF  STATUS _TEMP, STATUS Rest ore STATUS

TABLE 10-1: 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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIR2 OSCFIF — — — BCLIF HLVDIF TMR3IF | TMR3GIF
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIR4 TMRA4IF EEIF CMP2IF CMP1IF — CCPS5IF CCP4IF CCP3IF
PIR5 IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF RXBOIF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
PIE2 OSCFIE — — — BCLIE HLVDIE TMR3IE | TMR3GIE
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
PIE4 TMR4IE EEIE CCP2IE CMP1IE — CCPS5IE CCP4IE CCP3IE
PIES IRXIE WAKIE ERRIE TXB2IE TXB1IE TXBOIE RXB1IE RXBOIE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
IPR2 OSCFIP — — — BCLIP HLVDIP TMR3IP | TMR3GIP
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
IPR4 TMRA4IP EEIP CMP2IP CMP1IP — CCP5IP CCP4IP CCP3IP
IPR5 IRXIP WAKIP ERRIP TXB2IP TXB1IP TXBOIP RXB1IP RXBOIP
RCON IPEN SBOREN CcM RI TO PD POR BOR
Legend: Shaded cells are not used by the interrupts.
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11.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to seven 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., put
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 11-1.

FIGURE 11-1: GENERIC I/O PORT
OPERATION
RD LAT
Data
Bus D Q
WR LAT /0 Pin(®
or PORT Kx N
Data Latch
e— D Q
WR TRIS EKX—\_
TRIS Latch Input
/I [j Buffer
RD TRIS \l\‘
/‘ Q Dl

EN
RD PORT {>O _|

Note 1: /O pins have diode protection to VDD and Vss.

11.1  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
analog ports have the same tolerance, having clamping
diodes implemented internally.

11.1.1 PIN OUTPUT DRIVE

When used as digital 1/0, 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 that are 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®
Note 1: These ports are not available on 28-pin
devices.

2: These ports are not available on 28-pin
or 40/44-pin devices

For more details, see “Absolute Maximum Ratings” in
Section 31.0 “Electrical Characteristics”.

11.1.2 PULL-UP CONFIGURATION

Five of the 1/O ports (PORTB, PORTD, PORTE,
PORTF and PORTG) 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, RFPU and RGPU (PADCFG1<7:4>) for the
other ports.

Additionally, the PORTB pull-up resistors can be
enabled individually using the WPUB register. Each bit
in the register corresponds to a bit on PORTB.
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REGISTER 11-1: PADCFG1: PAD CONFIGURATION REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 u-0 R/W-0
RDPU® REPUD RFPU®@ RGPU® — — — 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 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

bit 6 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

bit 5 RFPU: PORTF Pull-up Enable bit(®

1 = PORTF pull-up resistors are enabled by individual port latch values
0 = All PORTF pull-up resistors are disabled

bit 4 RGPU: PORTG Pull-up Enable bit?®

1 = PORTG pull-up resistors are enabled by individual port latch values
0 = All PORTG pull-up resistors are disabled

bit 3-1 Unimplemented: Read as ‘0’

bit 0 CTMUDS: CTMU Comparator Data Select bit

1 = External comparator (with output on pin CTDIN) is used for CTMU compares
0 = Internal comparator (CMP2) is used for CTMU compares

Note 1: These bits are unimplemented on 28-pin devices.
2:  These bits are unimplemented on 40-pin devices.

REGISTER 11-2: WPUB: WEAK PULL-UP PORTB ENABLE REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
WPUB7 WPUBG6 WPUBS WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
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 WPUB<7:0>: Weak Pull-Up Enable Register bits

1 = Pull-up is enabled on corresponding PORTB pin when RBPU = 0 and the pin is an input
0 = Pull-up is disabled on corresponding PORTB pin
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11.1.3 OPEN-DRAIN OUTPUTS FIGURE 11-2: USING THE OPEN-DRAIN
The output pins for several peripherals are also OUTPUT (USARTX SHOWN
equipped with a configurable, open-drain output option. AS EXAMPLE)

This allows the peripherals to communicate with

5.5V +5.5V
external pull-up voltage.

PIC18F66K80

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

the CCP modules. This option is selectively enabled by VDD TXX LX'—» 5.5V
setting the open-drain control bits in the ODCON (at logic ‘1)
register.

When the open-drain option is required, the output pin
must also be tied through an external pull-up resistor
provided by the user.

REGISTER 11-3: ODCON: PERIPHERAL OPEN-DRAIN 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
SSPOD CCP50D CCP40D CCP30D CCP20D CCP10D u20D U10D
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 SSPOD: SPI Open-Drain Output Enable bit

1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 6 CCP50D: CCP5 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 5 CCP40D: CCP4 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 4 CCP30D: CCP3 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 3 CCP20D: CCP2 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 2 CCP10D: CCP1 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 1 U20D: UART2 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled

bit 0 U10D: UART1 Open-Drain Output Enable bit
1 = Open-drain capability is enabled
0 = Open-drain capability is disabled
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11.1.4 ANALOG AND DIGITAL PORTS

Many of the ports multiplex analog and digital function-
ality, providing a lot of flexibility for hardware designers.
PIC18F66K80 family devices can make any analog pin
analog or digital, depending on an application’s needs.
The ports’ analog/digital functionality is controlled by
the registers: ANCONO and ANCON/1.

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”

REGISTER 11-4:

11.1.5 PORT SLEW RATE

The output slew rate of each port is programmable to
select either the standard transition rate, or a reduced
transition rate of ten percent of the standard transition
time, to minimize EMI. The reduced transition time is
the default slew rate for all ports.

SLRCON: SLEW RATE 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
— SLRG® SLRFM SLRE® SLRD®@ SLRC®@ SLRB SLRA
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 SLRG: PORTG Slew Rate Control bit(})

1 = All output pins on PORTG slew at 0.1 the standard rate
0 = All output pins on PORTG slew at standard rate

bit 5 SLRF: PORTF Slew Rate Control bit

1 = All output pins on PORTF slew at 0.1 the standard rate
0 = RAll output pins on PORTF slew at standard rate

bit 4 SLRE: PORTE Slew Rate Control bit®

1 = All output pins on PORTE slew at 0.1 the standard rate
0 = All output pins on PORTE slew at standard rate

bit 3 SLRD: PORTD Slew Rate Control bit®®

1 = All output pins on PORTD slew at 0.1 the standard rate
0 = All output pins on PORTD slew at standard rate

bit 2 SLRC: PORTC Slew Rate Control bit®

1 = All output pins on PORTC slew at 0.1 the standard rate
0 = All output pins on PORTC slew at standard rate

bit 1 SLRB: PORTB Slew Rate Control bit

1 = All output pins on PORTB slew at 0.1 the standard rate
0 = All output pins on PORTB slew at standard rate

bit 0 SLRA: PORTA Slew Rate Control bit

1 = All output pins on PORTA slew at 0.1 the standard rate
0 = All output pins on PORTA slew at standard rate

Note 1: These bits are unimplemented and read back as ‘0’ on 28-pin and 40/44-pin devices.
2. These bits are unimplemented and read back as ‘0’ on 28-pin devices.
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11.2 PORTA, TRISA and
LATA Registers

PORTA is a seven-bit wide, bidirectional port. The cor-
responding Data Direction and Output Latch registers
are TRISA and LATA.

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 ANSELx
control bits in the ANCONT1 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.

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 11-1:
CLRF  PORTA

INITIALIZING PORTA

; Initialize PORTA by
; clearing output |atches
; Alternate nethod to

CLRF LATA
cl ear output data |atches
MOVLW  00h Configure A/D
MOVWWF  ANCONL for digital inputs
MOVLW  0BFh ; Value used to initialize

; data direction
; Set RA<7, 5:0> as inputs,
; RA<6> as out put

MOVWF  TRI SA
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TABLE 11-1: PORTA FUNCTIONS
Pin Name Function S-(I;?tilﬁg I} Tz(p)e Description
RAOQ/CVREF/ANO/ RAO 0 (0] DIG |LATA<0> data output; not affected by analog input.
uLPwuU 1 [ ST |PORTA<0> data input; disabled when analog input is enabled.
CVREF X O | ANA |Comparator voltage reference output. Enabling this feature disables digital 1/0.
ANO 1 | ANA |A/D Input Channel 0. Default input configuration on POR; does not affect
digital output.
ULPWU 1 (0] DIG |Ultra Low-Power Wake-up input.
RA1/AN1/C1INC RA1 0 (0] DIG |LATA<1> data output; not affected by analog input.
1 | ST |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.
C1NCO |  x I | ANA |Comparator 1 Input C.
RA2/VVREF-/AN2/ RA2 0 (0] DIG |LATA<2> data output; not affected by analog input.
C2INC 1 | ST |PORTA<2> data input; disabled when analog functions are enabled.
VREF- 1 | ANA |A/D and comparator low reference voltage input.
AN2 1 | ANA |A/D Input Channel 2. Default input configuration on POR.
c2INc@® | x I | ANA |Comparator 2 Input C.
RA3/VREF+/AN3 RA3 0 (0] DIG |LATA<3> data output; not affected by analog input.
1 | ST |PORTA<3> data input; disabled when analog input is enabled.
VREF+ 1 | ANA |A/D Input Channel 3. Default input configuration on POR.
AN3 1 | ANA |A/D and comparator high reference voltage input.
RAS5/AN4/C2INB/ RA5 0 (0] DIG |LATA<5> data output; not affected by analog input.
HLVDIN/T1CKI/ 1 | ST |PORTA<5> data input; disabled when analog input is enabled.
SS/ICTMUI AN4 1 | ANA |A/D Input Channel 4. Default configuration on POR.
C2INB®@ 1 I | ANA |Comparator 2 Input B.
HLVDIN 1 | ANA |High/Low-Voltage Detect external trip point input.
T1CKI X | ST |Timer1 clock input.
ss 1 | ST |Slave select input for MSSP module.
CTMUI® X (0] — | CTMU pulse generator charger for the C2INB comparator input.
RA6/0SC2/ RA6 0 (0] DIG |LATA<6> data output; disabled when FOSC2 Configuration bit is set.
CLKOUT 1 [ ST |PORTA<6> data input; disabled when FOSC2 Configuration bit is set.
0SsC2 X O | ANA |Main oscillator feedback output connection (HS, XT and LP modes).
CLKOUT X (0] DIG |System cycle clock output (Fosc/4) (EC and INTOSC modes).
RA7/0SC1/CLKIN | RA7 0 (0] DIG |LATA<7> data output; disabled when FOSC2 Configuration bit is set.
1 | ST |PORTA<7> data input; disabled when FOSC2 Configuration bit is set.
0SC1 X | ANA | Main oscillator input connection (HS, XT, and LP modes).
CLKIN X | ANA | Main external clock source input (EC modes).
Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This pin assignment is unavailable for 28-pin devices (PIC18F2XK80).

2:  This pin assignment is only available for 28-pin devices (PIC18F2XK80).

TABLE 11-2:  SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PORTA RA7(M) RA6( RA5 — RA3 RA2 RA1 RAO
LATA LATA7®D | LATA6WM LATA5 - LATA3 LATA2 LATA1 LATAO
TRISA TRISA7D | TRISA6D) | TRISA5 — TRISA3 | TRISA2 | TRISAT1 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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11.3 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 11-2:
CLRF  PORTB

INITIALIZING PORTB

; Initialize PORTB by
cl earing out put

; data |l atches

; Alternate nethod

CLRF LATB
; to clear output
; data |l atches
MOVLW  OCFh ; Value used to

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

MOV TRI SB

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>
pins that are configured as outputs are 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:

1. Perform any read or write of PORTB (except
with the MOVFF ( ANY) , PORTB instruction).

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

This ends the mismatch condition.
3. 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 a 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.
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TABLE 11-3:  PORTB FUNCTIONS

Pin Name Function SZE:sg 110 | 1/O Type Description
RBO/AN10/C1INA RBO 0 o} DIG |LATB<0> data output.
FLTO/INTO 1 | ST PORTB<0> data input; weak pull-up when RBPU bit is cleared.
AN10 1 | ANA |A/D Input Channel 10 and Comparator C1+ input. Default input
configuration on POR.
C1INAD 1 [ ANA |Comparator 1 Input A.
FLTO X | ST Enhanced PWM Fault input for ECCPx.
INTO 1 | ST External Interrupt O input.
RB1/AN8/C1INB/ RB1 0 (¢} DIG |LATB<1> data output.
P1B/CTDIN/INT1 1 | ST |PORTB<1> data input; weak pull-up when RBPU bit is cleared.
AN8 1 | ANA |A/D Input Channel 8 and Comparator C2+ input. Default input

configuration on POR; not affected by analog output.
C1INBY 1 [ ANA  |Comparator 1 Input B.

p1B@ 0 o} DIG |ECCP1 PWM Output B. May be configured for tri-state during
Enhanced PWM shutdown events.
CTDIN 1 | ST |CTMU pulse delay input.
INT1 1 | ST External Interrupt 1 input.
RB2/CANTX/C10UT/ RB2 0 e} DIG |LATB<2> data output.
P1C/CTED1/INT2 1 | ST PORTB<2> data input; weak pull-up when RBPU bit is cleared.
CANTX® 0 o] DIG |CAN bus TX.
c1ouT®W 0 O DIG |Comparator 1 output; takes priority over port data.
p1c® 0 o DIG |ECCP1 PWM Output C. May be configured for tri-state during
Enhanced PWM.
CTED1 X | ST |CTMU Edge 1 input.
INT2 1 | ST External Interrupt 2.
RB3/CANRX/ RB3 0 0o DIG |LATB<3> data output.
C20UT/P1D/ 1 | ST PORTB<3> data input; weak pull-up when RBPU bit is cleared.
CTEDZ2/INT3 >
CANRX®) 1 [ ST  |CAN bus RX.
c20uTW X | ST |CTMU Edge 2 input.
p1D® 0 O DIG |ECCP1 PWM Output D. May be configured for tri-state during
Enhanced PWM.
CTED2 X | ST |CTMU Edge 2 input.

INT3 1 | ST External Interrupt 3 input.
Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This pin assignment is only available for 28-pin devices (PIC18F2XK80).
2: This is the default pin assignment for CANRX and CANTX when the CANMX Configuration bit is set.
3:  This is the default pin assignment for TOCKI when the TOCKMX Configuration bit is set.
4:  This is the default pin assignment for T3CKI for 28, 40 and 44-pin devices. This is the alternate pin assignment for
T3CKI for 64-pin devices when T3CKMX is cleared.
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TABLE 11-3: PORTB FUNCTIONS (CONTINUED)

Pin Name Function SZE:sg /0 | 1/O Type Description
RB4/AN9/C2INA/ RB4 0 o} DIG |LATB<4> data output.
ECCP1/P1AICTPLS/ 1 | ST PORTB<4> data input; weak pull-up when RBPU bit is cleared.
KBIO AN9 1 | ANA |A/D Input Channel 9 and Comparator C2+ input. Default input
configuration on POR; not affected by analog output.
C2INAD 2 [ ANA | Comparator 2 Input A.
ECCP1® 0 O DIG |ECCP1 compare output and ECCP1 PWM output. Takes priority
over port data.
1 | ST ECCP1 capture input.

P1AM (0] DIG |ECCP1 Enhanced PWM output, Channel A. May be configured for
tri-state during Enhanced PWM shutdown events. Takes priority
over port data.

CTPLS X O DIG |CTMU pulse generator output.

KBIO 1 | ST Interrupt-on-pin change.
RB5/TOCKI/T3CKI/ RB5 0 (0] DIG |LATB<5> data output.
CCP5/KBI 1 | ST PORTB<5> data input; weak pull-up when RBPU bit is cleared.
TOCKI® X [ ST |TimerO clock input.
T3CKI® X | ST | Timer3 clock input.
CCP5 0 O DIG |CCP5 compare/PWM output. Takes priority over port data.
1 | ST CCP5 capture input.
KBI1 1 | ST Interrupt-on-pin change.
RB6/PGC/TX2/CK2/ RB6 0 (0] DIG |LATB<6> data output.
KBI2 1 | ST |PORTB<6> data input; weak pull-up when RBPU bit is cleared.
PGC X | ST Serial execution (ICSP™) clock input for ICSP and ICD operation.

TX2M 0 O DIG |Asynchronous serial data output (EUSARTx module); takes priority
over port data.

cka2®W 0 O DIG |Synchronous serial clock output (EUSARTx module); user must
configure as an input.

1 | ST Synchronous serial clock input (EUSARTx module); user must
configure as an input.
KBI2 1 | ST Interrupt-on-pin change.
RB7/PGD/T3G/RX2/ RB7 0 (0] DIG |LATB<7> data output.
DT2/KBI3 1 | ST |PORTB<7> data input; weak pull-up when RBPU bit is cleared.
PGD X O DIG |Serial execution data output for ICSP and ICD operation.
X | ST Serial execution data input for ICSP and ICD operation.
T3G X | ST |Timer3 external clock gate input.

Rx2® 1 | ST  |Asynchronous serial receive data input (EUSARTx module).

DT2W 1 O DIG |Synchronous serial data output (AUSART module); takes priority
over port data.

1 | ST  |Synchronous serial data input (AUSART module); user must
configure as an input.
KBI3 1 | ST Interrupt-on-pin change.

Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This pin assignment is only available for 28-pin devices (PIC18F2XK80).
2:  This is the default pin assignment for CANRX and CANTX when the CANMX Configuration bit is set.
3: This is the default pin assignment for TOCKI when the TOCKMX Configuration bit is set.
4:  This is the default pin assignment for T3CKI for 28, 40 and 44-pin devices. This is the alternate pin assignment for
T3CKI for 64-pin devices when T3CKMX is cleared.
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TABLE 11-4: 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 LATBS LATB4 LATB3 LATB2 LATB1 LATBO
TRISB TRISB7 TRISB6 TRISBS 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
ODCON SSPOD CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D U20D U10D
ANCON1 — ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSELS8

Legend: Shaded cells are not used by PORTB.
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11.4 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 CCP, MSSP and EUSARTXx
peripheral functions (Table 11-5). The pins have
Schmitt Trigger input buffers. The pins for CCP, SPI
and EUSARTx are also configurable for open-drain
output whenever these functions are active.
Open-drain configuration is selected by setting the
SSPOD, CCPxOD and U10D control bits in the
ODCON register.

RC1 is configurable for open-drain output when CCP2
is active on this pin. Open-drain configuration is
selected by setting the CCP20D control bit
(ODCON<3>).

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.

INITIALIZING PORTC

; Initialize PORTC by
cl earing out put

; data latches

; Al'ternate nethod

EXAMPLE 11-3:
CLRF  PORTC

CLRF LATC
; to clear output
; data latches
MOVLW  OCFh ; Value used to

; initialize data

; direction

; Set RC<3:0> as inputs
; RC<5:4> as outputs

; RC<7:6> as inputs

MOVWF  TRI SC
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TABLE 11-5: PORTC FUNCTIONS

Pin Name Function SZE:sg 1/0 leige Description
RCO0/SOSCO/ RCO 0 ) DIG |LATC<0> data output.
SCLKI 1 | | ST |PORTC<0> data input.
SOSCO 1 | ST |SOSC oscillator output.
SCLKI 1 | ST |Digital clock input; enabled when SOSC oscillator is disabled.
RC1/SOSCI RC1 0 ) DIG |LATC<1> data output.
1 | ST |PORTC<1> data input.
SOSCI X | ANA |SOSC oscillator input.
RC2/T1G/ RC2 0 ) DIG |LATC<2> data output.
CCP2 1 | | sT |PORTC<2> datainput.
T1G X | ST |Timer1 external clock gate input.
CCP2 0 (0] DIG |[CCP2 compare/PWM output; takes priority over port data.
1 | ST |CCP2 capture input.
RC3/REFO/ RC3 0 (0] DIG |[LATC<3> data output.
SCL/SCK 1 | | ST |PORTC<3> datainput.
REFO X (0] DIG |Reference output clock.
SCL 0 (0] DIG |I2C™ clock output (MSSP module); takes priority over port data.
1 | 12C  [I12C clock input (MSSP module); input type depends on module setting.
SCK 0 O DIG |SPI clock output (MSSP module); takes priority over port data.
1 | ST |SPI clock input (MSSP module).
RC4/SDA/SDI RC4 0 ) DIG |LATC<4> data output.
1 | ST |PORTC<4> data input.
SDA 1 (0] DIG |I2C data output (MSSP module); takes priority over port data.
1 | 12C |I?C data input (MSSP module); input type depends on module setting.
SDI 1 | ST |SPI data input (MSSP module).
RC5/SDO RC5 0 (0] DIG |[LATC<5> data output.
1 | ST |PORTC<5> data input.
SDO 0 ) DIG |SPI data output (MSSP module).
RC6/CANTX/ RC6 0 ) DIG |LATC<6> data output.
TX1/CK1/ 1 | | ST |PORTC<6> data input.
cePs CANTX®| 0 O | DIG |CAN bus TX.
™1 0 O DIG |Asynchronous serial data output (EUSARTx module); takes priority over port data.
cK1® 0 O DIG |Synchronous serial clock output (EUSARTx module); user must configure as an input.
1 | ST |Synchronous serial clock input (EUSARTx module); user must configure as an input.
CCP3 0 (0] DIG |CCP3 compare/PWM output. Takes priority over port data.
1 | ST |CCP3 capture input.

Legend: O = Output; | = Input; I2C = 12C/SMBus; ANA = Analog Signal; DIG = CMOS 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: The pin assignment for 28, 40 and 44-pin devices (PIC18F2XK80 and PIC18F4XK80).
2:  The alternate pin assignment for CANRX and CANTX on 28, 40 and 44-pin devices (PIC18F4XK80) when the CANMX
Configuration bit is set.
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TABLE 11-5: PORTC FUNCTIONS (CONTINUED)
Pin Name Function SZE:sg 1/0 leige Description
RC7/CANRX/ RC7 0 ) DIG |LATC<7> data output.
RX1/DT1/ 1 | | ST |PORTC<7> datainput.
CCP4
CANRX®| 1 | ST |CAN bus RX.
RXx1M 1 | ST |Asynchronous serial receive data input (EUSARTx module).
DT1W 1 (0] DIG |Synchronous serial data output (EUSARTx module); takes priority over port data.
1 | ST |Synchronous serial data input (EUSARTx module); user must configure as an
input.
CCP4 0 (0] DIG [CCP4 compare/PWM output; takes priority over port data.
1 | ST |CCP4 capture input.
Legend: O = Output; | = Input; 12C = 12C/SMBus; ANA = Analog Signal; DIG = CMOS 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:

The pin assignment for 28, 40 and 44-pin devices (PIC18F2XK80 and PIC18F4XK80).

2:  The alternate pin assignment for CANRX and CANTX on 28, 40 and 44-pin devices (PIC18F4XK80) when the CANMX
Configuration bit is set.

TABLE 11-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
LATC LATC7 LATBC6 LATC5 LATCB4 LATC3 LATC2 LATCA LATCO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
ODCON SSPOD | CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D u20D uU10D

Legend: Shaded cells are not used by PORTC.

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 177



PIC18F66K80 FAMILY

11,5 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.

Note: PORTD is unavailable on 28-pin devices. I

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
single control bit can turn off all the pull-ups. This is
performed by setting bit, RDPU (PADCFG1<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on all device Resets.

PORTD can also be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control
bit, PSPMODE (PSPCON<4>). In this mode, the input
buffers are ST. For additional information, see
Section 11.9 “Parallel Slave Port”.

RD3 has a CTMU functionality.

INITIALIZING PORTD

; Initialize PORTD by
cl earing out put

; data latches

; Alternate nethod

EXAMPLE 11-4:
CLRF  PORTD

CLRF LATD
; to clear output
; data latches
MOVLW  OCFh ; Value used to

; initialize data

; direction

; Set RD<3:0> as inputs
; RD<5:4> as outputs

; RD<7:6> as inputs

MOVWF  TRI SD
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TABLE 11-7: PORTD FUNCTIONS

Pin Name Function S-(I;ﬁilﬁg /O |I/O Type Description
RDO/C1INA/ RDO 0 (e} DIG |LATD<0> data output.
PSPO 1 | ST |PORTD<0> data input.
C1INA 1 | ANA |Comparator 1 Input A.
PSPO X I/0 ST Parallel Slave Port data.
RD1/C1INB/ RD1® 0 0 DIG |LATD<1> data output.
PSP1 1 | ST |PORTD<1> data input.
C1INBD 1 I ANA |[Comparator 1 Input B.
PSP1® X /0 ST  |Parallel Slave Port data.
RD2/C2INA/ RD2 0 (o} DIG |LATD<2> data output.
PSP2 1 | ST |PORTD<2> data input.
C2INA 1 | ANA |Comparator 2 Input A.
PSP2 X I/0 ST Parallel Slave Port data.
RD3/C2INB/ RD3 0 (e} DIG |LATD<3> data output.
CTMUI/PSP3 1 | ST |PORTD<3> data input.
C2INB 1 | ANA |Comparator 2 Input B.
CTMUI X | — CTMU pulse generator charger for the C2INB comparator input.
PSP3 X I/O ST Parallel Slave Port data.
RD4/ECCP1/ RD4 0 (e} DIG |LATD<4> data output.
P1A/PSP4 1 | ST |PORTD<4> data input.
ECCP1 0 O 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.

PSP4 X I/O ST Parallel Slave Port data.
RD5/P1B/PSP5 RD5 0 (o] DIG |LATD<5> data output.
1 | ST PORTD<5> data input.

P1B 0 (0] DIG |ECCP1 Enhanced PWM output, Channel B. May be configured for
tri-state during Enhanced PWM shutdown events; takes priority over
port data.

PSP5 X I/O ST Parallel Slave Port data.
RD6/TX2/CK2 RD6 0 O DIG |LATD<6> data output.
P1C/PSP6 1 | ST |PORTD<6> data input.
Tx2M 0 (0] DIG |Asynchronous serial data output (EUSARTx module); takes priority
over port data.
cka2® 0 (0] DIG |Synchronous serial clock output (EUSARTx module); user must
configure as an input.
1 | ST Synchronous serial clock input (EUSARTx module); user must
configure as an input.

P1C 0 O DIG |ECCP1 Enhanced PWM output, Channel C. May be configured for

tri-state during Enhanced PWM.
PSP6 X I/O ST Parallel Slave Port data.

Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This is the pin assignment for 40 and 44-pin devices (PIC18F4XK80).
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TABLE 11-7: PORTD FUNCTIONS (CONTINUED)
Pin Name Function S-(I;ﬁilﬁg /O |I/O Type Description
RD7/RX2/DT2/ RD7 0 O DIG |LATD<7> data output.
P1D/PSP7 1 | ST |PORTD<7> data input.
Rx2(®) 1 | ST  |Asynchronous serial receive data input (EUSARTx module).
DT2M 1 (0] DIG |Synchronous serial data output (EUSARTx module); takes priority over
port data.
1 | ST Synchronous serial data input (EUSARTx module); user must
configure as an input.
P1D 0 (0] DIG |ECCP1 Enhanced PWM output, Channel D. May be configured for
tri-state during Enhanced PWM.
PSP7 X I/0 ST Parallel Slave Port data.
Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This is the pin assignment for 40 and 44-pin devices (PIC18F4XK80).
TABLE 11-8: 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 | RDPUY | REPUD | RFPUP | RGPU®) — — — CTMUDS
ODCON SSPOD | CCP50D | CCP40D | CCP30OD | CCP20D CCP10D U20D uU10D
ANCON1 — ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 ANSEL9 ANSELS8
Legend: Shaded cells are not used by PORTD.
Note 1. These bits are unimplemented on 28-pin devices, read as ‘0’.

2. These bits are unimplemented on 28/40/44-pin devices, read as ‘0.
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11.6 PORTE, TRISE and
LATE Registers

PORTE is a seven-bit-wide, bidirectional port. The
corresponding Data Direction and Output Latch registers
are TRISE and LATE.

Note: PORTE is unavailable on 28-pin devices. I

All pins on PORTE 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 PORTE pins has a weak internal pull-up. A
single control bit can turn off all the pull-ups. This is
performed by clearing bit, REPU (PADCFG1<6>). 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.

PORTE is also multiplexed with the Parallel Slave Port
address lines. RE1 and REQ are multiplexed with the
Parallel Slave Port (PSP) control signals, WR and RD.

EXAMPLE 11-5: INITIALIZING PORTE

CLRF PORTE ; Initialize PORTE by

; clearing output

; data latches

Al t er nat e net hod

; to clear output

; data latches

MOVLW  03h ; Value used to
; initialize data
; direction

MWW TRISE ; Set RE<1:0> as inputs
; RE<7:2> as outputs

CLRF LATE

TABLE 11-9: PORTE FUNCTIONS
Pin Name Function S-gﬁil:g /O |I/O Type Description
REO/ANS5/RD REO 0 O DIG |LATE<O0> data output.
1 | ST PORTE<0> data input.
AN5 1 | ANA  |A/D Input Channel 5. Default input configuration on POR; does not
affect digital output.
RD X O DIG |Parallel Slave Port read strobe pin.
X | ST Parallel Slave Port read pin.
RE1/AN6/ RE1 0 (e} DIG |LATE<1> data output.
C10UT/WR 1 | ST |PORTE<1> data input.
AN6 1 | ANA |A/D Input Channel 5. Default input configuration on POR; does not
affect digital output.
C10UT 0 O DIG |Comparator 1 output; takes priority over port data.
WR X O DIG |Parallel Slave Port write strobe pin.
X | ST Parallel Slave Port write pin.
RE2/AN7/ RE2 0 (e} DIG |LATE<2> data output.
C20UT/CS 1 | ST |PORTE<2> data input.
AN7 1 | ANA |A/D Input Channel 7. Default input configuration on POR; does not
affect digital output.
C20UT 0 O DIG |Comparator 2 output; takes priority over port data.
cs X | ST Parallel Slave Port chip select.
RE3 RE3 1 | ST PORT<3> data input.
RE4/CANRX RE4® 0 o) DIG |LATE<4> data output.
1 | ST PORTE<4> data input.
CANRX(12) 1 I ST |CAN bus RX.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = CMOS 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: These bits are unavailable for 40 and 44-pin devices (PIC18F4XKO0).
2: This is the alternate pin assignment for CANRX and CANTX on 64-pin devices (PIC18F6XK80) when the CANMX

Configuration bit is cleared.
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TABLE 11-9: PORTE FUNCTIONS (CONTINUED)
Pin Name Function S-(I;ﬁilﬁg /O |I/O Type Description
RE5/CANTX RE5(M 0 0 DIG |LATE<5> data output.
1 | ST PORTE<5> data input.
CANTX(:2) 0 o] DIG |CAN bus TX.
RE6/RX2/DT2 RE6(® 0 o DIG |LATE<6> data output.
1 | ST PORTE<6> data input.
Rx2® 1 | ST Asynchronous serial receive data input (EUSARTx module).
D12 1 O DIG |Synchronous serial data output (EUSARTx module); takes priority over
port data.
1 | ST Synchronous serial data input (EUSARTx module); user must
configure as an input.
RE7/TX2/CK2 RE7(® 0 o) DIG |LATE<7> data output.
1 | ST PORTE<7> data input.
)2 0 O DIG |Asynchronous serial data output (EUSARTx module); takes priority
over port data.
cka® 0 O DIG |Synchronous serial clock output (EUSARTXx module); user must
configure as an input.
1 | ST Synchronous serial clock input (EUSARTx module); user must config-
ure as an input.
Legend: O = Output, | = Input, ANA = Analog Signal, DIG = CMOS 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:

These bits are unavailable for 40 and 44-pin devices (PIC18F4XKO0).

2: This is the alternate pin assignment for CANRX and CANTX on 64-pin devices (PIC18F6XK80) when the CANMX
Configuration bit is cleared.

TABLE 11-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTE RE7M RE6(M RE5(M) RE4(D RE3 RE2 RE1 REO
LATE LATE7 LATE6 LATES LATE4 — LATE2 LATE1 LATEO
TRISE TRISE7 TRISE6 | TRISE5 | TRISE4 — TRISE2 TRISE1 TRISEO
PADCFG1 RDPU REPU RFPUD | RGPUM = = = CTMUDS
ANCONO ANSEL7 ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 ANSEL1 | ANSELO
Legend: Shaded cells are not used by PORTE.

Note 1: These bits are unimplemented on 44-pin devices, read as ‘0’.
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11.7 PORTF, LATF and TRISF Registers

PORTF is an 8-bit wide, bidirectional port. The
corresponding Data Direction and Output Latch regis-
ters are TRISF and LATF. All pins on PORTF are
implemented with Schmitt Trigger input buffers. Each pin

Note: On device Resets, pins, RF<7:1>, are
configured as analog inputs and are read

as ‘0.

EXAMPLE 11-6: INITIALIZING PORTF

is individually configurable as an input or output. CLRF  PORTF ; Initialize PORTF by
; clearing output
Note: PORTF is only available on 64-pin devices. I : data |atches
Each of the PORTF pins has a weak internal pull-up. A CLRF LATF f‘lot Elr 22: eogflto[]?d
single control bit can turn off all the pull-ups. This is data | at ches
done by clearing bit, RFPU (PADCFG1<5>). The weak MOWVLW OCEh  : Value used to
pull-up is automatically turned off when the port pin is © initialize data
configured as an output. The pull-ups are disabled on ; direction
any device Reset. MOWIE  TRISF ; Set RF3:RFl as inputs
: RF5:RF4 as outputs
; RF7:RF6 as inputs
TABLE 11-11: PORTF FUNCTIONS
Pin Name Function S-gﬁilﬁg /O |I/O Type Description
RFO/MDMIN RFO 0 O DIG |LATF<0> data output.
1 | ST PORTF<0> data input.
MDMIN 1 | ST Modulator source input.
RF1 RF1 0 o DIG |LATF<1> data output.
1 | ST |PORTF<1> data input.
RF2/MDCIN1 RF2 0 (e} DIG |LATF<2> data output.
1 | ST PORTF<2> data input.
MDCIN1 1 | ST Modulator Carrier Input 1.
RF3 RF3 0 o DIG |LATF<3> data output.
1 | ST |PORTF<3> data input.
RF4/MDCIN2 RF4 0 (e} DIG |LATF<4> data output.
1 | ST PORTF<4> data input.
MDCIN2 1 | ST Modulator Carrier Input 2.
RF5 RF5 0 O DIG |LATF<5> data output.
1 | ST PORTF<5> data input.
RF6/MDOUT RF6 0 (e} DIG |LATF<6> data output.
1 | ST PORTF<6> data input.
MDOUT 0 O DIG |Modulator output.
RF7 RF7 0 O DIG |LATF<7> data output.
1 | ST PORTF<7> data input.
Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS Output; ST = Schmitt Trigger Buffer Input;

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

TABLE 11-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

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 RFO
LATF LATF7 LATF6 LATF5 LATF4 LATF3 LATF2 LATF1 LATFO
TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISFO
PADCFG1 RDPU REPU RFPUD) | RGPUM — — — CTMUDS
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTF.

Note 1. These bits are unimplemented on 28-pin devices, read as ‘0’.
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11.8 PORTG, TRISG and put, while other peripherals override the TRIS bit to

LATG Registers make a pin an input. The user should refer to the

corresponding peripheral section for the correct TRIS

PORTG is a b5-bit wide, bidirectional port. The bit settings. The pin override value is not loaded into

corresponding Data Direction and Output Latch registers the TRIS register. This allows read-modify-write of the

are TRISG and LATG. TRIS register without concern due to peripheral

Note: PORTG is only available on 64-pin| overrides.
devices.

EXAMPLE 11-7: INITIALIZING PORTG

PORTG is multiplexed with EUSARTx and CCP, ECCP,
Analog, Comparator and Timer input functions ’
(Table 11-13). When operating as 1/O, all PORTG pins '
have Schmitt Trigger input buffers. The open-drain CLRF LATG Alternate method
functionality for the EUARTX can be configured using . to clear output
ODCON. ; data latches

Each of the PORTG pins has a weak internal pull-up. A MOVLW  04h ; Value used to
single control bit can turn off all the pull-ups. This is per- ; initialize data

CLRF PORTG ; Initialize PORTG by
cl earing out put
data | atches

. . ; direction
formed by clgarlng blt,.RGPU (PADCFG1<4>). The VOWE TR SG ! Set RGL: RA as
weak pull-up is automatically turned off when the port . outputs

p?n is configured gs an output. The pull-ups are : R& as input
disabled on any device Reset. ;. R&4: RG3 as inputs

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 out-

TABLE 11-13: PORTG FUNCTIONS

Pin Name |Function Szt—\;ilﬁg lfe} nge Description
RGO/RX1/DT1 RGO 0 o DIG |LATG<0> data output.
1 I ST |PORTG<0> data input.
RX1 1 | ST | Asynchronous serial receive data input (EUSARTx module).
DT1 0 (0] DIG |Synchronous serial data output (EUSARTx module); takes priority over port data.
1 | ST |Synchronous serial data input (EUSARTx module); user must configure
as an input.
RG1/CANTX RG1 0 (o] DIG |LATG<1> data output.
1 | ST |PORTG<1> data input.
CANTX 0 (e} DIG |CAN bus TX.
RG2/T3CKI RG2 0 (e} DIG |LATG<2> data output.
1 I ST |PORTG<2> data input.
T3CKI® X [ ST | Timer3 clock input.
RG3/TX1/CK1 RG3 0 (e} DIG |LATG<3> data output.
1 | ST |PORTG<3> data input.
X1 0 (0] DIG |Asynchronous serial data output (EUSARTx module); takes priority over port data.
CK1 0 O DIG |Synchronous serial clock output (EUSARTx module); user must
configure as an input.
1 | ST |Synchronous serial clock input (EUSARTx module); user must configure
as an input.
RG4/TOCKI RG4 0 o DIG |LATG<4> data output.
1 | ST |PORTG<4> data input.
ToCKI® X [ ST |Timer0 clock input.

Legend: O = Output; | = Input; ANA = Analog Signal; DIG = CMOS 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: This is the alternate pin assignment for TOCKI on 64-pin devices when the TOCKMX Configuration bit is cleared.
2: This is the default pin assignment for T3CKI on 64-pin devices when the T3CKMX Configuration bit is set.
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TABLE 11-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTG — = = RG4 RG3 RG2 RG1 RGO
TRISG — — — TRISG4 | TRISG3 | TRISG2 | TRISG1 | TRISGO
PADCFG1 RDPU REPU RFPUD | RGPUW — — — CTMUDS
Legend:

— = unimplemented, read as ‘0’. Shaded cells are not used by PORTG.

Note 1: These bits are unimplemented on 28-pin devices; read as ‘0’.
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11.9 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 (REO/AN5/RD) and
WR control input pin (RE1/AN6/C10UT/WR).

Note:  The Parallel Slave Port is available only on
40/44-pin and 64-pin devices.

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/AN5/RD, to  be the ~RD input,
RE1/ANG6/C1OUT/WR to be the WR input and
RE2/AN7/C20UT/CS 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 11-4 and Figure 11-5,
respectively.

FIGURE 11-3:

PORTD AND PORTE
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REGISTER 11-5: PSPCON: PARALLEL SLAVE PORT CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 U-0 uU-0 uU-0 uU-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 11-4: PARALLEL SLAVE PORT WRITE WAVEFORMS

Q1 | @2 | @3 | @4 Q1 | @2 | @3 | @4 . Q1 | @2 | Q3 | Q4

o

T . |

PORTD<7:0> —{ N =
IBF ! \ \/
oo — 5 \

PSPIF

© 2010-2017 Microchip Technology Inc. DS30009977G-page 187



PIC18F66K80 FAMILY

FIGURE 11-5: PARALLEL SLAVE PORT READ WAVEFORMS
Q1 | Q2 Q3 | Q4 Q1 | @2 | @3 | @4 + Q1 | @2 | @3 | Q4
CS  \ Z : /
WR — : :
RO /\ / /\ L
PORTD<7:0> — ( { | =
IBF —. :
oBF ' =\ \ i
PSPIF . / f
TABLE 11-15: 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 LATD5S 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 — LATE2 LATE1 LATEO
TRISE TRISE7 TRISE6 TRISE5 TRISE4 — TRISE2 TRISE1 TRISEO
PSPCON IBF OBF IBOV PSPMODE — — — —
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PMD1 PSPMD | CTMUMD | ADCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
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12.0 DATA SIGNAL MODULATOR

Note: The Data Signal Modulator is only available
on 64-pin devices (PIC18F6XK80).

The Data Signal Modulator (DSM) is a peripheral which
allows the user to mix a data stream, also known as a
modulator signal, with a carrier signal to produce a
modulated output.

Both the carrier and the modulator signals are supplied
to the DSM module, either internally from the output of
a peripheral, or externally through an input pin.

The modulated output signal is generated by perform-
ing a logical “AND” operation of both the carrier and
modulator signals and then it is provided to the MDOUT
pin.

The carrier signal is comprised of two distinct and sepa-
rate signals: a carrier high (CARH) signal and a carrier
low (CARL) signal. During the time in which the modula-
tor (MOD) signal is in a logic high state, the DSM mixes
the carrier high signal with the modulator signal. When
the modulator signal is in a logic low state, the DSM
mixes the carrier low signal with the modulator signal.

Using this method, the DSM can generate the following
types of key modulation schemes:

» Frequency-Shift Keying (FSK)

* Phase-Shift Keying (PSK)

* On-Off Keying (OOK)

Additionally, the following features are provided within
the DSM module:

» Carrier Synchronization

 Carrier Source Polarity Select

 Carrier Source Pin Disable

» Programmable Modulator Data

» Modulator Source Pin Disable

* Modulated Output Polarity Select

» Slew Rate Control

Figure 12-1 shows a simplified block diagram of the
Data Signal Modulator peripheral.
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FIGURE 12-1: SIMPLIFIED BLOCK DIAGRAM OF THE DATA SIGNAL MODULATOR
MDCH<3:0>
MDEN
Vss — 0000 N
MDCIN1 X—0001 rTTTEN T T T T T T T T TT T TT oo 1
MDCIN2 X—0010 I Data Signal |
REFO Clock —0011 | Modulator !
ECCP1 —0100 I I
CCP2 —0101| CARH | |
CCP3 —10110 | L —e |
CCP4 —0111 | |
CCPs —11000 | MDCHPOL |
Reserved }901 | |
No Channel Selected 1111 : D :
| SYNC 1
MDMS<3:O>_\I% : ~ Q 1 :
MDBIT —000 ! !
MDMIN X—0001 I I
MSSP (SDO) —0010 I 0 |
EUSART1 (TX) —{0011 I I
EUSARE% (CT '3(1) —] 818(; [ MDCHSYNC !
] | |
CCP2 —0110| moD | |
CCP3 —{0111 | H
CCP4 —1000 : : (D H:)—‘Z MDOUT
CCP5 —{1001 | | MDOE
1010 | ; ; , MDOPOL
Reserved .
No Channel N ' !
Selected 1111 : :
| |
I —° |
MDCL<3:0> | SYNC |
! — Q1 !
Vss —0000 ! !
MDCIN1 [®—0001 I I
MDCIN2 X—0010 | |
REFO Clock —0011 | 0 I
ECCP1 —0100 | |
8855 :812(1) CARL D MDCLSYNC I
ccpP4 —|0111 ! :
ccp5 —{1000 ! !
R | 1001 : MDCLPOL :
eserve .
No Channel Selected { 1111 | |
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12.1 DSM Operation

The DSM module can be enabled by setting the MDEN
bit in the MDCON register. Clearing the MDEN bit in the
MDCON register, disables the DSM module by auto-
matically switching the carrier high and carrier low
signals to the Vss signal source. The modulator signal
source is also switched to the MDBIT in the MDCON
register. This not only assures that the DSM module is
inactive, but that it is also consuming the least amount
of current.

The values used to select the carrier high, carrier low
and modulator sources held by the Modulation Source,
Modulation High Carrier and Modulation Low Carrier
Control registers are not affected when the MDEN bit is
cleared, and the DSM module is disabled. The values
inside these registers remain unchanged while the
DSM is inactive. The sources for the carrier high,
carrier low and modulator signals will once again be
selected when the MDEN bit is set and the DSM
module is again enabled and active.

The modulated output signal can be disabled without
shutting down the DSM module. The DSM module will
remain active and continue to mix signals, but the out-
put value will not be sent to the MDOUT pin. During the
time that the output is disabled, the MDOUT pin will
remain low. The modulated output can be disabled by
clearing the MDOE bit in the MDCON register.

12.2 Modulator Signal Sources

The modulator signal can be supplied from the following
sources:

+ ECCP1 Signal

» CCP2 Signal

» CCP3 Signal

* CCP4 Signal

» CCP5 Signal

* MSSP SDO Signal (SPI mode only)

+ EUSART1 TX1 Signal

+ EUSART2 TX2 Signal

» External Signal on MDMIN Pin (RFO/MDMIN)
* MDBIT bit in the MDCON Register

The modulator signal is selected by configuring the
MDSRC<3:0> bits in the MDSRC register.

12.3 Carrier Signal Sources

The carrier high signal and carrier low signal can be
supplied from the following sources:

* CCP1 Signal

» CCP2 Signal

» CCP3 Signal

« CCP4 Signal

» Reference Clock Module Signal

» External Signal on MDCIN1 Pin (RF2/MDCIN1)
» External Signal on MDCIN2 Pin (RF4/MDCIN2)
* Vss

The carrier high signal is selected by configuring the
MDCH<3:0> bits in the MDCARH register. The carrier
low signal is selected by configuring the MDCL<3:0>
bits in the MDCARL register.

12.4 Carrier Synchronization

During the time when the DSM switches between car-
rier high and carrier low signal sources, the carrier data
in the modulated output signal can become truncated.
To prevent this, the carrier signal can be synchronized
to the modulator signal. When synchronization is
enabled, the carrier pulse that is being mixed at the
time of the transition is allowed to transition low before
the DSM switches over to the next carrier source.

Synchronization is enabled separately for the carrier
high and carrier low signal sources. Synchronization for
the carrier high signal can be enabled by setting the
MDCHSYNC bit in the MDCARH register. Synchroniza-
tion for the carrier low signal can be enabled by setting
the MDCLSYNC bit in the MDCARL register.

Figure 12-1 through Figure 12-5 show timing diagrams
of using various synchronization methods.
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FIGURE 12-2: ON/OFF KEYING (OOK) SYNCHRONIZATION

Carrier Low (CARL) .

Modulator (MOD) \ / \ / \
MDCHSYNC =1 : : ' Z I
MDCLSYNC=0 / \/ L/ U/ '\ AR SRR AR /o U
MDCHSYNG = 1 : : : :
R AV AVAVA Y AVAVAYA U AW AV AN
MDCLSYNC =0 , : : . .
v N AVAVAV, U IV AVAVAVA' Tavav)
MDCLSYNC =1 . ' ! ; :

EXAMPLE 12-1: NO SYNCHRONIZATION (MDCHSYNC = 0, MDCLSYNC = 0)

Carrbih O L ) L
camertowicarty [ LML UL UL
Modulator (MOD) | | \
aewezs LT LI L L UL
Active Carrier CARH X CARL X CARH >< CARL
FIGURE 12-3: CARRIER HIGH SYNCHRONIZATION (MDCHSYNC =1, MDCLSYNC =0)

Comerian (AR L 5 1] | L L F
carertowear) [ [ L UL UL UL L L L
Modulator (MOD) | | | I
wooweNezs L LT LML B By U W
Active Carrier CARH /both\ CARL? N/ CARH / both \ CARL?
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FIGURE 12-4:

CARRIER LOW SYNCHRONIZATION (MDCHSYNC = 0, MDCLSYNC = 1)
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FIGURE 12-5: FULL SYNCHRONIZATION (MDCHSYNC =1, MDCLSYNC =1)
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12.5 Carrier Source Polarity Select

The signal provided from any selected input source for
the carrier high and carrier low signals can be inverted.
Inverting the signal for the carrier high source is
enabled by setting the MDCHPOL bit of the MDCARH
register. Inverting the signal for the carrier low source is
enabled by setting the MDCLPOL bit of the MDCARL
register.

12.6 Carrier Source Pin Disable

Some peripherals assert control over their correspond-
ing output pin when they are enabled. For example,
when the CCP1 module is enabled, the output of CCP1
is connected to the CCP1 pin.

This default connection to a pin can be disabled by
setting the MDCHODIS bit in the MDCARH register for
the carrier high source and the MDCLODIS bit in the
MDCARL register for the carrier low source.

12.7 Programmable Modulator Data

The MDBIT of the MDCON register can be selected as
the source for the modulator signal. This gives the user
the ability to program the value used for modulation.

12.8 Modulator Source Pin Disable

The modulator source default connection to a pin can
be disabled by setting the MDSODIS bit in the MDSRC
register.

12.9 Modulated Output Polarity

The modulated output signal provided on the MDOUT
pin can also be inverted. Inverting the modulated out-
put signal is enabled by setting the MDOPOL bit of the
MDCON register.

12.10 Slew Rate Control

When modulated data streams of 20 MHz or greater
are required, the slew rate limitation on the output port
pin can be disabled. The slew rate limitation can be
removed by clearing the MDSLR bit in the MDCON
register.

12.11 Operation In Sleep Mode

The DSM module is not affected by Sleep mode. The
DSM can still operate during Sleep if the Carrier and
Modulator input sources are also still operable during
Sleep.

12.12 Effects of a Reset

Upon any device Reset, the Data Signal Modulator
module is disabled. The user’s firmware is responsible
for initializing the module before enabling the output.
The registers are reset to their default values.
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REGISTER 12-1: MDCON: MODULATION CONTROL REGISTER

R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 uU-0 uU-0 R/W-0
MDEN MDOE MDSLR MDOPOL MDO — — MDBIT
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 MDEN: Modulator Module Enable bit
1 = Modulator module is enabled and mixing input signals
0 = Modulator module is disabled and has no output
bit 6 MDOE: Modulator Module Pin Output Enable bit
1 = Modulator pin output is enabled
0 = Modulator pin output is disabled
bit 5 MDSLR: MDOUT Pin Slew Rate Limiting bit
1 = MDOUT pin slew rate limiting is enabled
0 = MDOUT pin slew rate limiting is disabled
bit 4 MDOPOL: Modulator Output Polarity Select bit
1 = Modulator output signal is inverted
0 = Modulator output signal is not inverted
bit 3 MDO: Modulator Output bit
Displays the current output value of the modulator module.®
bit 2-1 Unimplemented: Read as ‘0’
bit 0 MDBIT: Modulator Source Input bit
Allows software to manually set modulation source input to module.®
Note 1: The MDBIT must be selected as the modulation source in the MDSRC register for this operation.

2:

The modulated output frequency can be greater and asynchronous from the clock that updates this
register bit. The bit value may not be valid for higher speed modulator or carrier signals.
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REGISTER 12-2: MDSRC: MODULATION SOURCE CONTROL REGISTER

R/W-0 u-0 U-0 u-0 R/W-x R/W-x R/W-x R/W-x
MDSODIS — — — MDSRC3 MDSRC2 MDSRC1 MDSRCO
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 MDSODIS: Modulation Source Output Disable bit

1 = Output signal driving the peripheral output pin (selected by MDMS<3:0>) is disabled
0 = Output signal driving the peripheral output pin (selected by MDMS<3:0>) is enabled

bit 6-4 Unimplemented: Read as ‘0’
bit 3-0 MDSRC<3:0> Modulation Source Selection bits

1111-1010 = Reserved; no channel connected
1001 = CCP5 output (PWM Output mode only)
1000 = CCP4 output (PWM Output mode only)
0111 = CCP3 output (PWM Output mode only)
0110 = CCP2 output (PWM Output mode only)
0101 = ECCP1 output (PWM Output mode only)
0100 = EUSART2 TX output

0011 = EUSART1 TX output

0010 = MSSP SDO output

0001 = MDMIN port pin

0000 = MDBIT bit of the MDCON register is the modulation source

DS30009977G-page 196 © 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

REGISTER 12-3: MDCARH: MODULATION HIGH CARRIER CONTROL REGISTER

R/W-0 R/W-x R/W-x u-0 R/W-x R/W-x R/W-x R/W-x
MDCHODIS | MDCHPOL |MDCHSYNC — MDCH3®D | MDCH2® | MDCH1® | MDCHo®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 MDCHODIS: Modulator High Carrier Output Disable bit

1 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is disabled
0 = Output signal driving the peripheral output pin (selected by MDCH<3:0>) is enabled

bit 6 MDCHPOL: Modulator High Carrier Polarity Select bit

1 = Selected high carrier signal is inverted
0 = Selected high carrier signal is not inverted

bit 5 MDCHSYNC: Modulator High Carrier Synchronization Enable bit
1 = Modulator waits for a falling edge on the high time carrier signal before allowing a switch to the

low time carrier

0 = Modulator output is not synchronized to the high time carrier signal(l)
bit 4 Unimplemented: Read as ‘0’
bit 3-0 MDCH<3:0> Modulator Data High Carrier Selection bits(™)

1111-1001 = Reserved

1000 = CCP5 output (PWM Output mode only)

0111 = CCP4 output (PWM Output mode only)

0110 = CCP3 output (PWM Output mode only)

0101 = CCP2 output (PWM Output mode only)

0100 = ECCP1 output (PWM Output mode only)

0011 = Reference clock module signal

0010 = MDCIN2 port pin

0001 = MDCIN1 port pin

0000 =Vss

Note 1: Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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REGISTER 12-4: MDCARL: MODULATION LOW CARRIER CONTROL REGISTER

R/W-0 R/W-x R/W-x u-0 R/W-x R/W-x R/W-x R/W-x
MDCLODIS | MDCLPOL | MDCLSYNC — mpcL3® | mpcL2® | mpcL1® | mbcLo®W
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 MDCLODIS: Modulator Low Carrier Output Disable bit
1 = Output signal driving the peripheral output pin (selected by MDCL<3:0> of the MDCARL register)
is disabled
0 = Output signal driving the peripheral output pin (selected by MDCL<3:0> of the MDCARL register)
is enabled
bit 6 MDCLPOL: Modulator Low Carrier Polarity Select bit

1 = Selected low carrier signal is inverted
0 = Selected low carrier signal is not inverted

bit 5 MDCLSYNC: Modulator Low Carrier Synchronization Enable bit
1 = Modulator waits for a falling edge on the low time carrier signal before allowing a switch to the high
time carrier
0 = Modulator output is not synchronized to the low time carrier signal®
bit 4 Unimplemented: Read as ‘0’
bit 3-0 MDCL<3:0> Modulator Data High Carrier Selection bits(®)

1111-1001 = Reserved

1000 = CCP5 output (PWM Output mode only)
0111 = CCP4 output (PWM Output mode only)
0110 = CCP3 output (PWM Output mode only)
0101 = CCP2 output (PWM Output mode only)
0100 = ECCP1 output (PWM Output mode only)
0011 = Reference clock module signal

0010 = MDCIN2 port pin

0001 = MDCIN1 port pin

0000 = Vss

Note 1: Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.

TABLE 12-1: SUMMARY OF REGISTERS ASSOCIATED WITH DATA SIGNAL MODULATOR MODE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MDCARH | MDCHODIS| MDCHPOL |[MDCHSYNC — MDCH3 MDCH2 MDCHA1 MDCHO
MDCARL | MDCLODIS | MDCLPOL |MDCLSYNC — MDCL3 MDCL2 MDCLA1 MDCLO
MDCON MDEN MDOE MDSLR MDOPOL MDO — — MDBIT
MDSRC MDSODIS — — — MDSRC3 | MDSRC2 | MDSRC1 | MDSRCO
PMD2 — — — — MODMD | ECANMD | CMP2MD | CMP1MD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used in the Data Signal Modulator mode.
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13.0 TIMERO MODULE The TOCON register (Register 13-1) controls all
aspects of the module’s operation, including the
The Timer0 module incorporates the following features: prescale selection. It is both readable and writable.
+ Software selectable operation as a timer or Figure 13-1 provides a simplified block diagram of the
counter in both 8-bit or 16-bit modes Timer0 module in 8-bit mode. Figure 13-2 provides a
* Readable and writable registers simplified block diagram of the Timer0 module in 16-bit
» Dedicated 8-bit, software programmable 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 TOPS1 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: Timer0 On/Off Control bit

1 = Enables Timer0
0 = Stops Timer0
bit 6 TO8BIT: Timer0 8-Bit/16-Bit Control bit
1 = TimerO 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 = Transitions on TOCKI pin
0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increments on high-to-low transition on TOCKI pin
0 = Increments on low-to-high transition on TOCKI pin
bit 3 PSA: TimerO Prescaler Assignment bit
1 = TimerO prescaler is not assigned; TimerO0 clock input bypasses prescaler
0 = TimerOQ 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 =1:4 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, Timer0O 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 TimerO 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 were 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 —»m—» TMROIF
TOCKI Pin Programmable Clocks - on Overflow

Prescaler
TOSE

TOCS
TOPS<2:0>
PSA

(2 Tcy Delay)
8
8

Note: Upon Reset, Timer0Q is enabled in 8-bit mode with clock input from TOCKI max. prescale.

<

> Internal Data Bus

FIGURE 13-2: TIMERO BLOCK DIAGRAM (16-BIT MODE)
Foscl4 0
S ith
1 Iygrt;ecrnwelll —»‘ TMROL | High Bvte THROIF
TOCKI Pin locks g on Overflow
TOSE (2 Tcy Delay) ||
TOCS ,j X K L Read TMROL
;(;F;s<2.o> u X Write TMROL
8
TMROH
8
8
< v > 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

An 8-bit counter is available as a prescaler for the Timer0
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.

Prescaler

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,
MOVWAF 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

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 TimerO 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 shutdown in Sleep mode, the TMRO

assignment. interrupt cannot awaken the processor from Sleep.

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMERO

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TMROL Timer0 Register Low Byte
TMROH TimerQ Register High Byte
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO
PMD1 PSPMD CTMUMD | ADCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
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 8-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 module derives its clocking source from either the
secondary oscillator or from an external digital source.
If using the secondary oscillator, there are the addi-
tional options for low-power, high-power and external
digital clock source.

Timer1 is controlled through the T1CON Control
register (Register 14-1). It also contains the Timer1
Oscillator Enable bit (SOSCEN). Timer1 can be
enabled or disabled by setting or clearing control bit,
TMR1ON (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 TMR1CSO T1CKPS1 T1CKPSO

SOSCEN T1SYNC RD16 TMR10ON

bit 7

bit 0

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘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 pin or oscillator, depending on the SOSCEN bit:

SOSCEN =0;

External clock is from the T1CKI pin (on the rising edge).

SOSCEN =1;

Depending on the SOSCSELXx Configuration bit, the clock source is either a crystal oscillator on
SOSCI/SOSCO or an internal digital clock from the SCLKI pin.

01 = Timer1 clock source is the system clock (Fosc)®)

00 = Timer1 clock source is the instruction clock (Fosc/4)

bit 5-4 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

bit 3 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.
bit 2 T1SYNC: Timer1 External Clock Input Synchronization Select bit

TMR1CS<1:0> =10:

1 = Do not synchronize external clock input

0 = Synchronizes external clock input
TMR1CS<1:0> = 0x:

This bit is ignored. Timer1 uses the internal clock when TMR1CS<1:0> = 1x.

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 1 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 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 Timerl 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/T1DONE | 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 T1IGCON prior to T1CON is recommended.
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14.2 Timerl 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 the
SOSCSELx bits), the RC1/SOSCI and
RCO0/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.
Table 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 is enabled after POR Reset
* Write to TMR1H or TMR1L
 Timer1 is disabled

 Timer1 is disabled (TMR10ON = 0)

When T1CKI is high, Timer1 is enabled
(TMR10ON = 1) when T1CKl is low.

TABLE 14-1: TIMER1 CLOCK SOURCE SELECTION

TMR1CS1 TMR1CSO 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> ————
T1G 00 T1GSPM
From TMR2 01 0
Match PR2 TIGIN T1GVAL D Q Data Bus
From Comparator 1 10 Single Pulse N RD
Output T Acq. Control Q1—EN T1GCON
From Comparator 2 1
Output T1GGO/TIDONE Interrupt _Set
N det TMR1GIF
T1GPOL T1GTM
TMR1GE
Set Flag bit, TMR10ON
TMR1IF, on
Overflow @)
L TMR1 EN ol Synchronized
TMR1H TMRIL a T1CLK Clock Input
1l
TMR1CS<1:0> T1SYNC
SOSCO/SCLKI X ]—— ouTW L—
SOSC 10 Prescaler Synchronize®
1,2,4,8 f
il ’ ’ det
SOSCI g |—
EN Fosc } 2
Internal — 01
Clock T1CKPS<1:0>
T1CON.SOSCEN—
T3CON.SOSCEN Fosc/4 Fosc/2 sI Inout
SOSCGO Internal —1 00 Internal eep Inpu
SCS<1:0> =01 Clock Clock

T1cki X

Note 1:

ST Buffer is high-speed type when using T1CKI.

2:  Timer1 register increments on rising edge.

3:  Synchronize does not operate while in Sleep.

4:  The output of SOSC is determined by the SOSCSEL<1:0> Configuration bits.
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14.4 Timerl 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 can be enabled one of these ways:

» Setting the SOSCEN bit in either the T1ICON or
T3CON register (TxCON<3>)

» Setting the SOSCGO bit in the OSCCONZ2 register
(OSCCON2<3>)

» Setting the SCSx bits to secondary clock source in
the OSCCON register (OSCCON<1:0>=01)

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 typical
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
OSCILLATOR
C1
12 pF PIC18F66K80

——— X} sosci

3 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(?Z:345)

Oscillator
Type Freq. C1l Cc2
LP 32 kHz 12 pF 12 pF

Note 1: Microchip suggests these values as a starting
point in validating the oscillator circuit.

2: Higher capacitance increases the stability 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 guidance 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 fre-
quency not meeting the crystal manufacturer’s
tolerance specification.

The SOSC crystal oscillator drive level is determined
based on the SOSCSELx (CONFIG1L<4:3>) Configu-
ration 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 Load
Capacitance (CL) ratings.

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 (Load
Capacitance) 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.
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For more details on selecting the optimum C1 and C2
for a given crystal, see the crystal manufacture’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 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 oscillator. 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.

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

——(O | osc1
—4—O J§ osc2

O | Reo
H—O B Rrc1

O Rec2

Note: Not drawn to scale.

In the Low Drive Level mode, SOSCSEL<1:0> =01, itis
critical that RC2 1/0 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 layoults.

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 Timerl Interrupt

The TMR1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The Tim-
er1interrupt, 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>).
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14.7 Resetting Timerl Using the ECCP
Special Event Trigger

If ECCP modules are configured to use Timer1 and to
generate a Special Event Trigger in Compare mode
(CCP1M<3:0> = 1011), this signal will reset Timer1. The
trigger from ECCP 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 CCPR1H:CCPR1L 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 ECCP

14.8 Timerl 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 T1IGPOL 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

module will only clear the TMR1 register’s SELECTIONS
content, but not set the TMR1IF interrupt T1GPOL Timer1
. ) .

flag bit (PIR1<0>). T1CLK (TIGCON<6>) T1G Pin Operation
T 0 0 |Counts
T 0 1 |Holds Count
T 1 0 Holds Count
T 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 4, 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 CCPTMRS register. For
more details, see Register 20-2 and
Register 19-2.
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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> Timerl 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.

Depending on T1GPOL, Timer1 increments differently
when TMR2 matches PR2. When T1GPOL =1, Timer1
increments for a single instruction cycle following a
TMR2 match with PR2. When T1GPOL = 0, Timer1
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 ftransitions of the
CMP10UT (CMSTAT<6>) 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
CMP20OUT (CMSTAT<7>) bit.
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14.8.3 TIMER1 GATE TOGGLE MODE The T1GVAL bit (T1GCON<2>) indicates when the

When Timer1 Gate Toggle mode is enabled, it is Toggled mode is active and the timer is counting.

possible to measure the full cycle length of a Timer1 The Timer1 Gate Toggle mode is enabled by setting the
gate signal, as opposed to the duration of a single level T1GTM bit (T1IGCON<5>). When T1GTM is cleared,
pulse. the flip-flop is cleared and held clear. This is necessary

The Timer1 gate source is routed through a flip-flop that in order to control which edge is measured.

changes state on every incrementing edge of the
signal. (For timing details, see Figure 14-5.)

FIGURE 14-5: TIMER1 GATE TOGGLE MODE

TMR1GE
T1GPOL

TIGTM
T1G_IN

T1GVAL |

Timerd N CED CED(EE N4
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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 traiing 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/ k— Set by Software

T1DONE
Counting Enabled on

Rising Edge of T1G

T1G_IN

B

“ Falling Edge of T1IGVAL

F O R R o R e

T1GVAL :

Timer1 N
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FIGURE 14-7: TIMER1 GATE SINGLE PULSE AND TOGGLE COMBINED MODE
TMR1GE
T1GPOL
T1GSPM
T1GTM
Cleared by Hardware on
T1GGO/ I{— Set by Software ‘ ¢ Falling Edge of T1GVAL
T1DONE Counting Enabled on
Rising Edge of T1G

T1G_IN

mew [ L[ L]

T1GVAL | , : : |
Timer1 N ><N+1><N+2><N+3>< N+4

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 SSPIF | TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | TMR1GIP | TMR2IP TMR1IP
TMR1L Timer1 Register Low Byte
TMR1H Timer1 Register High Byte
T1CON TMR1CS1 | TMR1CS0 | TICKPS1| T1CKPSO | SOSCEN | T1SYNC RD16 TMR10ON
T1GCON TMR1GE | T1GPOL | T1GTM T1GSPM T1GGO/ | T1IGVAL | T1GSS1 T1GSS0

T1DONE

OSCCON2 — SOSCRUN — SOSCDRV | SOSCGO — MFIOFS | MFIOSEL
PMD1 PSPMD | CTMUMD | ADCMD TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
Legend: Shaded cells are not used by the Timer1 module.
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15.0 TIMERZ 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 module

The 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.

151

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>).

Timer2 Operation

REGISTER 15-1:

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 Inter-
rupt”.)

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)

TMR2 is not cleared when T2CON is written.

Note: The CCP and ECCP modules use Timers,
1 through 4, 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 CCPTMRS register. For
more details, see Register 20-2 and

Register 19-2.

T2CON: TIMER2 CONTROL REGISTER

uU-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 TMR20ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off
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REGISTER 15-1: T2CON: TIMER2 CONTROL REGISTER (CONTINUED)

bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits
00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16
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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 four-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 module operating in SPlI 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 Re

set

(to PWM or MSSP)
A TMR2/PR2
Match

Fosc/4 TMR2

| 1:1,1:4,1:16

Prescaler

I:Di Comparator }<}:‘

PR2 ‘

@8

8 1

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 SSPIF | TMR1GIF | TMR2IF | TMRIIF
PIE PSPIE ADIE RC1IE TX1IE SSPIE | TMR1GIE | TMR2IE | TMRIIE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | TMR1GIP | TMR2IP | TMR1IP
TMR2 Timer2 Register
T2CON — | T20UTPS3 [ T20UTPS2 | T20UTPS1 [ T20UTPSO | TMR2ON | T2CKPS1 | T2CKPSO
PR2 Timer2 Period Register
PMD1 PSPMD | CTMUMD | ADCMD | TMR4MD | TMR3MD | TMR2MD | TMRIMD | TMROMD
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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16.0 TIMER3 MODULE

The Timer3 timer/counter modules incorporate these
features:

» Software selectable operation as a 16-bit timer or
counter

» Readable and writable eight-bit registers (TMR3H
and TMR3L)

» Selectable clock source (internal or external) with
device clock or SOSC oscillator internal options

* Interrupt-on-overflow
* Module Reset on ECCP Special Event Trigger

A simplified block diagram of the Timer3 module is
shown in Figure 16-1.

The Timer3 module is controlled through the T3CON
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.

REGISTER 16-1: T3CON: TIMER3 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
TMR3CS1 | TMR3CS0 T3CKPS1 T3CKPSO SOSCEN T3SYNC RD16 TMR3ON
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 TMR3CS<1:0>: Timer3 Clock Source Select bits
10 = Timer3 clock source is either from pin or oscillator, depending on the SOSCEN bit:
SOSCEN = 0:
External clock is from T3CKI pin (on the rising edge).
SOSCEN =1:

Depending on the SOSCSELXx Configuration bit, the clock source is either a crystal oscillator on
SOSCI/SOSCO or an internal digital clock from the SCLKI pin.
01 = Timerx clock source is system clock (Fosc)(l)
00 = Timerx clock source is instruction clock (Fosc/4)
bit 5-4 T3CKPS<1:0>: Timer3 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 is enabled and available for Timer3
0 = SOSC is disabled and available for Timer3
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMR3CS<1:0> = 10:
1 = Does not synchronize external clock input
0 = Synchronizes external clock input
When TMR3CS<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 Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two eight-bit operations
bit 0 TMR3ON: Timer3 On bit
1 = Enables Timer3
0 = Stops Timer3

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 Gate Control Register

The Timer3 Gate Control register (T3GCON), provided
in Register 14-2, is used to control the Timer3 gate.

REGISTER 16-2: T3GCON: TIMER3 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
TMR3GE | T3GPOL | T3GTM | T3GSPM | T3GGO/T3DONE | T3GVAL T3GSS1 T3GSS0
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 TMR3GE: Timer3 Gate Enable bit
If TMR3ON = 0:
This bit is ignored.
If TMR3ON = 1:

1 = Timer3 counting is controlled by the Timer3 gate function
0 = Timer3 counts regardless of Timer3 gate function
bit 6 T3GPOL: Timer3 Gate Polarity bit
1 = Timer3 gate is active-high (Timer3 counts when gate is high)
0 = Timer3 gate is active-low (Timer3 counts when gate is low)
bit 5 T3GTM: Timer3 Gate Toggle Mode bit
1 = Timer3 Gate Toggle mode is enabled.
0 = Timer3 Gate Toggle mode is disabled and toggle flip-flop is cleared
Timer3 gate flip-flop toggles on every rising edge.
bit 4 T3GSPM: Timerx Gate Single Pulse Mode bit
1 = Timer3 Gate Single Pulse mode is enabled and is controlling Timer3 gate
0 = Timer3 Gate Single Pulse mode is disabled
bit 3 T3GGO/T3DONE: Timer3 Gate Single Pulse Acquisition Status bit
1 = Timer3 Gate Single Pulse mode acquisition is ready, waiting for an edge
0 = Timer3 Gate Single Pulse mode acquisition has completed or has not been started
This bit is automatically cleared when T3GSPM is cleared.
bit 2 T3GVAL: Timer3 Gate Current State bit
Indicates the current state of the Timerx gate that could be provided to TMR3H: TMR3L. Unaffected by
Timerx Gate Enable (TMR3GE) bit.
bit 1-0 T3GSS<1:0>: Timer3 Gate Source Select bits
11 = Comparator 2 output
10 = Comparator 1 output
01 = TMR4 to match PR4 output
00 = Timer3 gate pin
Watchdog Timer oscillator is turned on if TMR3GE = 1, regardless of the state of TMR3ON.

Note 1: Programming the T3GCON prior to T3CON is recommended.
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REGISTER 16-3: OSCCONZ2: OSCILLATOR CONTROL REGISTER 2

U-0 R-0 u-0 RW-1 R/W-0 u-0 R-x R/W-0

— SOSCRUN — SOSCDRV(®Y | 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 Unimplemented: Read as ‘0’
bit 4 SOSCDRYV: Secondary Oscillator Drive Control bit(1)

1 = High-power SOSC circuit selected

0 = Low/high-power select is done via the SOSCSEL<1:0> Configuration bits
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

Note 1. When SOSC is selected to run from a digital clock input, rather than an external crystal, this bit has no
effect.
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16.2 Timer3 Operation The operating mode is determined by the clock select

] ] bits, TMR3CSx (T3CON<7:6>). When the TMR3CSx bits
Timer3 can operate in these modes: are cleared (= 00), Timer3 increments on every internal
e Timer instruction cycle (Fosc/4). When TMR3CSx = 01, the
« Synchronous Counter Timer3 clock source is the system clock (Fosc), and

when it is ‘10°, Timer3 works as a counter from the
external clock from the T3CKI pin (on the rising edge
after the first falling edge) or the SOSC oscillator.

* Asynchronous Counter
» Timer with Gated Control

FIGURE 16-1: TIMER3 BLOCK DIAGRAM
T3GSS<1:0>
T3G 00 T3GSPM
From TMR4 01
Match PR4 T3G_IN 3 Data Bus
From Comparator 1 ; RD
T 110 Single Pulse RD
Output L
Acg. Control Q1— EN T3GCON
From Comparator 2
Output 1 T3DONE J Interrupt
TMR3ON T3GGO/T3DONE p | Set
N det TMR3GIF
T3GPOL T3GTM
TMR3GE
Set Flag bit,
TMRS3IF, on
Overflow 2
L ™R3 EN 0 Synchronized
TMR3H TMR3L T3CLK Clock Input
—Q D
1
TMR3CS<1:0> TRAVNC
T3SYNC
SOSCO/SCLKI K'— ouT® —
sosc Prescaler Synchronize®
1 1,2,4,8 f
’ il 3 det
soscI D gy 10 } ,
Fosc T3CKPS<1:0>
T1CON.SOSCEN— Int(t:alrnakl — 01
T3CON.SOSCEN oc Fosc/2
sosceo?‘:>7 It Sleep Input
SCS<1:0> =01 Fosc/4 Clock
Internal — 00
@ Clock
Tacki X '|>
Note 1: ST Buffer is high-speed type when using T3CKI.
2:  Timer3 registers increment on rising edge.
3:  Synchronization does not operate while in Sleep.
4:  The output of SOSC is determined by the SOSCSEL<1:0> Configuration bits.
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16.3 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 16.3). When the RD16 control bit
(T3CON<1>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides users with the ability to accurately read all
16 bits of Timer3 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 Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows users to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

16.4 Using the SOSC Oscillator as the
Timer3 Clock Source

The SOSC internal oscillator may be used as the clock

source for Timer3. It can be enabled in one of these

ways:

» Setting the SOSCEN bit in either the T1ICON or
T3CON register (TXCON<3>)

» Setting the SOSCGO bit in the OSCCON2 register
(OSCCON2<3>)

» Setting the SCSx bits to secondary clock source in
the OSCCON register (OSCCON<1:0>=01)

The SOSCGO bit is used to warm up the SOSC so that
it is ready before any peripheral requests it.

To use it as the Timer3 clock source, the TMR3CSx bits
must also be set. As previously noted, this also config-
ures Timer3 to increment on every rising edge of the
oscillator source.

The SOSC oscillator is described in Section 14.5
“SOSC Oscillator”.
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16.5 Timer3 Gates

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

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

16.5.1 TIMER3 GATE COUNT ENABLE

The Timer3 Gate Enable mode is enabled by setting
the TMR3GE bit (TxGCON<7>). The polarity of the
Timer3 Gate Enable mode is configured using the
T3GPOL bit (T3GCON<6>).

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

FIGURE 16-2:

TABLE 16-1:  TIMER3 GATE ENABLE
SELECTIONS
| T3GPOL : Timer3
T3CLK (T3GCON<6>) T3G Pin Operation
T 0 0 Counts
T 0 1 Holds Count
T 1 0 Holds Count
T 1 1 Counts

T The clock on which TMR3 is running. For more
information, see T3CLK in Figure 16-1.

TIMER3 GATE COUNT ENABLE MODE

TMR3GE

T3GPOL
T3G_IN

e I R e B o

T3GVAL

Timer3 N

N+2
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16.5.2 TIMER3 GATE SOURCE
SELECTION

The Timer3 gate source can be selected from one of
four different sources. Source selection is controlled by
the T3GSS<1:0> bits (T3GCON<1:0>). The polarity for
each available source is also selectable and is
controlled by the T3GPOL bit (T3GCON<6>).

TABLE 16-2: TIMER3 GATE SOURCES
T3GSS<1:.0>

Timer3 Gate Source

00 Timerx Gate Pin
01 TMR4 to Match PR4

(TMR4 increments to match PR4)
10 Comparator 1 Output

(comparator logic high output)

11 Comparator 2 Output
(comparator logic high output)

16.5.2.1 T3G Pin Gate Operation

The T3G pin is one source for Timer3 gate control. It can
be used to supply an external source to the Timerx gate
circuitry.

16.5.2.2 Timer4 Match Gate Operation

The TMR4 register will increment until it matches the
value in the PR4 register. On the very next increment
cycle, TMR4 will be reset to 00h. When this Reset
occurs, a low-to-high pulse will automatically be gener-
ated and internally supplied to the Timerx gate circuitry.
The pulse will remain high for one instruction cycle and
will return back to a low state until the next match.

Depending on T3GPOL, Timerx increments differently
when TMR4 matches PR4. When T3GPOL = 1, Timer3
increments for a single instruction cycle following a

FIGURE 16-3:

TIMER3 GATE TOGGLE MODE

TMR4 match with PR4. When T3GPOL = 0, Timer3
increments continuously, except for the cycle following
the match, when the gate signal goes from low-to-high.

16.5.2.3 Comparator 1 Output Gate
Operation

The output of Comparator 1 can be internally supplied
to the Timer3 gate circuitry. After setting up
Comparator 1 with the CM1CON register, Timer3 will
increment depending on the transitions of the
CMP10UT (CMSTAT<6>) bit.

16.5.2.4 Comparator 2 Output Gate
Operation

The output of Comparator 2 can be internally supplied
to the Timer3 gate circuitry. After setting up
Comparator 2 with the CM2CON register, Timer3 will
increment depending on the transitions of the
CMP20OUT (CMSTAT<7>) bit.

16.5.3 TIMER3 GATE TOGGLE MODE

When Timer3 Gate Toggle mode is enabled, it is
possible to measure the full cycle length of a Timer3
gate signal, as opposed to the duration of a single level
pulse.

The Timer3 gate source is routed through a flip-flop that
changes state on every incrementing edge of the
signal. (For timing details, see Figure 16-3.)

The T3GVAL bit will indicate when the Toggled mode is
active and the timer is counting.

Timer3 Gate Toggle mode is enabled by setting the
T3GTM bit (T3GCON<5>). When the T3GTM bit is
cleared, the flip-flop is cleared and held clear. This is
necessary in order to control which edge is measured.

TMR3GE

T3GPOL

T3GTM

T3G_IN

T3GVAL | .

Timer3 N
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TIMER3 GATE SINGLE PULSE
MODE

When Timer3 Gate Single Pulse mode is enabled, it is
possible to capture a single pulse gate event. Timer3
Gate Single Pulse mode is first enabled by setting the
T3GSPM bit (T3GCON<4>). Next, the
T3GGO/T3DONE bit (T3GCON<3>) must be set.

The Timer3 will be fully enabled on the next increment-
ing edge. On the next trailing edge of the pulse, the
T3GGO/T3DONE bit will automatically be cleared. No

16.5.4

FIGURE 16-4:

other gate events will be allowed to increment Timer3
until the T3GGO/T3DONE bit is once again set in
software.

Clearing the T3GSPM bit will
T3GGO/T3DONE bit. (For timing details,
Figure 16-4.)

Simultaneously enabling the Toggle mode and the
Single Pulse mode will permit both sections to work
together. This allows the cycle times on the Timer3 gate
source to be measured. (For timing details, see
Figure 16-5.)

also clear the
see

TIMER3 GATE SINGLE PULSE MODE

TMR3GE

T3GPOL

T3GSPM

[

T3GGO/
T3DONE

T3G_IN_,—\
e | L] L] | |

Set by Software

Counting Enabled on
Rising Edge of T3G

Cleared by Hardware on
‘ l Falling Edge of T3GVAL

T3GVAL

Timer3

' N+2

TMR3GIF“4_ Cleared by Software

Cleared by
j Software

Set by Hardware on

Falling Edge of T3GVAL
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FIGURE 16-5:

TIMER3 GATE SINGLE PULSE AND TOGGLE COMBINED MODE

TMR3GE

T3GPOL

T3GSPM

LI

T3GTM

T3GGO/ l{— Set by Software

T3DONE

T3G_IN

Counting Enabled on
Rising Edge of T3G

Cleared by Hardware on
| Falling Edge of T3GVAL

I

o0 [ T N O

I B s I O

T3GVAL |

Timer3 N >< N+ 1

N+2><N+3>< : N +4

TMR3GIF“47 Cleared by Software

Set by Hardware on Cleared by
Falling Edge of T3GVAL mware

16.5.5 TIMER3 GATE VALUE STATUS

When Timer3 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 T3GVAL bit (T3GCON<2>).
The T3GVAL bit is valid even when the Timer3 gate is
not enabled (TMR3GE bit is cleared).

16.5.6 TIMER3 GATE EVENT INTERRUPT

When the Timer3 gate event interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of T3GVAL
occurs, the TMR3GIF flag bit in the PIR2 register will be
set. If the TMR3GIE bit in the PIE2 register is set, then
an interrupt will be recognized.

The TMR3GIF flag bit operates even when the Timer3
gate is not enabled (TMR3GE bit is cleared).
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16.6 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in the interrupt flag bit, TMR3IF.
Table 16-3 gives each module’s flag bit.

This interrupt can be enabled or disabled by setting or
clearing the TMR3IE bit. Table 16-3 displays each
module’s enable bit.

16.7 Resetting Timer3 Using the ECCP

Special Event Trigger

If the ECCP modules are configured to use Timer3 and
to generate a Special Event Trigger in Compare mode
(CCP3M<3:0>=1011), this signal will reset Timer3.
The trigger from ECCP 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”.)

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPR3H:CCPR3L register
pair effectively becomes a Period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from an ECCP module, the write
will take precedence.

Note:  The Special Event Triggers from the
ECCPx module will only clear the TMR3
register’s content, but not set the TMR3IF
interrupt flag bit (PIR2<1>).

Note: The CCP and ECCP modules use Timers,

1 through 4, 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 CCPTMRS register. For
more details, see Register 20-2 and
Register 19-2.

TABLE 16-3: REGISTERS ASSOCIATED WITH TIMER3 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
PIR5 IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF RXBOIF
PIES IRXIE WAKIE ERRIE TX2BIE TXB1IE TXBOIE RXB1IE RXBOIE
PIR2 OSCFIF — — — BCLIF HLVDIF TMR3IF | TMR3GIF
PIE2 OSCFIE — — — BCLIE HLVDIE TMR3IE | TMR3GIE
TMR3H Timer3 Register High Byte
TMR3L Timer3 Register Low Byte
T3GCON TMR3GE | T3GPOL T3GTM T3GSPM T3GGO/ T3GVAL T3GSS1 T3GSS0

T3DONE

T3CON TMR3CS1 | TMR3CS0 | T3CKPS1 | T3CKPSO | SOSCEN | T3SYNC RD16 TMR3ON
OSCCON2 — SOSCRUN — SOSCDRYV | SOSCGO — MFIOFS | MFIOSEL
PMD1 PSPMD | CTMUMD | ADCMD TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
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17.0 TIMER4 MODULES

The Timer4 timer modules have the following features:
 Eight-bit Timer register (TMR4)

« Eight-bit Period register (PR4)

* Readable and writable (all registers)

» Software programmable prescaler (1:1, 1:4, 1:16)

» Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR4 match of PR4

The Timer4 modules have a control register shown in
Register 17-1. Timer4 can be shut off by clearing
control bit, TMR4ON (T4CON<2>), to minimize power
consumption. The prescaler and postscaler selection of

Timer4 also are controlled by this register. Figure 17-1
is a simplified block diagram of the Timer4 modules.

17.1

Timer4 can be used as the PWM time base for the
PWM mode of the ECCP modules. The TMRA4 registers
are readable and writable, and are cleared on any
device Reset. The input clock (Fosc/4) has a prescale
option of 1:1, 1:4 or 1:16, selected by control bits,
T4CKPS<1:0> (T4CON<1:0>). The match output of

Timer4 Operation

REGISTER 17-1:

TMRA4 goes through a four-bit postscaler (that gives a
1:1 to 1:16 inclusive scaling) to generate a TMR4
interrupt, latched in the flag bit, TMR4IF. Table 17-1
gives each module’s flag bit.

The interrupt can be enabled or disabled by setting or
clearing the Timer4 Interrupt Enable bit (TMR4IE),
shown in Table 17-1.

The prescaler and postscaler counters are cleared
when any of the following occurs:

* A write to the TMR4 register

» A write to the T4ACON register

* Any device Reset — Power-on Reset (POR),
MCLR Reset, Watchdog Timer Reset (WDTR) or
Brown-out Reset (BOR)

A TMRA4 is not cleared when a T4CON is written.

The CCP and ECCP modules use Timers,
1 through 4, 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 CCPTMRS register. For
more details, see Register 20-2 and
Register 19-2.

Note:

T4ACON: TIMER4 CONTROL REGISTER

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— T40UTPS3 | T4OUTPS2 | T4OUTPS1 | T4OUTPSO TMR4ON T4CKPS1 T4CKPSO0
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 6-3

bit 2

bit 1-0

Unimplemented: Read as ‘0’
T40UTPS<3:0>: Timer4 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale

TMR4ON: Timer4 On bit

1 =Timer4 is on

0 = Timer4 is off

TA4CKPS<1:0>: Timer4 Clock Prescale Select bits

00 = Prescaler is 1
01 = Prescaler is 4
1x = Prescaler is 16

© 2010-2017 Microchip Technology Inc.
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17.2 Timer4 Interrupt

The Timer4 module has an eight-bit Period register,
PR4, that is both readable and writable. Timer4 incre-
ment from 00h until it matches PR4 and then resets to
00h on the next increment cycle. The PR4 register is
initialized to FFh upon Reset.

17.3 Output of TMR4

The outputs of TMR4 (before the postscaler) are used
only as a PWM time base for the ECCP modules. They
are not used as baud rate clocks for the MSSP module
as is the Timer2 output.

FIGURE 17-1: TIMER4 BLOCK DIAGRAM
_ 4 p| 1110116
T40UTPS<3:0> Postscaler [ ™ Set TMR4IF
2
T4CKPS<1:0> A » TMR4 Output
(to PWM)
A TMRx/PRx
YReset Match

Fosol ——————— LI 1wra
Prescaler

I:">{ Comparator 4—“

@8

8

Internal Data Bus < >

TABLE 17-1: REGISTERS ASSOCIATED WITH TIMER4 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
IPR4 TMR4IP EEIP CMP2IP | CMP1IP — CCP5IP | CCP4IP | CCP3IP
PIR4 TMR4IF EEIF CMP2IF | CMP1IF — CCP5IF | CCP4IF | CCP3IF
PIE4 TMR4IE | EEE CMP2IE | CMP1IE — CCP5IE | CCP4IE | CCP3IE
TMR4 Timer4 Register
T4CON — | T40UTPS3 | T4OUTPS2 | T4OUTPS1 | T4OUTPSO | TMR4ON | TACKPS1 | T4CKPSO
PR4 Timer4 Period Register
PMD1 PSPMD | CTMUMD | ADCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer4 module.
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18.0 CHARGE TIME
MEASUREMENT UNIT (CTMU)

The Charge Time Measurement Unit (CTMU) is a
flexible analog module that provides accurate differen-
tial time measurement between pulse sources, as well
as asynchronous pulse generation. By working with
other on-chip analog modules, the CTMU can precisely
measure time, capacitance and relative changes in
capacitance or generate output pulses with a specific
time delay. The CTMU is ideal for interfacing with
capacitive-based sensors.

The module includes these key features:
» Up to 11 channels available for capacitive or time

» Control of edge sequence

» Control of response to edges

» Time measurement resolution of 1 nanosecond

» High-precision time measurement

» Time delay of external or internal signal
asynchronous to system clock

» Accurate current source suitable for capacitive
measurement

The CTMU works in conjunction with the A/D Converter
to provide up to 11 channels for time or charge
measurement, depending on the specific device and
the number of A/D channels available. When config-
ured for time delay, the CTMU is connected to one of
the analog comparators. The level-sensitive input edge

measurement input
P sources can be selected from four sources: two

. LQW-COSt temperature measurement using on-chip external inputs or the ECCP1/CCP2 Special Event
diode channel Triggers.

» On-chip precision current source
* Four-edge input trigger sources
« Polarity control for each edge source

The CTMU special event can trigger the Analog-to-Digital
Converter module.

Figure 18-1 provides a block diagram of the CTMU.

FIGURE 18-1: CTMU BLOCK DIAGRAM

. CTMUCONH:CTMUCONL
EDGEN CTMUICON
Egg?sEgi’::m ¢ ITRIM<5:0> TGEN
EDG1POL IRNG<1:0> IDISSEN
Ebssor | | EvGzstar [ Current Source crTe
! @ Y

CTED1 @—» Edge ¥ CTMU

Control

. Control — A/D Trigger
CTED2 X > Logic »  Current | Logic
A Iy Control ‘

cer —— | Pul
ulse » %
ECCP1 Generator CTPLS
A/D Converter  Comparator 2
Input

Comparator 2 Output
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18.1 CTMU Registers The CTMUCONH and CTMUCONL registers

] (Register 18-1 and Register 18-2) contain control bits
The control registers for the CTMU are: for configuring the CTMU module edge source selec-
« CTMUCONH tion, edge source polarity selection, edge sequencing,
« CTMUCONL A/D trigger, analog circuit capacitor discharge and
« CTMUICON enables. The CTMUICON register (Register 18-3) has

REGISTER 18-1:

bits for selecting the current source range and current
source trim.

CTMUCONH: CTMU CONTROL HIGH REGISTER

R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CTMUEN — CTMUSIDL TGEN EDGEN EDGSEQEN | IDISSEN CTTRIG
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

bit 3

bit 2

bit 1

bit 0

CTMUEN: CTMU Enable bit

1 = Module is enabled

0 = Module is disabled

Unimplemented: Read as ‘0’

CTMUSIDL: Stop in Idle Mode bit

1 = Discontinues module operation when device enters Idle mode
0 = Continues module operation in Idle mode

TGEN: Time Generation Enable bit

1 = Enables edge delay generation

0 = Disables edge delay generation

EDGEN: Edge Enable bit

1 = Edges are not blocked

0 = Edges are blocked

ESGSEQEN: Edge Sequence Enable bit

1 = Edge 1 event must occur before Edge 2 event can occur
0 = No edge sequence is needed

IDISSEN: Analog Current Source Control bit

1 = Analog current source output is grounded

0 = Analog current source output is not grounded

CTTRIG: CTMU Special Event Trigger bit

1 = CTMU Special Event Trigger is enabled
0 = CTMU Special Event Trigger is disabled
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REGISTER 18-2: CTMUCONL: CTMU CONTROL LOW 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
EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT
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 EDG2POL: Edge 2 Polarity Select bit

1 = Edge 2 is programmed for a positive edge response
0 = Edge 2 is programmed for a negative edge response
bit 6-5 EDG2SEL<1:0>: Edge 2 Source Select bits
11 = CTED1 pin
10 = CTED2 pin
01 = ECCP1 Special Event Trigger
00 = CCP2 Special Event Trigger
bit 4 EDG1POL: Edge 1 Polarity Select bit
1 = Edge 1 is programmed for a positive edge response
0 = Edge 1 is programmed for a negative edge response
bit 3-2 EDG1SEL<1:0>: Edge 1 Source Select bits
11 = CTED1 pin
10 = CTED2 pin
01 = ECCP1 Special Event Trigger
00 = CCP2 Special Event Trigger
bit 1 EDG2STAT: Edge 2 Status bit
1 = Edge 2 event has occurred
0 = Edge 2 event has not occurred
bit 0 EDGI1STAT: Edge 1 Status bit

1 = Edge 1 event has occurred
0 = Edge 1 event has not occurred
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REGISTER 18-3: CTMUICON: CTMU CURRENT 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
ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO
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 7-2 ITRIM<5:0>: Current Source Trim bits
011111 = Maximum positive change (+62% typ.) from nominal current
011110

000001 = Minimum positive change (+2% typ.) from nominal current
000000 = Nominal current output specified by IRNG<1:0>
111111 = Minimum negative change (-2% typ.) from nominal current

100010

100001 = Maximum negative change (-62% typ.) from nominal current
bit 1-0 IRNG<1:0>: Current Source Range Select bits

11 =100 x Base Current

10 =10 x Base Current

01 = Base Current level (0.55 pA nominal)

00 = Current source is disabled
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18.2 CTMU Operation

The CTMU works by using a fixed current source to
charge a circuit. The type of circuit depends on the type
of measurement being made.

In the case of charge measurement, the current is fixed
and the amount of time the current is applied to the cir-
cuit is fixed. The amount of voltage read by the A/D
becomes a measurement of the circuit’s capacitance.

In the case of time measurement, the current, as well
as the capacitance of the circuit, is fixed. In this case,
the voltage read by the A/D is representative of the
amount of time elapsed from the time the current
source starts and stops charging the circuit.

If the CTMU is being used as a time delay, both capaci-
tance and current source are fixed, as well as the voltage
supplied to the comparator circuit. The delay of a signal
is determined by the amount of time it takes the voltage
to charge to the comparator threshold voltage.

18.2.1 THEORY OF OPERATION

The operation of the CTMU is based on the equation
for charge:

dv

I:C'd—T

More simply, the amount of charge measured in
coulombs in a circuit is defined as current in amperes
(T) multiplied by the amount of time in seconds that the
current flows (t). Charge is also defined as the capaci-
tance in farads (C) multiplied by the voltage of the
circuit (V). It follows that:

[¢t=C-V

The CTMU module provides a constant, known current
source. The A/D Converter is used to measure (V) in
the equation, leaving two unknowns: capacitance (C)
and time (t). The above equation can be used to calcu-
late capacitance or time, by either the relationship
using the known fixed capacitance of the circuit:

t=(C*V)I

or by:

C=(tyV

using a fixed time that the current source is applied to
the circuit.

18.2.2 CURRENT SOURCE

At the heart of the CTMU is a precision current source,
designed to provide a constant reference for measure-
ments. The level of current is user-selectable across
three ranges, or a total of two orders of magnitude, with
the ability to trim the output in +2% increments
(nominal). The current range is selected by the
IRNG<1:0> bits (CTMUICON<1:0>), with a value of
‘01’ representing the lowest range.

Current trim is provided by the ITRIM<5:0> bits
(CTMUICON<7:2>). These six bits allow trimming of
the current source in steps of approximately 2% per
step. Half of the range adjusts the current source posi-
tively and the other half reduces the current source. A
value of ‘000000’ is the neutral position (no change). A
value of ‘100001’ is the maximum negative adjustment
(approximately -62%) and ‘011111’ is the maximum
positive adjustment (approximately +62%).

18.2.3 EDGE SELECTION AND CONTROL

CTMU measurements are controlled by edge events
occurring on the module’s two input channels. Each
channel, referred to as Edge 1 and Edge 2, can be con-
figured to receive input pulses from one of the edge
input pins (CTED1 and CTED2) or CCPx Special Event
Triggers (ECCP1 and CCP2). The input channels are
level-sensitive, responding to the instantaneous level
on the channel rather than a transition between levels.
The inputs are selected using the EDG1SEL and
EDG2SEL bit pairs (CTMUCONL<3:2>, 6:5>).

In addition to source, each channel can be configured for
event polarity using the EDGE2POL and EDGE1POL
bits (CTMUCONL<7,4>). The input channels can also
be filtered for an edge event sequence (Edge 1 occur-
ring before Edge 2) by setting the EDGSEQEN bit
(CTMUCONH<2>).

18.2.4 EDGE STATUS

The CTMUCONL register also contains two status bits,
EDG2STAT and EDG1STAT (CTMUCONL<1:0>).
Their primary function is to show if an edge response
has occurred on the corresponding channel. The
CTMU automatically sets a particular bit when an edge
response is detected on its channel. The level-sensitive
nature of the input channels also means that the status
bits become set immediately if the channel’s configura-
tion is changed and matches the channel's current
state.

The module uses the edge status bits to control the cur-
rent source output to external analog modules (such as
the A/D Converter). Current is only supplied to external
modules when only one (not both) of the status bits is
set. Current is shut off when both bits are either set or
cleared. This allows the CTMU to measure current only
during the interval between edges. After both status
bits are set, it is necessary to clear them before another
measurement is taken. Both bits should be cleared
simultaneously, if possible, to avoid re-enabling the
CTMU current source.

In addition to being set by the CTMU hardware, the
edge status bits can also be set by software. This per-
mits a user application to manually enable or disable
the current source. Setting either (but not both) of the
bits enables the current source. Setting or clearing both
bits at once disables the source.
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18.2.5 INTERRUPTS

The CTMU sets its interrupt flag (PIR3<3>) whenever
the current source is enabled, then disabled. An inter-
rupt is generated only if the corresponding interrupt
enable bit (PIE3<3>) is also set. If edge sequencing is
not enabled (i.e., Edge 1 must occur before Edge 2), it
is necessary to monitor the edge status bits and
determine which edge occurred last and caused the
interrupt.

18.3 CTMU Module Initialization

The following sequence is a general guideline used to
initialize the CTMU module:

1. Select the current source range using the
IRNGx bits (CTMUICON<1:0>).

2. Adjust the current source trim using the ITRIMx
bits (CTMUICON<7:2>).

3. Configure the edge input sources for Edge 1 and
Edge 2 by setting the EDG1SEL and EDG2SEL
bits (CTMUCONL<3:2> and <6:5>, respectively).

4. Configure the input polarities for the edge inputs
using the EDG1POL and EDG2POL bits
(CTMUCONL<4,7>).

The default configuration is for negative edge
polarity (high-to-low transitions).

5. Enable edge sequencing using the EDGSEQEN
bit (CTMUCONH<2>).
By default, edge sequencing is disabled.

6. Selectthe operating mode (Measurement or Time
Delay) with the TGEN bit (CTMUCONH<4>).

The default mode is Time/Capacitance
Measurement.

7. Configure the module to automatically trigger
an A/D conversion when the second edge
event has occurred using the CTTRIG bit
(CTMUCONH<0>).

The conversion trigger is disabled by default.

8. Discharge the connected circuit by setting the
IDISSEN bit (CTMUCONH<1>).

9. After waiting a sufficient time for the circuit to
discharge, clear the IDISSEN bit.

10. Disable the module by clearing the CTMUEN bit
(CTMUCONH<7>).

11. Clear the Edge Status bits, EDG2STAT and
EDG1STAT (CTMUCONL<1:0>).

Both bits should be cleared simultaneously, if
possible, to avoid re-enabling the CTMU current
source.

12. Enable both edge inputs by setting the EDGEN
bit (CTMUCONH<3>).
13. Enable the module by setting the CTMUEN bit.

Depending on the type of measurement or pulse
generation being performed, one or more additional
modules may also need to be initialized and configured
with the CTMU module:

« Edge Source Generation: In addition to the
external edge input pins, ECCP1/CCP2 Special
Event Triggers can be used as edge sources for
the CTMU.

» Capacitance or Time Measurement: The CTMU
module uses the A/D Converter to measure the
voltage across a capacitor that is connected to one
of the analog input channels.

» Pulse Generation: When generating system clock
independent, output pulses, the CTMU module
uses Comparator 2 and the associated
comparator voltage reference.

18.4 Calibrating the CTMU Module

The CTMU requires calibration for precise measure-
ments of capacitance and time, as well as for accurate
time delay. If the application only requires measurement
of a relative change in capacitance or time, calibration is
usually not necessary. An example of a less precise
application is a capacitive touch switch, in which the
touch circuit has a baseline capacitance and the added
capacitance of the human body changes the overall
capacitance of a circuit.

If actual capacitance or time measurement is required,
two hardware calibrations must take place:

* The current source needs calibration to setitto a
precise current.

» The circuit being measured needs calibration to
measure or nullify any capacitance other than that
to be measured.

18.4.1 CURRENT SOURCE CALIBRATION

The current source on board the CTMU module has a
range of #62% nominal for each of three current
ranges. For precise measurements, it is possible to
measure and adjust this current source by placing a
high-precision resistor, RCAL, onto an unused analog
channel. An example circuit is shown in Figure 18-2.

To measure the current source:

1. Initialize the A/D Converter.

2. Initialize the CTMU.

3. Enable the current source by setting EDG1STAT
(CTMUCONL<0>).

4. Issue time delay for voltage across RcAL to
stabilize and A/D sample/hold capacitor to charge.

5. Perform the A/D conversion.

6. Calculate the current source current using
I=V/RcaAL, where RcAL is a high-precision
resistance and V is measured by performing an
A/D conversion.
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The CTMU current source may be trimmed with the
trim bits in CTMUICON, using an iterative process to
get the exact current desired. Alternatively, the nominal
value without adjustment may be used. That value may
be stored by software, for use in all subsequent
capacitive or time measurements.

To calculate the optimal value for RcAL, the nominal
current must be chosen.

For example, if the A/D Converter reference voltage is
3.3V, use 70% of full scale (or 2.31V) as the desired
approximate voltage to be read by the A/D Converter. If
the range of the CTMU current source is selected to be
0.55 pA, the resistor value needed is calculated as
RcAL =2.31V/0.55 pA, for a value of 4.2 MQ. Similarly,
if the current source is chosen to be 5.5 pA, RcAL would
be 420,000, and 42,000Q if the current source is set
to 55 pA.

FIGURE 18-2: CTMU CURRENT SOURCE
CALIBRATION CIRCUIT
PIC18F66K80

CTMU

|

|

|

|

ANX :
|

RcAL JI

A value of 70% of full-scale voltage is chosen to make
sure that the A/D Converter is in a range that is well
above the noise floor. If an exact current is chosen to
incorporate the trimming bits from CTMUICON, the
resistor value of RCAL may need to be adjusted accord-
ingly. RcAL also may be adjusted to allow for available
resistor values. RCAL should be of the highest precision
available, in light of the precision needed for the circuit
that the CTMU will be measuring. A recommended
minimum would be 0.1% tolerance.

The following examples show a typical method for
performing a CTMU current calibration.

» Example 18-1 demonstrates how to initialize the
A/D Converter and the CTMU.

This routine is typical for applications using both
modules.

* Example 18-2 demonstrates one method for the
actual calibration routine.

This method manually triggers the A/D Converter to
demonstrate the entire step-wise process. It is also
possible to automatically trigger the conversion by
setting the CTMU’s CTTRIG bit (CTMUCONH<0>).
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EXAMPLE 18-1: SETUP FOR CTMU CALIBRATION ROUTINES
#i ncl ude "pl8cxxx.h"

IR AR R R R R RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY]

/*Set up (:"I'MJ *****************************************************************/

IR E R R RS EEEEEE R EEEEEEEEEEE R EREEEEEEEEEEEEEEEEEEEEEE Ry

voi d setup(void)
{ //CTMJCON - CTMJ Control register

CTMUCONH = 0x00; /I make sure CTMJ is disabl ed

CTMUCONL = 0x90;

// CTMJ continues to run when enul ator is stopped, CTMJ conti nues

//to run in idl e node, Ti me Generation node di sabl ed, Edges are bl ocked
// No edge sequence order, Analog current source not grounded, trigger
//out put disabled, Edge2 polarity = positive |level, Edge2 source =
//source 0, Edgel polarity = positive |level, Edgel source = source O,
/] Set Edge status bits to zero

//CTMJ CON - CTMJ Current Control Register
CTMUI CON = 0x01; /10.55uA, Nom nal - No Adjustnent

IR R R RS EEEEE R EEEEE R R EEEREEEEEEEEEEEEEE Ry

/] Setup AD converter;

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

TRI SA=0x04; //set channel 2 as an input

/1 Configured AN2 as an anal og channel
/1 ANCON1
ANCON1 = 0x04;

/1 ADCONL

ADCON2bi t s. ADFMEL; /! Result format 1= Right justified
ADCON2bi t s. ACQT=1; /1 Acquisition time 7 = 20TAD 2 = 4TAD 1=2TAD
ADCON2bi t s. ADCS=2; /1 C ock conversion bits 6= FOSC/ 64 2=FOSC/ 32
/1 ADCON1L

ADCON1bi t s. VCFQ =0; /1 Vref+ = Avdd

ADCON1bi t s. VCFGL =0; /1 Vref+ = Avdd

ADCON1bi ts. VNCFG = 0; /'l Vref- = Avss

ADCONL1bi t s. CHS=2; /1 Sel ect ADC channel

ADCONObi t s. ADON=1; /1 Turn on ADC
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EXAMPLE 18-2:

CURRENT CALIBRATION ROUTINE

#i ncl ude "pl8cxxx.h"

#define
#def i ne
#def i ne

COUNT 500
DELAY for (i=0;i <COUNT; i ++)
RCAL . 027

#defi ne ADSCALE 1023
#define ADREF 3.3

int nmain(void)
{
int i;
int j =0; //index for |oop
unsi gned int Vread = 0;
doubl e VTot = 0;
float Vavg=0, Vcal =0, CTMJ Src = O;

//see Exanple 25-1 for CTMJ & A/ D setup
setup();

CTMUCONHbi ts. CTMUEN = 1;
for(j=0;j<10;]j++)
{
CTMUCONHbi t s. | DI SSEN
DELAY;
CTMUCONHbi t s. | DI SSEN =

Il
=

I
°

CTMUCONLDI t s. EDGLSTAT

Il
=

DELAY;
CTMUCONLDI t s. EDGLSTAT

I
e

PIRlbits. ADIF = 0;
ADCONObi t s. GO=1;
whil e(! PIRlbits. ADI F);

Vread = ADRES;
PIRlbits. ADIF = 0;
VTot += Vread,

}

Vavg = (float)(VTot/10.000);
Vcal = (float) (Vavg/ ADSCALE* ADREF) ;
CTMUJI Src = Vcal / RCAL;

//assume CTMJ and A/ D have been setup correctly

/1 @8Miz = 125uS.

/IR val ue is 4200000 (4.2M

//scaled so that result is in

/11/ 100t h of uA

//for unsigned conversion 10 sig bits
//Vvdd connected to A/D Vr+

//float values stored for calcs

// Enabl e the CTMJ

//drain charge on the circuit
//wait 125us
//end drain of circuit

/1 Begin charging the circuit
/lusing CTMJ current source
//wait for 125us

/1 Stop charging circuit

/'l make sure A/D Int not set
//and begin A/ D conv.

//Wait for A/D convert conplete
/1 Get the value fromthe A/D

//Clear A/D Interrupt Flag
//Add the reading to the total

/1 Aver age of 10 readings

/I CTMJ Src is in 1/100ths of uA
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18.4.2 CAPACITANCE CALIBRATION

There is a small amount of capacitance from the inter-
nal A/D Converter sample capacitor as well as stray
capacitance from the circuit board traces and pads that
affect the precision of capacitance measurements. A
measurement of the stray capacitance can be taken by
making sure the desired capacitance to be measured
has been removed.

After removing the capacitance to be measured:
Initialize the A/D Converter and the CTMU.

Set EDG1STAT (= 1).

Wait for a fixed delay of time, t.

Clear EDG1STAT.

Perform an A/D conversion.

Calculate the stray and A/D sample capacitances:

ok wh

COFFSET = CSTRAY + CAD = (I * t)/V

Where:

» Tis known from the current source measurement
step

« tis a fixed delay

* Vis measured by performing an A/D conversion

This measured value is then stored and used for
calculations of time measurement or subtracted for
capacitance measurement. For calibration, it is
expected that the capacitance of CSTRAY + CAD is
approximately known; CAD is approximately 4 pF.

An iterative process may be required to adjust the time,
t, that the circuit is charged to obtain a reasonable volt-
age reading from the A/D Converter. The value of t may
be determined by setting COFFSET to a theoretical value
and solving for t. For example, if CSTRAY is theoretically
calculated to be 11 pF, and V is expected to be 70% of
VDD or 2.31V, t would be:

(4 pF + 11 pF) » 2.31V/0.55 pA

or 63 ps.

See Example 18-3 for a typical routine for CTMU
capacitance calibration.
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EXAMPLE 18-3:

CAPACITANCE CALIBRATION ROUTINE

#i ncl ude "pl8cxxx. h"

#def i
#def i
#def i
#def i
#def i
#def i

COUNT 25

ETI ME COUNT*2.5

DELAY for (i =0;i <COUNT; i ++)
ADSCALE 1023

ADREF 3.3

RCAL . 027

ne
ne
ne
ne
ne
ne

int main(void)
{
int i;
int j =0;
unsigned int Vread = 0;
float CTMJ Src, CTMJCap,

Vavg, VTot,

//see Exanple 25-1 for CTMJ & A/ D setup
setup();

CTMUCONHbi t s. CTMUEN = 1;
for(j=0;j<10;j++)

{
CTMUCONHbi ts. | DI SSEN = 1;
DELAY;
CTMUCONHbi t s. | DI SSEN = 0;
CTMUCONLDbI t s. EDGLSTAT = 1;
DELAY;
CTMUCONLDbi t s. EDGLSTAT = O0;
PIRlbits. ADIF = 0;
ADCONObi t s. GO=1;
whi | e(! PI Rlbits. ADI F);
Vread = ADRES;
PIRlbits. ADIF = 0;
VTot += Vread;

}

Vavg = (float)(VTot/10.000);

Vcal = (float) (Vavg/ ADSCALE* ADREF) ;
CTMUJI Src = Vcal / RCAL;

CTMJCap = (CTMJ Src*ETI ME/ Vcal )/ 100;

//assune CTMJ and A/ D have been setup correctly

/1 @8MHz | NTFRC = 62.5 us.
//time in uS

//for unsigned conversion 10 sig bits
//Vvdd connected to A/D Vr+

/IR val ue is 4200000 (4.2M

//scaled so that result is in
/11/100th of uA

/1index for |oop

Vcal ;

/1 Enabl e the CTMJ

//drain charge on the circuit
//wait 125us
//end drain of circuit

//Begin charging the circuit
//using CTMJ current source
//wait for 125us

//Stop charging circuit

/1 make sure A/D Int not set

/1 and begin A/ D conv.
//VWait for A/D convert conplete

/1 Get the value fromthe A/D
//Clear AID Interrupt Flag
//Add the reading to the total

/1 Average of 10 readings

//CTMJ Src is in 1/100ths of uA
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18.5 Measuring Capacitance with the
CTMU

There are two ways to measure capacitance with the
CTMU. The absolute method measures the actual
capacitance value. The relative method only measures
for any change in the capacitance.

18.5.1 ABSOLUTE CAPACITANCE
MEASUREMENT

For absolute capacitance measurements, both the

current and capacitance calibration steps found in

Section 18.4 “Calibrating the CTMU Module” should

be followed.

To perform these measurements:

Initialize the A/D Converter.

Initialize the CTMU.

Set EDG1STAT.

Wait for a fixed delay, T.

Clear EDG1STAT.

Perform an A/D conversion.

Calculate the total capacitance, CToTtaL = (I * T)/V,

where:

» Tis known from the current source
measurement step (Section 18.4.1 “Current
Source Calibration”)

* Tis afixed delay

* Vis measured by performing an A/D conversion

8. Subtract the stray and A/D capacitance

(CorrseT from Section 18.4.2 “Capacitance

Calibration”) from CTOTAL to determine the

measured capacitance.

No o koD~

18.5.2 CAPACITIVE TOUCH SENSE USING
RELATIVE CHARGE
MEASUREMENT

Not all applications require precise capacitance
measurements. When detecting a valid press of a
capacitance-based switch, only a relative change of
capacitance needs to be detected.

In such an application, when the switch is open (or not
touched), the total capacitance is the capacitance of the
combination of the board traces, the A/D Converter and
other elements. A larger voltage will be measured by the
A/D Converter. When the switch is closed (or touched),
the total capacitance is larger due to the addition of the
capacitance of the human body to the above listed
capacitances and a smaller voltage will be measured by
the A/D Converter.

To detect capacitance changes simply:

1. Initialize the A/D Converter and the CTMU.
2. SetEDG1STAT.

3. Wait for a fixed delay.

4. Clear EDG1STAT.

5. Perform an A/D conversion.

The voltage measured by performing the A/D conver-
sion is an indication of the relative capacitance. In this
case, no calibration of the current source or circuit
capacitance measurement is needed. (For a sample
software routine for a capacitive touch switch, see
Example 18-4.)
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EXAMPLE 18-4: ROUTINE FOR CAPACITIVE TOUCH SWITCH
#i ncl ude "p18cxxx. h"

#defi ne COUNT 500 // @8MHz = 125uS.

#define DELAY for (i=0;i<COUNT;i ++)

#defi ne OPENSW 1000 //Un-pressed switch val ue

#define TRI P 300 /1 Difference between pressed
//and un-pressed sw tch

#define HYST 65 //amount to change

//frompressed to un-pressed
#defi ne PRESSED 1
#defi ne UNPRESSED 0

int nain(void)

{
unsi gned int Vread; //storage for reading
unsigned int switchState;
int i;
//assume CTMJ and A/ D have been setup correctly
//see Example 25-1 for CTMJ & A/ D setup
setup();
CTMUCONHbI t s. CTMUEN = 1; /] Enabl e the CTMJ
CTMUCONHbi ts. | DI SSEN = 1; //drain charge on the circuit
DELAY; //wait 125us
CTMUCONHbi t's. | DI SSEN = 0; //end drain of circuit
CTMUCONLDbI t s. EDGLSTAT = 1; //Begin charging the circuit
/lusing CTMJ current source
DELAY; //wait for 125us
CTMUCONLDbI t s. EDGLSTAT = 0; //Stop charging circuit
PIRlbits. ADIF = 0; //make sure A/D Int not set
ADCONObi t s. GO=1; //and begin A/ D conv.
whi |l e(! PIRlbits. ADI F); //Wait for A/D convert conplete
Vread = ADRES; /1 Get the value fromthe A/D
if(Vread < OPENSW - TRI P)
{
swi tchState = PRESSED;
}
else if(Vread > OPENSW- TRI P + HYST)
{
swi tchState = UNPRESSED;
}
}
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18.6 Measuring Time with the CTMU
Module

Time can be precisely measured after the ratio (C/I) is
measured from the current and capacitance calibration
step. To do that:

1. Initialize the A/D Converter and the CTMU.

2. Set EDG1STAT.

3. Set EDG2STAT.

4. Perform an A/D conversion.

5. Calculate the time between edges as T = (C/T) *V,
where:

» lis calculated in the current calibration
step (Section 18.4.1 “Current Source
Calibration”)

» Cis calculated in the capacitance calibra-
tion step (Section 18.4.2 “Capacitance
Calibration”)

* Vis measured by performing the A/D conversion

FIGURE 18-3:

MEASUREMENT

It is assumed that the time measured is small enough
that the capacitance, CAD + CEXT, provides a valid
voltage to the A/D Converter. For the smallest time
measurement, always set the A/D Channel Select bits
CHS<4:0> (ADCONO0<6:2>) to an unused A/D channel,
the corresponding pin for which is not connected to any
circuit board trace. This minimizes added stray capaci-
tance, keeping the total circuit capacitance close to that
of the A/D Converter itself (25 pF).

To measure longer time intervals, an external capacitor
may be connected to an A/D channel and that channel
selected whenever making a time measurement.

TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR TIME

ANX

CEXT

[ ctept [X—
CTED2 [)}——
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18.7 Measuring Temperature
with the CTMU

The constant current source provided by the CTMU
module can be used for low-cost temperature
measurement by exploiting a basic property of com-
mon and inexpensive diodes. An on-chip temperature
sense diode is provided on A/D Channel 29 to further
simplify design and cost.

18.7.1 BASIC PRINCIPAL

We can show that the forward voltage (Vg) of a P-N
junction, such as a diode, is an extension of the
equation for the junction’s thermal voltage:

Vp = %T ln(l—i_I;)

where k is the Boltzmann constant (1.38x 1023 J K1),
T is the absolute junction temperature in kelvin, q is the
electron charge (1.6 x1 (i C), Igis the forward current
applied to the diode and Ig is the diode’s characteristic
saturation current, which varies between devices.

Since k and q are physical constants, and Ig is a constant
for the device, this only leaves T and I as independent
variables. If Iy is held constant, it follows from the equa-
tion that Vi will vary as a function of T. As the natural log
term of the equation will always be negative, the tem-
perature will be negatively proportional to V. In other
words, as temperature increases, Vi decreases.

By using the CTMU’s current source to provide a
constant I it becomes possible to calculate the
temperature by measuring the Vg across the diode.

18.7.2 IMPLEMENTATION

To implement this theory, all that is needed is to con-
nect a regular junction diode to one of the microcontrol-
ler's A/D pins (Figure 18-2). The A/D channel
multiplexer is shared by the CTMU and the A/D.

EXAMPLE 18-5:

To perform a measurement, the multiplexer is config-
ured to select the pin connected to the diode. The
CTMU current source is then turned on and an A/D
conversion is performed on the channel. As shown in
the equivalent circuit diagram, the diode is driven by
the CTMU at I. The resulting Vi across the diode is
measured by the A/D. A code snippet is shown in
Example 18-5.
FIGURE 18-4: CTMU TEMPERATURE

MEASUREMENT CIRCUIT

Simplified Block Diagram

PIC® Microcontroller

.
|

Equivalent Circuit

CTMU

I AD

ROUTINE FOR TEMPERATURE MEASUREMENT USING INTERNAL DIODE

// Initialize CTMJ

CTMUI CON = 0x03;
CTMUCONHbi ts. CTMUEN = 1;
CTMUCONLDbi t s. EDGLSTAT = 1;

// Initialize ADC

ADCONObi ts. GO = 1;
whi | e( ADCONObi ts. QD) ;
Tenp = ADRES;

ADCONO = 0x75; // Enabl e ADC and connect to Internal diode
ADCON1 = 0xO00;
ADCON2 = OxBE; //Ri ght Justified

/] Start conversion
// Read ADC results (inversely proportional to tenperature)

Note: The temperature diode is not calibrated or standardized; the user must calibrate the diode to their application.
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18.8 Creating a Delay with the CTMU

Module

A unique feature on board the CTMU module is its ability
to generate system clock independent output pulses
based on either an external voltage or an external
capacitor value. When using an external voltage, this is
accomplished using the CTDIN input pin as a trigger for
the pulse delay. When using an external capacitor
value, this is accomplished using the internal compara-
tor voltage reference module and Comparator 2 input
pin.The pulse is output onto the CTPLS pin. To enable
this mode, set the TGEN bit.

See Figure 18-5 for an example circuit. When
CTMUDS (PADCFG1<0>) is cleared, the pulse delay is
determined by the output of Comparator 2, and when it
is set, the pulse delay is determined by the input of
CTDIN. CDELAY is chosen by the user to determine the
output pulse width on CTPLS. The pulse width is calcu-
lated by T = (CDELAY/T)*V, where T is known from the
current source measurement step (Section 18.4.1
“Current Source Calibration”) and V is the internal
reference voltage (CVREF).

An example use of the external capacitor feature is
interfacing with variable capacitive-based sensors,
such as a humidity sensor. As the humidity varies, the
pulse-width output on CTPLS will vary. An example use
of the CTDIN feature is interfacing with a digital sensor.
The CTPLS output pin can be connected to an input
capture pin and the varying pulse width measured to
determine the sensor’s output in the application.

To use this feature:

1. If CTMUDS is cleared, initialize Comparator 2.

2. If CTMUDS is cleared, initialize the comparator
voltage reference.

3. Initialize the CTMU and enable time delay
generation by setting the TGEN bit.

4. Set EDG1STAT.

When CTMUDS is cleared, as soon as CDELAY
charges to the value of the voltage reference trip point,
an output pulse is generated on CTPLS. When
CTMUDS is set, as soon as CTDIN is set, an output
pulse is generated on CTPLS.

FIGURE 18-5: TYPICAL CONNECTIONS AND INTERNAL CONFIGURATION FOR PULSE DELAY
GENERATION
_ _ PIC18F66K80
I CTMU |
- cTeDt [X———— EDG1 | CTPLS M
I I ’ EQ
I I
" T CurrentSource &
|~ Comparator/ \———— CTMUDS
| ‘|_ I
CTMUI : i : CTDIN
| |
CDELAYL | _CV_RE_F_ “I
r— — — — —| - — — 1
| C1 |
| |
| External Comparator _!
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18.9 Measuring Temperature with the source the current to the diode. The A/D reading will
CTMU Module reflect the temperature. With the increase, the A/D
readings will go low. This can be used for low-cost

The CTMU, along with an internal diode, can be used temperature measurement applications.

to measure the temperature. The A/D can be con-
nected to the internal diode and the CTMU module can

EXAMPLE 18-6: ROUTINE FOR TEMPERATURE MEASUREMENT USING INTERNAL DIODE

// Initialize CTMJ

CTMJI CON = 0x03;
CTMJUCONHbi ts. CTMUEN = 1;
CTMJUCONLDbi t s. EDGLSTAT = 1;

/1 Initialize ADC

ADCONO = OxE5; /1 Enabl e ADC and connect to Internal diode

ADCONL = 0x00;

ADCON2 = OxBE; // R ght Justified

ADCONObi ts. GO = 1, /1 Start conversion

whi | e( ADCONObi ts. QD) ;

Tenp = ADRES; // Read ADC results (inversely proportional to tenperature)
Note: The temperature diode is not calibrated or standardized; the user must calibrate the diode to their application.
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18.10 Operation During Sleep/Idle Modes

18.10.1 SLEEP MODE

When the device enters any Sleep mode, the CTMU
module current source is always disabled. If the CTMU
is performing an operation that depends on the current
source when Sleep mode is invoked, the operation may
not terminate correctly. Capacitance and time
measurements may return erroneous values.

18.10.2 IDLE MODE

The behavior of the CTMU in Idle mode is determined
by the CTMUSIDL bit (CTMUCONH<5>). If CTMUSIDL
is cleared, the module will continue to operate in Idle
mode. If CTMUSIDL is set, the module’s current source
is disabled when the device enters Idle mode. In this

case, if the module is performing an operation when
Idle mode is invoked, the results will be similar to those
with Sleep mode.

18.11 Effects of a Reset on CTMU

Upon Reset, all registers of the CTMU are cleared. This
disables the CTMU module, turns off its current source
and returns all configuration options to their default set-
tings. The module needs to be re-initialized following
any Reset.

If the CTMU is in the process of taking a measurement
at the time of Reset, the measurement will be lost. A
partial charge may exist on the circuit that was being
measured, which should be properly discharged before
the CTMU makes subsequent attempts to make a
measurement. The circuit is discharged by setting and
clearing the IDISSEN bit (CTMUCONH<1>) while the
A/D Converter is connected to the appropriate channel.

TABLE 18-1: REGISTERS ASSOCIATED WITH CTMU MODULE

Name Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1l Bit0
CTMUCONH | CTMUEN — CTMUSIDL | TGEN EDGEN |EDGSEQEN| IDISSEN | CTTRIG
CTMUCONL | EDG2POL | EDG2SEL1 | EDG2SELO | EDG1POL | EDG1SEL1 | EDG1SELO | EDG2STAT | EDG1STAT
CTMUICON ITRIM5 ITRIM4 ITRIM3 ITRIM2 ITRIM1 ITRIMO IRNG1 IRNGO
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
PADCFG1 RDPU REPU RFPU RGPU — — — CTMUDS
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during ECCP operation.
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19.0 CAPTURE/COMPARE/PWM
(CCP) MODULES
PIC18F66K80 family devices have four CCP

(Capture/Compare/PWM) modules, designated CCP2
through CCP5. All the modules implement standard

Each CCP module contains a 16-bit register that can
operate as a 16-bit Capture register, a 16-bit Compare
register or a PWM Master/Slave Duty Cycle register.
For the sake of clarity, all CCP module operation in the
following sections is described with respect to CCP2,
but is equally applicable to CCP3 through CCP5.

Capture, Compare and Pulse-Width Modulation (PWM)
modes.

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
specific CCP module. For example, the
control register is named CCPxCON and
refers to CCP2CON through CCP5CON.

REGISTER 19-1: CCPxCON: CCPx CONTROL REGISTER (CCP2-CCP5 MODULES)

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCxB1 pcxBo | ccPxm3® | cepxm2® | copxm1® | ccpxmo®
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 7-6 Unimplemented: Read as ‘0’
bit 5-4 DCxB<1:0>: PWM Duty Cycle bit 1 and bit 0 for CCPx Module bits
Capture mode:
Unused.
Compare mode:
Unused.
PWM mode:

These bits are the two Least Significant bits (bit 1 and bit 0) of the 10-bit PWM duty cycle. The eight
Most Significant bits (DCx<9:2>) of the duty cycle are found in CCPRxL.

bit 3-0 CCPxM<3:0>: CCPx Module Mode Select bits(!)

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0001 = Reserved

0010 = Compare mode: toggle output on match (CCPxIF bit is set)

0011 = Reserved

0100 = Capture mode: every falling edge or CAN message received (time-stamp)(z)

0101 = Capture mode: every rising edge or CAN message received (time-stamp)®

0110 = Capture mode: every 4th rising edge or on every fourth CAN message received (time-stamp)(

0111 = Capture mode: every 16th rising edge or on every 16th CAN message received (time-stamp)(z)

1000 = Compare mode: initialize CCPx pin low; on compare match, force CCPx pin high (CCPxIF bit is set)

1001 = Compare mode: initialize CCPx pin high; on compare match, force CCPx pin low (CCPxIF bit is set)

1010 = Compare mode: generate software interrupt on compare match (CCPxIF bit is set, CCPx pin
reflects 1/O state)

1011 = Compare mode: Special Event Trigger; reset timer on CCPx match (CCPXxIF bit is set)

11xx = PWM mode

Note 1: CCPxM<3:0> = 1011 will only reset the timer and not start an A/D conversion on CCPx match.

2: Available only on CCP2. Selected by the CANCAP (CIOCON<4>) bit. Overrides the CCP2 input pin
source.
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REGISTER 19-2:

CCPTMRS: CCP TIMER SELECT REGISTER

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

— — — C5TSEL C4TSEL C3TSEL C2TSEL C1TSEL
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
bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’
C5TSEL: CCP5 Timer Selection bit

0 = CCP5 is based off of TMR1/TMR2
1 = CCP5 is based off of TMR3/TMR4

CATSEL: CCP4 Timer Selection bit
0 = CCP4 is based off of TMR1/TMR2
1 = CCP4 is based off of TMR3/TMR4
C3TSEL: CCP3 Timer Selection bit

0 = CCP3 is based off of TMR1/TMR2
1 = CCP3 is based off of TMR3/TMR4

C2TSEL: CCP2 Timer Selection bit

0 = CCP2 is based off of TMR1/TMR2
1 = CCP2 is based off of TMR3/TMR4

CI1TSEL: CCP1 Timer Selection bit

0 = ECCP1 is based off of TMR1/TMR2
1 = ECCP1 is based off of TMR3/TMR4
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REGISTER 19-3: CCPRxL: CCPx PERIOD LOW BYTE REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxL7 CCPRxL6 CCPRxL5 CCPRxL4 CCPRxL3 CCPRxL2 CCPRxL1 CCPRxLO
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 CCPRxL<7:0>: CCPx Period Register Low Byte bits

Capture Mode: Capture register low byte
Compare Mode: Compare register low byte
PWM Mode: Duty Cycle Buffer register

REGISTER 19-4: CCPRxH: CCPx PERIOD HIGH BYTE REGISTER

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
CCPRxH7 CCPRxH6 CCPRxH5 | CCPRxH4 | CCPRxH3 CCPRxH2 CCPRxH1 CCPRxHO
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 CCPRxH<7:0>: CCPx Period Register High Byte bits

Capture Mode: Capture register high byte
Compare Mode: Compare register high byte
PWM Mode: Duty Cycle Buffer register
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19.1 CCP Module Configuration

Each Capture/Compare/PWM module is associated
with a control register (generically, CCPxCON) and a
data register (CCPRx). The data register, in turn, is
comprised of two 8-bit registers: CCPRxL (low byte)
and CCPRxH (high byte). All registers are both
readable and writable.

CCP MODULES AND TIMER
RESOURCES

The CCP modules utilize Timers, 1 through 4, varying
with the selected mode. Various timers are available to
the CCP modules in Capture, Compare or PWM
modes, as shown in Table 19-1.

19.1.1

TABLE 19-1: CCP MODE - TIMER
RESOURCE
CCP Mode Timer Resource
Capture ) )
Timer1 or Timer3
Compare
PWM Timer2 or Timer4

The assignment of a particular timer to a module is
determined by the Timer to CCP enable bits in the
CCPTMRS register (see Register 19-2). All of the
modules may be active at once and may share the
same timer resource if they are configured to operate
in the same mode (Capture/Compare or PWM) at the
same time.

The CCPTMRS register selects the timers for CCP
modules, 2, 3, 4 and 5. The possible configurations are
shown in Table 19-2.

TABLE 19-2: TIMER ASSIGNMENTS FOR CCP MODULES 2, 3,4 AND 5
CCPTMRS Register
CCP2 CCP3 CCP4 CCP5
Capture/ Capture/ Capture/ Capture/
C2TSEL | Compare PWM C3TSEL | Compare PWM CATSEL | Compare PWM C5TSEL | Compare PWM
Mode Mode Mode Mode
Mode Mode Mode Mode
TMR1 | TMR2 0 TMR1 | TMR2 TMRA1 TMR2 00 TMR1 | TMR2
1 TMR3 | TMR4 1 TMR3 | TMR4 1 TMR3 | TMR4 01 TMR3 | TMR4
19.1.2 OPEN-DRAIN OUTPUT OPTION The open-drain output option is controlled by the

When operating in Output mode (the Compare or PWM
modes), the drivers for the CCPx pins can be optionally
configured as open-drain outputs. This feature allows
the voltage level on the pin to be pulled to a higher level
through an external pull-up resistor and allows the
output to communicate with external circuits without the
need for additional level shifters.

CCPxOD bits (ODCON<6:2>). Setting the appropriate
bit configures the pin for the corresponding module for
open-drain operation.
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19.2 Capture Mode

In Capture mode, the CCPRxH:CCPRXxL register pair
captures the 16-bit value of the Timer register selected
in the CCPTMRS when an event occurs on the CCPx
pin. An event is defined as one of the following:

» Every falling edge

» Every rising edge

« Every 4th rising edge

« Every 16th rising edge

Note: For CCP2 only, the Capture mode can use
the CCP2 input pin as the capture trigger
for CCP2 or the input can function as a
time-stamp through the CAN module. The
CAN module provides the necessary
control and trigger signals.

The event is selected by the mode select bits,
CCPxM<3:0> (CCPxCON<3:0>). When a capture is
made, the interrupt request flag bit, CCPxIF (PIR4<x>),
is set; it must be cleared in software. If another capture
occurs before the value in CCPRx is read, the old
captured value is overwritten by the new captured
value.

Figure 19-1 shows the Capture mode block diagram.

19.2.1 CCP PIN CONFIGURATION

In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

19.2.2 TIMER1/3 MODE SELECTION

For the available timers (1/3) to be used for the capture
feature, the used timers must be running in Timer mode
or Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may not work.

The timer to be used with each CCP module is selected
in the CCPTMRS register. (See Section 19.1.1 “CCP
Modules and Timer Resources”.)

Details of the timer assignments for the CCP modules
are given in Table 19-2.

FIGURE 19-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
| T™R3H | TMR3L |
Set CCP3IF
C3TSEL TMR3
CCP3 Pin Enable

jand_t

Edge Detect

Prescaler
+1,4,16

| ccPraH | ccpraL |

C3TSEL Enable
TMR1H TMRI1L
CCP3CON<3:0> —44 Set CCP4IF | | |
Q1:Q4 J—
CCP4CON<3:0> —4“
: | TMR3H | TMR3L |
C4TSEL
TMR3
CCP4 Pin Enable
Prescaler j and _*_ | CCPR4H | CCPRA4L |
Z +1,4,16 Edge Detect
TMR1
Enable
CATSEL | TMR1H | TMRIL |
Note: This block diagram uses CCP3 and CCP4, and their appropriate timers as an example. For details on all of

the CCP modules and their timer assignments, see Table 19-2.
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19.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPxIE bit (PIE4<x>) clear to avoid false interrupts
and should clear the flag bit, CCPxIF, following any
such change in operating mode.

19.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode.
They are specified as part of the operating mode
selected by the mode select bits (CCPxM<3:0>).
Whenever the CCP module is turned off, or the CCP
module is not in Capture mode, the prescaler counter
is cleared. This means that any Reset will clear the
prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Doing that also will not clear the
prescaler counter — meaning the first capture may be
from a non-zero prescaler.

Example 19-1 shows the recommended method for
switching between capture prescalers. This example
also clears the prescaler counter and will not generate
the “false” interrupt.

EXAMPLE 19-1: CHANGING BETWEEN

CAPTURE PRESCALERS

CLRF CCPxCON ; Turn CCP nodul e of f
MOVLW NEW CAPT_PS ; Load WREG with the
; new prescal er node
; value and CCP ON
Load CCPxCON with
; this value

MOV CCPxCON

19.2.5  CAN MESSAGE TIME-STAMP
(CCP2 ONLY)

For CCP2, only the CAN capture event occurs when a
message is received in any of the receive buffers.
When configured, the CAN module provides the trigger
to the CCP2 module to cause a capture event. This
feature is provided to “time-stamp” the received CAN
messages.

This feature is enabled by setting the CANCAP bit of
the CAN 1/O Control register (CIOCON<4>). The mes-
sage receive signal from the CAN module then takes
the place of the events on RC2/CCP2.

If this feature is selected, then four different capture

options for CCP2M<3:0> are available:

* 0100 - Every time a CAN message is received

* 0101 - Every time a CAN message is received

* 0110 — Every 4th time a CAN message is
received

* 0111 — Capture mode, every 16th time a CAN
message is received
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19.3 Compare Mode

In Compare mode, the 16-bit CCPRXx register value is

constantly compared against the Timer register pair

value selected in the CCPTMR register. When a match

occurs, the CCPx pin can be:

+ Driven high

 Driven low

» Toggled (high-to-low or low-to-high)

» Unchanged (that is, reflecting the state of the /0O
latch)

The action on the pin is based on the value of the mode
select bits (CCPxM<3:0>). At the same time, the
interrupt flag bit, CCPxIF, is set.

Figure 19-2 gives the Compare mode block diagram

19.3.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

Note:  Clearing the CCPxCON register will force
the corresponding CCPx compare output
latch (depending on device configuration)
to the default low level. This is not the
PORTXx data latch.

19.3.2 TIMER1/3 MODE SELECTION

If the CCPx module is using the compare feature in
conjunction with any of the Timer1/3 timers, the timers
must be running in Timer mode or Synchronized
Counter mode. In Asynchronous Counter mode, the
compare operation may not work.

Note:  Details of the timer assignments for the
CCPx modules are given in Table 19-2.

19.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCPxM<3:0> = 1010), the CCPx pin is not affected.
Only a CCP interrupt is generated, if enabled, and the
CCPXIE bit is set.

19.3.4 SPECIAL EVENT TRIGGER

All CCP modules are equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode bits
(CCPxM<3:0>=1011).

For either CCPx module, the Special Event Trigger
resets the Timer register pair for whichever timer
resource is currently assigned as the module’s time
base. This allows the CCPRXx registers to serve as a
programmable Period register for either timer.

19.3.5 COMPARE MODE INTERRUPT
TIMING

For all Compare modes, an interrupt may be triggered
when the selected Timer register pair matches the
value in the CCPRXx register pair. This interrupt will be
triggered upon the timer transitioning from the value of
the CCPRXx register pair to the next value.
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FIGURE 19-2: COMPARE MODE OPERATION BLOCK DIAGRAM
Special Event Trigger
Timer1/3 Reset
| ccPrsH | ccprsL Set CCPSIF ( )
CCP5 Pin

| Comparator | Compare Output (> X

p [ Match J Logic I/f

Tr TRIS

4 Output Enable
CCP5CON<3:0>
| T™™R1H | TMRIL =0
| TMR3H | TMRaL |::>/1(
C5TSEL
oK= TMRIH | TMRIL |
1 C:(
TMR3H | TMR3L | Special Event Trigger
(Timer1/Timer3 Reset)
C4TSEL
Set CCP4IF CCP4 Pin
| C " 1 Compare Output Q > @
omparator Match ¢ Logic \/T
TRIS
4 Output Enable
| ccPraH | ccpraL
CCP4CON<3:0>
Note: This block diagram uses CCP4 and CCP5, and their appropriate timers as an example. For details on all of
the CCP modules and their timer assignments, see Table 19-2.
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TABLE 19-3: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1/3

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
RCON IPEN | SBOREN CcM RI TO PD POR BOR
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
PIR4 TMR4IF EEIF CMP2IF CMP1IF — CCP5IF CCP4IF CCP3IF
PIE4 TMR4IE EEIE CMP2IE CMP1IE — CCPSIE CCP4IE CCP3IE
IPR4 TMR4IP EEIP CMP2IP CMP1IP — CCP5IP CCP4IP CCP3IP
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISCA1 TRISCO
TMR1L Timer1 Register Low Byte
TMR1H Timer1 Register High Byte
TMR3L Timer3 Register Low Byte
TMR3H Timer3 Register High Byte
T1CON TMR1CS1 | TMR1CSO | TICKPS1 | TICKPSO | SOSCEN | TISYNC | RD16 | TMR1ON
T3CON TMR3CS1 | TMR3CSO0 | T3CKPS1 | T3CKPSO | SOSCEN | T3SYNC RD16 TMR3ON
CCPR2L Capture/Compare/PWM Register 2 Low Byte
CCPR2H Capture/Compare/PWM Register 2 High Byte
CCPR3L Capture/Compare/PWM Register 3 Low Byte
CCPR3H Capture/Compare/PWM Register 3 High Byte
CCPRA4L Capture/Compare/PWM Register 4 Low Byte
CCPR4H Capture/Compare/PWM Register 4 High Byte
CCPR5L Capture/Compare/PWM Register 5 Low Byte
CCPR5H Capture/Compare/PWM Register 5 High Byte
CCP2CON — — DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO
CCP3CON — — DC3B1 DC3B0 CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO
CCP4CON — — DC4B1 DC4B0 CCP4M3 | CCP4M2 | CCP4M1 | CCP4MO
CCP5CON — — DC5B1 DC5B0 CCP5M3 | CCP5M2 | CCP5M1 | CCP5MO
CCPTMRS — — — C5TSEL CATSEL | C3TSEL | C2TSEL | CI1TSEL
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD |UART2MD | UART1MD | SSPMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by Capture/Compare or Timer1/3.
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19.4 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCPx pin
produces up to a 10-bit resolution PWM output. Since
the CCPx pin is multiplexed with a PORTC or PORTB
data latch, the appropriate TRIS bit must be cleared to
make the CCPx pin an output.

Note:  Clearing the CCPxCON register will force
the corresponding CCPx output latch
(depending on device configuration) to the
default low level. This is not the PORTx
I/O data latch.

Figure 19-3 shows a simplified block diagram of the
CCPx module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 19.4.3
“Setup for PWM Operation”.

FIGURE 19-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers ’/ CCP4CON<5:4>
| CCPR4L ‘
|CCPR4H (Slave) ‘
| Comparator i R Q
RC2/CCP1
| TMR2 ‘ (Note 1)‘
o—(S
A
Comparator TRISC<2>
Clear Timer,
4 CCP1 Pin and
PR2 Latch D.C.

Note 1: The 8-bit TMR2 value is concatenated with the 2-bit
internal Q clock, or 2 bits of the prescaler, to create
the 10-bit time base.

2: CCP4 and its appropriate timers are used as an
example. For details on all of the CCP modules and
their timer assignments, see Table 19-2.

A PWM output (Figure 19-4) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 19-4: PWM OUTPUT
Period

] I e I
Duty Cycle

ﬁ TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

19.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 19-1:

PWM Period = [(PR2)+ 1]+ 4« TOSC *
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events

occur on the next increment cycle:

« TMR2 is cleared

* The CCP4 pin is set
(An exception: If PWM duty cycle = 0%, the CCP4
pin will not be set)

* The PWM duty cycle is latched from CCPRA4L into
CCPR4H

Note:  The Timer2 postscalers (see
Section 15.0 “Timer2 Module”) are not
used in the determination of the PWM
frequency. The postscaler could be used
to have a servo update rate at a different
frequency than the PWM output.
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19.4.2 PWM DUTY CYCLE

The PWM duty cycle is specified, to use CCP4 as an
example, by writing to the CCPRA4L register and to the
CCP4CON<5:4> bits. Up to 10-bit resolution is avail-
able. The CCPR4L contains the eight MSbs and the
CCP4CON<5:4> contains the two LSbs. This 10-bit
value is represented by CCPR4L:CCP4CON<5:4>.
The following equation is used to calculate the PWM
duty cycle in time:

EQUATION 19-2:

PWM Duty Cycle = (CCPR4L:CCP4CON<5:4>) »
Tosc « (TMR2 Prescale Value)

CCPRA4L and CCP4CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPRA4H until after a match between PR2 and TMR2
occurs (that is, the period is complete). In PWM mode,
CCPRA4H is a read-only register.

The CCPRA4H register and a two-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPR4H and two-bit latch match TMR2,
concatenated with an internal two-bit Q clock or two
bits of the TMR2 prescaler, the CCP4 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 19-3:

Fosc
e\ Frwm
PWM Resolution (max) = ————bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP4 pin will not be
cleared.

TABLE 19-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 10 10 10 8 7 6.58

19.4.3 SETUP FOR PWM OPERATION

To configure the CCP module for PWM operation,
using CCP4 as an example:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPRAL register and CCP4CON<5:4> bits.

3. Make the CCP4 pin an output by clearing the
appropriate TRIS bit.

4. Setthe TMR2 prescale value, then enable Tim-
er2 by writing to T2CON.

5. Configure the CCP4 module for PWM operation.

© 2010-2017 Microchip Technology Inc.
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TABLE 19-5: REGISTERS ASSOCIATED WITH PWM AND TIMERS

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
RCON IPEN | SBOREN CcM RI TO PD POR BOR
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
PIR4 TMRA4IF EEIF CMP2IF CMP1IF — CCPS5IF CCP4IF CCP3IF
PIE4 TMR4IE EEIE CMP2IE CMP1IE — CCP5IE CCP4IE CCP3IE
IPR4 TMR4IP EEIP CMP2IP CMP1IP — CCP5IP CCP4IP CCP3IP
TRISB TRISB7 TRISB6 TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISCA1 TRISCO
TMR2 Timer2 Register
TMR4 Timer4 Register
PR2 Timer2 Period Register
PR4 Timer4 Period Register
T2CON — T20UTPS3 | T20UTPS2| T20UTPS1 | T20UTPSO0| TMR20ON | T2CKPS1 | T2CKPSO0
T4CON — T4OUTPS3 | T4AOUTPS2| T4AOUTPS1 | TAOUTPSO| TMR4ON | T4ACKPS1 | T4ACKPSO
CCPR2L Capture/Compare/PWM Register 2 Low Byte
CCPR2H Capture/Compare/PWM Register 2 High Byte
CCPR3L Capture/Compare/PWM Register 3 Low Byte
CCPR3H Capture/Compare/PWM Register 3 High Byte
CCPRA4L Capture/Compare/PWM Register 4 Low Byte
CCPR4H Capture/Compare/PWM Register 4 High Byte
CCPR5L Capture/Compare/PWM Register 5 Low Byte
CCPR5H Capture/Compare/PWM Register 5 High Byte
CCP2CON — — DC2B1 DC2B0 CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO
CCP3CON — — DC3B1 DC3B0 CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO
CCP4CON — — DC4B1 DC4B0 CCP4M3 | CCP4M2 | CCP4M1 | CCP4MO
CCP5CON — — DC5B1 DC5B0 CCP5M3 | CCP5M2 | CCP5M1 | CCP5MO
CCPTMRS — — — C5TSEL CATSEL C3TSEL C2TSEL | C1TSEL
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PWM or Timer2/4.
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20.0 ENHANCED
CAPTURE/COMPARE/PWM
(ECCP) MODULE

PIC18F66K80 family devices have one Enhanced
Capture/Compare/PWM (ECCP) module: ECCP1.
These modules contain a 16-bit register, which can
operate as a 16-bit Capture register, a 16-bit Compare
register or a PWM Master/Slave Duty Cycle register.
These ECCP modules are upward compatible with CCP

ECCP1 is implemented as standard CCP modules with
enhanced PWM capabilities. These include:

* Provision for two or four output channels
» Output Steering modes

* Programmable polarity

* Programmable dead-band control

» Automatic shutdown and restart

The enhanced features are discussed in detail in
Section 20.4 “PWM (Enhanced Mode)".

The ECCP1 module uses the control register,
CCP1CON. The control registers, CCP2CON through
CCP5CON, are for the modules, CCP2 through CCP5.

© 2010-2017 Microchip Technology Inc.
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REGISTER 20-1: CCP1CON: ENHANCED CAPTURE/COMPARE/PWM1 CONTROL

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
P1M1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO
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 P1M<1:0>: Enhanced PWM Output Configuration bits

If CCP1M<3:2> =00, 01, 10:

xx = P1A assigned as capture/compare input/output; P1B, P1C and P1D assigned as port pins

If CCP1M<3:2>=11:

00 = Single output: P1A, P1B, P1C and P1D are controlled by steering (see Section 20.4.7 “Pulse
Steering Mode™)

01 = Full-bridge output forward: P1D is modulated; P1A is active; P1B, P1C is inactive

10 = Half-bridge output: P1A, P1B are modulated with dead-band control; P1C and P1D are
assigned as port pins

11 = Full-bridge output reverse: P1B is modulated; P1C is active; P1A and P1D are inactive

bit 5-4 DC1B<1:0>: PWM Duty Cycle bit 1 and bit 0

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two LSbs of the 10-bit PWM duty cycle. The eight MSbs of the duty cycle are found
in CCPRI1L.

bit 3-0 CCP1M<3:0>: ECCP1 Mode Select bits

0000 = Capture/Compare/PWM off (resets ECCP1 module)

0001 = Reserved

0010 = Compare mode: Toggle output on match

0011 = Capture mode

0100 = Capture mode: Every falling edge

0101 = Capture mode: Every rising edge

0110 = Capture mode: Every fourth rising edge

0111 = Capture mode: Every 16t rising edge

1000 = Compare mode: Initialize ECCP1 pin low, set output on compare match (set CCP1IF)

1001 = Compare mode: Initialize ECCP1 pin high, clear output on compare match (set CCP1IF)

1010 = Compare mode: Generate software interrupt only, ECCP1 pin reverts to I/O state

1011 = Compare mode: Trigger special event (ECCP1 resets TMR1 or TMRS, starts A/D conversion,
sets CCP1IF bit)

1100 = PWM mode: P1A and P1C are active-high; P1B and P1D are active-high

1101 = PWM mode: P1A and P1C are active-high; P1B and P1D are active-low

1110 = PWM mode: P1A and P1C are active-low; P1B and P1D are active-high

1111 = PWM mode: P1A and P1C are active-low; P1B and P1D are active-low
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REGISTER 20-2: CCPTMRS: CCP TIMER SELECT REGISTER

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — C5TSEL CATSEL C3TSEL C2TSEL C1TSEL
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 C5TSEL: CCP5 Timer Selection bit

0 = CCP5 is based off of TMR1/TMR2
1 = CCP5 is based off of TMR3/TMR4

bit 3 CATSEL: CCP4 Timer Selection bit
0 = CCP4 is based off of TMR1/TMR2
1 = CCP4 is based off of TMR3/TMR4
bit 2 C3TSEL: CCP3 Timer Selection bit

0 = CCP3 is based off of TMR1/TMR2
1 = CCP3 is based off of TMR3/TMR4

bit 1 C2TSEL: CCP2 Timer Selection bit

0 = CCP2 is based off of TMR1/TMR2
1 = CCP2 is based off of TMR3/TMR4

bit 0 CI1TSEL: CCP1 Timer Selection bit

0 = ECCP1 is based off of TMR1/TMR2
1 = ECCP1 is based off of TMR3/TMR4
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In addition to the expanded range of modes available
through the CCP1CON and ECCP1AS registers, the
ECCP module has two additional registers associated
with Enhanced PWM operation and auto-shutdown
features. They are:

+ ECCP1DEL — Enhanced PWM Control
* PSTR1CON - Pulse Steering Control

20.1 ECCP Outputs and Configuration

The Enhanced CCP module may have up to four PWM
outputs, depending on the selected operating mode.
The CCP1CON register is modified to allow control
over four PWM outputs: ECCP1/P1A, P1B, P1C and
P1D. Applications can use one, two or four of these
outputs.

The outputs that are active depend on the ECCP
operating mode selected. The pin assignments are
summarized in Table 20-2.

To configure the I/O pins as PWM outputs, the proper
PWM mode must be selected by setting the P1M<1:0>
and CCP1M<3:0> bits. The appropriate TRIS direction
bits for the port pins must also be set as outputs.

20.1.1 ECCP MODULE AND TIMER
RESOURCES

The ECCP modules use Timers, 1, 2, 3 and 4, depend-
ing on the mode selected. These timers are available to
CCP modules in Capture, Compare or PWM modes, as
shown in Table 20-1.

TABLE 20-1: ECCP MODE - TIMER
RESOURCE

ECCP Mode Timer Resource

Capture Timer1 or Timer3

Compare Timer1 or Timer3

PWM Timer2 or Timer4

The assignment of a particular timer to a module is
determined by the Timer to ECCP enable bits in the
CCPTMRS register (Register 20-2). The interactions
between the two modules are depicted in Figure 20-1.
Capture operations are designed to be used when the
timer is configured for Synchronous Counter mode.
Capture operations may not work as expected if the
associated timer is configured for Asynchronous Counter
mode.

20.2 Capture Mode

In Capture mode, the CCPR1H:CCPR1L register pair
captures the 16-bit value of the TMR1 or TMR3
registers when an event occurs on the corresponding
ECCP1 pin. An event is defined as one of the following:

» Every falling edge

« Every rising edge

« Every fourth rising edge

« Every 16! rising edge

The event is selected by the mode select bits,
CCP1M<3:0> (CCP1CON<3:0>). When a capture is
made, the interrupt request flag bit, CCP1IF, is set
(PIR3<1>). The flag must be cleared by software. If
another capture occurs before the value in the

CCPR1H/L register is read, the old captured value is
overwritten by the new captured value.

20.2.1 ECCP PIN CONFIGURATION

In Capture mode, the appropriate ECCP1 pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note:  If the ECCP1 pin is configured as an out-
put, a write to the port can cause a capture
condition.
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20.2.2 TIMER1/2/3/4 MODE SELECTION

The timers that are to be used with the capture feature
(Timer1 2, 3 or 4) must be running in Timer mode or
Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may not work.
The timer to be used with each ECCP module is
selected in the CCPTMRS register (Register 20-2).

20.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCP1IE interrupt enable bit clear to avoid false inter-
rupts. The interrupt flag bit, CCP1IF, should also be
cleared following any such change in operating mode.

20.2.4 ECCP PRESCALER

There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCP1M<3:0>). Whenever the
ECCP module is turned off, or Capture mode is dis-
abled, the prescaler counter is cleared. This means
that any Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared; therefore, the first capture may be from
a non-zero prescaler. Example 20-1 provides the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF  CCP1CON ; Turn ECCP nodul e off
MOVLW NEW CAPT_PS ; Load WREG with the
; new prescal er node
; value and ECCP ON
Load ECCP1CON with
; this value

EXAMPLE 20-1:

MOVWF  CCP1CON

FIGURE 20-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
| TMR3H | TwR3L |
Set CCP1IF
CATSELO
CATSELA TMR3
ECCP1 Pin C1TSEL2 Enable
Fand t | CCPR1H | CCPRIL |

Prescaler
+1,4,16

Edge Detect

CCP1CON<3:0> —2

Q1:Q4 —%— |

C1TSELO
C1TSEL1
C1TSEL2

TMR1
Enable

| TRiH | TMRIL |
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20.3 Compare Mode

In Compare mode, the 16-bit CCPR1 register value is

constantly compared against the Timer register pair

value selected in the CCPTMR1 register. When a

match occurs, the ECCP1 pin can be:

 Driven high

* Driven low

» Toggled (high-to-low or low-to-high)

» Unchanged (that is, reflecting the state of the 1/0
latch)

The action on the pin is based on the value of the mode
select bits (CCP1M<3:0>). At the same time, the
interrupt flag bit, CCP1IF, is set.

20.3.1 ECCP PIN CONFIGURATION

Users must configure the ECCP1 pin as an output by
clearing the appropriate TRIS bit.

Note:  Clearing the CCP1CON register will force
the ECCP1 compare output latch
(depending on device configuration) to the
default low level. This is not the port I/O

20.3.2 TIMER1/2/3/4 MODE SELECTION

Timer1, 2, 3 or 4 must be running in Timer mode or
Synchronized Counter mode if the ECCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation will not work reliably.

20.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCP1M<3:0> =1010), the ECCP1 pin is not affected;
only the CCP1IF interrupt flag is affected.

2034 SPECIAL EVENT TRIGGER

The ECCP module is equipped with a Special Event
Trigger. This is an internal hardware signal generated
in Compare mode to trigger actions by other modules.
The Special Event Trigger is enabled by selecting
the Compare Special Event Trigger mode
(CCP1M<3:0> = 1011).

The Special Event Trigger resets the Timer register pair
for whichever timer resource is currently assigned as the
module’s time base. This allows the CCPR1 registers to
serve as a programmable Period register for either timer.

data latch. The Special Event Trigger can also start an A/D conver-
sion. In order to do this, the A/D Converter must
already be enabled.
FIGURE 20-2: COMPARE MODE OPERATION BLOCK DIAGRAM

oK= TMRIH | TMRIL |
k= TMR3H | TMRaL |

C1TSELO
C1TSEL1

(Timer1/Timer3 Reset, A/D Trigger)

Special Event Trigger

| ccprin | cepriL |

C1TSEL2
{; Set CCP1IF ECCP1 Pin
s ™
| Comparator | Compare OUtP,Ut Q {E
I Match Logic
R
TRIS

4 Output Enable
CCP1CON<3:0>
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20.4 PWM (Enhanced Mode)

The Enhanced PWM mode can generate a PWM signal
on up to four different output pins with up to 10 bits of
resolution. It can do this through four different PWM
Output modes:

« Single PWM

» Half-Bridge PWM

* Full-Bridge PWM, Forward mode

* Full-Bridge PWM, Reverse mode

To select an Enhanced PWM mode, the P1M bits of the
CCP1CON register must be set appropriately.

EXAMPLE SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODE

The PWM outputs are multiplexed with I/O pins and are
designated: P1A, P1B, P1C and P1D. The polarity of the
PWM pins is configurable and is selected by setting the
CCP1M bits in the CCP1CON register appropriately.

Table 20-1 provides the pin assignments for each
Enhanced PWM mode.

Figure 20-3 provides an example of a simplified block
diagram of the Enhanced PWM module.

Note: To prevent the generation of an
incomplete waveform when the PWM is
first enabled, the ECCP module waits until
the start of a new PWM period before
generating a PWM signal.

CCP1M<3:0>

S

ECCP1/P1A ECCP1/Output Pin
TRIS
P1B j—& Output Pin
Output TRIS

FIGURE 20-3:
DC1B<1:0> .
Duty Cycle Registers ’/ PIM<1:0>
‘ CCPR1L |
‘CCPR1H (Slave) ‘
‘ Comparator i R Q
Gh
‘ TMR2 ‘ ) |
S
Comparator
Clear Timer2,
4 Toggle PWM Pin and

Latch Dut |
PR2 atch Duty Cycle

the 10-bit time base.

Controller

P1C Output Pin
TRIS

P1D Output Pin
TRIS

ECCP1DEL

Note 1: The 8-bit TMR2 register is concatenated with the 2-bit internal Q clock, or 2 bits of the prescaler, to create

7S

Note 1: The TRIS register value for each PWM output must be configured appropriately.

2:  Any pin not used by an Enhanced PWM mode is available for alternate pin functions.
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TABLE 20-2: EXAMPLE PIN ASSIGNMENTS FOR VARIOUS PWM ENHANCED MODES

ECCP Mode P1M<1:0> P1A P1B Pi1C P1D
Single 00 Yes® Yes(® Yes® Yes(®
Half-Bridge 10 Yes Yes No No
Full-Bridge, Forward 01 Yes Yes Yes Yes
Full-Bridge, Reverse 11 Yes Yes Yes Yes

Note 1: Outputs are enabled by pulse steering in Single mode (see Register 20-5).

FIGURE 20-4: EXAMPLE PWM (ENHANCED MODE) OUTPUT RELATIONSHIPS
(ACTIVE-HIGH STATE)
P1M<1:0> Signal 0 o FPulseWidth Pre
54— : Period 4’;
00 (Single Output) P1AModulated ~ — i l—
- 'Delay™ Delay™ '
P1AModulated — ___ | et T
10  (Half-Bridge) P1B Modulated ~ ___ : : | '
P1A Active _ : :
(Full-Bridge, P1B Inactive — E :
01 Forward) - X ' '
P1C Inactive - ' ' :
P1D Modulated 4 :
P1A Inactive _ ' . E
1, (FullBridge, P1B Modulated ——_ — ] ;
Reverse) o '
P1C Active —_— : :
P1D Inactive — ' !

Relationships:
* Period =4 * Tosc * (PR2 + 1) * (TMR2 Prescale Value)
+ Pulse Width = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
+ Delay =4 * Tosc * (ECCP1DEL<6:0>)
Note 1: Dead-band delay is programmed using the ECCP1DEL register (Section 20.4.6 “Programmable Dead-Band
Delay Mode”).
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FIGURE 20-5: EXAMPLE ENHANCED PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)
PR2 + 1
i . 0 Pulse , .
P1M<1:0> Signal - Width > : :
:4— : Period 4>:
00  (Single Output) P1A Modulated ] | X
P1AModulated — __ - B v L
'Delay® Delay® :
10 (Half-Bridge) P1B Modulated ~ ___ - ] L
P1A Active _ ' L !
(Full-Bridge, P1B Inactive _ |
01 Forward) _ : ! !
P1C Inactive S X : '
P1D Modulated ~ —_ | Z
P1A Inactive _
., (Ful-Bridge, P1B Modulated | ;
Reverse) _ ! ! :
P1C Active N L .
P1D Inactive : : : .

Relationships:
* Period =4 * Tosc * (PR2 + 1) * (TMR2 Prescale Value)
+ Pulse Width = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 Prescale Value)
+ Delay =4 * Tosc * (ECCP1DEL<6:0>)
Note 1: Dead-band delay is programmed using the ECCP1DEL register (Section 20.4.6 “Programmable Dead-Band
Delay Mode”).
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20.4.1 HALF-BRIDGE MODE

In Half-Bridge mode, two pins are used as outputs to
drive push-pull loads. The PWM output signal is output
on the P1A pin, while the complementary PWM output
signal is output on the P1B pin (see Figure 20-6). This
mode can be used for half-bridge applications, as
shown in Figure 20-7, or for full-bridge applications,
where four power switches are being modulated with
two PWM signals.

In Half-Bridge mode, the programmable dead-band delay
can be used to prevent shoot-through current in
half-bridge power devices. The value of the P1DC<6:0>

bits of the ECCP1DEL register sets the number of

instruction cycles before the output is driven active. If the
value is greater than the duty cycle, the corresponding
output remains inactive during the entire cycle. For more
details on the dead-band delay operations, see
Section 20.4.6 “Programmable Dead-Band Delay
Mode”.

FIGURE 20-7:

EXAMPLE OF HALF-BRIDGE APPLICATIONS

Since the P1A and P1B outputs are multiplexed with
the port data latches, the associated TRIS bits must be
cleared to configure P1A and P1B as outputs.

FIGURE 20-6: EXAMPLE OF
HALF-BRIDGE PWM
OUTPUT
Period Period
| Pulse Width ;| |
P1A®@ ! | !
! I<E| | | I
[ [ |
- td
P1B@ : —': :<—: :
] N s

I
1)

td = Dead-Band Delay

Note 1: At this time, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

Standard Half-Bridge Circuit (“Push-Pull")

P1A

FET
Driver

™S

FET
Driver

™

P1B | >

Half-Bridge Output Driving a Full-Bridge Circuit

P1A

P1B

FET
Driver

FET
Driver

]Tﬁ

+1

FET
Driver

jl ]

id| ~ =

Mead |
Load FET

Driver

L
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204.2 FULL-BRIDGE MODE

In Full-Bridge mode, all four pins are used as outputs.
An example of a full-bridge application is provided in
Figure 20-8.

In the Forward mode, the P1A pin is driven to its active
state and the P1D pin is modulated, while the P1B and
P1C pins are driven to their inactive state, as provided in
Figure 20-9.

FIGURE 20-8:

In the Reverse mode, the P1C pin is driven to its active
state and the P1B pin is modulated, while the P1A and
P1D pins are driven to their inactive state, as provided
Figure 20-9.

The P1A, P1B, P1C and P1D outputs are multiplexed
with the port data latches. The associated TRIS bits
must be cleared to configure the P1A, P1B, P1C and
P1D pins as outputs.

EXAMPLE OF FULL-BRIDGE APPLICATION

V+

1

FET QA QC  FET

Driver Driver

™S '€, 3 ]
P1A L fa <
o18 ¢——{oas |——

FET FET

Driver ] Driver

> Pe 3

> fa H—J—
P1C QB 'QD

V-

P1D >
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FIGURE 20-9: EXAMPLE OF FULL-BRIDGE PWM OUTPUT
Forward Mode

5 Period R \

— o I

P1A® ; | | |

' Pulse Width ! | :

| | |

P1B®@ | ' ! !

I T T

I | . |

I | I I

p1c®@ I | I I

T T T T

| | | |

I | I I

P1D@ |

|
!
Reverse Mode
L Period R \
' _Pulse Width ' | :
———————————»

P1A@ | I | |
T T T T
| | | |

_ |

pB® |
I I | I
I I I I

Pic® __ | | | I
I I I I
I I I I

P1D®@ : f : :
e ' ') '

Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: The output signal is shown as active-high.

DS30009977G-page 270 © 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

20.4.2.1 Direction Change in Full-Bridge

Mode

In the Full-Bridge mode, the P1M1 bit in the CCP1CON
register allows users to control the forward/reverse
direction. When the application firmware changes this
direction control bit, the module will change to the new
direction on the next PWM cycle.

A direction change is initiated in software by changing
the P1M1 bit of the CCP1CON register. The following
sequence occurs prior to the end of the current PWM
period:

* The modulated outputs (P1B and P1D) are placed
in their inactive state.

» The associated unmodulated outputs (P1A and
P1C) are switched to drive in the opposite
direction.

* PWM modulation resumes at the beginning of the
next period.

For an illustration of this sequence, see Figure 20-10.

The Full-Bridge mode does not provide a dead-band
delay. As one output is modulated at a time, a
dead-band delay is generally not required. There is a
situation where a dead-band delay is required. This
situation occurs when both of the following conditions
are true:

FIGURE 20-10:

» The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

* The turn-off time of the power switch, including
the power device and driver circuit, is greater than
the turn-on time.

Figure 20-11 shows an example of the PWM direction
changing from forward to reverse, at a near 100% duty
cycle. In this example, at time, t1, the P1A and P1D
outputs become inactive, while the P1C output
becomes active. Since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current will flow through power devices, QC and QD
(see Figure 20-8), for the duration of ‘t. The same
phenomenon will occur to power devices, QA and QB,
for PWM direction change from reverse to forward.

If changing PWM direction at high duty cycle is required
for an application, two possible solutions for eliminating
the shoot-through current are:

* Reduce PWM duty cycle for one PWM period
before changing directions.

» Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

EXAMPLE OF PWM DIRECTION CHANGE

Signal <«————  Period®

> Period ——

P1A (Active-High)

[ pice wigth |

P1B (Active-High) .

P1C (Active-High)

— Pulse Width
-

P1D (Active-High)

- @

- -

Pulse Width

(1/Fosc) « TMR2 Prescale Value.

Note 1: The direction bit, P1M1 of the CCP1CON register, is written any time during the PWM cycle.

2:  When changing directions, the P1A and P1C signals switch before the end of the current PWM cycle. The
modulated P1B and P1D signals are inactive at this time. The length of this time is:
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FIGURE 20-11:

EXAMPLE OF PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

Forward Period t1 Reverse Period

a > < >
P1A I B
PiB . < PW -l
P1C ' |
PID _ |« PW >

; —» <«—TON

External Switch C : ]
! _>: ! :4_ TOFF

External Switch D

Potential
Shoot-Through Current

E,'—i< T = ToFF — TON

Note 1: All signals are shown as active-high.

2: ToN is the turn-on delay of power switch, QC, and its driver.
3: ToFF is the turn-off delay of power switch, QD, and its driver.

2043 START-UP CONSIDERATIONS

When any PWM mode is used, the application
hardware must use the proper external pull-up and/or
pull-down resistors on the PWM output pins.

Note:  When the microcontroller is released from
Reset, all of the /O pins are in the
high-impedance state. The external
circuits must keep the power switch
devices in the OFF state until the micro-
controller drives the 1/0 pins with the
proper signal levels or activates the PWM

output(s).

The CCP1M<1:0> bits of the CCP1CON register allow
the user to choose whether the PWM output signals are
active-high or active-low for each pair of PWM output
pins (P1A/P1C and P1B/P1D). The PWM output
polarities must be selected before the PWM pin output
drivers are enabled. Changing the polarity configura-
tion while the PWM pin output drivers are enabled is
not recommended since it may result in damage to the
application circuits.

The P1A, P1B, P1C and P1D output latches may not be
in the proper states when the PWM module is
initialized. Enabling the PWM pin output drivers at the
same time as the Enhanced PWM modes may cause

damage to the application circuit. The Enhanced PWM
modes must be enabled in the proper Output mode and
complete a full PWM cycle before enabling the PWM
pin output drivers. The completion of a full PWM cycle
is indicated by the TMR2IF or TMR4IF bit of the PIR1
or PIR4 register being set as the second PWM period
begins.
2044 ENHANCED PWM

AUTO-SHUTDOWN MODE

The PWM mode supports an Auto-Shutdown mode that
will disable the PWM outputs when an external
shutdown event occurs. Auto-Shutdown mode places
the PWM output pins into a predetermined state. This
mode is used to help prevent the PWM from damaging
the application.

The auto-shutdown sources are selected using the
ECCP1AS<2:0> bits (ECCP1AS<6:4>). A shutdown
event may be generated by:

* Alogic ‘0’ on the pin that is assigned the FLTO
input function

» Comparator C1

» Comparator C2

» Setting the ECCP1ASE bit in firmware
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A shutdown condition is indicated by the ECCP1ASE Each pin pair may be placed into one of three states:
(Auto-Shutdown Event Status) bit (ECCP1AS<7>). If - Drive logic ‘1’
the bit is a ‘0’, the PWM pins are operating normally. If

the bit is a ‘1’, the PWM outputs are in the shutdown : Dr'lve Ioglc'O .
state. « Tri-state (high-impedance)

When a shutdown event occurs, two things happen:

* The ECCP1ASE bit is set to ‘1’. The ECCP1ASE
will remain set until cleared in firmware or an
auto-restart occurs. (See Section 20.4.5
“Auto-Restart Mode”.)

* The enabled PWM pins are asynchronously
placed in their shutdown states. The PWM output
pins are grouped into pairs (P1A/P1C) and
(P1B/P1D). The state of each pin pair is
determined by the PSS1ACx and PSS1BDx bits
(ECCP1AS<3:2> and <1:0>, respectively).

REGISTER 20-3: ECCP1AS: ECCP1 AUTO-SHUTDOWN 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
ECCP1ASE | ECCP1AS2 | ECCP1AS1 | ECCP1ASO | PSS1AC1 PSS1ACO PSS1BD1 PSS1BDO
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 ECCP1ASE: ECCP Auto-Shutdown Event Status bit

1 = A shutdown event has occurred; ECCP outputs are in a shutdown state
0 = ECCP outputs are operating

bit 6-4 ECCP1AS<2:0>: ECCP Auto-Shutdown Source Select bits

000 = Auto-shutdown is disabled

001 = Comparator C10OUT output is high

010 = Comparator C20UT output is high

011 = Either Comparator C1OUT or C20UT is high

100 = VIL on FLTO pin

101 = VIL on FLTO pin or Comparator C10UT output is high

110 = VIL on FLTO pin or Comparator C20UT output is high

111 = VIL on FLTO pin or Comparator C10OUT or Comparator C20UT is high

bit 3-2 PSS1AC<1:0>: P1A and P1C Pins Shutdown State Control bits
00 = Drive pins, P1A and P1C, to ‘0’
01 = Drive pins, P1A and P1C, to ‘1’
1x = Pins, P1A and P1C, tri-state

bit 1-0 PSS1BD<1:0>: P1B and P1D Pins Shutdown State Control bits
00 = Drive pins, P1B and P1D, to ‘0’
01 = Drive pins, P1B and P1D, to ‘1’
1x = Pins, P1B and P1D, tri-state

Note 1: The auto-shutdown condition is a level-based signal, not an edge-based signal. As long as the level is
present, the auto-shutdown will persist.

2: Writing to the ECCP1ASE bit is disabled while an auto-shutdown condition persists.

3. Once the auto-shutdown condition has been removed and the PWM restarted (either through firmware or
auto-restart), the PWM signal will always restart at the beginning of the next PWM period.
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FIGURE 20-12: PWM AUTO-SHUTDOWN WITH FIRMWARE RESTART (P1RSEN = 0)

- PWM Period »

Shutdown Event ;

ECCP1ASE bit E ! : [ :

PWM  Activity _l ! '

b oo L

Cleared by
Start of Shutdown Shutdown  Firmware PWM
PWM Period Event Occurs Event Clears Resumes
204.5 AUTO-RESTART MODE The module will wait until the next PWM period begins,

however, before re-enabling the output pin. This behav-
ior allows the auto-shutdown with auto-restart features
to be used in applications based on current mode of
PWM control.

The Enhanced PWM can be configured to automatically
restart the PWM signal once the auto-shutdown condi-
tion has been removed. Auto-restart is enabled by
setting the P1RSEN bit (ECCP1DEL<7>).

If auto-restart is enabled, the ECCP1ASE bit will
remain set as long as the auto-shutdown condition is
active. When the auto-shutdown condition is removed,
the ECCP1ASE bit will be cleared via hardware and
normal operation will resume.

FIGURE 20-13: PWM AUTO-SHUTDOWN WITH AUTO-RESTART ENABLED (P1RSEN = 1)

- PWM Period >

Shutdown Event .

ECCP1ASE bit ! ;

PWM  Activity _l :

b esamaom T T

Start of Shutdown Shutdown PWM
PWM Period Event Occurs Event Clears Resumes
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20.4.6 PROGRAMMABLE DEAD-BAND
DELAY MODE

In half-bridge applications, where all power switches
are modulated at the PWM frequency, the power
switches normally require more time to turn off than to
turn on. If both the upper and lower power switches are
switched at the same time (one turned on and the other
turned off), both switches may be on for a short period
until one switch completely turns off. During this brief
interval, a very high current (shoot-through current) will
flow through both power switches, shorting the bridge
supply. To avoid this potentially destructive
shoot-through current from flowing during switching,
turning on either of the power switches is normally
delayed to allow the other switch to completely turn off.

In Half-Bridge mode, a digitally programmable
dead-band delay is available to avoid shoot-through
current from destroying the bridge power switches. The
delay occurs at the signal transition from the non-active
state to the active state. For an illustration, see
Figure 20-14. The lower seven bits of the associated
ECCP1DEL register (Register 20-4) set the delay
period in terms of microcontroller instruction cycles
(Tcy or 4 Tosc).

FIGURE 20-14: EXAMPLE OF
HALF-BRIDGE PWM

@ (D)

OUTPUT
Period Period
| Pulse Width , | :
P1A®! ! !
ot I I I
[ [ |
[ td 1 | [ |
P1B®@ | g !
] : M M-
Lo

td = Dead-Band Delay

Note 1: At thistime, the TMR2 register is equal to the
PR2 register.

2: Output signals are shown as active-high.

FIGURE 20-15: EXAMPLE OF HALF-BRIDGE APPLICATIONS

Standard Half-Bridge Circuit (“Push-Pull")

FET
Driver

™

P1A =

FET
Driver

]Tﬁ
|1}
<+

ﬁT[
1]
<+

<
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REGISTER 20-4: ECCP1DEL: ENHANCED PWM 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
P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DCO
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 P1RSEN: PWM Restart Enable bit

1 = Upon auto-shutdown, the ECCP1ASE bit clears automatically once the shutdown event goes
away; the PWM restarts automatically
0 = Upon auto-shutdown, ECCP1ASE must be cleared by software to restart the PWM

bit 6-0 P1DC<6:0>: PWM Delay Count bits

P1DCn = Number of FOsc/4 (4 * Tosc) cycles between the scheduled time when a PWM signal
should transition active and the actual time it does transition active.

20.4.7 PULSE STEERING MODE

In Single Output mode, pulse steering allows any of the
PWM pins to be the modulated signal. Additionally, the

While the PWM Steering mode is active, the
CCP1M<1:0> bits (CCP1CON<1:0>) select the PWM
output polarity for the P1<D:A> pins.

same PWM signal can simultaneously be available on
multiple pins.

Once the Single Output mode is selected
(CCP1M<3:2> = 11 and P1M<1:.0> = 00 of the

The PWM auto-shutdown operation also applies to the
PWM Steering mode, as described in Section 20.4.4
“Enhanced PWM Auto-shutdown mode”. An
auto-shutdown event will only affect pins that have
PWM outputs enabled.

CCP1CON register), the user firmware can bring out
the same PWM signal to one, two, three or four output
pins by setting the appropriate STR<D:A> bits
(PSTR1CON<3:0>), as provided in Table 20-2.

Note: The associated TRIS bits must be set to
output (‘0’) to enable the pin output driver
in order to see the PWM signal on the pin.
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REGISTER 20-5: PSTR1CON: PULSE STEERING CONTROL®

R/W-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1
CMPLA1 CMPLO — STRSYNC STRD STRC STRB STRA
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 7-6 CMPL<1:0>: Complementary Mode Output Assignment Steering Sync bits

00 = See STR<D:A>.
01 = PA and PB are selected as the complementary output pair
10 = PA and PC are selected as the complementary output pair
11 = PA and PD are selected as the complementary output pair
bit 5 Unimplemented: Read as ‘0’
bit 4 STRSYNC: Steering Sync bit
1 = Output steering update occurs on the next PWM period
0 = Output steering update occurs at the beginning of the instruction cycle boundary
bit 3 STRD: Steering Enable bit D
1 = P1D pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1D pin is assigned to port pin
bit 2 STRC: Steering Enable bit C
1 = P1C pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1C pin is assigned to port pin
bit 1 STRB: Steering Enable bit B
1 = P1B pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1B pin is assigned to port pin
bit 0 STRA: Steering Enable bit A

1 = P1A pin has the PWM waveform with polarity control from CCP1M<1:0>
0 = P1A pin is assigned to port pin

Note 1: The PWM Steering mode is available only when the CCP1CON register bits, CCP1M<3:2> =11 and
P1M<1:0> = 00.

© 2010-2017 Microchip Technology Inc. DS30009977G-page 277



PIC18F66K80 FAMILY

FIGURE 20-16: SIMPLIFIED STEERING 204.71 Steering Synchronization
1,2
BLOCK DIAGRAM{2) The STRSYNC bit of the PSTR1CON register gives the
STRA user two choices for when the steering event will
; ) happen. When the STRSYNC bit is ‘0’, the steering
P1A Signal
Tgl\m'jDTL Output Pin event will happen at the end of the instruction that
writes to the PSTR1CON register. In this case, the out-
Port Data 0 put signal at the P1<D:A> pins may be an incomplete
STRB TRIS PWM waveform. This operation is useful when the user
J\ firmware needs to immediately remove a PWM signal
. from the pin.
s Output Pin
CCP1MO 1
—jD When the STRSYNC bit is ‘1’, the effective steering
Port Data 0 update will happen at the beginning of the next PWM
TRIS period. In this case, steering on/off the PWM output will
STRC always produce a complete PWM waveform.
\L . Figures 20-17 and 20-18 illustrate the timing diagrams
CCP1M1 'ﬂD—l Output Pin of the PWM steering depending on the STRSYNC
setting.
Port Data 0
TRIS
STRD
CCP1MO :)D_ 1 Output Pin
Port Data
TRIS
Note 1: Portoutputs are configured as displayed when
the CCP1CON register bits, P1M<1:0> = 00
and CCP1M<3:2> = 11.
2: Single PWM output requires setting at least
one of the STR<D:A> bits.

FIGURE 20-17: EXAMPLE OF STEERING EVENT AT END OF INSTRUCTION (STRSYNC = 0)

< PWM Period —

L

PWM L] L] L

STR<D:A> | |
P1<D:A> { Port Data " \ / \ / b Port Data
! P1n = PWM f
FIGURE 20-18: EXAMPLE OF STEERING EVENT AT BEGINNING OF INSTRUCTION (STRSYNC =1)

PWM \_‘ L] L] I

STR<D:A> ; | |

Port Data .7 \ / \ { Port Data

P1n =PWM

P1<D:A> —<
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20.4.8 OPERATION IN POWER-MANAGED
MODES

In Sleep mode, all clock sources are disabled. Timer2/4
will not increment and the state of the module will not
change. If the ECCP1 pin is driving a value, it will con-
tinue to drive that value. When the device wakes up, it
will continue from this state. If Two-Speed Start-ups are
enabled, the initial start-up frequency from HF-INTOSC
and the postscaler may not be stable immediately.

In PRI_IDLE mode, the primary clock will continue to
clock the ECCP1 module without change.

20.4.8.1 Operation with Fail-Safe
Clock Monitor (FSCM)

If the Fail-Safe Clock Monitor (FSCM) is enabled, a clock
failure will force the device into the power-managed
RC_RUN mode and the OSCFIF bit of the PIR2 register
will be set. The ECCP1 will then be clocked from the
internal oscillator clock source, which may have a
different clock frequency than the primary clock.

204.9 EFFECTS OF A RESET

Both Power-on Reset and subsequent Resets will force
all ports to Input mode and the ECCP registers to their
Reset states.

This forces the ECCP module to reset to a state
compatible with previous, non-enhanced CCP modules
used on other PIC18 and PIC16 devices.
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TABLE 20-3: REGISTERS ASSOCIATED WITH ECCP1 MODULE AND TIMER1/2/3/4

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0
INTCON GIE/GIEH PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF
RCON IPEN SBOREN CcM RI TO PD POR BOR
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
PIR4 TMRA4IF EEIF CMP2IF CMP1IF — CCPSIF CCP4IF CCP3IF
PIE4 TMRA4IE EEIE CMP2IE CMP1IE — CCP5IE CCP4IE CCP3IE
IPR4 TMRA4IP EEIP CMP2IP CMP1IP — CCP5IP CCP4IP CCP3IP
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
TRISE®W TRISE7 TRISE6 TRISE5 TRISE4 — TRISE2 TRISE1 TRISEO
TMR1H Timer1 Register High Byte
TMR1L Timer1 Register Low Byte
TMR2 Timer2 Register
TMR3H Timer3 Register High Byte
TMR3L Timer3 Register Low Byte
TMR4 Timer4 Register

PR2 Timer2 Period Register

PR4 Timer4 Period Register
T1CON TMR1CS1 | TMR1CSO | T1CKPS1 | T1CKPSO | SOSCEN | T1SYNC RD16 | TMR1ON
T2CON — T20UTPS3 | T20UTPS2 | T20UTPS1 | T20UTPSO0 | TMR20ON | T2CKPS1 | T2CKPSO
T3CON TMR3CS1 TMR3CSO | T3CKPS1 | T3CKPSO | SOSCEN T3SYNC RD16 TMR3ON
T4CON — T40OUTPS3 | T4OUTPS2 | T4OUTPS1 | TAOUTPSO | TMR40ON | T4CKPS1 | TACKPSO
CCPR1H Capture/Compare/PWM Register 1 High Byte
CCPRI1L Capture/Compare/PWM Register 1 Low Byte
CCPR2H Capture/Compare/PWM Register 2 High Byte
CCPR2L Capture/Compare/PWM Register 2 Low Byte

CCPR3H Capture/Compare/PWM Register 3 High Byte

CCPR3L Capture/Compare/PWM Register 3 Low Byte

CCP1CON P1MA1 P1MO DC1B1 DC1B0 CCP1M3 CCP1M2 | CCP1M1 | CCP1MO
CCP2CON — — DC2B1 DC2B0 CCP2M3 CCP2M2 | CCP2M1 | CCP2MO
CCP3CON — — DC3B1 DC3B0 CCP3M3 CCP3M2 | CCP3M1 | CCP3MO
CCPTMRS — — — C5TSEL CA4TSEL C3TSEL C2TSEL C1TSEL
ECCP1AS ECCP1ASE | ECCP1AS2 | ECCP1AS1 | ECCP1ASO | PSS1AC1 | PSS1ACO | PSS1BD1 | PSS1BDO
ECCP1DEL P1RSEN P1DC6 P1DC5 P1DC4 P1DC3 P1DC2 P1DC1 P1DCO
PMDO CCP5MD CCP4MD CCP3MD CCP2MD CCP1MD | UART2MD | UART1MD | SSPMD
Note 1: Unimplemented on devices with a program memory of 32 Kbytes (PIC18F25K80 and PIC18F46K80).
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21.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

21.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be devices such as serial EEPROMs, shift
registers, display drivers and A/D Converters. The
MSSP module can operate in either of two modes:
 Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (I2C™)
- Full Master mode
- Slave mode (with general address call)
The I12C interface supports the following modes in
hardware:
* Master mode
* Multi-Master mode
» Slave mode with 5-bit and 7-bit address masking
(with address masking for both 10-bit and 7-bit
addressing)

21.2 Control Registers

The MSSP module has three associated control regis-
ters. These include a status register (SSPSTAT) and
two control registers (SSPCON1 and SSPCONZ2). The
use of these registers and their individual configuration
bits differ significantly depending on whether the MSSP
module is operated in SPI or 12C mode.

Additional details are provided under the individual
sections.

21.3 SPIl Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPl are supported. To accomplish
communication, typically three pins are used:

 Serial Data Out (SDO) — RC5/SDO

« Serial Data In (SDI) — RC4/SDA/SDI

« Serial Clock (SCK) — RC3/REF0/SCL/SCK

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) — RA5/AN4/C2INB/

HLVDIN/T1CKI/SS/CTMU1

Figure 21-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 21-1: MSSP BLOCK DIAGRAM
(SPI MODE)
< Internal
Data Bus
Read ‘@% Write
| SSPBUFreg |
SDI ‘ ’
}X{ k | SSPSR reg }—*
bit 0 Shift
%’ M Clock
S SS Control
Enable
Edge
Select
2
Clock Select
SSPM<3:0>
SMF’%KE 4 (TMR2 Output)
scK ul 2
|X|_< , | Edge
Select Prescaler [TOSC
4,16, 64
Data to TXx/RXx in SSPSR
TRIS bit
Note: Only port I/O names are used in this diagram for
the sake of brevity. Refer to the text for a full list of
multiplexed functions.
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21.3.1 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

* MSSP Control Register 1 (SSPCON1)

» MSSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCON1 and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCON1
register is readable and writable. The lower 6 bits of
the SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

REGISTER 21-1:

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

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

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

SSPSTAT: MSSP STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE® D/A P | s | rRW | ua BF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 SMP: Sample bit

SPI Master mode:

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

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

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

bit 5 D/A: Data/Address bit
Used in 2C™ mode only.
bit 4 P: Stop bit
Used in I12C mode only. This bit is cleared when the MSSP module is disabled; SSPEN is cleared.
bit 3 S: Start bit
Used in I2C mode only.
bit 2 R/W: Read/Write Information bit
Used in I°C mode only.
bit 1 UA: Update Address bit
Used in I2C mode only.
bit 0 BF: Buffer Full Status bit (Receive mode only)

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

Note 1. Polarity of clock state is set by the CKP bit (SSPCON1<4>).
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REGISTER 21-2: SSPCON1: MSSP CONTROL REGISTER 1 (SPI MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL sspov®) | SSPEN® CKP ssPM3® | ssPM2® | ssPM1® | ssPmo®
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

bit 3-0

Note 1:

WCOL.: Write Collision Detect bit

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

SSPOV: Receive Overflow Indicator bit™®)

SPI Slave mode:

1 = Anew byte is received while the SSPBUF register is still holding the previous data. In case of over-
flow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).

0 = No overflow

SSPEN: Master Synchronous Serial Port Enable bit()

1 = Enables the serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables the serial port and configures these pins as I/O port pins

CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level

0 = Idle state for clock is a low level

SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(®

1010 = SPI Master mode: clock = Fosc/8 .

0101 = SPI Slave mode: clock = SCK pin; SS pin control disabled; SS can be used as I/O pin
0100 = SPI Slave mode: clock = SCK pin; SS pin control enabled

0011 = SPI Master mode: clock = TMR2 output/2

0010 = SPI Master mode: clock = Fosc/64

0001 = SPI Master mode: clock = Fosc/16

0000 = SPI Master mode: clock = Fosc/4

In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by
writing to the SSPBUF register.

When enabled, these pins must be properly configured as inputs or outputs.
Bit combinations not specifically listed here are either reserved or implemented in 12C mode only.
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21.3.2 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

» Master mode (SCK is the clock output)

» Slave mode (SCK is the clock input)

» Clock Polarity (ldle state of SCK)

» Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCK)

» Clock Rate (Master mode only)
» Slave Select mode (Slave mode only)

The MSSP module consists of a Transmit/Receive Shift
register (SSPSR) and a Buffer register (SSPBUF). The
SSPSR shifts the data in and out of the device, MSb
first. The SSPBUF holds the data that was written to the
SSPSR until the received data is ready. Once the 8 bits
of data have been received, that byte is moved to the
SSPBUF register. Then, the Buffer Full detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored and the Write Collision Detect bit,
WCOL (SSPCON1<7>), will be set. User software
must clear the WCOL bit so that it can be determined if
the following write(s) to the SSPBUF register
completed successfully.

EXAMPLE 21-1:

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<0>), indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. If the interrupt method is not going to
be used, then software polling can be done to ensure
that a write collision does not occur. Example 21-1
shows the loading of the SSPBUF (SSPSR) for data
transmission.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the SSPSTAT register indicates the
various status conditions.

2133 OPEN-DRAIN OUTPUT OPTION

The drivers for the SDO output and SCK clock pins can
be optionally configured as open-drain outputs. This
feature allows the voltage level on the pin to be pulled
to a higher level through an external pull-up resistor,
and allows the output to communicate with external cir-
cuits without the need for additional level shifters. For
more information, see Section 11.1.3 “Open-Drain
Outputs”.

The open-drain output option is controlled by the
SSPOD bit (ODCON<7>). Setting the SSPOD bit
configures the SDO and SCK pins for open-drain
operation.

LOADING THE SSPBUF (SSPSR) REGISTER

LooP BTFSS SSPSTAT, BF
BRA LooP ; No
MOVF SSPBUF, W

MOVWF  RXDATA

MOVF TXDATA, W
MOVWF  SSPBUF

; Has data been received (transnmt conplete)?

; WREG reg = contents of SSPBUF
; Save in user RAM

i Wreg = contents of TXDATA
; New data to xmit

if data i s nmeaningful
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2134 ENABLING SPI I/O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPlI mode, clear the SSPEN bit, reinitialize the
SSPCON registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

» SDI is automatically controlled by the SPI module
» SDO must have the TRISC<5> bit cleared

* SCK (Master mode) must have the TRISC<3> bit
cleared

* SCK (Slave mode) must have the TRISC<3> bit
set
» SS must have the TRISA<5> bit set
Any serial port function that is not desired may be

overridden by programming the corresponding Data
Direction (TRIS) register to the opposite value.

FIGURE 21-2:

SPI MASTER/SLAVE CONNECTION

21.3.5 TYPICAL CONNECTION

Figure 21-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

» Master sends data — Slave sends dummy data
» Master sends data — Slave sends data
» Master sends dummy data — Slave sends data

SPI Master SSPM<3:0> = 00xXxb

| | I |
| | | |
| SDO | | SDI :
I I T I
| | I |
: Serial Input Buffer : : Serial Input Buffer :
! (SSPBUF) ! . (SSPBUF) |
| | I |
| | I |
| | I |
| | I |
: Shift Register SDI : - : Sbo Shift Register :
| (SSPSR) | ! (SSPSR) :
| | I |
| MSb LSb | | MSb LSb I
: | Serial Clock | :
! SCK | ' sck |
| PROCESSOR 1 | | PROCESSOR 2 :
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21.3.6 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 1, Figure 21-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately
programming the CKP bit (SSPCON1<4>). This then,
would give waveforms for SPlI communication as

FIGURE 21-3:

shown in Figure 21-3, Figure 21-5 and Figure 21-6,
where the MSB is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user-programmable to be one
of the following:

» Fosc/4 (or Tcy)

» Fosc/16 (or 4 « Tcy)
» Fosc/64 (or 16 « Tcy)
» Timer2 output/2

This allows a maximum data rate (at 64 MHz) of
16 Mbps.

Figure 21-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF ¢

SCK
(CKP =0

CKE = 0)

SCK
(CKP=1

CKE = 0)

Four Clock
Modes

SCK
(CKP =0
CKE = 1)

SCK
(CKP=1

CKE = 1)
|

(CKE =0)

| | |
bit 6 )< it 5 ) bit4 > bit3 | X bit2,

| |
bit1!>< bit 0

SDO

|

|

|

|

|

|
SDO D bit 7

X
(CKE=1) I

(SMP =0) | bit7 | | |

|
bit7:><bit6:><bit5:><bit4;><bit3:><bit2:><bit1: bit0><_
ma, Lttt ittt

| | | bito

(SMP = 0) | | | |

Input

(SMP = 1)

bit 0

|
Sample f
(SMP =1) |
SSPIF

SSPSR to
SSPBUF

\ 4 Next Q4 Cycle
after Q24
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21.3.7 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive

data. When a byte is received, the device can be
configured to wake-up from Sleep.

21.3.8 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with the SS pin_control
enabled (SSPCON1<3:0> = 04h). When the SS pin is
low, transmission and reception are enabled and the
SDO pin is driven. When the SS pin goes high, the
SDO pin is no longer driven, even if in the middle of a

FIGURE 21-4:

transmitted byte, and becomes a floating output.
External pull-up/pull-down resistors may be desirable
depending on the application.

Note 1: When the SPI is in Slave mode, with SS pin
control enabled (SSPCON1<3:0> = 0100),
the SPI module will reset if the SS pin is set
to VDD.

2: Ifthe SPlis used in Slave mode, with CKE
set, then the SS pin control must be

enabled.

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

=

SCK
(CKP =0

/ \ 5

55

CKE = 0)

SCK
(CKP=1
CKE = 0)

Write to

SSPBUF

SDO E—

?<bn7><bn6><:::;::::;::::><bn7><

P
By O A
(SMP = 0) : ' obit7 ! : ' L obit7 | I .
o | | | | | | | : : .
Sample | . T : T . T : T . ((T . T ! ?
(SMP =0) ! : : : . . : T '
SSPIF ' : ' :
::nlterrupt cC

29 )7 Next Q4 Cycle _“

SSPSR to ¢ ¢ after Q2!
SSPBUF J)J
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FIGURE 21-5:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

SS

Optional

SCK
(CKP=0

CKE = 0)

SCK
(CKP=1
CKE = 0)

Write to

SSPBUF

v

SDbO

SDI

j>< bit 7 I>< bit 6 I>< bit 5 I

(SMP = 0)

Input
Sample

(SMP = 0)

SSPIF
Interrupt

Flag
SSPSR to

Next Q4 Cycle
after Q2)

%f_

SSPBUF

FIGURE 21-6:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE =1)

S oo )

Not Optional !

SCK
(CKP=0

CKE = 1)

SCK
(CKP=1
CKE = 1)

Write to

SSPBUF l

SDO

SDI

(SMP = 0)

Input
Sample

' bit7 ><bn6><bn5><bn4><bh3><bh2><bn1><bn0><

(SMP = 0)

SSPIF

Interrupt
Flag

SSPSR to
SSPBUF

+ Next Q4 Cycle
f after Q24
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21.3.9 OPERATION IN POWER-MANAGED

MODES

In SPI Master mode, module clocks may be operating
at a different speed than when in full-power mode; in
the case of the Sleep mode, all clocks are halted.

In Idle modes, a clock is provided to the peripherals.
That clock can be from the primary clock source, the
secondary clock (SOSC oscillator) or the INTOSC
source. See Section 3.3 “Clock Sources and
Oscillator Switching” for additional information.

In most cases, the speed that the master clocks SPI
data is not important; however, this should be
evaluated for each system.

If MSSP interrupt is enabled, it can wake the controller
from Sleep mode, or one of the Idle modes, when the
master completes sending data. If an exit from Sleep or
Idle mode is not desired, MSSP interrupts should be
disabled.

If the Sleep mode is selected, all module clocks are
halted and the transmission/reception will remain in
that state until the device wakes. After the device
returns to Run mode, the module will resume
transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power-managed
mode and data to be shifted into the SPI
Transmit/Receive Shift register. When all 8 bits have
been received, the MSSP interrupt flag bit will be set,
and if enabled, will wake the device.

21.3.10 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

21.3.11 BUS MODE COMPATIBILITY

Table 21-1 shows the compatibility between the
standard SPI modes, and the states of the CKP and
CKE control bits.

TABLE 21-1: SPIBUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, O 0 1
0, 1 0 0
1, O 1 1
1, 1 1 0

There is also an SMP bit which controls when the data
is sampled.

TABLE 21-2: REGISTERS ASSOCIATED WITH SPI OPERATION

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 SSPIF TMR1GIF TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP TMR2IP TMR1IP
TRISA TRISA7 TRISAG6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
SSPBUF MSSP Receive Buffer/Transmit Register
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
SSPSTAT SMP CKE D/A P S RIW UA BF
ODCON SSPOD | CCP50D | CCP40OD | CCP30D | CCP20D | CCP10D u20D U10D
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
Legend: Shaded cells are not used by the MSSP module in SPI mode.
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21.4 1°C Mode

The MSSP module in 12C mode fully implements all
master and slave functions (including general call
support), and provides interrupts on Start and Stop bits
in hardware to determine a free bus (multi-master
function). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

+ Serial Clock (SCL) — RC3/REFO/SCL/SCK
» Serial Data (SDA) — RC4/SDA/SDI

The user must configure these pins as inputs by setting
the associated TRIS bits.

FIGURE 21-7: MSSP BLOCK DIAGRAM
(I’C™ MODE)
< Internal
Data Bus
Write

SCL ~

X L Shift

SDA

Match Detect [ Addr Match
Address Mask

SSPADD reg

Start and Set, Reset
Stop bit Detect [ S, P bits
(SSPSTAT reg)

Note: Only port I/O names are used in this diagram for
the sake of brevity. Refer to the text for a full list of
multiplexed functions.

21.4.1 REGISTERS

The MSSP module has seven registers for 12c
operation. These are:

» MSSP Control Register 1 (SSPCON1)

* MSSP Control Register 2 (SSPCON2)

* MSSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

* MSSP Address Register (SSPADD)
« 12C Slave Address Mask Register (SSPMSK)

SSPCON1, SSPCON2 and SSPSTAT are the control
and status registers in I°C mode operation. The  SSP-
CON1 and SSPCONZ2 registers are readable and writ-
able. The lower 6 bits of the SSPSTAT are read-only.
The upper two bits of the SSPSTAT are read/write.

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

SSPADD contains the slave device address when the
MSSP is configured in I2C Slave mode. When the
MSSP is configured in Master mode, all eight bits of
SSPADD act as the Baud Rate Generator reload value.

SSPMSK holds the slave address mask value when
the module is configured for 7-Bit Address Masking
mode. While it is a separate register, it shares the same
SFR address as SSPADD; it is only accessible when
the SSPM<3:0> bits are specifically set to permit
access. Additional details are provided in
Section 21.4.3.4 “7-Bit Address Masking Mode”.

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

During transmission, the SSPBUF is not
double-buffered. A write to SSPBUF will write to both
SSPBUF and SSPSR.
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REGISTER 21-3: SSPSTAT: MSSP STATUS REGISTER (I2CTM MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A PO [ s® | RW®Y | uA BF
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 SMP: Slew Rate Control bit

In Master or Slave mode:
1 = Slew rate control is disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control is enabled for High-Speed mode (400 kHz)
bit 6 CKE: SMBus Select bit
In Master or Slave mode:
1 = Enables SMBus specific inputs
0 = Disables SMBus specific inputs
bit 5 D/A: Data/Address bit
In Master mode:
Reserved.
In Slave mode:
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit™®)
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
bit 3 S: Start bit™®)
1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last
bit 2 R/W: Read/Write Information bit(%-3)
In Slave mode:
1 = Read
0 = Write
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
bit 1 UA: Update Address bit (10-Bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
In Transmit mode:
1 = SSPBUF is full
0 = SSPBUF is empty
In Receive mode: -
1 = SSPBUF is full (does not include the ACK and Stop bits)
0 = SSPBUF is empty (does not include the ACK and Stop bits)

Note 1: This bitis cleared on Reset and when SSPEN is cleared.

2:  This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit or not ACK bit.

3. ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Active mode.
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REGISTER 21-4:  SSPCON1: MSSP CONTROL REGISTER 1 (I°C™ MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL SsPOV | SSPEN® CKP ssPM3® | sspm2® | ssPm1@ | sspmo®
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 WCOL: Write Collision Detect bit

In Master Transmit mode:

1= A write to the SSPBUF register was attempted while the I2C conditions were not valid for a
transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

bit 6 SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must be cleared in
software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(?)

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: SCK Release Control bit
In Slave mode:

1 = Releases clock
0 = Holds clock low (clock stretch), used to ensure data setup time

In Master mode:
Unused in this mode.

bit 3-0 SSPM<3:0>: Master Synchronous Serial Port Mode Select bits(?)

1111 = IC Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = IC Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (slave Idle)

1001 = Load SSPMSK register at SSPADD SFR address®4)

1000 = I2C Master mode, clock = Fosc/(4 * (SSPADD + 1))

0111 = I2C Slave mode, 10-bit address

0110 = I2C Slave mode, 7-bit address

Note 1: When enabled, the SDA and SCL pins must be configured as inputs.
2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.
3:  When SSPM<3:0> = 1001, any reads or writes to the SSPADD SFR address actually access the
SSPMSK register.
4: This mode is only available when 7-Bit Address Masking mode is selected (MSSPMSK Configuration bit
is '1’).
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REGISTER 21-5:  SSPCON2: MSSP CONTROL REGISTER 2 (I°C™ MASTER MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

GCEN ACKSTAT | ACKDT® | ACKEN® | RCEN® | PEN® RSEN® | SEN®
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 GCEN: General Call Enable bit

Unused in Master mode.

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave
0 = Acknowledge was received from slave
bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)(l)
1 = Not Acknowledged
0 = Acknowledged
bit 4 ACKEN: Acknowledge Sequence Enable bit®
1 = Initiates Acknowledge sequence on SDA and SCL pins and transmits ACKDT data bit;
automatically cleared by hardware
0 = Acknowledge sequence is Idle
bit 3 RCEN: Receive Enable bit (Master Receive mode only)(z)
1 = Enables Receive mode for I°C™
0 = Receive is Idle
bit 2 PEN: Stop Condition Enable bit(?)
1 = Initiates Stop condition on SDA and SCL pins; automatically cleared by hardware
0 = Stop condition is Idle
bit 1 RSEN: Repeated Start Condition Enable bit®?®
1 = Initiates Repeated Start condition on SDA and SCL pins; automatically cleared by hardware
0 = Repeated Start condition Idle
bit 0 SEN: Start Condition Enable bit(?)

1 = Initiates Start condition on SDA and SCL pins; automatically cleared by hardware
0 = Start condition Idle

Note 1: The value that will be transmitted when the user initiates an Acknowledge sequence at the end of a receive.

2:  Ifthe I2C module is active, these bits may not be set (no spooling) and the SSPBUF may not be written to
(or writes to the SSPBUF are disabled).
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REGISTER 21-6:  SSPCON2: MSSP CONTROL REGISTER 2 (I°C™ SLAVE MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
GCEN | ACKSTAT | AckDT® | ACKEN® | RCEN® | PEN® [ RSEN® | seEN®
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 GCEN: General Call Enable bit

1 = Enables interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address is disabled

bit 6 ACKSTAT: Acknowledge Status bit
Unused in Slave mode.
bit 5 ACKDT: Acknowledge Data bit (Master Receive mode only)®)

1 = Not Acknowledged
0 = Acknowledged
bit 4 ACKEN: Acknowledge Sequence Enable bit(1)
1 = Initiates Acknowledge sequence on SDA and SCL pins and transmits ACKDT data bit;
automatically cleared by hardware
0 = Acknowledge sequence is Idle
bit 3 RCEN: Receive Enable bit (Master Receive mode only)(l)
1 = Enables Receive mode for 1°C™
0 = Receive is Idle
bit 2 PEN: Stop Condition Enable bit()
1 = Initiates Stop condition on SDA and SCL pins; automatically cleared by hardware
0 = Stop condition is Idle
bit 1 RSEN: Repeated Start Condition Enable bit(1)
1 = Initiates Repeated Start condition on SDA and SCL pins; automatically cleared by hardware
0 = Repeated Start condition is Idle
bit 0 SEN: Stretch Enable bit(%)

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)
0 = Clock stretching is disabled

Note 1: If the I2C module is active, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

REGISTER 21-7:  SSPMSK: I°C™ SLAVE ADDRESS MASK REGISTER (7-BIT MASKING MODE)(l)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
MSK7 MSK®6 MSK5 MSK4 MSK3 MSK2 | MSK1 ‘ MSK0®
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 MSK<7:0>: Slave Address Mask Select bit®

1 = Masking of corresponding bit of SSPADD is enabled
0 = Masking of corresponding bit of SSPADD is disabled

Note 1: This register shares the same SFR address as SSPADD and is only addressable in select MSSP
operating modes. See Section 21.4.3.4 “7-Bit Address Masking Mode” for more details.

2: MSKO is not used as a mask bit in 7-bit addressing.

DS30009977G-page 294 © 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

214.2 OPERATION

The MSSP module functions are enabled by setting the
MSSP Enable bit, SSPEN (SSPCON1<5>).

The SSPCON1 register allows control of the 12c
operation. Four mode selection bits (SSPCON1<3:0>)
allow one of the following I2C modes to be selected:

« I2C Master mode, clock
« 12C Slave mode (7-bit address)
« I12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled

+ 12C Firmware Controlled Master mode, slave is
Idle

Selection of any I2C mode with the SSPEN bit set
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed as inputs by
setting the appropriate TRISC bit. To ensure proper
operation of the module, pull-up resistors must be
provided externally to the SCL and SDA pins.

2143 SLAVE MODE

In Slave mode, the SCL and SDA pins must be
configured as inputs (TRISC<4:3> set). The MSSP
module will override the input state with the output data
when required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Address masking will
allow the hardware to generate an interrupt for more
than one address (up to 31 in 7-bit addressing and up
to 63 in 10-bit addressing). Through the mode select
bits, the user can also choose to interrupt on Start and
Stop bits.

When an address is matched, or the data transfer after
an address match is received, the hardware auto-
matically will generate the Acknowledge (ACK) pulse
and load the SSPBUF register with the received value
currently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

» The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

* The overflow bit, SSPOV (SSPCON1<6>), was
set before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit, SSPIF, is set. The BF bit is
cleared by reading the SSPBUF register, while bit,
SSPOQV, is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
12c specification, as well as the requirement of the
MSSP module, are shown in timing Parameter 100 and
Parameter 101.

21.4.3.1 Addressing

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPSR register. All incom-
ing bits are sampled with the rising edge of the clock
(SCL) line. The value of register, SSPSR<7:1>, is com-
pared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. The MSSP Interrupt Flag bit, SSPIF, is set (and
interrupt is generated, if enabled) on the falling
edge of the ninth SCL pulse.

w

In 10-Bit Addressing mode, two address bytes need to
be received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. The R/W (SSPSTAT<2>) bit must specify a
write so the slave device will receive the second
address byte. For a 10-bit address, the first byte would
equal ‘11110 A9 A8 0’, where ‘A9’ and ‘A8’ are the
two MSbs of the address. The sequence of events for
10-bit addressing is as follows, with Steps 7 through 9
for the slave-transmitter:

1. Receive first (high) byte of address (bits, SSPIF,
BF and UA, are set on address match).
2. Update the SSPADD register with second (low)

byte of address (clears bit, UA, and releases the
SCL line).

3. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.

4. Receive second (low) byte of address (bits,
SSPIF, BF and UA, are set).

5. Update the SSPADD register with the first (high)
byte of address. If match releases SCL line, this
will clear bit, UA.

6. Read the SSPBUF register (clears bit, BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits, SSPIF
and BF, are set).

9. Read the SSPBUF register (clears bit, BF) and
clear flag bit, SSPIF.

© 2010-2017 Microchip Technology Inc.
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21.4.3.2  Address Masking Modes

Masking an address bit causes that bit to become a
“don’t care”. When one address bit is masked, two
addresses will be Acknowledged and cause an
interrupt. It is possible to mask more than one address
bit at a time, which greatly expands the number of
addresses Acknowledged.

The 12C slave behaves the same way, whether address
masking is used or not. However, when address
masking is used, the I2C slave can Acknowledge
multiple addresses and cause interrupts. When this
occurs, it is necessary to determine which address
caused the interrupt by checking the SSPBUF.

The PIC18F66K80 family of devices is capable of using
two different Address Masking modes in 12C slave
operation: 5-Bit Address Masking and 7-Bit Address
Masking. The Masking mode is selected at device
configuration using the MSSPMSK Configuration bit.
The default device configuration is 7-Bit Address
Masking.

Both Masking modes, in turn, support address masking
of 7-bit and 10-bit addresses. The combination of
Masking modes and addresses provide different
ranges of Acknowledgable addresses for each
combination.

While both Masking modes function in roughly the
same manner, the way they use address masks are
different.

21.43.3  5-Bit Address Masking Mode

As the name implies, 5-Bit Address Masking mode uses
an address mask of up to 5 bits to create a range of
addresses to be Acknowledged, using bits, 5 through 1,

EXAMPLE 21-2:

of the incoming address. This allows the module to
Acknowledge up to 31 addresses when using 7-bit
addressing, or 63 addresses with 10-bit addressing
(see Example 21-2). This Masking mode is selected
when the MSSPMSK Configuration bit is programmed
(‘0).

The address mask in this mode is stored in the SSP-
CON2 register, which stops functioning as a control
register in 1°C Slave mode (Register 21-6). In 7-Bit
Addressing mode, address mask bits, ADMSK<5:1>
(SSPCON2<5:1>), mask the corresponding address
bits in the SSPADD register. For any ADMSKXx bits that
are set (ADMSK<n> = 1), the corresponding address
bit is ignored (SSPADD<n> = x). For the module to
issue an address Acknowledge, it is sufficient to match
only on addresses that do not have an active address
mask.

In 10-Bit Addressing mode, bits, ADMSK<5:2>, mask
the corresponding address bits in the SSPADD
register. In addition, ADMSK1 simultaneously masks
the two LSbs of the address (SSPADD<1:0>). For any
ADMSKX bits that are active (ADMSK<n> = 1), the cor-
responding address bit is ignored (SPxADD<n> = x).
Also note that although in 10-Bit Addressing mode, the
upper address bits reuse part of the SSPADD register
bits. The address mask bits do not interact with those
bits; they only affect the lower address bits.

Note 1: ADMSK1 masks the two Least Significant
bits of the address.
2. The two Most Significant bits of the
address are not affected by address
masking.

ADDRESS MASKING EXAMPLES IN 5-BIT MASKING MODE

7-Bit Addressing:

ADMSK<5:1> =00111

10-Bit Addressing:

are not affected by masking)
ADMSK<5:1> =00111

AEh, AFh

SSPADD<7:1>= AOh (1010000) (SSPADD<0> is assumed to be ‘0’)

Addresses Acknowledged: AOh, A2h, A4h, A6h, A8h, AAh, ACh, AEh

SSPADD<7:0> = A0h (10100000) (The two MSb of the address are ignored in this example, since they

Addresses Acknowledged: AOh, A1h, A2h, A3h, Adh, A5h, A6h, A7h, A8h, ASh, AAh, ABh, ACh, ADh,
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21.43.4  7-Bit Address Masking Mode

Unlike 5-bit masking, 7-Bit Address Masking mode
uses a mask of up to 8 bits (in 10-bit addressing) to
define a range of addresses that can be Acknowl-
edged, using the lowest bits of the incoming address.
This allows the module to Acknowledge up to
127 different addresses with 7-bit addressing, or
255 with 10-bit addressing (see Example 21-3). This
mode is the default configuration of the module, which
is selected when MSSPMSK is unprogrammed (‘1’).

The address mask for 7-Bit Address Masking mode is
stored in the SSPMSK register, instead of the SSP-
CONZ2 register. SSPMSK is a separate hardware regis-
ter within the module, but it is not directly addressable.
Instead, it shares an address in the SFR space with the
SSPADD register. To access the SSPMSK register, it is
necessary to select MSSP mode, ‘1001’ (SSP-
CON1<3:0>=1001) and then read or write to the loca-
tion of SSPADD.

To use 7-Bit Address Masking mode, it is necessary to
initialize SSPMSK with a value before selecting the 12C
Slave Addressing mode. Thus, the required sequence
of events is:

1. Select SSPMSK Access mode (SSP-
CON2<3:0> =1001).

2. Write the mask value to the appropriate
SSPADD register address (FC8h).

3. Set the appropriate I°C Slave mode (SSP-
CON2<3:0>=0111 for 10-bit addressing, 0110
for 7-bit addressing).

EXAMPLE 21-3:

Setting or clearing mask bits in SSPMSK behaves in
the opposite manner of the ADMSKXx bits in 5-Bit
Address Masking mode. That is, clearing a bit in
SSPMSK causes the corresponding address bit to be
masked; setting the bit requires a match in that
position. SSPMSK resets to all ‘1’'s upon any Reset
condition and, therefore, has no effect on the standard
MSSP operation until written with a mask value.

With 7-bit addressing, SSPMSK<7:1> bits mask the
corresponding address bits in the SSPADD register.
For any SSPMSK bits that are active (SSPMSK<n> = 0),
the corresponding SSPADD address bit is ignored
(SSPADD<n> = x). For the module to issue an address
Acknowledge, it is sufficient to match only on
addresses that do not have an active address mask.

With 10-bit addressing, SSPMSK<7:0> bits mask the
corresponding address bits in the SSPADD register.
For any SSPMSK bits that are active (= 0), the
corresponding SSPADD address bit is ignored
(SSPADD<n> = x).

Note: The two Most Significant bits of the
address are not affected by address
masking.

ADDRESS MASKING EXAMPLES IN 7-BIT MASKING MODE

7-Bit Addressing:
SSPADD<7:1> =1010 000
SSPMSK<7:1> =1111 001
Addresses Acknowledged = ACh, A8h, A4h, AOh
10-Bit Addressing:
SSPADD<7:0>
SSPMSK<5:1> =1111 0011
Addresses Acknowledged = ACh, A8h, A4h, AOh

=1010 0000 (The two MSb are ignored in this example since they are not affected)

© 2010-2017 Microchip Technology Inc.
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21435 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit, BF (SSPSTAT<0>), is
set or bit, SSPOV (SSPCON1<6>), is set.

An MSSP interrupt is generated for each data transfer
byte. The interrupt flag bit, SSPIF, must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

If SEN is enabled (SSPCON2<0> = 1), SCL will be held
low (clock stretch) following each data transfer. The
clock must be released by setting bit, CKP
(SSPCON1<4>). See  Section21.4.4  “Clock
Stretching” for more details.

21.4.3.6 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin SCL is held low regard-
less of SEN (see Section 21.4.4 “Clock Stretching”
for more details). By stretching the clock, the master
will be unable to assert another clock pulse until the
slave is done preparing the transmit data. The transmit
data must be loaded into the SSPBUF register, which
also loads the SSPSR register. Then, the SCL pin
should be enabled by setting bit, CKP (SSPCON1<4>).
The eight data bits are shifted out on the falling edge of
the SCL input. This ensures that the SDA signal is valid
during the SCL high time (Figure 21-10).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is com-
plete. In this case, when the ACK is latched by the
slave, the slave logic is reset and the slave monitors for
another occurrence of the Start bit. If the SDA line was
low (ACK), the next transmit data must be loaded into
the SSPBUF register. Again, the SCL pin must be
enabled by setting bit, CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.
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0 (RECEPTION, 7-BIT ADDRESS)

I°C™ SLAVE MODE TIMING WITH SEN

FIGURE 21-8:
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0 AND ADMSK<5:1>

I°’C™ SLAVE MODE TIMING WITH SEN
(RECEPTION, 7-BIT ADDRESS)

PIC18F66K80 FAMILY

FIGURE 21-9:
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1°C™ SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 21-10:
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01001

0 AND ADMSK<5:1>

I>C™ SLAVE MODE TIMING WITH SEN
(RECEPTION, 10-BIT ADDRESS)

FIGURE 21-11:
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0 (RECEPTION, 10-BIT ADDRESS)

I>C™ SLAVE MODE TIMING WITH SEN

FIGURE 21-12:
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I°C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 21-13:
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2144 CLOCK STRETCHING

Both 7-Bit and 10-Bit Slave modes implement
automatic clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

21.4.41 Clock Stretching for 7-Bit Slave

Receive Mode (SEN = 1)

In 7-Bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPCON1 register is
automatically cleared, forcing the SCL output to be
held low. The CKP bit being cleared to ‘0’ will assert
the SCL line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCL line low, the user has time to service the ISR
and read the contents of the SSPBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 21-15).

Note 1. If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software,
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.

21442 Clock Stretching for 10-Bit Slave

Receive Mode (SEN = 1)

In 10-Bit Slave Receive mode, during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0’. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs, and if
the user hasn'’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a data
sequence, not an address sequence.

21.44.3  Clock Stretching for 7-Bit Slave

Transmit Mode

The 7-Bit Slave Transmit mode implements clock
stretching by clearing the CKP bit after the falling edge
of the ninth clock if the BF bit is clear. This occurs
regardless of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 21-10).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge
of the ninth clock, the CKP bit will not be
cleared and clock stretching will not
occur.

2: The CKP bit can be set in software
regardless of the state of the BF bit.

21.4.4.4 Clock Stretching for 10-Bit Slave

Transmit Mode

In 10-Bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-Bit Slave
Receive mode. The first two addresses are followed
by a third address sequence, which contains the
high-order bits of the 10-bit address and the R/W bit
set to ‘1’. After the third address sequence is
performed, the UA bit is not set, the module is now
configured in Transmit mode and clock stretching is
controlled by the BF flag as in 7-Bit Slave Transmit
mode (see Figure 21-13).
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21.4.4.5 Clock Synchronization and

the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0’. However, clearing the CKP bit will not assert the
SCL output low until the SCL output is already
sampled low. Therefore, the CKP bit will not assert the
SCL line until an external 12C master device has

already asserted the SCL line. The SCL output will
remain low until the CKP bit is set and all other
devices on the IC bus have deasserted SCL. This
ensures that a write to the CKP bit will not violate the
minimum high time requirement for SCL (see
Figure 21-14).

FIGURE 21-14: CLOCK SYNCHRONIZATION TIMING
‘Q1 Q2|Q3|Q4(Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4 Q2|Q3|Q4|Q1|Q2(Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
| I i | I : L I : I |
SDA | | px, | | | R | >< | DX -1 |
| | — 5 i - |
| | ro | | | | b I
scCL . L . . !
| I 1 | | [ — -
| | L S | y |
| I | | Master device J | 7 | I
CKP | | I,\ | asserts clock L« | 1/ | |
| T f ) | #
| | I | | Master device J | : | |
| | || | deasserts clock | [ | |
WR fo\ ' ﬂ
SSPCON1 | | . | e | . |
[ | o | | | | I
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1 (RECEPTION, 7-BIT ADDRESS)

I°C™ SLAVE MODE TIMING WITH SEN

FIGURE 21-15:
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1 (RECEPTION, 10-BIT ADDRESS)

I>C™ SLAVE MODE TIMING WITH SEN

PIC18F66K80 FAMILY

FIGURE 21-16:
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2145 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually
determines which device will be the slave addressed by
the master. The exception is the general call address
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the 1°c protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the
General Call Enable bit, GCEN, is enabled (SSP-
CON2<7> set). Following a Start bit detect, eight bits
are shifted into the SSPSR and the address is
compared against the SSPADD. It is also compared to
the general call address and fixed in hardware.

FIGURE 21-17:

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit), and on the falling edge of the ninth bit (ACK bit),
the SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the
interrupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device-specific or a general call address.

In 10-Bit Addressing mode, the SSPADD is required to
be updated for the second half of the address to match
and the UA bit is set (SSPSTAT<1>). If the general call
address is sampled when the GCEN bit is set, while the
slave is configured in 10-Bit Addressing mode, then the
second half of the address is not necessary, the UA bit
will not be set and the slave will begin receiving data
after the Acknowledge (Figure 21-17).

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE

(7 OR 10-BIT ADDRESSING MODE)

Address is Compared to General Call Address
i after ACK, set interrupt

T R/W =0 Receiving Data ACK

SDA _E_\: General Call Address 'ACK/D7 mm@mmm

SCL

SSPIF

—

BF (SSPSTAT<0>)

SSPOV (SSPCON1<6>)

I I— Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)

: | o
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2146 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPMx bits in SSPCON1 and by setting
the SSPEN bit. In Master mode, the SCL and SDA lines
are manipulated by the MSSP hardware if the TRIS bits
are set.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop
conditions. The Stop (P) and Start (S) bits are cleared
from a Reset or when the MSSP module is disabled.
Control of the 12C bus may be taken when the P bit is
set, or the bus is Idle, with both the S and P bits clear.

In Firmware Controlled Master mode, user code
conducts all 12C bus operations based on Start and
Stop bit conditions.

Once Master mode is enabled, the user has six
options.
1. Assert a Start condition on SDA and SCL.

2. Assert a Repeated Start condition on SDA and
SCL.

3. Write to the SSPBUF
transmission of data/address.

4. Configure the I12C port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a Stop condition on SDA and SCL.

register initiating

Note: The MSSP module, when configured in
12C Master mode, does not allow queueing
of events. For instance, the user is not
allowed to initiate a Start condition and
immediately write the SSPBUF register to
initiate transmission before the Start
condition is complete. In this case, the
SSPBUF will not be written to and the

WCOL bit will be set, indicating that a write

to the SSPBUF did not occur.

The following events will cause the MSSP Interrupt
Flag bit, SSPIF, to be set (and MSSP interrupt, if
enabled):

» Start condition

» Stop condition

» Data transfer byte transmitted/received

« Acknowledge transmitted

* Repeated Start

FIGURE 21-18: MSSP BLOCK DIAGRAM (IZCT"’I MASTER MODE)
< Internal SSPM<3:0>
Data Bus SSPADD<6:0>
Read Write 4‘7
| ssPBUF Baud
Rate
’ ’ Generator
SDA ~ Shift -
SDA In Clock 3
. > 2
E |-z <_{ SSPSR g g
o <—| MSb LSb (_DI 3
Qo QP
. 5 L =|3
i Start bit, Stop bit, _G_< = By
g Acknowledge S Sle
= =|0
3 Generate % 2o
scL S 3 ME
X ° i
= (@)
| e
| ~
1 Start bit Detect
- Stop bit Detect
SCL In Write Collision Detect |—» Set/Reset S, P (SSPSTAT), WCOL (SSPCON1);
Clock Arbitration Set SSPIF, BCLIF;
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCONZ2)
End of XMIT/RCV
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21.4.6.1 12C™ Master Mode Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted, 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1’. Thus, the first byte transmitted is a 7-bit slave
address, followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received, 8 bits at a time.
After each byte is received, an Acknowledge bit is
transmitted. Start and Stop conditions indicate the
beginning and end of transmission.

The Baud Rate Generator, used for the SPI mode
operation, is used to set the SCL clock frequency for
either 100 kHz, 400 kHz or 1 MHz I°C operation. See
Section 21.4.7 “Baud Rate” for more details.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the SSP-
CONZ2 register (SSPCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with eight bits of
data.

8. Datais shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the SSP-
CONZ2 register (SSPCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPCON2<2>).

12. Interrupt is generated once the Stop condition is
complete.

© 2010-2017 Microchip Technology Inc.
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2147 BAUD RATE

In I2C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the 8 bits of the SSPADD reg-
ister (Figure 21-19). When a write occurs to SSPBUF,
the Baud Rate Generator will automatically begin
counting. The BRG counts down to 0 and stops until
another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically.

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 21-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD. The SSPADD BRG value of 00h is not
supported.

FIGURE 21-19: BAUD RATE GENERATOR BLOCK DIAGRAM
SSPM<3:0> j\} SSPADD<6:0>
SSPM<3:0> :> Reload Reload
—p
SCL —P» Control
CLKO <—‘ BRG Down Counter =——Fo0sc/4
TABLE 21-3: 12C™ CLOCK RATE w/BRG
FscL
*
Fosc Fcy Fcy * 2 BRG Value (2 Rollovers of BRG)
40 MHz 10 MHz 20 MHz 18h 400 kHz®
40 MHz 10 MHz 20 MHz 1Fh 312.5 kHz
40 MHz 10 MHz 20 MHz 63h 100 kHz
16 MHz 4 MHz 8 MHz 09h 400 kHz(®
16 MHz 4 MHz 8 MHz 0Ch 308 kHz
16 MHz 4 MHz 8 MHz 27h 100 kHz
4 MHz 1 MHz 2 MHz 02h 333 kHzD
4 MHz 1 MHz 2 MHz 09h 100 kHz
16 MHz® 4 MHz 8 MHz 03h 1 MHz(Y
Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than

100 kHz) in all details, but may be used with care where higher rates are required by the application.

2:

A minimum 16-MHz Fosc is required for 1 MHz 12C.
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21.4.71 Clock Arbitration

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
deasserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the Baud
Rate Generator (BRG) is suspended from counting
until the SCL pin is actually sampled high. When the

FIGURE 21-20:

SCL pin is sampled high, the Baud Rate Generator is
reloaded with the contents of SSPADD<6:0> and
begins counting. This ensures that the SCL high time
will always be at least one BRG rollover count in the
event that the clock is held low by an external device
(Figure 21-20).

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX X

DX -1

SCL

SCL deasserted but slave holds
SCL low (clock arbitration)

}

l_ SCL allowed to transition high

BRG decrements on
Q2 and Q4 cycles

BRG J

BRG l l >l< l I
Value [X 03h >< 02h 01h >< 00h (hold off) D< 03h >< 02h
|

|
| SCL is sampled high, reload takes
place and BRG starts its count —’_‘

Reload
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I’C™ MASTER MODE START
CONDITION TIMING

To initiate a Start condition, the user sets the Start
Enable bit, SEN (SSPCON2<0>). If the SDA and SCL
pins are sampled high, the Baud Rate Generator is
reloaded with the contents of SSPADD<6:0> and starts
its count. If SCL and SDA are both sampled high when
the Baud Rate Generator times out (TBRG), the SDA
pin is driven low. The action of the SDA being driven
low while SCL is high is the Start condition and causes
the S bit (SSPSTAT<3>) to be set. Following this, the
Baud Rate Generator is reloaded with the contents of
SSPADD<6:0> and resumes its count. When the Baud
Rate Generator times out (TBRG), the SEN bit (SSP-
CON2<0>) will be automatically cleared by hardware.
The Baud Rate Generator is suspended, leaving the
SDA line held low and the Start condition is complete.

214.8

FIGURE 21-21: FIRST START BIT TIMING

Note: If, at the beginning of the Start condition,
the SDA and SCL pins are already
sampled low or if during the Start condi-
tion, the SCL line is sampled low before
the SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag,
BCLIF, is set, the Start condition is aborted
and the 12C module is reset into its Idle
state.

21.4.8.1 WCOL Status Flag

If the user writes the SSPBUF when a Start sequence
is in progress, the WCOL bit is set and the contents of
the buffer are unchanged (the write doesn’t occur).

Note:  Because queueing of events is not
allowed, writing to the lower 5 bits of SSP-

CON2 is disabled until the Start condition

is complete.

Write to SEN bit occurs here

Set S bit (SSPSTAT<3>)

SDA=1L, At letion of Start bit
_ completion of Start bit,
SCL=1 hardware clears SEN bit
l l and sets SSPIF bit
k= TBRG —-TBRG>, Write to SSPBUF occurs here
N [ 1st bit X 2ndbit
SDA . ——
. o f« TBRG |
SCL e [+ TBRG
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I’C™ MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 12c logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is
sampled low, the Baud Rate Generator is loaded with
the contents of SSPADD<5:0> and begins counting.
The SDA pin is released (brought high) for one Baud
Rate Generator count (TBRG). When the Baud Rate
Generator times out, and if SDA is sampled high, the
SCL pin will be deasserted (brought high). When SCL
is sampled high, the Baud Rate Generator is reloaded
with the contents of SSPADD<6:0> and begins
counting. SDA and SCL must be sampled high for one
TBRG. This action is then followed by assertion of the
SDA pin (SDA = 0) for one TBRG while SCL is high.
Following this, the RSEN bit (SSPCON2<1>) will be
automatically cleared and the Baud Rate Generator will
not be reloaded, leaving the SDA pin held low. As soon
as a Start condition is detected on the SDA and SCL
pins, the S bit (SSPSTAT<3>) will be set. The SSPIF bit
will not be set until the Baud Rate Generator has timed
out.

214.9

FIGURE 21-22:

Note 1. If RSEN is programmed while any other

event is in progress, it will not take effect.

A bus collision during the Repeated Start
condition occurs if:

+ SDA is sampled low when SCL goes
from low-to-high.

» SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode or the default first address in 10-bit mode. After the
first eight bits are transmitted and an ACK is received,
the user may then transmit an additional eight bits of
address (10-bit mode) or eight bits of data (7-bit mode).

21491 WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note:  Because queueing of events is not
allowed, writing of the lower 5 bits of SSP-
CONBZ2 is disabled until the Repeated Start

condition is complete.

REPEATED START CONDITION WAVEFORM

Write to SSPCON2 occurs here: SDA =1,

SCL (no change).

SDA

RSEN bit set by hardware
on falling edge of ninth clock,
end of XMIT

|
|
|
|
o
ssc. /N /TN /N

S bit set by hardware

SDA=1, At completion of Start bit,
SCL=1 hardware clears RSEN bit
l and sets SSPIF
-
I<—TBRG—>I<—TBRG—|>I~—TBRG—>|

1st bit ><7

Write to SSPBUF occurs here
«TBRG+|

-

FTBRG

Sr = Repeated Start
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21.4.10 1°C™ MASTER MODE
TRANSMISSION

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

After the write to the SSPBUF, each bit of the address
will be shifted out on the falling edge of SCL until all
seven address bits and the R/W bit are completed. On
the falling edge of the eighth clock, the master will
deassert the SDA pin, allowing the slave to respond
with an Acknowledge. On the falling edge of the ninth
clock, the master will sample the SDA pin to see if the
address was recognized by a slave. The status of the
ACK bit is loaded into the ACKSTAT status bit (SSP-
CON2<6>). Following the falling edge of the ninth clock
transmission of the address, the SSPIF flag is set, the
BF flag is cleared and the Baud Rate Generator is
turned off until another write to the SSPBUF takes
place, holding SCL low and allowing SDA to float.

21.4.10.1 BF Status Flag

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

21.4.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL bit is set and the contents of the
buffer are unchanged (the write doesn’t occur) after
2 Tcy after the SSPBUF write. If SSPBUF is rewritten
within 2 Tcy, the WCOL bit is set and SSPBUF is
updated. This may result in a corrupted transfer.

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

21.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknow!-
edge (ACK =1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.

21.4.11  1°C™ MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPCON2<3>).

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

RCEN bit will be disregarded.

The Baud Rate Generator begins counting, and on
each rollover, the state of the SCL pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the con-
tents of the SSPSR are loaded into the SSPBUF, the
BF flag bit is set, the SSPIF flag bit is set and the Baud
Rate Generator is suspended from counting, holding
SCL low. The MSSP is now in Idle state awaiting the
next command. When the buffer is read by the CPU,
the BF flag bit is automatically cleared. The user can
then send an Acknowledge bit at the end of reception
by setting the Acknowledge Sequence Enable bit,
ACKEN (SSPCON2<4>).

21.4.11.1 BF Status Flag

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

21.411.2 SSPOV Status Flag
In receive operation, the SSPOV bit is set when 8 bits

are received into the SSPSR and the BF flag bit is
already set from a previous reception.

21.411.3 WCOL Status Flag

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

DS30009977G-page 316

© 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

12C™ MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 21-23:
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12C™ MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 21-24:
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21.4.12 ACKNOWLEDGE SEQUENCE
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge Sequence Enable bit, ACKEN (SSP-
CON2<4>). When this bit is set, the SCL pin is pulled low
and the contents of the Acknowledge data bit are pre-
sented on the SDA pin. If the user wishes to generate an
Acknowledge, then the ACKDT bit should be cleared. If
not, the user should set the ACKDT bit before starting an
Acknowledge sequence. The Baud Rate Generator then
counts for one rollover period (TBRG) and the SCL pin is
deasserted (pulled high). When the SCL pin is sampled
high (clock arbitration), the Baud Rate Generator counts
for TBRG; the SCL pin is then pulled low. Following this,
the ACKEN bit is automatically cleared, the Baud Rate
Generator is turned off and the MSSP module then goes
into an inactive state (Figure 21-25).

21.412.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

21.4.13 STOP CONDITION TIMING

A Stop bit is asserted on the SDA pin at the end of a
receive/transmit by setting the Stop Sequence Enable
bit, PEN (SSPCON2<2>). At the end of a
receive/transmit, the SCL line is held low after the
falling edge of the ninth clock. When the PEN bit is set,
the master will assert the SDA line low. When the SDA
line is sampled low, the Baud Rate Generator is
reloaded and counts down to 0. When the Baud Rate
Generator times out, the SCL pin will be brought high
and one TBRG (Baud Rate Generator rollover count)
later, the SDA pin will be deasserted. When the SDA
pin is sampled high while SCL is high, the P bit
(SSPSTAT<4>) is set. A TBRG later, the PEN bit is
cleared and the SSPIF bit is set (Figure 21-26).

21.413.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence
is in progress, then the WCOL bit is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 21-25: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge Se\(;‘vl:i?;](t;ce) ;tggégeNrg *I l/ ACKEN automatically cleared
ACKEN =1, ACKDT =0

f+— TBRG —¢+— TBRG —|
SDA >< DO ACK :
| |

|
| |
| |

SSPIF

SSPIF set at
the end of receive

]

Note: TBRG = one Baud Rate Generator period.

Cleared in
software

L Cleared in
software

SSPIF set at the end
of Acknowledge sequence

FIGURE 21-26:

STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPCON2, __
set PEN

Falling edge of

SCL =
after SDA sampled high. P bit (SSPSTAT<4>) is set

1 for TBRG, followed by SDA = 1 for TBRG

PEN bit (SSPCON2<2>) is cleared by

Note: TBRG = one Baud Rate Generator period.

9th clock l - — o hardware and the SSPIF bit is set
TBRG |
SCL \ 1 | |
SDA ACK | |
L P v
“— TBrG —*— TBrRG —— TBrRG —

SCL brought high after TBRG

SDA asserted low before rising edge of clock
to set up Stop condition
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21.4.14 SLEEP OPERATION

While in Sleep mode, the I2C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

21.4.15 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

21416 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the I2C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the MSSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed in
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
» Address Transfer

» Data Transfer

« A Start Condition

* A Repeated Start Condition

* An Acknowledge Condition

21.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high, and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1’ and the data sampled on the SDA pin =0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF, and reset the
I2C port to its Idle state (Figure 21-27).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 12C bus
is free, the user can resume communication by asserting
a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condition
was in progress when the bus collision occurred, the con-
dition is aborted, the SDA and SCL lines are deasserted
and the respective control bits in the SSPCON2 register
are cleared. When the user services the bus collision
Interrupt Service Routine, and if the I1°C bus is free, the
user can resume communication by asserting a Start
condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the determi-
nation of when the bus is free. Control of the 12C bus can
be taken when the P bit is setin the SSPSTAT register, or
the bus is Idle and the S and P bits are cleared.

FIGURE 21-27: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
. Sample SDA. While SCL is high,
Data changes SDA line pulled low data doesn’t match what is driven
while SCL =0 by another source by the master;
l SDA released l bus collision has occurred.
by master _l l
SDA
SCL Set bus collision
{  interrupt (BCLIF)
BCLIF
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21.4.17.1 Bus Collision During a Start
Condition

During a Start condition, a bus collision occurs if:

a) SDA or SCL is sampled low at the beginning of
the Start condition (Figure 21-28).

b) SCL is sampled low before SDA is asserted low
(Figure 21-29).

During a Start condition, both the SDA and the SCL

pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:

« the Start condition is aborted,
» the BCLIF flag is set and

* the MSSP module is reset to its inactive state
(Figure 21-28)

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low
while SDA is high, a bus collision occurs because it is
assumed that another master is attempting to drive a
data ‘1’ during the Start condition.

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 21-30). If, however, a ‘1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to 0. If the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a fac-
tor during a Start condition is that no two
bus masters can assert a Start condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address
following the Start condition. If the address
is the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

FIGURE 21-28: BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL=1.

SDA \

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

— e e e — =

{— SEN cleared automatically because of bus collision.

|
|
| MSSP module reset into Idle state.
|
|

| L SSPIF and BCLIF are
| cleared in software

SCL
Set SEN, enable Start !
condition if SDA=1,SCL=1
SEN
SDA sampled low before
Start condition. Set BCLIF. v
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
S
SSPIF

L

SSPIF and BCLIF are
cleared in software
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FIGURE 21-29: BUS COLLISION DURING START CONDITION (SCL =0)
SDA=0,SCL=1
f¢— TBRG —¢— TBRG —
SDA N
sCL Set SEN, enable Start AN
sequence if SDA=1,SCL=1 o
! £ scL=0before spa=o,
SEN bus collision occurs. Set BCLIF.
SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.
BCLIF |
T_ Interrupt cleared
in software
S ‘0’ ‘0’
SsPIF 0 0
FIGURE 21-30: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
l Set S l Set SSPIF
Less than TBRG —'; R TBRG—’I
SDA  SDA pulled low by other master. | I RN !
Reset BRG and assert SDA. | g | :
| ! |
! [ \
SCL : LS |
| ; 1 SCL pulled low after BRG
SEN : time-out
Set SEN, enable Start
sequence if SDA=1,8CL =1 .
BCLIF ' . 0
|
. |
[ 1
S |
|
|
SSPIF 1 )
SDA=0,SCL=1, Interrupts cleared
set SSPIF — in software
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21.417.2 Bus Collision During a Repeated
Start Condition

During a Repeated Start condition, a bus collision
occurs if:

a) Alow level is sampled on SDA when SCL goes
from a low level to a high level.

b) SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data ‘1’.

When the user deasserts SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD<6:0> and
counts down to 0. The SCL pin is then deasserted and
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘O,
Figure 21-31). If SDA is sampled high, the BRG is
reloaded and begins counting. If SDA goes from
high-to-low before the BRG times out, no bus collision
occurs because no two masters can assert SDA at
exactly the same time.

If SCL goes from high-to-low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition
(see Figure 21-32).

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is complete.

FIGURE 21-31.: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL T
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF
Cleared in software
S o
SSPIF 0
FIGURE 21-32: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)

i i TBRG i
SDA 7 i d i
SCL /

SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. ‘
Interrupt cleared
in software

RSEN ‘
S o
SSPIF
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21.4.17.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>

a) After the SDA pin has been deasserted and and counts down to 0. After the BRG times out, SDA is
allowed to float high, SDA is sampled low after sampled. If SDA is sampled low, a bus collision has
the BRG has timed out. occurred. This is due to another master attempting to

b) After the SCL pin is deasserted, SCL is sampled drive a data ‘0’ (Figure 21-33). If the SCL pin is
low before SDA goes high. sampled low before SDA is allowed to float high, a bus

collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 21-34).
FIGURE 21-33: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TeRG Ters | TBRG | SDA sampled
low after TBRG,
____________ set BCLIF
SDA
SDA asserted low
SCL
PEN Q L
BCLIF
P ‘0’
SSPIF 0
FIGURE 21-34: BUS COLLISION DURING A STOP CONDITION (CASE 2)
| TBRG TBRG ‘ TBRG ’
SDA
T SCL goes low before SDA goes high,
Assert SDA / set BCLIF

SCL \

PEN 4 L

BCLIF

P ‘0’

SSPIF 0
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TABLE 21-4: REGISTERS ASSOCIATED WITH I12C™ OPERATION

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 SSPIF TMR1GIF | TMR2IF | TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE | TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP | TMR1IP
PIR2 OSCFIF — — — BCLIF HLVDIF TMR3IF | TMR3GIF
PIE2 OSCFIE — — — BCLIE HLVDIE TMR3IE | TMR3GIE
IPR2 OSCFIP — — — BCLIP HLVDIP TMR3IP | TMR3GIP
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
SSPBUF MSSP Receive Buffer/Transmit Register
SSPADD MSSP Address Register (I2C™ Slave mode),

MSSP Baud Rate Reload Register (IZC Master mode)
SSPMsK® MSK7 MSK6 MSK5 MSK4 MSK3 MSK2 MSK1 MSKO
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO
SSPCON2 GCEN ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN
GCEN | ACKSTAT | ADMSK5® | ADMSK4® | ADMSK3® | ADMSK2() | ADMSK1® | SEN

SSPSTAT SMP CKE D/A P S RIW UA BF
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD | CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D U20D U10D
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP module in I°C™ mode.
Note 1. SSPMSK shares the same address in SFR space as SSPADD, but is only accessible in certain [2cm™

Slave operating modes in 7-Bit Masking mode. See Section 21.4.3.4 “7-Bit Address Masking Mode” for
more details.

2:  Alternate bit definitions for use in 12C Slave mode operations only.

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 325



PIC18F66K80 FAMILY

22.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of two
serial I/0O modules. (Generically, the EUSART is also
known as a Serial Communications Interface or SCI.)

The EUSART can be configured as a full-duplex,
asynchronous system that can communicate with
peripheral devices, such as CRT terminals and
personal computers. It can also be configured as a
half-duplex synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMSs, etc.

The Enhanced USARTx modules implement additional
features, including automatic baud rate detection and
calibration, automatic wake-up on Sync Break recep-
tion and 12-bit Break character transmit. These make it
ideally suited for use in Local Interconnect Network bus
(LIN/J2602 bus) systems.

TABLE 22-1: CONFIGURING EUSARTx PINS®

All members of the PIC18F66K80 family are equipped
with two independent EUSART modules, referred to as
EUSART1 and EUSART2. They can be configured in
the following modes:
» Asynchronous (full duplex) with:
- Auto-wake-up on character reception
- Auto-baud calibration
- 12-bit Break character transmission
» Synchronous — Master (half duplex) with
selectable clock polarity
» Synchronous — Slave (half duplex) with selectable
clock polarity

The pins of EUSART1 and EUSART2 are multiplexed
with the functions with the following ports, depending
on the device pin count. See Table 22-1.

Pin EUSART1 EUSART2
Count Port Pins Port Pins
64-pin PORTG R(;?’G/-(I;(F;)/gtg.ra,lnd PORTE RE7/TX2/CK2 and RE6/RX2/DT2

Note 1: The EUSARTXx control will automatically reconfigure the pin from input to output as needed.

In order to configure the pins as an EUSARTx:

* For EUSART1:
- SPEN (RCSTA1<7>) must be set (= 1)
- TRISx<x> must be set (= 1)
- For Asynchronous and Synchronous Master
modes, TRISx<x> must be cleared (= 0)
- For Synchronous Slave mode, TRISx<x>
must be set (= 1)

* For EUSART2:
- SPEN (RCSTA2<7>) must be set (= 1)
- TRISx<x> must be set (= 1)
- For Asynchronous and Synchronous Master
modes, TRISx<x> must be cleared (= 0)
- For Synchronous Slave mode, TRISx<x>
must be set (= 1)
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22.1 EUSARTX Control RegiSters Note: Throughout this section, references to
The operation of each Enhanced USARTx module is register and bit names that may be asso-
controlled through three registers: ciated with a specific EUSART module are
« Transmit Status and Control (TXSTAX) referred to generically by the use of X’ in

place of the specific module number.

* Receive Status and Control (RCSTAX) Thus, “RCSTAX" might refer to the

* Baud Rate Control (BAUDCONX) Receive Status register for either
These are detailed on the following pages in EUSART1 or EUSART2.

Register 22-1, Register 22-2 and Register 22-3,

respectively.

REGISTER 22-1: TXSTAx: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC | T™x9 | TXEN® [ SYNC | SENDB | BRGH | TRMT TX9D
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 CSRC: Clock Source Select bit
Asynchronous mode:
Don’t care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-Bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(?
1 = Transmit is enabled
0 = Transmit is disabled

bit 4 SYNC: EUSARTx Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 SENDB: Send Break Character bit
Asynchronous mode:
1 = Sends Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission is completed
Synchronous mode:
Don't care.

bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
0 = Low speed

Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR is empty
0 =TSRis full

bit 0 TX9D: 9th bit of Transmit Data

Can be address/data bit or a parity bit.
Note 1: SREN/CREN overrides TXEN in Sync mode.
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REGISTER 22-2: RCSTAx: RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
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 SPEN: Serial Port Enable bit

1 = Serial port is enabled (configures RXx/DTx and TXx/CKXx pins as serial port pins)
0 = Serial port is disabled (held in Reset)
bit 6 RX9: 9-Bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit

Asynchronous mode:

Don’t care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:
Don't care.
bit 4 CREN: Continuous Receive Enable bit

Asynchronous mode:
1 = Enables receiver
0 = Disables receiver

Synchronous mode:
1 = Enables continuous receive until enable bit, CREN, is cleared (CREN overrides SREN)

0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit

Asynchronous mode 9-Bit (RX9 = 1):
1 = Enables address detection; enables interrupt and loads the receive buffer when RSR<8> is set
0 = Disables address detection; all bytes are received and the ninth bit can be used as a parity bit

Asynchronous mode 9-Bit (RX9 = 0):
Don’t care.
bit 2 FERR: Framing Error bit
1 = Framing error (can be cleared by reading the RCREGx register and receiving next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit, CREN)
0 = No overrun error
bit 0 RX9D: 9th bit of Received Data
This can be address/data bit or a parity bit and must be calculated by user firmware.
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REGISTER 22-3: BAUDCONx: BAUD RATE CONTROL REGISTER

R/W-0

R-1 R/W-x R/W-0 R/W-0 u-0 R/W-0 R/W-0

ABDOVF

RCIDL RXDTP TXCKP BRG16 — WUE ABDEN

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2
bit 1

bit 0

ABDOVF: Auto-Baud Acquisition Rollover Status bit

1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode
(must be cleared in software)
0 = No BRG rollover has occurred

RCIDL: Receive Operation Idle Status bit

1 = Receive operation is Idle
0 = Receive operation is active

RXDTP: Received Data Polarity Select bit (Asynchronous mode only)

Asynchronous mode:
1 = Receive data (RXx) is inverted

0 = Receive data (RXx) is not inverted
TXCKP: Clock and Data Polarity Select bit
Asynchronous mode:

1 = Idle state for transmit (TXx) is a low level
0 = Idle state for transmit (TXx) is a high level
Synchronous mode:

1 = Idle state for clock (CKXx) is a high level

0 = Idle state for clock (CKXx) is a low level

BRG16: 16-Bit Baud Rate Register Enable bit

1 = 16-bit Baud Rate Generator - SPBRGHx and SPBRGx

0 = 8-bit Baud Rate Generator — SPBRGXx only (Compatible mode), SPBRGHXx value is ignored
Unimplemented: Read as ‘0’

WUE: Wake-up Enable bit

Asynchronous mode:

1 = EUSARTXx will continue to sample the RXx pin: interrupt generated on falling edge; bit cleared in
hardware on following rising edge

0 = RXx pin is not monitored or rising edge is detected

Synchronous mode:

Unused in this mode.

ABDEN: Auto-Baud Detect Enable bit

Asynchronous mode:

1 = Enables baud rate measurement on the next character: requires reception of a Sync field (55h);
cleared in hardware upon completion

0 = Baud rate measurement is disabled or completed

Synchronous mode:

Unused in this mode.

© 2010-2017 Microchip Technology Inc. DS30009977G-page 329



PIC18F66K80 FAMILY

22.2  Baud Rate Generator (BRG)

The BRG is a dedicated, 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSARTXx. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCONx<3>)
selects 16-bit mode.

The SPBRGHx:SPBRGx register pair controls the period
of a free-running timer. In Asynchronous mode, bits,
BRGH (TXSTAx<2>) and BRG16 (BAUDCONx<3>),
also control the baud rate. In Synchronous mode, BRGH
is ignored. Table 22-2 shows the formula for computation
of the baud rate for different EUSARTx modes which only
apply in Master mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGHx:SPBRGXx registers can
be calculated using the formulas in Table 22-2. From this,
the error in baud rate can be determined. An example
calculation is shown in Example 22-1. Typical baud rates
and error values for the various Asynchronous modes
are shown in Table 22-3. It may be advantageous to use

TABLE 22-2: BAUD RATE FORMULAS

the high baud rate (BRGH = 1) or the 16-bit BRG to
reduce the baud rate error, or achieve a slow baud rate
for a fast oscillator frequency.

Writing a new value to the SPBRGHx:SPBRGx regis-
ters causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.

2221 OPERATION IN POWER-MANAGED
MODES

The device clock is used to generate the desired baud
rate. When one of the power-managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRGHx:SPBRGXx register pair.

2222 SAMPLING

The data on the RXx pin (either RC7/CANRX/RX1/DT1
or RB7/PGD/T3G/RX2/DT2/KBI3) is sampled three
times by a majority detect circuit to determine if a high
or a low level is present at the RXx pin.

Configuration Bits
BRG/EUSARTx Mode Baud Rate Formula
SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-bit/Asynchronous

- Fosc/[16 (n + 1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Fosc/[4 (n + 1)]
1 1 X 16-bit/Synchronous

Legend: x =Don’t care, n = value of SPBRGHx:SPBRGx register pair
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EXAMPLE 22-1: CALCULATING BAUD RATE ERROR

For a device with FOSC of 16 MHz, desired baud rate of 9600, Asynchronous mode, and 8-bit BRG:
Desired Baud Rate = Fosc/(64 ((SPBRGHx:SPBRGx] + 1))
Solving for SPBRGHx:SPBRGx:
X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
[25.042] =25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate
= (9615-9600)/9600 = 0.16%

TABLE 22-3: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD |UART2MD |[UART1MD| SSPMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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TABLE 22-4:. BAUD RATES FOR ASYNCHRONOUS MODES
SYNC =0,BRGH =0,BRG16=0
iﬁg Fosc = 64.000 MHz Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz
(K) Actual % SPBRG | Actual o SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — — — — 1.221 1.73 255 1202  0.16 129
24 — — — 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64
9.6 9.615 0.16 103 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15
19.2 19.231 0.16 51 19.531 1.73 31 19.531 1.73 15 19.531 1.73 7
57.6 58.824 2.13 16 56.818 -1.36 10 62.500 8.51 4 52.083 -9.58 2
115.2 111.111 -3.55 8 125.000 8.51 4 104.167 -9.58 2 78.125 -32.18 1
SYNC =0,BRGH =0,BRG16=0
iﬁg Fosc = 8.000 MHz FOSC = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — 0.300  0.16 207 0.300  -0.16 103 0.300 -0.16 51
1.2 1201  -0.16 103 1202  0.16 51 1201  -0.16 25 1201  -0.16 12
24 2.403 -0.16 51 2.404 0.16 25 2.403 -0.16 12 — — —
9.6 9.615 -0.16 12 8.929 -6.99 6 — — — — — —
19.2 — — — 20.833 8.51 2 — — — — — —
57.6 — — — 62.500 8.51 0 — — — — — —
115.2 — — — 62.500 -45.75 0 — — — — — —
SYNC =0,BRGH =1,BRG16=0
iﬁ?g Fosc = 64.000 MHz Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz
(K) Actual o SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — _ _
1.2 — — — — — — — — — — — —
24 — — — — — — — — — 2.441 1.73 255
9.6 — — — 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64
19.2 19.417 1.13 207 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31
57.6 59.701 3.65 68 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10
115.2 | 121.212 5.22 34 113.636 -1.36 21 113.636  -1.36 10 125.000 8.51 4
SYNC =0,BRGH =1,BRG16=0
i’;ﬁg Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual o SPBRG | Actual o SPBRG | Actual % SPBRG
Rate > value Rate value Rate ), value Rate > value
€ " @ecimay| ) FM" @ecimay| ) F" (ecimay| () =" (decimal)
0.3 — — — — — — — — — 0.300 -0.16 207
1.2 — — — 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.403 -0.16 207 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 -0.16 51 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.230 -0.16 25 19.231 0.16 12 — — — — — —
57.6 55.555 3.55 8 62.500 8.51 3 — — — — — —
115.2 — — — 125.000 8.51 1 — — — — — —
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TABLE 22-4: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH =0,BRG16=1
iﬁg Fosc = 64.000 MHz Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 13332 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082
1.2 1.200 0.00 3332 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520
2.4 2.400 0.00 1666 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259
9.6 9.592 -0.08 416 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64
19.2 19.417 1.13 207 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31
57.6 59.701 3.65 68 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10
115.2 [ 121.212 5.22 34 113.636 -1.36 21 113.636 -1.36 10 125.000 8.51 4
SYNC =0,BRGH =0,BRG16=1
i’;ﬁg Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
© [fus w somolacua o srerolacu L, SreRo[acum SRS
(K) Error (decimal) (K) Error (decimal) (K) Error (decimal) (K) Error (decimal)
0.3 0.300 -0.04 1665 0.300 0.04 832 0.300 -0.16 415 0.300 -0.16 207
1.2 1.201 -0.16 415 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
2.4 2.403 -0.16 207 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
9.6 9.615 -0.16 51 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.230 -0.16 25 19.231 0.16 12 — — — — — —
57.6 55.555 3.55 8 62.500 8.51 3 — — — — — —
115.2 — — — 125.000 8.51 1 — — — — — —
SYNC =0,BRGH =1,BRG16=10r SYNC=1,BRG16=1
iﬁ?g Fosc = 64.000 MHz Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz
(K) Actual o SPBRG | Actual % SPBRG | Actual % SPBRG | Actual o SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 53332 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332
1.2 1.200 0.00 13332 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082
2.4 2.400 0.00 6666 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040
9.6 9.598 -0.02 1666 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259
19.2 19.208 0.04 832 19.193 -0.03 520 19.231 0.16 259 19.231 0.16 129
57.6 57.348 -0.44 278 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42
115.2 | 115.108 | -0.08 138 114.943 -0.22 86 116.279 0.94 42 113.636 -1.36 21
SYNC =0,BRGH =1,BRG16=10or SYNC=1,BRG16=1
i’;ﬁg Fosc = 8.000 MHz Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
© [fus w o somolacua o serolacua L, SreRo[acum SRS
® " @ecimay| ) F" @ecimay| ) E" (ecimay| () T (decimal)
0.3 0.300 -0.01 6665 0.300 0.01 3332 0.300 -0.04 1665 0.300 -0.04 832
1.2 1.200 -0.04 1665 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
2.4 2.400 -0.04 832 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
9.6 9.615 -0.16 207 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25
19.2 19.230 -0.16 103 19.231 0.16 51 19.230 -0.16 25 19.230 -0.16 12
57.6 57.142 0.79 34 58.824 2.12 16 55.555 3.55 8 — — —
115.2 | 117.647 -2.12 16 1M11.111 -3.55 8 — — — — — —
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2223 AUTO-BAUD RATE DETECT

The Enhanced USARTx modules support the auto-
matic detection and calibration of baud rate. This
feature is active only in Asynchronous mode and while
the WUE bit is clear.

The automatic baud rate measurement sequence
(Figure 22-1) begins whenever a Start bit is received
and the ABDEN bit is set. The calculation is
self-averaging.

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RXx signal, the RXx signal is timing the BRG.
In ABD mode, the internal Baud Rate Generator is
used as a counter to time the bit period of the incoming
serial byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detect must receive a byte with the value, 55h (ASCII
“U”, which is also the LIN/J2602 bus Sync character), in
order to calculate the proper bit rate. The measurement
is taken over both a low and a high bit time in order to
minimize any effects caused by asymmetry of the incom-
ing signal. After a Start bit, the SPBRGx begins counting
up, using the preselected clock source on the first rising
edge of RXx. After eight bits on the RXx pin or the fifth
rising edge, an accumulated value totalling the proper
BRG period is left in the SPBRGHx:SPBRGX register
pair. Once the 5th edge is seen (this should correspond
to the Stop bit), the ABDEN bit is automatically cleared.

If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status
bit (BAUDCONx<7>). It is set in hardware by BRG roll-
overs and can be set or cleared by the user in software.
ABD mode remains active after rollover events and the
ABDEN bit remains set (Figure 22-2).

While calibrating the baud rate period, the BRG regis-
ters are clocked at 1/8th the preconfigured clock rate.
The BRG clock will be configured by the BRG16 and
BRGH bits. The BRG16 bit must be set to use both
SPBRG1 and SPBRGH1 as a 16-bit counter. This
allows the user to verify that no carry occurred for 8-bit
modes by checking for 00h in the SPBRGHXx register.
Refer to Table 22-5 for counter clock rates to the BRG.

While the ABD sequence takes place, the EUSARTx
state machine is held in Idle. The RCxIF interrupt is set
once the fifth rising edge on RXx is detected. The value
in the RCREGx needs to be read to clear the RCxIF
interrupt. The contents of RCREGx should be
discarded.

Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character.

2. Itis up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator fre-
quency and EUSARTX baud rates are not
possible due to bit error rates. Overall
system timing and communication baud
rates must be taken into consideration
when using the Auto-Baud Rate Detection
feature.

3: To maximize baud rate range, if that
feature is used it is recommended that

the BRG16 bit (BAUDCONXx<3>) be set.

TABLE 22-5: BRG COUNTER
CLOCK RATES

BRG16 | BRGH BRG Counter Clock
0 0 Fosc/512
0 1 Fosc/128
1 0 Fosc/128
1 1 Fosc/32

22.2.3.1 ABD and EUSARTx Transmission

Since the BRG clock is reversed during ABD acquisi-
tion, the EUSARTX transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREGx cannot be written to. Users should also
ensure that ABDEN does not become set during a
transmit sequence. Failing to do this may result in
unpredictable EUSARTXx operation.
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FIGURE 22-1: AUTOMATIC BAUD RATE CALCULATION

BRG Value __ XXXxh X 0000h OO OO OO ooten
. \— Edge #1 Edge#2  Edge#3 Edge #4 Edge #5
RXx pin Start [ Bito | Bit1 [Bitz | Bit3 [Bit4 | _Bit5 [ Bit6 | Bit7 | Stop Bit

BRG Clock

Set by User—\ ' ! /:— Auto-Cleared
ABDEN bit ' !
RCxIF bit : : :
(Interrupt) ; 5 .
Read ' ' \ :
RCREGx ] ; \ T
SPBRGx -  XXXXh Y 1ch
SPBRGHXx XXXXh X 00h

Note: The ABD sequence requires the EUSARTx module to be configured in Asynchronous mode and WUE = 0.

FIGURE 22-2: BRG OVERFLOW SEQUENCE

BRG Clock 9
(C
ABDEN bit / )J

RXx pin w

ABDOVF bit

N
“

§

FFFFh

BRGValue [ 000Kh | 00001 O 0 O ™

)
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22.3 EUSARTX Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTAx<4>). In this mode, the
EUSARTx uses standard Non-Return-to-Zero (NRZ)
format (one Start bit, eight or nine data bits and one Stop
bit). The most common data format is 8 bits. An on-chip,
dedicated 8-bit/16-bit Baud Rate Generator can be used
to derive standard baud rate frequencies from the
oscillator.

The EUSARTX transmits and receives the LSb first. The
EUSARTX’s transmitter and receiver are functionally
independent but use the same data format and baud
rate. The Baud Rate Generator produces a clock, either
x16 or x64 of the bit shift rate, depending on the BRGH
and BRG16 bits (TXSTAx<2> and BAUDCONx<3>).
Parity is not supported by the hardware but can be
implemented in software and stored as the 9th data bit.

When operating in Asynchronous mode, the EUSARTx
module consists of the following important elements:

» Baud Rate Generator

» Sampling Circuit

* Asynchronous Transmitter

« Asynchronous Receiver

» Auto-Wake-up on Sync Break Character

* 12-Bit Break Character Transmit

» Auto-Baud Rate Detection

22.3.1 EUSARTx ASYNCHRONOUS

TRANSMITTER

The EUSARTX transmitter block diagram is shown in
Figure 22-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREGx. The TXREGx register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREGx register (if available).

FIGURE 22-3:

Once the TXREGx register transfers the data to the TSR
register (occurs in one TcY), the TXREGx register is
empty and the TXxIF flag bit is set. This interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXXIE. TXxIF will be set regardless of the
state of TXXIE; it cannot be cleared in software. TXxIF is
also not cleared immediately upon loading TXREGX, but
becomes valid in the second instruction cycle following
the load instruction. Polling TXxIF immediately following
a load of TXREGx will return invalid results.

While TXxIF indicates the status of the TXREGx regis-
ter; another bit, TRMT (TXSTAx<1>), shows the status
of the TSR register. TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit so the user has to poll this bit in order to
determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data

memory, so it is not available to the user.

2: Flag bit, TXxIF, is set when enable bit,
TXEN, is set.

To set up an Asynchronous Transmission:

1. Initialize the SPBRGHx:SPBRGXx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

If interrupts are desired, set enable bit, TXxIE.

If 9-bit transmission is desired, set transmit bit,
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit, TXEN,
which will also set bit, TXxIF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

7. Load data to the TXREGx register (starts
transmission).

8. Ifusing interrupts, ensure that the GIE and PEIE
bits INTCON<7:6>) are set.

w

EUSARTXx TRANSMIT BLOCK DIAGRAM

Data Bus

TXREGXx Register ‘
{s
‘ LSb .
! Pin Buffer
cc ‘ 0 ‘ . and Control Ei

Interrupt

TXEN | Baud Rate CLK

Baud Rate Generator

TXx pin

| TRMT | | SPEN |
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FIGURE 22-4. ASYNCHRONOUS TRANSMISSION
Write to TXREGx I (¢
BRG Output Word 1
utpu !
(Shift Clock) — L j ' ’_
TXx (pi L j :
 (pin) TN Startbit < bit0 X bitd X §§ > bit7/8 stopbit .
TXxIF bit : Word 1 - :
(Transmit Buffer —-»' <1TCY C :
Reg. Empty Flag) |_| JJ !
: Word1 —» !
(Tranlm"ghﬁg Transmit Shift Reg :
Reg. Empty Flag)
—| cC
JJ
FIGURE 22-5: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREGx I 1 cc
Word 1 Word 2 Bp)
BRG Output . :
(Shift Clock) — L L ' ¢ 1
TXx (pin) TN Startbit < Bit0 X bit1 X (§ X bit7/8 stopbit \Startbit < bito
TXxIF bit 116 = < | . Word 1 : Word 2
(Interrupt Reg. Flag) T|_| [ cC
- < 1Tcy JJ
Word 1 —— Word2 —
TRMT bit Transmit Shift Reg. ; ;
(Transmit Shift Transmit Shift Reg.
Reg. Empty Flag) 55

Note: This timing diagram shows two consecutive transmissions.
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TABLE 22-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD | CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D u20D uU10D
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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223.2 EUSARTx ASYNCHRONOUS

RECEIVER

The receiver block diagram is shown in Figure 22-6.
The data is received on the RXx pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,
whereas the main receive serial shifter operates at the
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.

To set up an Asynchronous Reception:

1.

o ok w

10.

FIGURE 22-6:

Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

If interrupts are desired, set enable bit, RCxIE.
If 9-bit reception is desired, set bit, RX9.
Enable the reception by setting bit, CREN.

Flag bit, RCxIF, will be set when reception is
complete and an interrupt will be generated if
enable bit, RCxIE, was set.

Read the RCSTAX register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREGX register.

If any error occurred, clear the error by clearing
enable bit, CREN.

If using interrupts, ensure that the GIE and PEIE
bits INTCON<7:6>) are set.

2233 SETTING UP 9-BIT MODE WITH

ADDRESS DETECT

This mode would typically be used in RS-485 systems.

To

set up an Asynchronous Reception with Address

Detect Enable:

1.

N o ok

10.
1.

Initialize the SPBRGHx:SPBRGx registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If interrupts are required, set the RCEN bit and
select the desired priority level with the RCxIP bit.
Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.
Enable reception by setting the CREN bit.

The RCxIF bit will be set when reception is

complete. The interrupt will be Acknowledged if
the RCxIE and GIE bits are set.

Read the RCSTAX register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

Read RCREGx to determine if the device is
being addressed.

If any error occurred, clear the CREN bit.

If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

EUSARTx RECEIVE BLOCK DIAGRAM

CREN

x64 Baud Rate CLK

! ! + 64
BRG16—— SPBRGHx| SPBRGx | ——— or
. +16
________________ or
Baud Rate Generator +4

Pin Buffer Data
and Control Recovery
RXx
SPEN

Interrupt

Stop 7 e o0 1 0 | Start

RX9

RX9D RCREGXx Register
FIFO

8

- &
RCxIF Data Bus
RCxIE
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FIGURE 22-7: ASYNCHRONOUS RECEPTION
. Start Start Start
RXx (pin) : - - ; - ; : -
bit it 0 bit 1 X_54 Yoit 778/ Stop\ “bit (oito S Yoitzs Stop'\ bit LSS Ybit7rg | Stop
Rev Shift Reg CC Il (C Il C :
Rev Buffer Reg P X D) J) ;
|T Word 1 Word 2 T '
Read Rcv C : RCREGx C RCREGx C : N
Buffer Reg D) T D) ) '
RCREGx ! : ’)
' C CC '
RCxIF 0 I
(Intzrrupt Flag) C)C) I ) ) !
OERR bit S S S [
CREN C C C 3
) )) J)J Z_

Note:

This timing diagram shows three words appearing on the RXx input. The RCREGXx (Receive Buffer) is read after the third word
causing the OERR (Overrun) bit to be set.

TABLE 22-7: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

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 SSPIF TMR1GIF | TMR2IF | TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | TMR1GIE | TMR2IE | TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | TMR1GIP | TMR2IP | TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE | CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP | CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG1 EUSART1 Receive Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCONT1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG2 EUSART2 Receive Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 | ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40OD | CCP30D | CCP20D | CCP10D u20D u10D
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
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2234 AUTO-WAKE-UP ON SYNC BREAK
CHARACTER

During Sleep mode, all clocks to the EUSARTx are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper byte reception cannot be per-
formed. The auto-wake-up feature allows the controller
to wake-up due to activity on the RXx/DTx line while the
EUSARTX is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCONx<1>). Once set, the typical
receive sequence on RXx/DTx is disabled and the
EUSARTx remains in an Idle state, monitoring for a
wake-up event independent of the CPU mode. A
wake-up event consists of a high-to-low transition on
the RXx/DTx line. (This coincides with the start of a
Sync Break or a Wake-up Signal character for the
LIN/J2602 protocol.)

Following a wake-up event, the module generates an
RCxIF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 22-8) and asynchronously if the device is in
Sleep mode (Figure 22-9). The interrupt condition is
cleared by reading the RCREGx register.

The WUE bit is automatically cleared once a low-to-high
transition is observed on the RXx line following the
wake-up event. At this point, the EUSARTx module is in
Idle mode and returns to normal operation. This signals
to the user that the Sync Break event is over.

22.3.4.1 Special Considerations Using
Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RXx/DTx, information with any state
changes before the Stop bit may signal a false
End-of-Character (EOC) and cause data or framing
errors. To work properly, therefore, the initial character
in the transmission must be all ‘0’s. This can be 00h
(8 bytes) for standard RS-232 devices or 000h (12 bits)
for LIN/J2602 bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with longer
start-up intervals (i.e., HS or HSPLL mode). The Sync
Break (or Wake-up Signal) character must be of
sufficient length and be followed by a sufficient interval
to allow enough time for the selected oscillator to start
and provide proper initialization of the EUSARTX.
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22.34.2 Special Considerations Using The fact that the WUE bit has been cleared (or is still

the WUE Bit set) and the RCxIF flag is set should not be used as an
indicator of the integrity of the data in RCREGx. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

The timing of WUE and RCxIF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the

EUSARTX in an Idle mode. The Wake_up event causes To assure that no actual data is |OSt, check the RCIDL
areceive interrupt by setting the RCxIF bit. The WUE bit bit to verify that a receive operation is not in process. If
is cleared after this when a rising edge is seen on a receive operation is not occurring, the WUE bit may
RXx/DTx. The interrupt condition is then cleared by then be set just prior to entering the Sleep mode.

reading the RCREGx register. Ordinarily, the data in
RCREGx will be dummy data and should be discarded.

FIGURE 22-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION
.Q1/Q2a3|a4,01/Q2 @3 @4, 01| 2| a3|4,a1|a2|a3|a4, Q1| Q2| @3|a4,01|02|a3|04,a1]02| Q3| Q4,Q1| Q2| @3 Q4,a1|Q2|Q3|Q4, Q1| Q2| 3|4,
osc1 | . . . . . . . . . l
. Bit set by user , C .o . . . L Auto-Cleared .
WUE bit® ' b T T T . T . /r‘\’ . '
RXx/DTx Line : I — — Z l o — ; Z
f ' f [ | - \‘. | ' | [ ' '
ROXIF | : : — : : ' : ' e
, , , , , , Cleared due to user read of RCREGx — ,
Note 1: The EUSARTxX remains in Idle while the WUE bit is set.
FIGURE 22-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
,Q1]Q2|Q3|a4,Q1|Q2|Q3|a4,Q1| Q2| Q3| Q4, Q1 |@z|as|a4,Q1|Q2|a3|a4, Q1] Q2 @3|Q4,a1]|Q2|Q3|Q4,Q1| Q2| Q3|Q4,
osct1 MUy nnuuy (WAWRWAWAWAWAWAWRWRWRE WA AW RN RW LR R
. Bit set by user . X . Lo ' | — Auto-Cleared .
WUE bit® ! : \ s ; : Lo ! }\ l l
RXx/DTx Line : : ; \ : Lo ote 1 : I
RCXIF . ' ' ; : : : .
' ' ' f f Cleared due to user read of RCREGx —
SLEEP Command Executed Sleep Ends

Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur before the oscillator is ready. This
sequence should not depend on the presence of Q clocks.

2:  The EUSARTx remains in Idle while the WUE bit is set.
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22.3.5 BREAK CHARACTER SEQUENCE

The EUSARTx module has the capability of sending
the special Break character sequences that are
required by the LIN/J2602 bus standard. The Break
character transmit consists of a Start bit, followed by
twelve ‘0’ bits and a Stop bit. The Frame Break charac-
ter is sent whenever the SENDB and TXEN bits
(TXSTAx<3> and TXSTAx<5>, respectively) are set
while the Transmit Shift Register is loaded with data.
Note that the value of data written to TXREGx will be
ignored and all ‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN/J2602 specification).

Note that the data value written to the TXREGx for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 22-10 for the timing of the Break
character sequence.

22.3.51

The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN/J2602 bus
master.

Break and Sync Transmit Sequence

=N

Configure the EUSARTX for the desired mode.

2. Set the TXEN and SENDB bits to set up the
Break character.

3. Load the TXREGx with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘65h’ to TXREGx to load the Sync
character into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware. The Sync character now
transmits in the preconfigured mode.

When the TXREGx becomes empty, as indicated by
the TXxIF, the next data byte can be written to
TXREGKx.

22.3.6 RECEIVING A BREAK CHARACTER

The Enhanced USARTx modules can receive a Break
character in two ways.

The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling
location (13 bits for Break versus Start bit and 8 data
bits for typical data).

The second method uses the auto-wake-up feature
described in Section 22.3.4 “Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
EUSARTx will sample the next two transitions on
RXx/DTx, cause an RCxIF interrupt and receive the
next data byte followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABDEN
bit once the TXxIF interrupt is observed.

FIGURE 22-10: SEND BREAK CHARACTER SEQUENCE
Write to TXREGX I (C
Dummy Write J)
BRG Output l
(Shift Clook) | L | | | | | I 5}( | | | | | | [
X (pin) —N\_ Start Bit Bit 0 Bit 1 j( ( Bit11 _/Stop Bit .
' ‘ - Break > \
TXxIF bit I :
(Transmit Buffer 1] )()(
Reg. Empty Flag) !
TRMT bit
(Transmit Shift (C
Reg. Empty Flag) , ) )
' SENDB sampled here Auto-Cleared |
SENDB bit :7/7 C _\"
(Transmit Shift 0 ))
Reg. Empty Flag) .li
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224 EUSARTX Synchronous Once the TXREGx register transfers the data to the

Master Mode TSR register (occurs in one Tcy), the TXREGXx is empty
and the TXxIF flag bit is set. The interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXxIE. TXxIF is set regardless of the state

The Synchronous Master mode is entered by setting
the CSRC bit (TXSTAx<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission of enable bit, TXXIE; it cannot be cleared in software. It
and reception do not occur at the same time). When will reset only when new data is loaded into the
transmitting data, the reception is inhibited and vice TXREGX register.

—— S¥Q;¢X“§:§ mlode “ entered ;’ly Sb"t“'“gpglt\i While flag bit, TXxIF, indicates the status of the TXREGXx
(RCSTAEx<7>) ixsset)in gr;er tlctal(z:r:;nf? nLrjlreethelt'l"Xx and register, another bit, TRMT (TXSTAx<1>), shows the
RXX_ pins to, CKx (clock) and Dng (data) lines status of the TSR register. TRMT is a read-only bit which

. ’ is set when the TSR is empty. No interrupt logic is tied to
respectively. this bit, so the user must poll this bit in order to determine
The Master mode indicates that the processor trans- if the TSR register is empty. The TSR is not mapped in
mits the master clock on the CKx line. Clock polarity is data memory so it is not available to the user.
selected with the TXCKP bit (BAUDCONx<4>). Setting

TXCKP sets the Idle state on CKx as high, while clear- To set up a Synchronous Master Transmission:

ing the bit sets the Idle state as low. This option is 1. Initialize the SPBRGHx:SPBRGx registers for the
provided to support Microwire devices with this module. appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.
22.4.1 EUSARTx SYNCHRONOUS 2. Enable the synchronous master serial port by
MASTER TRANSMISSION setting bits, SYNC, SPEN and CSRC.
The EUSARTX transmitter block diagram is shown in 3. Ifinterrupts are desired, set enable bit, TXxIE.
Figure 22-3. The heart of the transmitter is the Transmit 4. If 9-bit transmission is desired, set bit, TX9.
(Serial) Shift Register (TSR). The shift register obtains 5. Enable the transmission by setting bit, TXEN.
its data from the Read/Write Transmit Buffer register, 6. If 9-bit transmission is selected, the ninth bit

TXREGx. The TXREG).< regi'ster is loaded witlh data in should be loaded in bit, TX9D.

software. The TSR register is not loaded until the last . .
) . . 7. Start transmission by loading data to the

bit has been transmitted from the previous load. As TXREG ist

soon as the last bit is transmitted, the TSR is loaded x register.

with new data from the TXREGx (if available). 8. Ifusing interrupts, ensure that the GIE and PEIE
bits (INTCON<7:6>) are set.

FIGURE 22-11: SYNCHRONOUS TRANSMISSION

a |Q2|Q3|Q4EQ1|QZ|QS|Q4|Q1|Q2|Q3|Q4!Q1|Q2 f:)3|o4b1|02|03|o4| |Q3|Q4 Q1|Q2|Q3|Q4 Q1|Qz|03|o4 af |sz33|04 Q1|QZ|QS|Q4|Q1|QZ|Q3|Q4 Q1|Q2|Q3|Q4‘

RC7/CANRX/RX1/ : ' '
DT1/CCP4Pin B0 X BT X B2 ><j§:>< bit 7 >< bito X BT X )CsDC:blﬂ

! - - Word 1 Word2 L \
RCB/CANTX/TX1/CK1/ ; . .
CCP3/Pin (TXCKP =0) rﬁ WWS I_'_\ '
RCB/CANTX/TX1/CK1/ l

CCP3/Pin (TXCKP=1) !

|__| mgmsmq—f

Write to ] : I_I '

(¢

TxREG1 Reg Write Word 1: erte Word 2 )) ! ! : ! ) : !

| | B | il il ' 1 ' '

Tx1IF bit —'—‘_:—,—'—| ! ' ! T T )()( ! !

(Interrupt Flag) ' ! - )()( ! ! ! !

TRMT bit ' ' : ¢ ¢ ' . : S ¢ : :
TXEN bit T g g 1

Note: Sync Master mode, SPBRGx = 0; continuous transmission of two 8-bit words. This example is equally applicable to EUSART2
(RB6/PGC/TX2/CK2/KBI2 and RB7/PGD/T3G/RX2/DT2/KBI3).
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FIGURE 22-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RC7/CANRX/RX1/DT1/ - : : : :
CCP4 Pin XOobito X b1 Xbitz ) X bte X bit7

RC6/CANTX/TX1/CK1/

CCP3 Pin
Write to

TXREG1 reg

TX1IF bit

TRMT bit

TXEN bit

/_\gg/\/\i

A NN

L JEE

N
TN TN

Note: This example is equally applicable to EUSART2 (RB6/PGC/TX2/CK2/KBI2 and RB7/PGD/T3G/RX2/DT2/KBI3).

TABLE 22-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D u20D u10D
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
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2242 EUSARTx SYNCHRONOUS
MASTER RECEPTION

Once Synchronous mode is selected, reception is
enabled by setting either the Single Receive Enable bit,
SREN (RCSTAx<5>) or the Continuous Receive
Enable bit, CREN (RCSTAx<4>). Data is sampled on
the RXx pin on the falling edge of the clock.

If enable bit, SREN, is set, only a single word is
received. If enable bit, CREN, is set, the reception is
continuous until CREN is cleared. If both bits are set,
then CREN takes precedence.

To set up a Synchronous Master Reception:

1. Initialize the SPBRGHx:SPBRGXx registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.

2. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.

o ok w

10.

1.

Ensure bits, CREN and SREN, are clear.

If interrupts are desired, set enable bit, RCxIE.
If 9-bit reception is desired, set bit, RX9.

If a single reception is required, set bit, SREN.
For continuous reception, set bit, CREN.
Interrupt flag bit, RCxIF, will be set when recep-
tion is complete and an interrupt will be generated
if the enable bit, RCxIE, was set.

Read the RCSTAX register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREGXx register.

If any error occurred, clear the error by clearing
bit, CREN.

If using interrupts, ensure that the GIE and PEIE bits
(INTCON<7:6>) are set.

FIGURE 22-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2|QS|Q4|Q1|QZ|Q3|Q4|Q1|Q2|QS|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|QS|Q4|Q1|Q2|Q3|Q4|Q1|QZ|Q3|Q4|Q1|Q2|Q3|04|Q1|QZ|Q3|Q4|Q1|Q2|QS|Q4|

RC6/CANTX/TX1/

R;'ﬁ%ﬁ’,*é“é*é{ >< bit 0 >{ bit 1 "bit 2 >< bit 3 >{ bit 4 >{ bit 5 >< "bit 6 >( bit 7

CK1/CCP3 (TXCKP = 0) ; i een e

RCG/CANTX/TX1/

CK1/CCP3 (TXCKP = 0) X Lo L] L

Write to

bit, SREN

SREN bit [
CRENbit ‘0’

RC1IF bit
(Interrupt)

Read
RCREG1

Note: Timing diagram demonstrates Sync Master mode with bit, SREN = 1, and bit, BRGH = 0. This example is equally applicable to EUSART2
(RB6/PGC/TX2/CK2/KBI2 and RB7/PGD/T3G/RX2/DT2/KBI3).
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TABLE 22-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG1 EUSART1 Receive Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON1 ABDOVF RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG2 EUSART2 Receive Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40OD | CCP30OD | CCP20D | CCP10D u20D uU10D
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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22.5 EUSARTX Synchronous

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTAx<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CKx pin (instead of being supplied
internally in Master mode). This allows the device to

Slave Mode

transfer or receive data while in any low-power mode.

22.5.1

The operation of the Synchronous Master and Slave

EUSARTx SYNCHRONOUS
SLAVE TRANSMISSION

modes is identical, except in the case of Sleep mode.

If two words are written to the TXREGx and then the

SLEEP instruction is executed, the following will occur:

a)
b)

c)
d)

The first word will immediately transfer to the
TSR register and transmit.

The second word will remain in the TXREGXx
register.

Flag bit, TXxIF, will not be set.

When the first word has been shifted out of TSR,
the TXREGx register will transfer the second word
to the TSR and flag bit, TXxIF, will now be set.

If enable bit, TXxIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

To set up a Synchronous Slave Transmission:

1.

ok wDd

Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

Clear bits, CREN and SREN.
If interrupts are desired, set enable bit, TXxIE.
If 9-bit transmission is desired, set bit, TX9.

Enable the transmission by setting enable bit,
TXEN.

If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

Start transmission by loading data to the
TXREGXx register.

If using interrupts, ensure that the GIE and PEIE
bits INTCON<7:6>) are set.

TABLE 22-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG1 EUSART1 Transmit Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
TXREG2 EUSART2 Transmit Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD |UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40D | CCP30OD | CCP20D | CCP10D U20D U10D
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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2252 EUSARTx SYNCHRONOUS SLAVE To set up a Synchronous Slave Reception:
RECEPTION 1. Enable the synchronous master serial port by

The operation of the Synchronous Master and Slave setting bits, SYNC and SPEN, and clearing bit,

modes is identical, except in the case of Sleep, or any CSRC.

Idle mode and bit, SREN, which is a “don’t care” in 2. If interrupts are desired, set enable bit, RCxIE.

Slave mode. 3. If 9-bit reception is desired, set bit, RX9.

If receive is enabled by setting the CREN bit prior to 4. To enable reception, set enable bit, CREN.

entering Sleep or any Idle mode, then a word may be 5. Flag bit, RCxIF, will be set when reception is

received while in this low-power mode. Once the word complete. An interrupt will be generated if

is received, the RSR register will transfer the data to the enable bit, RCxIE, was set.

RCREGXx register. If the RCxIE enable bit is set, the 6. Read the RCSTAX register to get the 9th bit (if

interrupt generated will wake the chip from the
low-power mode. If the global interrupt is enabled, the
program will branch to the interrupt vector.

enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREGXx register.

8. If any error occurred, clear the error by clearing
bit, CREN.

9. Ifusinginterrupts, ensure that the GIE and PEIE
bits (INTCON<7:6>) are set.

TABLE 22-11: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | TMR1GIP | TMR2IP TMR1IP
PIR3 — — RC2IF TX2IF CTMUIF CCP2IF CCP1IF —
PIE3 — — RC2IE TX2IE CTMUIE CCP2IE CCP1IE —
IPR3 — — RC2IP TX2IP CTMUIP | CCP2IP CCP1IP —
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG1 EUSART1 Receive Register
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON1 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
RCREG2 EUSART2 Receive Register
TXSTA2 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D
BAUDCON2 ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
SPBRGH2 EUSART2 Baud Rate Generator Register High Byte
SPBRG2 EUSART2 Baud Rate Generator Register Low Byte
PMDO CCP5MD | CCP4MD | CCP3MD | CCP2MD | CCP1MD | UART2MD | UART1MD | SSPMD
ODCON SSPOD CCP50D | CCP40OD | CCP30OD | CCP20D | CCP10D u20D uU10D
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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23.0 12-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module in the
PIC18F66K80 family of devices. It is a 13-bit differential
A/D with 12-bit single-ended compatibility. It has inputs
eight inputs for the 28-pin devices, 11 inputs for the
40/44-pin and 64-pin devices. This module allows con-
version of an analog input signal to a corresponding
12-bit digital number.

The module has these registers:

» A/D Control Register 0 (ADCONO)

» A/D Control Register 1 (ADCON1)

» A/D Control Register 2 (ADCON2)

» A/D Port Configuration Register 1 (ANCONO)

» A/D Port Configuration Register 2 (ANCON1)

» ADRESH (the upper, A/D Results register)

* ADRESL (the lower, A/D Results register)

The ADCONO register, shown in Register 23-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 23-2, configures the voltage
reference and special trigger selection. The ADCON2
register, shown in Register 23-3, configures the A/D
clock source and programmed acquisition time and
justification.

23.1 Differential A/D Converter

The converter in PIC18F66K80 family devices is
implemented as a differential A/D where the differential
voltage between two channels is measured and
converted to digital values (see Figure 23-1).

The converter also can be configured to measure a
voltage from a single input by clearing the CHSNXx bits
(ADCON1<2:0>). With this configuration, the negative
channel input is connected internally to AVSsS (see
Figure 23-2).

FIGURE 23-1: DIFFERENTIAL CHANNEL
MEASUREMENT
Positive Input
CHS<4:0> — |+
Negative Input T AD

CHSN<2:0> -

Differential conversion feeds the two input channels to
a unity gain differential amplifier. The positive channel
input is selected using the CHSx bits (ADCONO0<6:2>)
and the negative channel input is selected using the
CHSNXx bits (ADCON1<2:0>).

The output from the amplifier is fed to the A/D Con-
verter, as shown in Figure 23-1. The 12-bit result is
available on the ADRESH and ADRESL registers. An
additional bit indicates if the 12-bit result is a positive or
negative value.

FIGURE 23-2: SINGLE CHANNEL
MEASUREMENT
Positive Input
CHS<4:0>
A/D

CHSN<2:0> =000

In the Single Channel Measurement mode, the
negative input is connected to Avss by clearing the
CHSNXx bits (ADCON1<2:0>).
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23.2 A/D Registers

23.2.1 A/D CONTROL REGISTERS

REGISTER 23-1:

ADCONO: A/D CONTROL REGISTER 0

uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CHS4 CHS3 CHS2 CHS1 CHSO GO/DONE ADON
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 6-2 CHS<4:0>: Analog Channel Select bits
00000 = Channel 00 (ANO) 10000 = (Reserved)®
00001 = Channel 01 (AN1) 10001 = (Reserved)?@
00010 = Channel 02 (AN2) 10010 = (Reserved)?@
00011 = Channel 03 (AN3) 10011 = (Reserved)®
00100 = Channel 04 (AN4) 10100 = (Reserved)?®
00101 = Channel 05 (AN5){1:2) 10101 = (Reserved)®
00110 = Channel 06 (AN6)12) 10110 = (Reserved)®
00111 = Channel 07 (AN7)(1:2 10111 = (Reserved)®@
01000 = Channel 08 (ANS) 11000 = (Reserved)?@
01001 = Channel 09 (AN9) 11001 = (Reserved)®
01010 = Channel 10 (AN10) 11010 = (Reserved)®
01011 = (Reserved)® 11011 = (Reserved)®
01100 = (Reserved)?®) 11100 = (MUX disconnect)®
01101 = (Reserved)(z)) 11101 = Channel 29 (temperature diode)
01110 = (Reserved)?@) 11110 = Channel 30 (VDDCORE)
01111 = (Reserved)® 11111 = Channel 31 (1.024V band gap)®
bit 1 GO/DONE: A/D Conversion Status bit
1= A/D cycle is in progress. Setting this bit starts an A/D conversion cycle. The bit is cleared
automatically by hardware when the A/D conversion is completed.
0 = A/D conversion has completed or is not in progress
bit 0 ADON: A/D On bit
1 = A/D Converter is operating
0 = A/D conversion module is shut off and consuming no operating current
Note 1. These channels are not implemented on 28-pin devices.

2: Performing a conversion on unimplemented channels will return random values.
3: Channel 28 turns off analog MUX switches to allow for minimum capacitive loading of the A/D input, for

finer resolution CTMU time measurements.

4: Allow greater than 15 us acquisition time when measuring the Fixed Voltage Reference.

© 2010-2017 Microchip Technology Inc.
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REGISTER 23-2:

ADCON1: A/D CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-x R/W-x R/W-x R/W-x
TRIGSEL1 | TRIGSELO VCFG1 VCFGO VNCFG CHSN2 CHSN1 CHSNO
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 7-6 TRIGSEL<1:0>: Special Trigger Select bits
11 = Selects the special trigger from the CCP2
10 = Selects the special trigger from the Timer1
01 = Selects the special trigger from the CTMU
00 = Selects the special trigger from the ECCP1
bit 5-4 VCFG<1:0>: A/D VReF+ Configuration bits(?)
11 = Internal VREF+ (4.1V)
10 = Internal VREF+ (2.0V)
01 = External VREF+
00 = AVDD
bit 3 VNCFG: A/D VREF- Configuration bit
1 = External VREF
0= AVss
bit 2-0 CHSN<2:0>: Analog Negative Channel Select bits

111 = Reserved

110 = Channel 06 (AN5)
101 = Channel 05 (AN4)
100 = Channel 04 (AN3)
011 = Channel 03 (AN2)
010 = Channel 02 (AN1)
001 = Channel 01 (ANO)
000 = Channel 00 (AVss)

Note 1. When CHS<4:0>=11111 a VCFG<1:0> value of '10' or '11' is not allowed.
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REGISTER 23-3: ADCON2: A/D CONTROL REGISTER 2
R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0
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 ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’
bit 5-3 ACQT<2:0>: A/D Acquisition Time Select bits
111 =20 TaD
110 =16 TAD
101 =12 TaD
100 =8 TAD
011 =6 TAaD
010 =4 TaD
001 =2 TaD
000 =0 Tap®
bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)()
110 = Fosc/64
101 = Fosc/16
100 = Fosc/4
011 = FRc (clock derived from A/D RC oscillator)(l)
010 = Fosc/32
001 = Fosc/8
000 = Fosc/2
Note 1. Ifthe A/D FRC clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D

clock starts. This allows the SLEEP instruction to be executed before starting a conversion.
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23.2.2 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is where the 12-bit
A/D result and extended sign bits (ADSGNXx) are
loaded at the completion of a conversion. This register
pair is 16 bits wide. The A/D module gives the flexibility
of left or right justifying the 12-bit result in the 16-bit
result register. The A/D Format Select bit (ADFM) con-
trols this justification.

be performed on the result. The results are
represented as a two's compliment binary value. This
means that when sign bits and magnitude bits are
considered together in right justification, the ADRESH
and ADRESL registers can be read as a single signed
integer value.

When the A/D Converter is disabled, these 8-bit
registers can be used as two general purpose

Figure 23-3 shows the operation of the A/D result registers.

justification and the location of the sign bit (ADSGN(X).

The extended sign bits allow for easier 16-bit math to

FIGURE 23-3: A/D RESULT JUSTIFICATION
Left Justified 12-Bit Result Right Justified

ADFM =0 ADFM =1
A N
r A\ 4 A
\ J
Y Y Y Y
ADRESH ADRESL ADRESH ADRESL

D Result bits % ADSGN bit

Two’s Complement Example Results Number Line

Left Justified Right Justified
Hex Decimal Hex Decimal

OxFFFO 4095 O0xOFFF 4095
OxFFEO 4094 0xOFFE 4094
0x0020 2 0x0002 2
0x0010 1 0x0001 1
0x0000 0 0x0000 0
OxFFFF -1 OxFFFF -1
OxFFEF -2 OxFFFE -2
0x001F -4095 0xF001 -4095
0x000F -4096 0xF000 -4096
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REGISTER 23-4:

ADRESH: A/D RESULT HIGH BYTE REGISTER, LEFT JUSTIFIED (ADFM = 0)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES11 ADRES10 ADRES9 ADRESS8 ADRES7 ADRES6 ADRES5 ‘ ADRES4
bit 7
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

REGISTER 23-5:

ADRES<11:4>: A/D Result High Byte bits

ADRESL: A/D RESULT LOW BYTE REGISTER, LEFT JUSTIFIED (ADFM = 0)

R/W-x R/W-x R/W-x R/W-x U-x U-x U-x U-x
ADRES3 ADRES?2 ADRES1 ADRESO ADSGN3 ADSGN2 ‘ ADSGN1 ‘ ADSGNO
bit 7
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 7-4
bit 3-0

ADRES<3:0>: A/D Result Low Byte bits
ADSGN<3:0>: A/D Result Sign bits

1 = A/D result is negative
0 = A/D result is positive

REGISTER 23-6:

ADRESH: A/D RESULT HIGH BYTE REGISTER, RIGHT JUSTIFIED (ADFM = 1)

U-x U-x U-x U-x R/W-x R/W-x R/W-x R/W-x
ADSGN7 ADSGNG6 ADSGN5 ADSGN4 | ADRES11 ADRES10 ADRES9 ‘ ADRESS8
bit 7
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 7-4 ADSGN<7:4>: A/D Result Sign bits
1 = A/D result is negative
0 = A/D result is positive
bit 3-0 ADRES<11:8>: A/D Result High Byte bits
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REGISTER 23-7: ADRESL: A/D RESULT LOW BYTE REGISTER, RIGHT JUSTIFIED (ADFM = 1)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
ADRES7 ADRES6 ADRES5 ADRES4 ADRES3 ADRES2 ADRES1 ‘ ADRESO
bit 7
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 ADRES<7:0>: A/D Result Low Byte bits
The ANCONXx registers are used to configure the module, with all digital peripherals disabled and digital
operation of the /O pin associated with each analog inputs read as ‘0.

channel. Clearing an ANSELx bit configures the
corresponding pin (ANXx) to operate as a digital only I/O.
Setting a bit configures the pin to operate as an analog
input for either the A/D Converter or the comparator

As a rule, I/O pins that are multiplexed with analog
inputs default to analog operation on any device Reset.

REGISTER 23-8: ANCONO: A/D PORT CONFIGURATION REGISTER 0

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
ANSEL7®) | ANSEL6W | ANSEL5® | ANSEL4 ANSEL3 ANSEL2 ANSEL1 ANSELO
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 ANSEL<7:0>: Analog Port Configuration bits (AN7 and ANO)®)

1 = Pin configured as an analog channel: digital input disabled and any inputs read as ‘0’
0 = Pin configured as a digital port

Note 1: AN14 through AN11 and AN7 to AN5 are implemented only on 40/44-pin and 64-pin devices. For 28-pin
devices, the corresponding ANSELX bits are still implemented for these channels, but have no effect.
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REGISTER 23-9: ANCON1: A/D PORT CONFIGURATION REGISTER 1

U-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

— ANSEL14® | ANSEL13®W | ANSEL12(M) | ANSEL11(®) | ANSEL10 ANSEL9 ANSELS8
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 ANSEL 14: RD3/C2INB Pin Analog Enable bit®

1 = Pin is configured as an analog channel; digital input is disabled and any inputs read as ‘0’
0 = Pin is configured as a digital port

bit 5 ANSEL13: RD2/C2INA Pin Analog Enable bit™
1 = Pin is configured as an analog channel; digital input is disabled and any inputs read as ‘0’
0 = Pin is configured as a digital port

bit 4 ANSEL12: RD1/C1INB Pin Analog Enable bit(})
1 = Pin is configured as an analog channel; digital input is disabled and any inputs read as ‘0’
0 = Pin is configured as a digital port

bit 3 ANSEL11: RDO/C1INA Pin Analog Enable bit(®)
1 = Pin is configured as an analog channel: digital input disabled and any inputs read as ‘0’
0 = Pin is configured as a digital port

bit 2-0 ANSEL11<10:8>: Analog Port Configuration bits (AN10 through AN8)

1 = Pin is configured as an analog channel; digital input is disabled and any inputs read as ‘0’
0 = Pin configured as a digital port

Note 1. AN14 through AN11 and AN7 to AN5 are implemented only on 40/44-pin and 64-pin devices. For 28-pin
devices, the corresponding ANSELX bits are still implemented for these channels, but have no effect.

The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(AVDD and AVss) or the voltage level on the
RA3/VREF+/AN3 and RA2/VREF-/AN2 pins. VREF+ has
two additional internal voltage reference selections:
2.0V and 4.1V.

The A/D Converter can uniquely operate while the
device is in Sleep mode. To operate in Sleep, the A/D
conversion clock must be derived from the A/D’s
internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

Each port pin associated with the A/D Converter can be
configured as an analog input or a digital /0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit (ADCONO0<1>) is cleared
and the A/D Interrupt Flag bit, ADIF (PIR1<6>), is set.

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted. The value in the
ADRESH:ADRESL register pair is not modified for a
Power-on Reset. These registers will contain unknown
data after a Power-on Reset.

The block diagram of the A/D module is shown in
Figure 23-4.
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FIGURE 23-4: A/D BLOCK DIAGRAM
CHS<4:0>
..... L [
X 11111 . 1.024V Band Gap
l 11110 . VDDCORE
: \.11101 Reserved .
. 11100 - Tempergture Diode ,
: 11011 ’ (MUX D|sconnected)( )
: ' (Unimplemented)
' 11010
! : (Unimplemented)
! 11001 : (Unimplemented)
: 11000 . (Unimplemented)
! ; °
' °
: I °
' 01110
! b—| g (1)
12-Bit | \_ 01101 % A
A/D ! : AN13®
Converter !
° . °
° ! °
° : °
00100 !
: AN4
00011
00010
\o—:% AN2
00001 ,
N1 S an
\__00000 , %
. ANO
Positive Input Voltage
CHSN<2:0>
______ [ I
Negative Input Voltage X 111 ANG6
_—— = . 110 .
r B . i: 0 AN5
| Reference | VCFG<1:0> ' ®
|  Voltage || N e : ' :
L . _ _ 1 ! N\ " Internal VREF+ ) ) )
: 11 : (4.1V) : 001
! \_ 10 ' Internal VREF+ ! I Z 000 : ANO
. 0 ' AN3 T TTTTooon
VREF- ' 00 VDD(4)
VNCFG PY o\o I
o< AN
L o

Note 1: Channels, AN14 through AN11, and AN7 through AN5, are implemented only on 40/44-pin and 64-pin devices.
For 28-pin devices, the corresponding ANSELX bits are still implemented for those channels, but have no effect.
2: 1/O pins have diode protection to VDD and Vss.
3: Channel 28 turns off analog MUX switches to allow for minimum capacitive loading of A/D inputs for finer
resolution CTMU time measurements.
4: 1/0O pins have diode protection to VDD and Vss.
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After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion can start. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 23.3
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to
occur between setting the GO/DONE bit and the actual
start of the conversion.

To do an A/D conversion, follow these steps:

2. Configure the A/D interrupt (if desired):
+ Clear the ADIF bit (PIR1<6>)
» Set the ADIE bit (PIE1<6>)
+ Set the GIE bit (INTCON<7>)
3.  Wait the required acquisition time (if required).
4. Start the conversion:
+ Set the GO/DONE bit (ADCONO0<1>)
5. Wait for A/D conversion to complete, by either:
+ Polling for the GO/DONE bit to be cleared

OR

1. Configure the A/D module: _ - Waiting for the A/D interrupt
* Configure the required A/D pins as analog pins 6. Read A/D Result registers (A\DRESH:ADRESL)
(ANCONO and ANCON1) and, if required, clear bit, ADIF.
* Set the voltage reference (ADCON1) 7. For the next conversion, begin with Step 1 or 2,
+ Select the A/D positive and negative input as required.
channels (ADCONO and ADCON1) The AID ion ti bit is defined as TAD
. e e conversion time per bit is defined as )
Select the A/D acquisition time (ADCON2) Before the next acquisition starts, a minimum wait
» Select the A/D conversion clock (ADCONZ2) of 2 TAD is required.
* Turn on the A/D module (ADCONO)
FIGURE 23-5: ANALOG INPUT MODEL
Voo Sampling
Switch
vr=06v .,
Rc<tk 'SS Rss !
L ILEAKAGE f— =
‘ VT = 0.6V PN T CHOLD = 25 pF
- ¢ 1 vss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to VDD
various junctions
Ric = Interconnect Resistance
SS = Sampling Switch
CHoLD = Sample/Hold Capacitance (from DAC) F————+——
Rss = Sampling Switch Resistance 1 2 3 4

Sampling Switch (kQ)
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23.3 A/D Acquisition Requirements

For the A/D Converter to meet its specified accuracy,
the Charge Holding (CHOLD) capacitor must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 23-5. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage

To calculate the minimum acquisition time,
Equation 23-1 can be used. This equation assumes
that 1/2 LSb error is used (1,024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Equation 23-3 shows the calculation of the minimum
required acquisition time, TAcQ. This calculation is
based on the following application system
assumptions:

(VDD). CHOLD = 25pF
The source impedance affects the offset voltage at the Rs = 25kQ
analog input (due to pin leakage current). The maxi- .
mum recommended impedance for analog sources Conversion Error < 1/2L.Sb
is 2.5 kQ. After the analog input channel is selected or VDD = 3V > Rss=2kQ
changed, the channel must be sampled for at least the Temperature = 85°C (system max.)
minimum acquisition time before starting a conversion.
Note: When the conversion is started, the

holding capacitor is disconnected from the

input pin.
EQUATION 23-1: ACQUISITION TIME
TacQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

= TaMmp + Tc + TCOFF

EQUATION 23-2: A/D MINIMUM CHARGING TIME

VHOLD =
or
Tc

~(CHOLD)(RIC + RsS + Rs) In(1/2048)

(VREF — (VREF /20 48)) . (1 _ e(—TC/CHOLD(RIC +Rss + Rs)))

EQUATION 23-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TC + TCOFF
TAMP = 0.2 ps
Tcorr = (Temp —25°C)(0.02 ps/°C)
(85°C —25°C)(0.02 ps/°C)
1.2 ps
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.
Tc = -(CHOLD)(RIC + RsS + RS) In(1/2048) us
-(25 pF) (1 kQ + 2 kQ + 2.5 kQ) In(0.0004883) pus
1.05 ps
TACQ = 0.2 us+ 1.05us+ 1.2 ps
2.45 ps
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23.4 Selecting and Configuring
Automatic Acquisition Time

The ADCON2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set.

When the GO/DONE bit is set, sampling is stopped and
a conversion begins. The user is responsible for ensur-
ing the required acquisition time has passed between
selecting the desired input channel and setting the
GO/DONE bit.

This occurs when the ACQT<2:0> bits
(ADCONZ2<5:3>) remain in their Reset state (‘000’),
which is compatible with devices that do not offer
programmable acquisition times.

If desired, the ACQTx bits can be set to select a pro-
grammable acquisition time for the A/D module. When
the GO/DONE bit is set, the A/D module continues to
sample the input for the selected acquisition time, then
automatically begins a conversion. Since the acquisi-
tion time is programmed, there may be no need to wait
for an acquisition time between selecting a channel and
setting the GO/DONE bit.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended or
if the conversion has begun.

23.5 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 14 TAD per 12-bit conversion.
The source of the A/D conversion clock is software
selectable.

The possible options for TAD are:

» 2Tosc

* 4 Tosc

* 8 Tosc

» 16 Tosc

» 32 Tosc

* 64 Tosc

» Using the internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TAD) must be as short as possible but greater than the

minimum  TAD. (For more information, see
Parameter 130 in Table 31-26.)

Table 23-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 23-1: TaD vs. DEVICE OPERATING
FREQUENCIES
AD Clock Source (TAD) Maximum
Device

Operation ADCS<2:0> Frequency

2 Tosc 000 2.50 MHz

4 Tosc 100 5.00 MHz

8 Tosc 001 10.00 MHz

16 Tosc 101 20.00 MHz

32 Tosc 010 40.00 MHz

64 Tosc 110 64.00 MHz
RC®@ x11 1.00 MHz(®)
Note 1: The RC source has a typical TAD time of

4 us.

2. For device frequencies above 1 MHz, the
device must be in Sleep mode for the
entire conversion or the A/D accuracy may
be out of specification.

23.6 Configuring Analog Port Pins

The ANCONO, ANCON1, TRISA, TRISB, TRISC and
TRISC registers control the operation of the A/D port
pins. The port pins needed as analog inputs must have
their corresponding TRISXx bits set (input). If the TRISx
bit is cleared (output), the digital output level (VOH or
VoL) will be converted.

The A/D operation is independent of the state of the
CHS<3:0> bits and the TRISx bits.

Note:  When reading the PORT register, all pins
configured as analog input channels will
read as cleared (a low level). Pins
configured as digital inputs will convert an
analog input. Analog levels on a digitally
configured input will be accurately
converted.

Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device’s specification limits.
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23.7 A/D Conversions ADRESH:ADRESL registers will continue to contain
) ) the value of the last completed conversion (or the last
Figure 23-6 shows the operation of the A/D Converter value written to the ADRESH:ADRESL registers).

after the GO/DONE bit has been set and the
ACQT<2:0> bits are cleared. A conversion is started
after the following instruction to allow entry into Sleep
mode before the conversion begins.

After the A/D conversion is completed or aborted, a
2 TaD wait is required before the next acquisition can
be started. After this wait, acquisition on the selected
channel is automatically started.

Figure 23-7 shows the operation of the A/D Converter
after the GO/DONE bit has been set, the ACQT<2:0> Note:  The GO/DONE bit should NOT be set in
bits set to ‘010’ and a 4 TAD acquisition time selected. the same instruction that turns on the A/D.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. This means the

FIGURE 23-6: A/D CONVERSION Tap CYCLES (ACQT<2:0> =000, TACQ = 0)

Tey - TADI Tap1 TAD2 TAD3 TAD4 K TADS TAD6 . TAD7 : TAD8 . TAD9 ,TAD’IO:TAD11:TAD’|2,TAD’|3=
T b11  b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO/DONE bit i

Next Q4: ADRESH:ADRESL is loaded, GO/DONE bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

FIGURE 23-7: A/D CONVERSION Tabp CYCLES (ACQT<2:0> =010, TACQ =4 TAD)
~— TacaQT Cycles —>}< TAD Cycles -

1.2 3 4 |1 2 3 4 S5 6 7 8 9 10 11 12 13,
A b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
~— Automatic —4

Acquisition Conversion starts
Time (Holding capacitor is disconnected)
Set GO/DONE bit i
(Holding capacitor continues
acquiring input) Next Q4: ADRESH:ADRESL is loaded, GO/DONE bit is cleared,

ADIF bit is set, holding capacitor is reconnected to analog input.
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23.8 Use of the Special Event Triggers

A/D conversion can be started by the Special Event
Trigger of any of these modules:

* CCP2 - Requires CCP2M<3:0> bits
(CCP2CON<3:0>) set at ‘1011'("
- ECCP1

* CTMU - Requires the setting of the CTTRIG bit
(CTMUCONH<0>)

e Timer1

To start an A/D conversion:

* The A/D module must be enabled (ADON = 1)

* The appropriate analog input channel selected

* The minimum acquisition period set one of these
ways:
- Timing provided by the user
- Selection made of an appropriate TACQ time

With these conditions met, the trigger sets the
GO/DONE bit and the A/D acquisition starts.

If the A/D module is not enabled (ADON = 0), the
module ignores the Special Event Trigger.

Note:  With an ECCP1 or CCP2 trigger, Timer1
or Timer3 is cleared. The timers reset to
automatically repeat the A/D acquisition
period with minimal software overhead
(moving ADRESH:ADRESL to the desired
location). If the A/D module is not enabled,
the Special Event Trigger is ignored by the
module, but the timer’s counter resets.

23.9 Operation in Power-Managed
Modes

The selection of the automatic acquisition time and A/D
conversion clock is determined, in part, by the clock
source and frequency while in a power-managed
mode.

If the A/D is expected to operate while the device is in
a power-managed mode, the ACQT<2:0> and
ADCS<2:0> bits in ADCON2 should be updated in
accordance with the power-managed mode clock that
will be used.

After the power-managed mode is entered (either of the
power-managed Run modes), an A/D acquisition or
conversion may be started. Once an acquisition or con-
version is started, the device should continue to be
clocked by the same power-managed mode clock source
until the conversion has been completed. If desired, the
device may be placed into the corresponding
power-managed ldle mode during the conversion.

If the power-managed mode clock frequency is less
than 1 MHz, the A/D RC clock source should be
selected.

Operation in Sleep mode requires that the A/D RC
clock be selected. If bits, ACQT<2:0>, are set to ‘000’
and a conversion is started, the conversion will be
delayed one instruction cycle to allow execution of the
SLEEP instruction and entry into Sleep mode. The
IDLEN and SCS<1:0> bits in the OSCCON register
must have already been cleared prior to starting the
conversion.
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TABLE 23-2: REGISTERS ASSOCIATED WITH THE A/D MODULE

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 SSPIF TMR1GIF | TMR2IF TMR1IF
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE TMR1GIE | TMR2IE TMR1IE
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP TMR1GIP | TMR2IP TMR1IP
ADRESH A/D Result Register High Byte
ADRESL A/D Result Register Low Byte
ADCONO — CHS4 CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON
ADCON1 TRIGSEL1 | TRIGSELO | VCFG1 VCFGO VNCFG CHSN2 CHSN1 CHSNO
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0
ANCONO ANSEL7 | ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 ANSELO
ANCON1 — ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSELS8
PORTA RA7( RA6(Y RA5 — RA3 RA2 RA1 RAO
TRISA TRISA7W | TRISA6D) | TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
PORTE RE7 RE6 RE5 RE4 RE3 — RE1 REO
TRISE TRISE7 TRISE6 TRISE5S TRISE4 — TRISE2 TRISE1 TRISEO
PMD1 PSPMD | CTMUMD | ADCMD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: These bits are available only in certain oscillator modes when the FOSC2 Configuration bit = 0. If that

Configuration bit is cleared, this signal is not implemented.
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240 COMPARATOR MODULE

The analog comparator module contains two compara-
tors that can be independently configured in a variety of
ways. The inputs can be selected from the analog
inputs and two internal voltage references. The digital
outputs are available at the pin level and can also be
read through the control register. Multiple output and
interrupt event generation are also available. A generic
single comparator from the module is shown in
Figure 24-1.

Key features of the module includes:

* Independent comparator control

* Programmable input configuration

» Output to both pin and register levels
* Programmable output polarity

* Independent interrupt generation for each
comparator with configurable interrupt-on-change

24.1 Registers

The CMxCON registers (CM1CON and CM2CON)
select the input and output configuration for each com-
parator, as well as the settings for interrupt generation
(see Register 24-1).

The CMSTAT register (Register 24-2) provides the out-
put results of the comparators. The bits in this register
are read-only.

FIGURE 24-1: COMPARATOR SIMPLIFIED BLOCK DIAGRAM
CCH<1:0> » CMPxOUT
(CMSTAT<7:6>)
CxINB
CxINC
Interrupt
; >
C2INB/C2IND® Logic CMPxIF
VBG ||
EVPOL<1:0>
CREF
e COE™  cxout
N Polarity !
CxINA 0 VIN+ + Cx Logic X
CVREF 1
CON CPOL

Note 1: Comparator 1 uses C2INB as an input to the inverted terminal.
Comparator 2 uses C1INB as an input to the inverted terminal.
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REGISTER 24-1: CMxCON: COMPARATOR CONTROL x REGISTER

R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
CON COE CPOL EVPOL1 EVPOLO CREF CCH1 CCHO
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 CON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled
bit 6 COE: Comparator Output Enable bit
1 = Comparator output is present on the CxOUT pin
0 = Comparator output is internal only
bit 5 CPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 4-3 EVPOL<1:0>: Interrupt Polarity Select bits
11 = Interrupt generation on any change of the output(l)
10 = Interrupt generation only on high-to-low transition of the output
01 = Interrupt generation only on low-to-high transition of the output
00 = Interrupt generation is disabled
bit 2 CREF: Comparator Reference Select bit (non-inverting input)
1 = Non-inverting input connects to internal CVREF voltage
0 = Non-inverting input connects to CxINA pin
bit 1-0 CCH<1:0>: Comparator Channel Select bits

11 = Inverting input of comparator connects to VBG

10 = Inverting input of comparator connects to C2INB pin(z)
01 = Inverting input of comparator connects to CxINC pin
00 = Inverting input of comparator connects to C1INB pin(2)

Note 1. The CMPXxIF is automatically set any time this mode is selected and must be cleared by the application
after the initial configuration.
2:  Comparator 1 uses C2INB as an input to the inverting terminal. Comparator 2 uses C1INB as an input to
the inverted terminal.
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REGISTER 24-2: CMSTAT: COMPARATOR STATUS REGISTER

R-x R-x u-0 U-0 U-0 uU-0 u-0 U-0
CMP20OUT | CMP10OUT — — — — — —
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 CMP20OUT:CMP1OUT: Comparator x Status bits

If CPOL (CMxCON<5>)= 0 (non-inverted polarity):
1 = Comparator x’s VIN+ > VIN-

0 = Comparator x’s VIN+ < VIN-

If CPOL = 1 (inverted polarity):

1 = Comparator x’s VIN+ < VIN-

0 = Comparator x’s VIN+ > VIN-

bit 4-0 Unimplemented: Read as ‘0’
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24.2 Comparator Operation

A single comparator is shown in Figure 24-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input, VIN-, the output of the compara-
tor is a digital low level. When the analog input at VIN+
is greater than the analog input, VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 24-2 represent
the uncertainty due to input offsets and response time.

FIGURE 24-2: SINGLE COMPARATOR
VIN- |-
. Output
VINY [+

24.3 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the com-
parator output has a valid level. The response time of
the comparator differs from the settling time of the volt-
age reference. Therefore, both of these times must be
considered when determining the total response to a
comparator input change. Otherwise, the maximum
delay of the comparators should be used (see
Section 31.0 “Electrical Characteristics”).

24.4 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 24-3. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur.

A  maximum source impedance of 10kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 24-3: COMPARATOR ANALOG INPUT MODEL
VDD
VT =0.6V RIC

p Comparator

* AV
Input
ILEAKAGE
VT =0.6V +100 nA
L

Vss

Legend: CPIN
\A
ILEAKAGE
Ric
Rs
VA

Input Capacitance

Threshold Voltage

Leakage Current at the pin due to various junctions
Interconnect Resistance

Source Impedance

Analog Voltage
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24.5 Comparator Control and
Configuration

Each comparator has up to eight possible combina-
tions of inputs: up to four external analog inputs and
one of two internal voltage references.

All of the comparators allow a selection of the signal
from pin, CxINA, or the voltage from the comparator
reference (CVREF) on the non-inverting channel. This is
compared to either C1INB, CxINC, C2INB or the micro-
controller’s fixed internal reference voltage (VBG,
1.024V nominal) on the inverting channel. The compar-
ator inputs and outputs are tied to fixed 1/O pins,
defined in Table 24-1. The available comparator config-
urations and their corresponding bit settings are shown
in Figure 24-4.

TABLE 24-1: COMPARATOR INPUTS AND

OUTPUTS

Comparator Input or Output 1/0 Pin(
C1INA (VIN+) RBO/RDO
C1INB (VIN-) RB1/RD1

1 C1INC (VIN-) RA1
C2INB(VIN-) RA5/RD3
C10UT RB2/RE1
C2INA(VIN+) RB4/RD2
9 C2INB(VIN-) RA5/RD3

C2INC(VIN-) RA2
C20UT RB3/RE2

T The I/O pin is dependent on package type.

2451 COMPARATOR ENABLE AND
INPUT SELECTION

Setting the CON bit of the CMxCON register
(CMxCON<7>) enables the comparator for operation.
Clearing the CON bit disables the comparator, resulting
in minimum current consumption.

The CCH<1:0> bits in the CMxCON register
(CMxCON<1:0>) direct either one of three analog input
pins, or the Internal Reference Voltage (VBG), to the
comparator, VIN-. Depending on the comparator oper-
ating mode, either an external or internal voltage
reference may be used.

The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly.

The external reference is used when CREF =0
(CMxCON<2>) and VIN+ is connected to the CxINA
pin. When external voltage references are used, the
comparator module can be configured to have the ref-
erence sources externally. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator.

The comparator module also allows the selection of an
internally generated voltage reference (CVREF) from the
comparator voltage reference module. This module is
described in more detail in Section 25.0 “Comparator
Voltage Reference Module”. The reference from the
comparator voltage reference module is only available
when CREF =1. In this mode, the internal voltage
reference is applied to the comparator’s VIN+ pin.

Note:  The comparator input pin selected by
CCH<1:0> must be configured as an input
by setting both the corresponding TRIS bit
and the corresponding ANSELXx bit in the
ANCONX register.

2452 COMPARATOR ENABLE AND
OUTPUT SELECTION

The comparator outputs are read through the CMSTAT
register. The CMSTAT<6> bit reads the Comparator 1
output, CMSTAT<7> reads the Comparator 2 output.
These bits are read-only.

The comparator outputs may also be directly output to
the RE2 and RE1 pins by setting the COE bit
(CMxCON<6>). When enabled, multiplexers in the
output path of the pins switch to the output of the com-
parator. While in this mode, the TRISE<2:1> bits still
function as the digital output enable bits for the RE2,
and RE1 pins.

By default, the comparator’s output is at logic high
whenever the voltage on VIN+ is greater than on VIN-.
The polarity of the comparator outputs can be inverted
using the CPOL bit (CMxCON<5>).

The uncertainty of each of the comparators is related to
the input offset voltage and the response time given in
the specifications, as discussed in Section 24.2
“Comparator Operation”.
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FIGURE 24-4:

COMPARATOR CONFIGURATIONS

Comparator Off
CON =0, CREF = x, CCH<1:0> = xx

VIN-

VIN+

Cx

COE
pd
Off (Read as ‘0’) I CX%IUT
Pin

CON =1, CREF =0, CCH<1:0>=00

CXINB[}—e—YN-_ |~

Comparator CxINB > CxINA Compare

CxINAG—e YN[ CX

Comparator CxINC > CxINA Compare
CON =1, CREF =0, CCH<1:0> =01

CXINC[J—eYIN-_{

CxINARG—e YN[, CX

CON =1, CREF =0, CCH<1:0> =10

C2INB/

Comparator C2INB/C1INB > CxINA Compare

G1INB ViK-
Cx
CXINALG—eN* 14

Comparator VBG > CxINA Compare
CON =1, CREF =0, CCH<1:0>=11

VBG [X—e N 1

CXINATR—e YN+ |, CX

Comparator CxINB > CVRer Compare
CON =1, CREF =1, CCH<1:0>=00

CXINB[}—e—YN-_| ~

CVREF[X—eYN* 14 Cx

|
=
CxOUT
Pin

Comparator CxINC > CVRer Compare
CON =1, CREF =1, CCH<1:0> =01

CXINC[J—e YN[~

CVREF[J—eYN* 14 Cx

CON=1,CREF =1, CCH<1:0>=10

Comparator C2INB/C1INB > CVRErF Compare

Comparator VBG > CVREF Compare
CON=1,CREF=1, CCH<1:0>=11

COE
C2INB/ VIN-
CliNg B~ pa VeG  [—e YN pa
VIN+ Cx X Vi VIN+ Cx =
CVREF[—o— |+ CxOUT | CVREFDG—e———+ CxOUT
Pin Pin
Note 1: VBG is the Internal Reference Voltage (see Table 31-2).
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24.6 Comparator Interrupts

The comparator interrupt flag is set whenever any of
the following occurs:

» Low-to-high transition of the comparator output
» High-to-low transition of the comparator output
* Any change in the comparator output

The comparator interrupt selection is done by the
EVPOL<1:0> bits in the CMxCON register
(CMxCON<4:3>).

In order to provide maximum flexibility, the output of the
comparator may be inverted using the CPOL bit in the
CMxCON register (CMxCON<5>). This is functionally
identical to reversing the inverting and non-inverting
inputs of the comparator for a particular mode.

An interrupt is generated on the low-to-high or
high-to-low transition of the comparator output. This
mode of interrupt generation is dependent on
EVPOL<1:0> in the CMxCON register. When
EVPOL<1:0> = 01 or 10, the interrupt is generated on
a low-to-high or high-to-low transition of the comparator
output. Once the interrupt is generated, it is required to
clear the interrupt flag by software.

When EVPOL<1:0> =11, the comparator interrupt flag
is set whenever there is a change in the output value of
either comparator. Software will need to maintain
information about the status of the output bits, as read
from CMSTAT<7:6>, to determine the actual change
that occurred.

The CMPxIF<2:0> (PIR4<5:4) bits are the Comparator
Interrupt Flags. The CMPxIF bits must be reset by
clearing them. Since it is also possible to write a ‘1’ to
this register, a simulated interrupt may be initiated.
Table 24-2 shows the interrupt generation with respect
to comparator input voltages and EVPOL bit settings.

Both the CMPxIE bits (PIE4<5:4>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMPxIF bits will still be set if an interrupt
condition occurs.

A simplified diagram of the interrupt section is shown in
Figure 24-3.

Note: CMPxIF  will not be set WhenI

EVPOL<1:0> = 00.

TABLE 24-2: COMPARATOR INTERRUPT GENERATION

cPoL EVPOL<1:0> lr?;:t" %ﬁ:;‘;re CxOUT Transition Glgtneerrr;‘tpet |

VIN+ > VIN- Low-to-High No

00 VIN+ < VIN- High-to-Low No

VIN+ > VIN- Low-to-High Yes

0 01 VIN+ < VIN- High-to-Low No
10 VIN+ > VIN- Low-to-High No

VIN+ < VIN- High-to-Low Yes

1 VIN+ > VIN- Low-to-High Yes

VIN+ < VIN- High-to-Low Yes

VIN+ > VIN- High-to-Low No

00 VIN+ < VIN- Low-to-High No

01 VIN+ > VIN- High-to-Low No

VIN+ < VIN- Low-to-High Yes

! 10 VIN+ > VIN- High-to-Low Yes
VIN+ < VIN- Low-to-High No

VIN+ > VIN- High-to-Low Yes

1 VIN+ < VIN- Low-to-High Yes
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24.7 Comparator Operation

During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode, when enabled.
Each operational comparator will consume additional
current.

To minimize power consumption while in Sleep mode,
turn off the comparators (CON = 0) before entering
Sleep. If the device wakes up from Sleep, the contents
of the CMxCON register are not affected.

24.8

A device Reset forces the CMxCON registers to their
Reset state. This forces both comparators and the
voltage reference to the OFF state.

Effects of a Reset

TABLE 24-3: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

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
CM1CON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
CM2CON CON COE CPOL EVPOL1 | EVPOLO CREF CCH1 CCHO
CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO
CMSTAT CMP20OUT | CMP10OUT — — — — — —
PIR4 TMRA4IF EEIF CMP2IF CMP1IF — CCP5IF CCPA4IF CCP3IF
PIE4 TMR4IE EEIE CMP2IE | CMP1IE — CCPS5IE CCP4IE CCP3IE
IPR4 TMR4IP EEIP CMP2IP | CMP1IP — CCP5IP CCP4IP CCP3IP
ANCONO ANSEL?7 ANSEL6 ANSEL5 | ANSEL4 | ANSEL3 | ANSEL2 | ANSEL1 | ANSELO
ANCON1 — ANSEL14 | ANSEL13 | ANSEL12 | ANSEL11 | ANSEL10 | ANSEL9 | ANSEL8
PMD2 — — — — MODMD | ECANMD | CMP2MD | CMP1MD
Legend: — =unimplemented, read as ‘0’.
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25.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The comparator voltage reference is a 32-tap resistor
ladder network that provides a selectable reference
voltage. Although its primary purpose is to provide a
reference for the analog comparators, it may also be
used independently of them.

A block diagram of the module is shown in Figure 25-1.
The resistor ladder is segmented to provide a range of
CVREF values and has a power-down function to
conserve power when the reference is not being used.
The module’s supply reference can be provided from
either device VDD/VsS or an external voltage reference.

25.1 Configuring the Comparator
Voltage Reference

The comparator voltage reference module is controlled

EQUATION 25-1:

If CVRSS = 1:
CVR<4:0>
CVREF = (VREF- + T) * (VREF+ — VREF-)
If CVRSS = 0:
CVR<4:0>
CVREF = (AVss + T) * (AVDD — AVSS)

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF- that are multiplexed with RA3 and RA2. The
voltage source is selected by the CVRSS bit
(CVRCON<5>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 31-2 in Section 31.0 “Electrical

through the CVRCON register (Register 25-1). The
comparator voltage reference provides a range of
output voltage with 32 levels.

The CVR<4:0> selection bits (CVRCON<4:0>) offer a
range of output voltages. Equation 25-1 shows the how
the comparator voltage reference is computed.

Characteristics”).

REGISTER 25-1: CVRCON: COMPARATOR VOLTAGE REFERENCE 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
CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO
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 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit
1 = CVREF voltage level is output on CVREF pin
0 = CVREF voltage level is disconnected from CVREF pin
bit 5 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = VREF+ — VREF-
0 = Comparator reference source, CVRSRC = AVDD — AVSS
bit 4-0 CVR<4:0>: Comparator VREF Value Selection 0 < CVR<4:0> < 31 bits
When CVRSS = 1;
CVREF = (VREF-) + (CVR<4:0>/32) e (VREF+ — VREF-)
When CVRSS = 0:
CVREF = (AVss) + (CVR<4:0>/32) ¢ (AVDD — AVsS)
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COMPARATOR VOLTAGE REFERENCE BLOCK DIAGRAM

CVR<4:0>

A

——— CVREF

32-to-1 MUX

FIGURE 25-1:
VREF+}—o CVRSS =1
~
AVDD LI
CVRSS =0
CVRE R
RS
RE
RZ
32 Steps < T
|
]
RZ
RS
RZ
v CVRSS =1
REF- |————o0
o
CVRSS =0

25.2 Voltage Reference Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 25-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 31.0 “Electrical Characteristics”.

25.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

25.4 Effects of a Reset

A device Reset disables the voltage reference by
clearing bit, CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RF5 pin by clearing
bit, CVROE (CVRCON<6>).

25.5 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RAQ pin if the
CVROE bit is set. Enabling the voltage reference out-
put onto RAO when it is configured as a digital input will
increase current consumption. Connecting RAO as a
digital output with CVRSS enabled will also increase
current consumption.

The RAO pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage
reference output for external connections to VREF.
Figure 25-2 shows an example buffering technique.

DS30009977G-page 374

© 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

FIGURE 25-2: COMPARATOR VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
PIC18F66K80
CVREF
Module R
l\/\/\/ & ’ +
Voltage RAO _ >t CVREeF Output
Reference
Output
Impedance I
Note 1: R s dependent upon the Voltage Reference Configuration bits, CVRCON<3:0> and CVRCON<5>.
TABLE 25-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CVRCON CVREN CVROE CVRSS CVR4 CVR3 CVR2 CVR1 CVRO
CM1CON CON COE CPOL EVPOLA1 EVPOLO CREF CCH1 CCHO
CM2CON CON COE CPOL EVPOLA1 EVPOLO CREF CCH1 CCHO
TRISA TRISA7 TRISA6 TRISA5 — TRISA3 TRISA2 TRISA1 TRISAO
ANCONO ANSEL7 ANSEL6 | ANSEL5 | ANSEL4 | ANSEL3 ANSEL2 ANSELA1 ANSELO
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used with the comparator voltage reference.
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26.0 HIGH/LOW-VOLTAGE DETECT
(HLVD)
The PIC18F66K80 family of devices has a

High/Low-Voltage Detect module (HLVD). This is a pro-
grammable circuit that sets both a device voltage trip

The High/Low-Voltage Detect Control register
(Register 26-1) completely controls the operation of the
HLVD module. This allows the circuitry to be “turned
off” by the user under software control, which
minimizes the current consumption for the device.

The module’s block diagram is shown in Figure 26-1.

point and the direction of change from that point. If the
device experiences an excursion past the trip point in
that direction, an interrupt flag is set. If the interrupt is
enabled, the program execution branches to the inter-
rupt vector address and the software responds to the
interrupt.

REGISTER 26-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER

R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
VDIRMAG BGVST IRVST HLVDEN | HLvDL3® | HLvDL2® | HLvDL1® | HLvDLOW
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 VDIRMAG: Voltage Direction Magnitude Select bit

1 = Event occurs when voltage equals or exceeds trip point (HLVDL<3:0>)
0 = Event occurs when voltage equals or falls below trip point (HLVDL<3:0>)

bit 6 BGVST: Band Gap Reference Voltages Stable Status Flag bit

1 = Internal band gap voltage references are stable
0 = Internal band gap voltage references are not stable

bit 5 IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the voltage detect logic will generate the interrupt flag at the specified voltage range
0 = Indicates that the voltage detect logic will not generate the interrupt flag at the specified voltage
range and the HLVD interrupt should not be enabled

bit 4 HLVDEN: High/Low-Voltage Detect Power Enable bit

1 = HLVD enabled
0 = HLVD disabled

bit 3-0 HLVDL<3:0>: Voltage Detection Limit bits(?)

1111 = External analog input is used (input comes from the HLVDIN pin)
1110 = Maximum setting

0000 = Minimum setting

Note 1. For the electrical specifications, see Parameter D420 in Section 31.0 “Electrical Characteristics”.
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The module is enabled by setting the HLVDEN bit
(HLVDCON<4>). Each time the HLVD module is
enabled, the circuitry requires some time to stabilize.
The IRVST bit (HLVDCON<5>) is a read-only bit used
to indicate when the circuit is stable. The module can
only generate an interrupt after the circuit is stable and
IRVST is set.

The VDIRMAG bit (HLVDCON<7>) determines the
overall operation of the module. When VDIRMAG is
cleared, the module monitors for drops in VDD below a
predetermined set point. When the bit is set, the
module monitors for rises in VDD above the set point.

26.1

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a

Operation

FIGURE 26-1:

trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage
event, depending on the configuration of the module.

When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

The trip point voltage is software programmable to any one
of 16 values. The trip point is selected by programming the
HLVDL<3:0> bits (HLVDCON<3:0>).

The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits,
HLVDL<3:0>, are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users the flexibility of configur-
ing the High/Low-Voltage Detect interrupt to occur at
any voltage in the valid operating range.

HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)

Externally Generated

HLVDIN

HLVDEN—

%W::W%

Trip Point — - . . _ _ _ _ _ __ .
VDD " B
g/ ¥op HLVDL<3:0> HLVDCON
E | Register
HLVDEN VDIRMAG

16-to-1 MUX

:]:>7 Internal Voltage
. Reference
BOREN<1:0> 1.024V Typical

Set

HLVDIF
)
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26.2 HLVD Setup
To set up the HLVD module:

1.

Select the desired HLVD trip point by writing the
value to the HLVDL<3:0> bits.

Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).
Enable the HLVD module by setting the
HLVDEN bit.

Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

If interrupts are desired, enable the HLVD
interrupt by setting the HLVDIE and GIE bits
(PIE2<2> and INTCON<7>, respectively).

An interrupt will not be generated until the
IRVST bit is set.

Note: Before changing any module settings

(VDIRMAG, HLVDL<3:0>), first disable the
module (HLVDEN = 0), make the changes
and re-enable the module. This prevents
the generation of false HLVD events.

26.3 Current Consumption

When the module is enabled, the HLVD comparator
and voltage divider are enabled and consume static
current. The total current consumption, when enabled,
is specified in electrical specification Parameter D022B
(Table 31-11).

Depending on the application, the HLVD module does
not need to operate constantly. To reduce current
requirements, the HLVD circuitry may only need to be
enabled for short periods where the voltage is checked.
After such a check, the module could be disabled.

26.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification Parameter 37
(Section 31.0 “Electrical Characteristics”), may be
used by other internal circuitry, such as the
programmable Brown-out Reset. If the HLVD or other
circuits using the voltage reference are disabled to
lower the device’s current consumption, the reference
voltage circuit will require time to become stable before
a low or high-voltage condition can be reliably
detected. This start-up time, TIRVST, is an interval that
is independent of device clock speed. It is specified in
electrical specification Parameter 37 (Table 31-11).

The HLVD interrupt flag is not enabled until TIRVST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may
not be detected during this interval (see Figure 26-2 or
Figure 26-3).
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FIGURE 26-2: LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)
CASE 1 HLVDIF may not be set
VDD /
_______ \__/ ________V__________‘ VHLVD
HLVDIF |
A
Enable HLVD |
I
I
IRVST ~— TIRVST —|

HLVDIF cleared in software
Internal reference is stable

CASE 2:
VbD
—————————— \—————————————/—————————————— VHLVD
HLVDIF ! N
Enable HLVD | |
| |
| '
TIRVST —|
IRVST P
Internal reference is stable J

HLVDIF cleared in software

HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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FIGURE 26-3: HIGH-VOLTAGE DETECT OPERATION (VDIRMAG =1)

CASE 1:
HLVDIF may not be set

——————— /_—\ ————————ﬂ——————————- VHLVD
VDD :
|
|

HLVDIF

Enable HLVD |
|
|

IRVST =— TIRVST ]

HLVDIF cleared in software
Internal reference is stable

CASE 2:
—————————— f —————————————X————————————— VHLVD
VDD
HLVDIF | A
Enable HLVD [ |
| |
'« TRVST |
IRVST ;
Internal reference is stable J
HLVDIF cleared in software
HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
26.5 Applications FIGURE 26-4: TYPICAL LOW-VOLTAGE

DETECT APPLICATION

In many applications, it is desirable to detect a drop
below, or rise above, a particular voltage threshold. For
example, the HLVD module could be periodically
enabled to detect Universal Serial Bus (USB) attach or
detach. This assumes the device is powered by a lower
voltage source than the USB when detached. An attach
would indicate a high-voltage detect from, for example,
3.3V to 5V (the voltage on USB) and vice versa for a
detach. This feature could save a design a few extra
components and an attach signal (input pin).

Voltage

For general battery applications, Figure 26-4 shows a
possible voltage curve. Over time, the device voltage
decreases. When the device voltage reaches voltage,
VA, the HLVD logic generates an interrupt at time, TA.
The interrupt could cause the execution of an ISR, Time TA
which would allow the application to perform “house-
keeping tasks” and a controlled shutdown before the Legend: VA = HLVD trip point
device voltage exits the valid operating range at TB. VB = Minimum valid device
This would give the application a time window, repre- operating voltage
sented by the difference between TA and TB, to safely
exit.
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26.7 Effects of a Reset

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.

26.6

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

Operation During Sleep

TABLE 26-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
HLVDCON VDIRMAG BGVST IRVST HLVDEN | HLVDL3 HLVDL2 HLVDLA1 HLVDLO
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF
PIR2 OSCFIF — — — BCLIF HLVDIF TMR3IF | TMR3GIF
PIE2 OSCFIE — — — BCLIE HLVDIE TMRS3IE | TMR3GIE
IPR2 OSCFIP — — — BCLIP HLVDIP TMR3IP | TMR3GIP
TRISA TRISA7® | TRISA6W | TRISA5 — TRISA3 | TRISA2 | TRISA1 | TRISAO
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the HLVD module.

Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary

oscillator modes. When disabled, these bits read as ‘0’.
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27.0 ECAN MODULE
PIC18F66K80 family devices contain an Enhanced
Controller Area Network (ECAN) module. The ECAN
module is fully backward compatible with the CAN
module available in PIC18CXX8 and PIC18FXX8
devices and the ECAN module in PIC18Fxx80 devices.
The Controller Area Network (CAN) module is a serial
interface which is useful for communicating with other
peripherals or microcontroller devices. This interface,
or protocol, was designed to allow communications
within noisy environments.
The ECAN module is a communication controller, imple-
menting the CAN 2.0A or B protocol as defined in the
BOSCH specification. The module will support CAN 1.2,
CAN 2.0A, CAN 2.0B Passive and CAN 2.0B Active
versions of the protocol. The module implementation is
a full CAN system; however, the CAN specification is not
covered within this data sheet. Refer to the BOSCH CAN
specification for further details.
The module features are as follows:
* Implementation of the CAN protocol, CAN 1.2,
CAN 2.0A and CAN 2.0B
+ DeviceNet™ data bytes filter support
» Standard and extended data frames
* 0-8 bytes data length
* Programmable bit rate up to 1 Mbit/sec
* Fully backward compatible with the PIC18XXX8
CAN module
* Three modes of operation:
- Mode 0 — Legacy mode
- Mode 1 — Enhanced Legacy mode with
DeviceNet support
- Mode 2 — FIFO mode with DeviceNet support
» Support for remote frames with automated handling
» Double-buffered receiver with two prioritized
received message storage buffers
» Six buffers programmable as RX and TX
message buffers
» 16 full (standard/extended identifier) acceptance
filters that can be linked to one of four masks
» Two full acceptance filter masks that can be
assigned to any filter
» One full acceptance filter that can be used as either
an acceptance filter or acceptance filter mask
» Three dedicated transmit buffers with application
specified prioritization and abort capability
* Programmable wake-up functionality with
integrated low-pass filter
* Programmable Loopback mode supports self-test
operation
« Signaling via interrupt capabilities for all CAN
receiver and transmitter error states
* Programmable clock source
* Programmabile link to timer module for
time-stamping and network synchronization
» Low-power Sleep mode

27.1 Module Overview

The CAN bus module consists of a protocol engine and
message buffering and control. The CAN protocol
engine automatically handles all functions for receiving
and transmitting messages on the CAN bus. Messages
are transmitted by first loading the appropriate data
registers. Status and errors can be checked by reading
the appropriate registers. Any message detected on
the CAN bus is checked for errors and then matched
against filters to see if it should be received and stored
in one of the two receive registers.

The CAN module supports the following frame types:

» Standard Data Frame

« Extended Data Frame

* Remote Frame

* Error Frame

» Overload Frame Reception

The CAN module uses the RB2/CANTX and
RB3/CANRX pins to interface with the CAN bus. The
CANTX and CANRX pins can be placed on alternate
I/O pins by setting the CANMX (CONFIG3H<0>)
Configuration bit.

For the PIC18F2XK80 and PIC18F4XK80, the alter-
nate pin locations are RC6/CANTX and RC7/CANRX.
For the PIC18F6XK80, the alternate pin locations are
RE4/CANRX and RE5/CANTX.

In normal mode, the CAN module automatically over-
rides the appropriate TRIS bit for CANTX. The user
must ensure that the appropriate TRIS bit for CANRX
is set.

2711 MODULE FUNCTIONALITY

The CAN bus module consists of a protocol engine,
message buffering and control (see Figure 27-1). The
protocol engine can best be understood by defining the
types of data frames to be transmitted and received by
the module.

The following sequence illustrates the necessary initial-
ization steps before the ECAN module can be used to
transmit or receive a message. Steps can be added or
removed depending on the requirements of the
application.

1. Initial LAT and TRIS bits for RX and TX CAN.

2. Ensure that the ECAN module is in Configuration
mode.

Select ECAN Operational mode.
Set up the Baud Rate registers.
Set up the Filter and Mask registers.

Set the ECAN module to normal mode or any
other mode required by the application logic.

o ok~ w
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FIGURE 27-1:

CAN BUFFERS AND PROTOCOL ENGINE BLOCK DIAGRAM
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27.2 CAN Module Registers

Note: Not all CAN registers are available in the
Access Bank.

There are many control and data registers associated
with the CAN module. For convenience, their
descriptions have been grouped into the following
sections:

» Control and Status Registers

» Dedicated Transmit Buffer Registers

» Dedicated Receive Buffer Registers

* Programmable TX/RX and Auto RTR Buffers

» Baud Rate Control Registers

+ |/O Control Register

« Interrupt Status and Control Registers

Detailed descriptions of each register and their usage
are described in the following sections.

27.2.1 CAN CONTROL AND STATUS
REGISTERS

The registers described in this section control the
overall operation of the CAN module and show its
operational status.
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REGISTER 27-1: CANCON: CAN CONTROL REGISTER

Mode O

R/W-1 R/W-0 R/W-0 R/S-0 R/W-0 R/W-0 R/W-0 U-0
REQOP2 | REQOP1 | REQOPO | ABAT | WIN2 | WIN1 [ WINO | —

Mode 1

R/W-1 R/W-0 R/W-0 R/S-0 uo U-0 U-0 U-0
REQOP2 | REQOP1 | REQOPO | ABAT | — | — | — | —

Mode 2

R/W-1 R/W-0 R/W-0 R/S-0 R-0 R-0 R-0 R-0
REQOP2 | REQOP1 | REQOPO | ABAT | FP3 | FP2 | FP1 | FPO

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

S = Settable bit

bit 7-5

bit 4

bit 3-1

bit 0

bit 4-0

Note 1:

REQOP<2:0>: Request CAN Operation Mode bits

1xx = Requests Configuration mode
011 = Requests Listen Only mode
010 = Requests Loopback mode
001 = Disabled/Sleep mode

000 = Requests Normal mode

ABAT: Abort All Pending Transmissions bit

1 = Abort all pending transmissions (in all transmit buﬁers)(l)
0 = Transmissions proceeding as normal

Mode 0:

WIN<2:0>: Window Address bits

These bits select which of the CAN buffers to switch into the Access Bank area. This allows access to the
buffer registers from any data memory bank. After a frame has caused an interrupt, the ICODE<3:0> bits
can be copied to the WIN<2:0> bits to select the correct buffer. See Example 27-2 for a code example.

111 = Receive Buffer 0
110 = Receive Buffer 0
101 = Receive Buffer 1
100 = Transmit Buffer 0
011 = Transmit Buffer 1
010 = Transmit Buffer 2
001 = Receive Buffer 0
000 = Receive Buffer 0

Mode 0:
Unimplemented: Read as ‘0’

Mode 1:

Unimplemented: Read as ‘0’
Mode 2:

FP<3:0>: FIFO Read Pointer bits
These bits point to the message buffer to be read.
0000 = Receive Message Buffer 0
0001 = Receive Message Buffer 1
0010 = Receive Message Buffer 2
0011 = Receive Message Buffer 3
0100 = Receive Message Buffer 4
0101 = Receive Message Buffer 5
0110 = Receive Message Buffer 6
0111 = Receive Message Buffer 7
1000: 1111 Reserved

This bit will clear when all transmissions are aborted.
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REGISTER 27-2: CANSTAT:. CAN STATUS REGISTER

Mod R-1 R-0 R-0 R-0 R-0 R-0 R-0 u-0
odeO opmoDe2® | oPMODE1Y | oPMODEO®W |  — | ICODE2 | ICODE1 | ICODEO | —
R-1 R-0 R-0 R-0 R-0 R-0 R-0 R-0
Mode 1,2
oPMODE2® | oPMODE1® | oPMODEO® | EICODE4 | EICODE3 | EICODE2 | EICODE1| EICODEO
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 OPMODE<2:0>: Operation Mode Status bits()
111 = Reserved
110 = Reserved
101 = Reserved
100 = Configuration mode
011 = Listen Only mode
010 = Loopback mode
001 = Disable/Sleep mode
000 = Normal mode
bit 4 Mode 0:
Unimplemented: Read as ‘0’
bit 3-1,4-0  Mode 0:
ICODE<2:0>: Interrupt Code bits
When an interrupt occurs, a prioritized coded interrupt value will be present in these bits. This code
indicates the source of the interrupt. By copying ICODE<3:1> to WIN<3:0> (Mode 0) or EICODE<4:0>
to EWIN<4:0> (Mode 1 and 2), it is possible to select the correct buffer to map into the Access Bank area.
See Example 27-2 for a code example. To simplify the description, the following table lists all five bits.
Mode 0 Mode 1 Mode 2
No interrupt 00000 00000 00000
CAN bus error interrupt 00010 00010 00010
TXB2 interrupt 00100 00100 00100
TXB1 interrupt 00110 00110 00110
TXBO interrupt 01000 01000 01000
RXB1 interrupt 01010 10001 -----
RXBO interrupt 01100 10000 10000
Wake-up interrupt 01110 01110 01110
RXBO interrupt ~ ----- 10000 10000
RXB1 interrupt - ---- 10001 10000
RX/TX BO interrupt ~ ----- 10010 10010@
RX/TX B1 interrupt ~ ----- 10011 10011
RX/TX B2 interrupt ~ ----- 10100 10100@
RX/TX B3 interrupt ~ ----- 10101 10101@
RX/TX B4 interrupt ~~ ----- 10110 10110@
RX/TX B5 interrupt ~~ ----- 10111 10111@
bit 0 Mode O:
Unimplemented: Read as ‘0’
bit 4-0 Mode 1. 2:
EICODE<4:0>: Interrupt Code bits
See ICODE<3:1> above.
Note 1. To achieve maximum power saving and/or able to wake-up on CAN bus activity, switch the CAN module in
Disable/Sleep mode before putting the device to Sleep.
2. If the buffer is configured as a receiver, the EICODE bits will contain ‘210000’ upon interrupt.
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EXAMPLE 27-1:

CHANGING TO CONFIGURATION MODE

; Request Configuration node.

MOVLW B’ 10000000’ ;
MOVWF  CANCON

; A request to switch to Configuration
; Module will wait for

Request for other nodes such as Loopback,
is always good practice to wait and verify before continuing.

It
ConfigWait:

MOVF CANSTAT, W

ANDLW B’ 10000000’ ;

TSTFSZ WREG ;

BRA Conf i g\Wai t

; Module is in Configuration node now.

; Modify configuration registers as required.
node to be able to conmunicate.

Swi tch back to Nornal

CAN bus to be idle before switching to Configuration Mde.

Set to Configuration Mde.
nmode may not be imedi ately honored.

Di sable etc. may be honored inmediately.

Read current npde state.
Interested in OPMODE bits only.
Is it Configuration node yet?
No. Continue to wait...

EXAMPLE 27-2:
TX/RX BUFFERS

WIN AND ICODE BITS USAGE IN INTERRUPT SERVICE ROUTINE TO ACCESS

; Save application required context.
; Poll
; This was found to be CAN interrupt

NDJFF CANCON, TenpCANCON ;
MOVFF  CANSTAT, TenpCANSTAT ;
MOVF TenpCANSTAT, W ;
ANDLW B’ 00001110’

ADDW PCL, F ;
BRA Nol nt er r upt ;
BRA Errorlnterrupt ;
BRA TXB2I nt er r upt ;
BRA TXB1I nt er r upt ;
BRA TXBOI nt er r upt ;
BRA RXB1I nt err upt ;
BRA RXBOI nt er r upt ;

Wakeupl nt errupt
BCF PI R3, WAKIF ;

1

User code to handl e wake-up procedure

Conti nue checking for other interrupt
Nol nt er rupt

1

1

interrupt flags and determ ne source of

TenpCANCON and TenpCANSTAT are vari abl es defined in Access Bank | ow

i nterrupt

Save CANCON.WN bits

This is required to prevent CANCON
from corrupting CAN buffer access
in-progress while this interrupt
occurred

Save CANSTAT regi ster

This is required to make sure that
we use same CANSTAT val ue rat her

t han one changed by anot her CAN
interrupt.

Retrieve | CODE bits

Per f orm conput ed GOTO
to correspondi ng interrupt cause

000 = No interrupt

001 = Error interrupt

010 = TXB2 interrupt

011 = TXBl interrupt

100 = TXBO i nterrupt

101 = RXB1 interrupt

110 = RXBO interrupt

111 = Wake-up on interrupt

Clear the interrupt flag

source or return from here

PC shoul d never vector here. User may
place a trap such as infinite | oop or
indication to catch this error.

pi n/ port
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EXAMPLE 27-2:  WIN AND ICODE BITS USAGE IN INTERRUPT SERVICE ROUTINE TO ACCESS

TX/RX BUFFERS (CONTINUED)

Errorlnterrupt
BCF PIR3, ERRIF ; Clear the interrupt flag
; Handl e error.
RETFI E

TXB2I nt er r upt
BCF PI R3, TXB2l F ; Clear the interrupt flag
GOoro AccessBuf fer

TXB1I nt er r upt
BCF PI R3, TXBll F ; Clear the interrupt flag
Goro AccessBuf fer

TXBOI nt er r upt
BCF PI R3, TXBOI F ; Clear the interrupt flag
GOoro AccessBuf fer

RXB1I nt er r upt
BCF PI R3, RXBll F ; Clear the interrupt flag
GOoro Accessbuf fer

RXBOI nt er r upt

BCF PI R3, RXBOI F ; Clear the interrupt flag
GOoro AccessBuf fer
AccessBuf fer ; This is either TX or RX interrupt
Copy CANSTAT. | CODE bits to CANCON.WN bits

MOVF TenpCANCON, W ; Clear CANCON. WN bits before copying
; nNew ones.

ANDLW B’ 111100071’ ; Use previously saved CANCON val ue to
; make sure sane val ue.

MOWWF  TenpCANCON ; Copy masked val ue back to TenpCANCON

MOVF TenpCANSTAT, W ; Retrieve ICODE bits

ANDLW B’ 00001110’ ; Use previously saved CANSTAT val ue
; to nake sure sane val ue.

| ORWF  TenpCANCON ; Copy | CODE bits to WN bits.

MOVFF  TenpCANCON, CANCON ; Copy the result to actual CANCON

; Access current buffer...

User code

; Restore CANCON.WN bits

MOVF CANCON, W ; Preserve current non WN bits

ANDLW B 11110001’

| ORWF  TenpCANCON ; Restore original WN bits

; Do not need to restore CANSTAT - it is read-only register.
Return frominterrupt or check for another nodule interrupt source
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REGISTER 27-3: ECANCON: ENHANCED CAN CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
MDSEL1® | MDSELO® | FIFOWM®@ EWIN4 EWIN3 EWIN2 EWIN1 EWINO
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 MDSEL<1:0>: Mode Select bits®@

00 = Legacy mode (Mode 0, default)
01 = Enhanced Legacy mode (Mode 1)
10 = Enhanced FIFO mode (Mode 2)
11 = Reserved

bit 5 FIFOWM: FIFO High Water Mark bit®

1 = Will cause FIFO interrupt when one receive buffer remains
0 = Will cause FIFO interrupt when four receive buffers remain(®)

bit 4-0 EWIN<4:0>: Enhanced Window Address bits

These bits map the group of 16 banked CAN SFRs into Access Bank addresses, OF60-OF6Dh. The
exact group of registers to map is determined by the binary value of these bits.

Mode 0:
Unimplemented: Read as ‘0’

Mode 1, 2:

00000 = Acceptance Filters 0, 1, 2 and BRGCONZ2, 3
00001 = Acceptance Filters 3, 4, 5 and BRGCON1, CIOCON
00010 = Acceptance Filter Masks, Error and Interrupt Control
00011 = Transmit Buffer 0

00100 = Transmit Buffer 1

00101 = Transmit Buffer 2

00110 = Acceptance Filters 6, 7, 8

00111 = Acceptance Filters 9, 10, 11

01000 = Acceptance Filters 12, 13, 14

01001 = Acceptance Filter 15

01010-01110 = Reserved

01111 = RXINTO, RXINT1

10000 = Receive Buffer 0

10001 = Receive Buffer 1

10010 = TX/RX Buffer 0

10011 = TX/RX Buffer 1

10100 = TX/RX Buffer 2

10101 = TX/RX Buffer 3

10110 = TX/RX Buffer 4

10111 = TX/RX Buffer 5

11000-11111 = Reserved

Note 1. These bits can only be changed in Configuration mode. See Register 27-1 to change to Configuration mode.
2: This bit is used in Mode 2 only.
3: If FIFO is configured to contain four or less buffers, then the FIFO interrupt will trigger.
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REGISTER 27-4:

COMSTAT: COMMUNICATION STATUS REGISTER

odeo RGO R/C-0 R-0 R0 R-0 R-0 R-0 R-0
oae
RXBOOVFL [ RXB1OVFL| TXBO | TXBP | RXBP | TXWARN | RXWARN | EWARN
ode1 | RICO R/C-0 R-0 R-0 R-0 R-0 R-0 R-0
oae
— |RXBnOVFL| TXB0O | TXBP | RXBP | TXWARN | RXWARN | EWARN
odes |_R/C0 R/C-0 R-0 R-0 R-0 R-0 R-0 R-0
ode —_—————
FIFOEMPTY | RXBnOVFL| TXBO | TXBP | RXBP | TXWARN | RXWARN | EWARN
bit 7 bit 0
Legend: C = Clearable bit

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

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

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Mode 0:

RXBOOVFL: Receive Buffer 0 Overflow bit

1 = Receive Buffer 0 has overflowed
0 = Receive Buffer 0 has not overflowed

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOEMPTY: FIFO Not Empty bit

1 = Receive FIFO is not empty
0 = Receive FIFO is empty

Mode 0:

RXB1OVFL: Receive Buffer 1 Overflow bit

1 = Receive Buffer 1 has overflowed
0 = Receive Buffer 1 has not overflowed

Mode 1, 2:

RXBnOVFL: Receive Buffer n Overflow bit
1 = Receive Buffer n has overflowed

0 = Receive Buffer n has not overflowed
TXBO: Transmitter Bus-Off bit

1 = Transmit error counter > 255

0 = Transmit error counter < 255

TXBP: Transmitter Bus Passive bit

1 = Transmit error counter > 127

0 = Transmit error counter < 127

RXBP: Receiver Bus Passive bit

1 = Receive error counter > 127
0 = Receive error counter < 127

TXWARN: Transmitter Warning bit

1 = Transmit error counter > 95

0 = Transmit error counter < 95
RXWARN: Receiver Warning bit

1 =127 > Receive error counter > 95
0 = Receive error counter < 95

EWARN: Error Warning bit

This bit is a flag of the RXWARN and TXWARN bits.

1 = The RXWARN or the TXWARN bits are set
0 = Neither the RXWARN or the TXWARN bits are set
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27.2.2

DEDICATED CAN TRANSMIT
BUFFER REGISTERS

This section describes the dedicated CAN Transmit
Buffer registers and their associated control registers.

REGISTER 27-5: TXBnCON: TRANSMIT BUFFER n CONTROL REGISTERS [0 £ n £2]

Mode 0 R/C-0 R-0 R-0 R-0 R/W-0 uU-0 R/W-0 R/W-0
ode
TXBIF | TXABT® | TXLARB® |TXERR®W |TXREQ®P | — [ TXPRI1® | TXPRIO®
Mode 1.2 R/C-0 R-0 R-0 R-0 R/W-0 uU-0 R/W-0 R/W-0
ode 1,
TxBIF | TXABT® [ TxLARB® |TXERR®W |TXREQ®P| — [ TXPRI1® | TXPRIO®
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’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 TXBIF: Transmit Buffer Interrupt Flag bit
1 = Transmit buffer has completed transmission of a message and may be reloaded
0 = Transmit buffer has not completed transmission of a message
bit 6 TXABT: Transmission Aborted Status bit™)
1 = Message was aborted
0 = Message was not aborted
bit 5 TXLARB: Transmission Lost Arbitration Status bit()
1 = Message lost arbitration while being sent
0 = Message did not lose arbitration while being sent
bit 4 TXERR: Transmission Error Detected Status bit(%)
1 = A bus error occurred while the message was being sent
0 = A bus error did not occur while the message was being sent
bit 3 TXREQ: Transmit Request Status bit(2)
1 = Requests sending a message; clears the TXABT, TXLARB and TXERR bits
0 = Automatically cleared when the message is successfully sent
bit 2 Unimplemented: Read as ‘0’
bit 1-0 TXPRI<1:0>: Transmit Priority bits®)
11 = Priority Level 3 (highest priority)
10 = Priority Level 2
01 = Priority Level 1
00 = Priority Level 0 (lowest priority)
Note 1. This bit is automatically cleared when TXREQ is set.
2. While TXREQ is set, Transmit Buffer registers remain read-only. Clearing this bit in software while the bit is
set will request a message abort.
3: These bits define the order in which transmit buffers will be transferred. They do not alter the CAN

message identifier.
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REGISTER 27-6: TXBnSIDH: TRANSMIT BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
HIGH BYTE[0<n < 2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SID9 ‘ SID8 ‘ SID7 SID6 SID5 SID4 SID3
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 SID<10:3>: Standard Identifier bits (if EXIDE (TXBnSIDL<3>) = 0)

Extended Identifier bits, EID<28:21> (if EXIDE = 1).

REGISTER 27-7: TXBnSIDL: TRANSMIT BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
LOW BYTE[0<n <2]

R/W-x R/W-x R/W-x u-0 R/W-x uU-0 R/W-x R/W-x
SID2 sb1 | soo | — EXIDE — EID17 EID16
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 SID<2:0>: Standard Identifier bits (if EXIDE (TXBnSIDL<3>) = 0)
Extended Identifier bits, EID<20:18> (if EXIDE = 1).
bit 4 Unimplemented: Read as ‘0’
bit 3 EXIDE: Extended Identifier Enable bit

1 = Message will transmit extended ID, SID<10:0> become EID<28:18>
0 = Message will transmit standard ID, EID<17:0> are ignored

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

REGISTER 27-8: TXBnEIDH: TRANSMIT BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
HIGH BYTE[0<n <2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ‘ EID13 ‘ EID12 EID11 EID10 EID9 EID8
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 EID<15:8>: Extended Identifier bits (not used when transmitting standard identifier message)
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REGISTER 27-9: TXBnEIDL: TRANSMIT BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
LOW BYTE [0<n <2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 ‘ EID5 ‘ EID4 EID3 EID2 EID1 EIDO
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 = Bitis unknown
bit 7-0 EID<7:0>: Extended Identifier bits (not used when transmitting standard identifier message)

REGISTER 27-10: TXBnDm: TRANSMIT BUFFER ‘n’ DATA FIELD BYTE ‘m’ REGISTERS
[0<n<2,0<mM<7]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
TXBnDm?7 ‘ TXBnDm6 ‘ TXBnDmb5 ‘ TXBnDm4 | TXBnDm3 TXBnDm2 TXBnDm1 TXBnDmO
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 TXBnDm<7:0>: Transmit Buffer n Data Field Byte m bits (where 0 <n <3 and 0 <m < 8)
Each transmit buffer has an array of registers. For example, Transmit Buffer 0 has 7 registers: TXBODO
to TXBOD?.
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REGISTER 27-11: TXBnDLC: TRANSMIT BUFFER ‘n’ DATA LENGTH CODE REGISTERS [0 <n < 2]

u-0 R/W-x u-0 u-0 R/W-x R/W-x R/W-x R/W-x
— TXRTR — — DLC3 DLC2 DLCA1 ‘ DLCO
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 TXRTR: Transmit Remote Frame Transmission Request bit

1 = Transmitted message will have the TXRTR bit set
0 = Transmitted message will have the TXRTR bit cleared

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 DLC<3:0>: Data Length Code bits

1111 = Reserved
1110 = Reserved
1101 = Reserved
1100 = Reserved
1011 = Reserved
1010 = Reserved
1001 = Reserved
1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 bytes
0000 = Data length = 0 bytes

REGISTER 27-12: TXERRCNT: TRANSMIT ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
TEC7 TEC6 TECS TEC4 TEC3 TEC2 TEC1 TECO
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 TEC<7:0>: Transmit Error Counter bits

This register contains a value which is derived from the rate at which errors occur. When the error
count overflows, the bus-off state occurs. When the bus has 128 occurrences of 11 consecutive
recessive bits, the counter value is cleared.
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EXAMPLE 27-3:  TRANSMITTING A CAN MESSAGE USING BANKED METHOD

; Need to transmit Standard ldentifier nessage 123h using TXBO buffer.
; To successfully transmt, CAN nodul e nust be either in Normal or Loopback node.

TXBO buffer is not in access bank. And since we want banked nmet hod, we need to nmake sure
; that correct bank is selected.
BANKSEL TXBOCON ; One BANKSEL in beginning will nmake sure that we are

in correct bank for rest of the buffer access.

; Now load transnmit data into TXBO buffer.
MOVLW  MY_DATA BYTEL ; Load first data byte into buffer
MOWWF  TXBODO ; Conpiler will automatically set “BANKED' bit
; Load rest of data bytes - up to 8 bytes into TXBO buffer.

; Load nessage identifier

MOVLW  60H ; Load SID2:SIDO, EXIDE = 0
MOWNF  TXBOSI DL
MOVLW  24H ; Load SI D10: SI D3

MOV TXBOSI DH
; No need to | oad TXBOEI DL: TXBOEIDH, as we are transmtting Standard |dentifier Message only.

Now that all data bytes are |oaded, mark it for transm ssion.
MOVLW B’ 00001000’ ; Normal priority; Request transnission
MOV TXBOCON

If required, wait for nmessage to get transmtted
BTFSC TXBOCON, TXREQ ; Is it transmtted?
BRA $-2 ; No. Continue to wait...

Message is transmtted.
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EXAMPLE 27-4:

TRANSMITTING A CAN MESSAGE USING WIN BITS

; To successfully transmt,
TXBO buffer is not
MOVF CANCON, W

ANDLW B’ 11110000’
I ORLW B 00001000’
MOVWF  CANCON

yield TXBO register val ues.

MOVLW  MY_DATA BYTEL
MOVWF  RXBODO
; Load rest of the data bytes -

; Load nessage identifier
MOVLW  60H

MOWIF  RXBOSI DL

MOVLW  24H

MOWAF  RXBOSI DH

; Now that all
MOVLW B’ 00001000’
MOVWAF  RXBOCON

If required, wait for
BTFSC RXBOCON, TXREQ
BRA $-2

message

; Message is transmitted.
; If required,

; Need to transnmit Standard Identifier
CAN nodul e nust be either
in access bank. Use WN bits to map it to RXBO area.

; Now TXBO is napped in place of RXBO. All

; Load transmit data into TXBO buffer.

No need to | oad RXBOEI DL: RXBOEI DH, as we are transnitting Standard ldentifier Message only.

data bytes are loaded, mark it for transm ssion.

reset the WN bits to default state.

message 123h using TXBO buffer.
in Normal or Loopback node.

; WN bits are in lower 4 bits only. Read CANCON

; register to preserve all other bits. If operation

; mode is already known, there is no need to preserve
; other bits.

; Clear WN bits.
; Select Transmit Buffer O
; Apply the changes.

future access to RXBO registers will actually

Load first data byte into buffer
; Access TXBODO via RXBODO address.
up to 8 bytes into “TXB0” buffer using RXBO registers.

; Load SID2:SID0, EXIDE = 0

; Load SID10: SI D3

Normal priority; Request transm ssion

to get transmitted
; Is it transmtted?
; No. Continue to wait...
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27.2.3 DEDICATED CAN RECEIVE
BUFFER REGISTERS

This section shows the dedicated CAN Receive Buffer
registers with their associated control registers.

REGISTER 27-13: RXBOCON: RECEIVE BUFFER 0 CONTROL REGISTER

Mode 0 R/C-0 R/W-0 R/W-0 U-0 R-0 R/W-0 R-0 R-0
RXFULD | RxM1 | RXxM0 | — [RXRTRRO|RXBODBEN | JTOFF® [ FILHITO
Mode 12 | RICO R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
“ | RXFUL® | RXM1 | RTRRO |FILHITF4 | FILHIT3 | FILHIT2 | FILHIT1 [ FILHITO
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 RXFUL: Receive Full Status bit(*)

1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6,6-5 Mode 0:
RXM<1:0>: Receive Buffer Mode bit 1 (combines with RXMO0 to form RXM<1:0> bits, see bit 5)
11 = Receive all messages (including those with errors); filter criteria is ignored
10 = Receive only valid messages with extended identifier; EXIDEN in RXFnSIDL must be ‘1’
01 = Receive only valid messages with standard identifier; EXIDEN in RXFnSIDL must be ‘0’
00 = Receive all valid messages as per the EXIDEN bit in the RXFnSIDL register
Mode 1, 2:
RXM1: Receive Buffer Mode bit 1
1 = Receive all messages (including those with errors); acceptance filters are ignored
0 = Receive all valid messages as per acceptance filters
bit 5 Mode 0:
RXMO: Receive Buffer Mode bit 0 (combines with RXM1 to form RXM<1:0>bits, see bit 6)
Mode 1, 2:
RTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
bit 4 Mode 0:
Unimplemented: Read as ‘0’
Mode 1, 2:
FILHIT<4:0>: Filter Hit bit 4
This bit combines with other bits to form filter acceptance bits<4:0>.
bit 3 Mode 0:
RXRTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
Mode 1. 2:
FILHIT<4:0>: Filter Hit bit 3
This bit combines with other bits to form filter acceptance bits<4:0>.

Note 1: This bit is set by the CAN module upon receiving a message and must be cleared by software after the
buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered
full. After clearing the RXFUL flag, the PIR5 bit, RXBOIF, can be cleared. If RXBOIF is cleared, but RXFUL
is not cleared, then RXBOIF is set again.

2: This bit allows the same filter jump table for both RXBOCON and RXB1CON.
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REGISTER 27-13: RXBOCON: RECEIVE BUFFER 0 CONTROL REGISTER (CONTINUED)

bit 2

bit 1

bit 0

Note 1:

Mode 0:

RBODBEN: Receive Buffer 0 Double-Buffer Enable bit

1 = Receive Buffer 0 overflow will write to Receive Buffer 1

0 = No Receive Buffer 0 overflow to Receive Buffer 1

Mode 1, 2:

FILHIT<4:0>: Filter Hit bit 2

This bit combines with other bits to form filter acceptance bits<4:0>.
Mode 0:

JTOFF: Jump Table Offset bit (read-only copy of RXBODBEN)@

1 = Allows jump table offset between 6 and 7

0 = Allows jump table offset between 1 and 0

Mode 1, 2:

FILHIT<4:0>: Filter Hit bit 1

This bit combines with other bits to form filter acceptance bits<4:0>.
Mode 0:

FILHITO: Filter Hit bit 0

This bit indicates which acceptance filter enabled the message reception into Receive Buffer 0.
1 = Acceptance Filter 1 (RXF1)

0 = Acceptance Filter 0 (RXFO0)

Mode 1, 2:

FILHIT<4:0>: Filter Hit bit 0

This bit, in combination with FILHIT<4:1>, indicates which acceptance filter enabled the message reception
into this receive buffer.

01111 = Acceptance Filter 15 (RXF15)

01110 = Acceptance Filter 14 (RXF14)

00000 = Acceptance Filter 0 (RXFO0)

This bit is set by the CAN module upon receiving a message and must be cleared by software after the
buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered
full. After clearing the RXFUL flag, the PIR5 bit, RXBOIF, can be cleared. If RXBOIF is cleared, but RXFUL
is not cleared, then RXBOIF is set again.

This bit allows the same filter jump table for both RXBOCON and RXB1CON.
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REGISTER 27-14: RXB1CON: RECEIVE BUFFER 1 CONTROL REGISTER

Vode o R/C-0 R/W-0 R/W-0 U-0 R-0 R/W-0 R-0 R-0
RXFUL® [ RxmM1 | RxM0 | — |RXRTRRO| FILHIT2 | FILHIT1 | FILHITO
Vode 12 LRG0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
ode 1,
RXFUL® | RXM1 | RTRRO | FILHIT4 | FILHIT3 | FILHIT2 | FILHIT1 | FILHITO
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 RXFUL: Receive Full Status bit™®

1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6-5, 6 Mode 0:
RXM<1:0>: Receive Buffer Mode bit 1 (combines with RXMO to form RXM<1:0> bits, see bit 5)
11 = Receive all messages (including those with errors); filter criteria is ignored
10 = Receive only valid messages with extended identifier; EXIDEN in RXFnSIDL must be ‘1’
01 = Receive only valid messages with standard identifier, EXIDEN in RXFnSIDL must be ‘0’
00 = Receive all valid messages as per EXIDEN bit in RXFnSIDL register
Mode 1, 2:
RXM1: Receive Buffer Mode bit
1 = Receive all messages (including those with errors); acceptance filters are ignored
0 = Receive all valid messages as per acceptance filters
bit 5 Mode 0:
RXM<1:0>: Receive Buffer Mode bit 0 (combines with RXM1 to form RXM<1:0> bits, see bit 6)
Mode 1, 2:
RTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
bit 4 Mode 0:
FILHIT24: Filter Hit bit 4
Mode 1, 2:
FILHIT<4:0>: Filter Hit bit 4
This bit combines with other bits to form the filter acceptance bits<4:0>.
bit 3 Mode 0:
RXRTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
Mode 1. 2:
FILHIT<4:0>: Filter Hit bit 3
This bit combines with other bits to form the filter acceptance bits<4:0>.

Note 1. This bitis set by the CAN module upon receiving a message and must be cleared by software after the buffer
is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered full.
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REGISTER 27-14: RXB1CON: RECEIVE BUFFER 1 CONTROL REGISTER (CONTINUED)

bit 2-0 Mode O:
FILHIT<2:0>: Filter Hit bits
These bits indicate which acceptance filter enabled the last message reception into Receive Buffer 1.

111 = Reserved

110 = Reserved

101 = Acceptance Filter 5 (RXF5)

100 = Acceptance Filter 4 (RXF4)

011 = Acceptance Filter 3 (RXF3)

010 = Acceptance Filter 2 (RXF2)

001 = Acceptance Filter 1 (RXF1), only possible when RXBODBEN bit is set
000 = Acceptance Filter 0 (RXFO0), only possible when RXBODBEN bit is set
Mode 1. 2:

FILHIT<4:0>: Filter Hit bits<2:0>

These bits, in combination with FILHIT<4:3>, indicate which acceptance filter enabled the message
reception into this receive buffer.

01111 = Acceptance Filter 15 (RXF15)

01110 = Acceptance Filter 14 (RXF14)

00000 = Acceptance Filter 0 (RXFO0)

Note 1: This bitis set by the CAN module upon receiving a message and must be cleared by software after the buffer
is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered full.

REGISTER 27-15: RXBnSIDH: RECEIVE BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
HIGH BYTE[0<n < 1]

R-x R-x R-x R-x R-x R-x R-x R-x
SID10 sibs | sb8 | siD7 SID6 SID5 SID4 SID3
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 SID<10:3>: Standard Identifier bits (if EXID (RXBnSIDL<3>) = 0)

Extended Identifier bits, EID<28:21> (if EXID = 1).
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REGISTER 27-16: RXBnSIDL: RECEIVE BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
LOW BYTE [0<n <1]

R-x R-x R-x R-x R-x u-0 R-x R-x
SID2 sib1 | sbo | SRR EXID — EID17 EID16
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 SID<2:0>: Standard Identifier bits (if EXID = 0)
Extended Identifier bits, EID<20:18> (if EXID = 1).
bit 4 SRR: Substitute Remote Request bit
bit 3 EXID: Extended Identifier bit

1 = Received message is an extended data frame, SID<10:0> are EID<28:18>
0 = Received message is a standard data frame

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

REGISTER 27-17: RXBnEIDH: RECEIVE BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
HIGH BYTE[0<n <1]

R-x R-x R-x R-x R-x R-x R-x R-x
EID15 EID14 ‘ EID13 ‘ EID12 EID11 EID10 EID9 EID8
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 EID<15:8>: Extended ldentifier bits

REGISTER 27-18: RXBnEIDL: RECEIVE BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
LOW BYTE [0<n <1]

R-x R-x R-x R-x R-x R-x R-x R-x
EID7 EID6 ‘ EID5 ‘ EID4 EID3 EID2 EID1 EIDO
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 EID<7:0>: Extended Identifier bits
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REGISTER 27-19: RXBnDLC: RECEIVE BUFFER ‘n’ DATA LENGTH CODE REGISTERS [0 <n <1]

U-0 R-x R-x R-x R-x R-x R-x R-x
— RXRTR RB1 RO DLC3 DLC2 DLC1 ‘ DLCO
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 RXRTR: Receiver Remote Transmission Request bit

1 = Remote transfer request
0 = No remote transfer request

bit 5 RB1: Reserved bit 1

Reserved by CAN Spec and read as ‘0’.
bit 4 RBO: Reserved bit 0

Reserved by CAN Spec and read as ‘0.
bit 3-0 DLC<3:0>: Data Length Code bits

1111 = Invalid

1110 = Invalid

1101 = Invalid

1100 = Invalid

1011 = Invalid

1010 = Invalid

1001 = Invalid

1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 byte

0000 = Data length = 0 bytes

REGISTER 27-20: RXBnDm: RECEIVE BUFFER ‘n’ DATA FIELD BYTE ‘m’ REGISTERS
[0<n<1,0<m<7]

R-x R-x R-x R-x R-x R-x R-x R-x
RXBnDm7 ‘ RXBnDm6 ‘ RXBnDm5 ‘ RXBnDm4 | RXBnDm3 RXBnDm2 RXBnDm1 RXBnDmO
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 7-0 RXBnDm<7:0>: Receive Buffer n Data Field Byte m bits (where 0 <n<1and0<m<7)
Each receive buffer has an array of registers. For example, Receive Buffer 0 has 8 registers: RXBODO
to RXBOD?7.
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REGISTER 27-21: RXERRCNT: RECEIVE ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
REC7 REC6 REC5 REC4 REC3 REC2 REC1 RECO
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 REC<7:0>: Receive Error Counter bits

This register contains the receive error value as defined by the CAN specifications. When
RXERRCNT > 127, the module will go into an error-passive state. RXERRCNT does not have the
ability to put the module in “bus-off” state.

EXAMPLE 27-5: READING A CAN MESSAGE

; Need to read a pending nmessage from RXBO buffer.

; To receive any nmessage, filter, mask and RXML: RXMD bits in RXBOCON registers nust be

; programmed correctly.

; Make sure that there is a nmessage pending in RXBO.

BTFSS RXBOCON, RXFUL ; Does RXBO contain a nessage?

BRA NoMessage ; No. Handle this situation...

; We have verified that a message is pending in RXBO buffer.

; If this buffer can receive both Standard or Extended Identifier nmessages,

; identify type of nmessage received.

BTFSS RXBOSI DL, EXI D ; Is this Extended ldentifier?

BRA St andar dMessage ; No. This is Standard ldentifier message.
; Yes. This is Extended |dentifier nessage.

; Read all 29-bits of Extended Identifier message.

; Now read all data bytes
MOVFF  RXBODO, MY_DATA BYTElL

; Once entire nessage is read, mark the RXBO that it is read and no | onger FULL.
BCF RXBOCON, RXFUL ; This will allow CAN Module to | oad new nessages
; into this buffer.
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27.2.3.1 Programmable TX/RX and
Auto-RTR Buffers

The ECAN module contains 6 message buffers that can

be programmed

as transmit or receive buffers. Any of

these buffers can also be programmed to automatically
handle RTR messages.

Note:  These registers are not used in Mode 0. I

REGISTER 27-22: BnCON: TX/RX BUFFER ‘n’ CONTROL REGISTERS IN RECEIVE MODE

[0<n <5, TXnEN (BSELO<n>) = 0]

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
RXFUL® | RXM1 [ RXRTRRO | FILHIT4 | FILHIT3 [ FILHIT2 FILHITY FILHITO
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 RXFUL: Receive Full Status bit(®)
1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6 RXM1: Receive Buffer Mode bit
1 = Receive all messages including partial and invalid (acceptance filters are ignored)
0 = Receive all valid messages as per acceptance filters
bit 5 RXRTRRO: Read-Only Remote Transmission Request for Received Message bit
1 = Received message is a remote transmission request
0 = Received message is not a remote transmission request
bit 4-0 FILHIT<4:0>: Filter Hit bits

These bits indicate which acceptance filter enabled the last message reception into this buffer.

01111 = Acceptance Filter 15 (RXF15)
01110 = Acceptance Filter 14 (RXF14)

00001 = Acceptance Filter 1 (RXF1)
00000 = Acceptance Filter 0 (RXFO0)

Note 1: These registers are available in Mode 1 and 2 only.

2. This bit is set by the CAN module upon receiving a message and must be cleared by software after the
buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered

full.
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REGISTER 27-23: BnCON: TX/RX BUFFER ‘n’ CONTROL REGISTERS IN TRANSMIT MODE
[0<n <5, TXnEN (BSELO<n>) = 1]®)

R/W-0 R-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
TxBIF® | 1xABT® [ TXLARB® | TXERR® | TXREQ®?Y | RTREN | TXPRI1® | TXPRIO®)
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 TXBIF: Transmit Buffer Interrupt Flag bit(3)

1 = A message was successfully transmitted
0 = No message was transmitted
bit 6 TXABT: Transmission Aborted Status bit()
1 = Message was aborted
0 = Message was not aborted
bit 5 TXLARB: Transmission Lost Arbitration Status bit(®)
1 = Message lost arbitration while being sent
0 = Message did not lose arbitration while being sent
bit 4 TXERR: Transmission Error Detected Status bit(®)
1 = A bus error occurred while the message was being sent
0 = A bus error did not occur while the message was being sent
bit 3 TXREQ: Transmit Request Status bit(>4)
1 = Requests sending a message; clears the TXABT, TXLARB and TXERR bits
0 = Automatically cleared when the message is successfully sent
bit 2 RTREN: Automatic Remote Transmission Request Enable bit
1 = When a remote transmission request is received, TXREQ will be automatically set
0 = When a remote transmission request is received, TXREQ will be unaffected
bit 1-0 TXPRI<1:0>: Transmit Priority bits®)
11 = Priority Level 3 (highest priority)
10 = Priority Level 2

01 = Priority Level 1
00 = Priority Level 0 (lowest priority)

Note 1. These registers are available in Mode 1 and 2 only.

Clearing this bit in software while the bit is set will request a message abort.

This bit is automatically cleared when TXREQ is set.

While TXREQ is set or a transmission is in progress, Transmit Buffer registers remain read-only.

These bits set the order in which the Transmit Buffer register will be transferred. They do not alter the CAN
message identifier.
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REGISTER 27-24: BnSIDH: TX/RX BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
HIGH BYTE IN RECEIVE MODE [0 < n < 5, TXnEN (BSELO<n>) = 0]}

R-x R-x R-x R-x R-x R-x R-x R-x
SID10 SID9 SID8 sb7 | soe | sbs | sip4 | siD3
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 SID<10:3>: Standard Identifier bits (if EXIDE (BnSIDL<3>) = 0)

Extended Identifier bits, EID<28:21> (if EXIDE = 1).

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-25: BnSIDH: TX/RX BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
HIGH BYTE IN TRANSMIT MODE [0 < n <5, TXnEN (BSELO<n>) = 1]®)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SIDY SID8 sibz | siDé sibps | sib4 | sID3
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 SID<10:3>:; Standard Identifier bits (if EXIDE (BnSIDL<3>) = 0)

Extended Identifier bits, EID<28:21> (if EXIDE = 1).

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 27-26: BnSIDL: TX/RX BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
LOW BYTE IN RECEIVE MODE [0 < n < 5, TXnEN (BSELO<n>) = 0]

R-x R-x R-x R-x R-x u-0 R-x R-x
SID2 SID1 SIDO SRR | ExDE |  — | ED17 | EID16
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 SID<2:0>: Standard Identifier bits (if EXID = 0)
Extended Identifier bits, EID<20:18> (if EXID = 1).
bit 4 SRR: Substitute Remote Transmission Request bit
This bit is always ‘1’ when EXID = 1 or equal to the value of RXRTRRO (BnCON<5>) when EXID = 0.
bit 3 EXIDE: Extended Identifier Enable bit

1 = Received message is an extended identifier frame (SID<10:0> are EID<28:18>)
0 = Received message is a standard identifier frame

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-27: BnSIDL: TX/RX BUFFER ‘n’ STANDARD IDENTIFIER REGISTERS,
LOW BYTE IN TRANSMIT MODE [0 < n <5, TXnEN (BSELO<n>) = 1]®

R/W-x R/W-x R/W-x u-0 R/W-x uU-0 R/W-x R/W-x
SID2 SID1 SIDO — | exoe | — | ED17 | EID16
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 SID<2:0>: Standard Identifier bits (if EXIDE (TXBnSIDL<3>) = 0)
Extended Identifier bits, EID<20:18> (if EXIDE = 1).
bit 4 Unimplemented: Read as ‘0’
bit 3 EXIDE: Extended Identifier Enable bit

1 = Message will transmit extended ID, SID<10:0> bits become EID<28:18>
0 = Received will transmit standard ID, EID<17:0> are ignored

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 27-28: BnEIDH: TX/RX BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
HIGH BYTE IN RECEIVE MODE [0 < n <5, TXnEN (BSELO<n>) = 0]V

R-x R-x R-x R-x R-x R-x R-x R-x
EID15 EID14 EID13 ED12 | ED11 | EDI0 | ED9 | EID8
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 EID<15:8>: Extended Identifier bits

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-29: BnEIDH: TX/RX BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
HIGH BYTE IN TRANSMIT MODE [0 < n <5, TXnEN (BSELO<n>) = 1]®

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 EID13 EID12 | EID11 EID10 ‘ EID9 ‘ EID8
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 EID<15:8>; Extended ldentifier bits

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-30: BnEIDL: TX/RX BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
LOW BYTE IN RECEIVE MODE [0 < n <5, TXnEN (BSEL<n>) = 0]}

R-x R-x R-x R-x R-x R-x R-x R-x
EID7 EID6 EID5 ED4 | ED3 | ED2 | ED1I | EIDO
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 EID<7:0>: Extended ldentifier bits

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 27-31: BnEIDL: TX/RX BUFFER ‘n’ EXTENDED IDENTIFIER REGISTERS,
LOW BYTE IN RECEIVE MODE [0 < n <5, TXnEN (BSEL<n>) = 1]®

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 EID5 FED4 | ED3 | ED2 | ED1 | EIDO
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 EID<7:0>: Extended Identifier bits

Note 1. These registers are available in Mode 1 and 2 only.

REGISTER 27-32: BnDm: TX/RX BUFFER ‘n’ DATA FIELD BYTE ‘m’ REGISTERS IN RECEIVE MODE
[0<n<50<m<7, TXnEN (BSEL<n>) = 0]®

R-x R-x R-x R-x R-x R-x R-x R-x
BnDm7 | BnDm6 | BnDmS5 BnDm4 | BnDm3 | BnDm2 BnDm1 BnDmO
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 BnDm<7:0>: Receive Buffer n Data Field Byte m bits (where 0 <n<3and 0 <m < 8)
Each receive buffer has an array of registers. For example, Receive Buffer 0 has 7 registers: BODO to
BOD?7.

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-33: BnDm: TX/RX BUFFER ‘n’ DATA FIELD BYTE ‘m’ REGISTERS IN TRANSMIT MODE
[0<n<50<m<7 TXnEN (BSEL<n>) = 1]®

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
BnDm7 | BnDm6 | BnDm5 BnDm4 | BnDm3 | BnDm2 BnDm1 BnDmO
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 BnDm<7:0>: Transmit Buffer n Data Field Byte m bits (where 0 <n<3 and 0 <m < 8)
Each transmit buffer has an array of registers. For example, Transmit Buffer 0 has 7 registers: TXBODO
to TXBOD?.

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 27-34: BnDLC: TX/RX BUFFER ‘n’ DATA LENGTH CODE REGISTERS IN RECEIVE MODE
[0<n <5, TXnEN (BSEL<n>) = 0]

uU-0 R-x R-x R-x R-x R-x R-x R-x
— | R«RTR | RB1 | RBO | DLC3 DLC2 DLC1 DLCO
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 RXRTR: Receiver Remote Transmission Request bit

1 = This is a remote transmission request
0 = This is not a remote transmission request

bit 5 RB1: Reserved bit 1

Reserved by CAN Spec and read as ‘0.
bit 4 RBO: Reserved bit 0

Reserved by CAN Spec and read as ‘0.
bit 3-0 DLC<3:0>: Data Length Code bits

1111 = Reserved

1110 = Reserved

1101 = Reserved

1100 = Reserved

1011 = Reserved

1010 = Reserved

1001 = Reserved

1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 byte
0000 = Data length = 0 bytes

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 27-35: BnDLC: TX/RX BUFFER ‘n’ DATA LENGTH CODE REGISTERS IN TRANSMIT MODE
[0<n <5, TXnEN (BSEL<n>) = 1]

uU-0 R/W-x uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x
— | mrR | — | — | bpLc3 DLC2 DLC1 DLCO
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 TXRTR: Transmitter Remote Transmission Request bit

1 = Transmitted message will have the RTR bit set
0 = Transmitted message will have the RTR bit cleared

bit 5-4 Unimplemented: Read as ‘0’

bit 3-0 DLC<3:0>: Data Length Code bits

1111-1001 = Reserved
1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 byte
0000 = Data length = 0 bytes

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 27-36: BSELO: BUFFER SELECT REGISTER 0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 u-0
B5TXEN B4TXEN B3TXEN B2TXEN B1TXEN BOTXEN — —
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 7-2 B<5:0>TXEN: Buffer 5 to Buffer 0 Transmit Enable bits

1 = Buffer is configured in Transmit mode
0 = Buffer is configured in Receive mode

bit 1-0 Unimplemented: Read as ‘0’

Note 1: These registers are available in Mode 1 and 2 only.
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27.2.3.2 Message Acceptance Filters
and Masks

This section describes the message acceptance filters
and masks for the CAN receive buffers.

REGISTER 27-37: RXFnSIDH: RECEIVE ACCEPTANCE FILTER ‘n’ STANDARD IDENTIFIER FILTER
REGISTERS, HIGH BYTE [0 < n < 15](®)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SID9 sibs8 | so7 | sp6 | siDs SID4 SID3
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 SID<10:3>: Standard Identifier Filter bits (if EXIDEN = 0)

Extended Identifier Filter bits, EID<28:21> (if EXIDEN = 1).

Note 1: Registers, RXF6SIDH:RXF15SIDH, are available in Mode 1 and 2 only.

REGISTER 27-38: RXFnSIDL: RECEIVE ACCEPTANCE FILTER ‘n’ STANDARD IDENTIFIER FILTER
REGISTERS, LOW BYTE [0 < n < 15]®)

R/W-x R/W-x R/W-x uU-0 R/W-x uU-0 R/W-x R/W-x
SID2 SID1 sibo |  — |EXDEN® [  — EID17 EID16
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 SID<2:0>: Standard Identifier Filter bits (if EXIDEN = 0)
Extended Identifier Filter bits, EID<20:18> (if EXIDEN = 1).
bit 4 Unimplemented: Read as ‘0’
bit 3 EXIDEN: Extended Identifier Filter Enable bit(®)

1 = Filter will only accept extended ID messages
0 = Filter will only accept standard ID messages

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended ldentifier Filter bits

Note 1: Registers, RXF6SIDL:RXF15SIDL, are available in Mode 1 and 2 only.
2. In Mode 0, this bit must be set/cleared as required, irrespective of corresponding mask register value.
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REGISTER 27-39: RXFnEIDH: RECEIVE ACCEPTANCE FILTER ‘n’ EXTENDED IDENTIFIER
REGISTERS, HIGH BYTE [0 < n < 15]D)

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ED13 | ED12 | ED11 | EID10 EID9 EID8
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 EID<15:8>: Extended Identifier Filter bits

Note 1: Registers, RXF6EIDH:RXF15EIDH, are available in Mode 1 and 2 only.

REGISTER 27-40: RXFnEIDL: RECEIVE ACCEPTANCE FILTER ‘n’ EXTENDED IDENTIFIER
REGISTERS, LOW BYTE [0 < n < 15]®

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 ED5 | ED4 | ED3 | EID2 EID1 EIDO
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 EID<7:0>: Extended Identifier Filter bits

Note 1: Registers, RXF6EIDL:RXF15EIDL, are available in Mode 1 and 2 only.

REGISTER 27-41: RXMnSIDH: RECEIVE ACCEPTANCE MASK ‘n’ STANDARD IDENTIFIER MASK
REGISTERS, HIGHBYTE [0 <n < 1]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 SID9 sibs8 | sb7 | sD6 | sID5 SID4 SID3
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 SID<10:3>: Standard Identifier Mask bits or Extended Identifier Mask bits (EID<28:21>)
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REGISTER 27-42: RXMnSIDL: RECEIVE ACCEPTANCE MASK ‘n’ STANDARD IDENTIFIER MASK
REGISTERS, LOWBYTE [0 <n <1]

R/W-x R/W-x R/W-x uU-0 R/W-0 u-0 R/W-x R/W-x
SID2 SID1 sibo |  — | ExDEN® [  — EID17 EID16
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 SID<2:0>: Standard Identifier Mask bits or Extended Identifier Mask bits (EID<20:18>)
bit 4 Unimplemented: Read as ‘0’
bit 3 Mode 0:
Unimplemented: Read as ‘0’
Mode 1, 2:

EXIDEN: Extended Identifier Filter Enable Mask bit(!)

1 = Messages selected by the EXIDEN bit in RXFnSIDL will be accepted
0 = Both standard and extended identifier messages will be accepted

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended |dentifier Mask bits

Note 1: This bit is available in Mode 1 and 2 only.

REGISTER 27-43: RXMnEIDH: RECEIVE ACCEPTANCE MASK ‘n’ EXTENDED IDENTIFIER MASK
REGISTERS, HIGHBYTE [0 <n < 1]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ED13 | ED12 [ ED1 | EID10 EID9 EID8
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 EID<15:8>: Extended Identifier Mask bits

REGISTER 27-44: RXMnEIDL: RECEIVE ACCEPTANCE MASK ‘n’ EXTENDED IDENTIFIER MASK
REGISTERS, LOWBYTE [0 <n <1]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID7 EID6 ED5 | ED4 | ED3 | EID2 EID1 EIDO
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 EID<7:0>: Extended Identifier Mask bits
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REGISTER 27-45. RXFCONn: RECEIVE FILTER CONTROL REGISTER ‘n’ [0 <n < 1]

RXECOND | RW-0 R/W-0 R/W-0 RW-0  R/MW-0 R/W-0 R/W-0 R/W-0
RXF7TEN | RXF6EN | RXF5EN | RXF4EN | RXF3EN | RXF2EN | RXFIEN | RXFOEN

RxEcond L RW-0 R/W-0 R/W-0 RW-0  R/W-0 R/W-0 R/W-0 R/W-0
RXF15EN | RXF14EN | RXF13EN |RXF12EN | RXF11EN | RXF10EN | RXF9EN | RXF8EN
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 RXF<7:0>EN: Receive Filter n Enable bits

0 = Filter is disabled
1 = Filter is enabled

Note 1: This register is available in Mode 1 and 2 only.

Note:  Register 27-46 through Register 27-51 are writable in Configuration mode only. I

REGISTER 27-46: SDFLC: STANDARD DATA BYTES FILTER LENGTH COUNT REGISTER®

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — FLC4 FLC3 FLC2 FLCA1 FLCO
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 4-0 FLC<4:0>: Filter Length Count bits

Mode 0:

Not used; forced to ‘00000’.

00000-10010 =0 18 bits are available for standard data byte filter. Actual number of bits used
depends on the DLC<3:0> bits (RXBnDLC<3:0> or BnDLC<3:0> if configured
as RX buffer) of the message being received.

IfDLC<3:0> = 0000 No bits will be compared with incoming data bits.

IfDLC<3:0> =0001 Up to 8 data bits of RXFnEID<7:0>, as determined by FLC<2:0>, will be com-
pared with the corresponding number of data bits of the incoming message.

IfDLC<3:0> =0010 Up to 16 data bits of RXFnEID<15:0>, as determined by FLC<3:0>, will be
compared with the corresponding number of data bits of the incoming
message.

IfDLC<3:0> =0011 Up to 18 data bits of RXFnEID<17:0>, as determined by FLC<4:0>, will be
compared with the corresponding number of data bits of the incoming
message.

Note 1. This register is available in Mode 1 and 2 only.
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REGISTER 27-47: RXFBCONn: RECEIVE FILTER BUFFER CONTROL REGISTER ‘n’®

RXEBCOND | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F1IBP.3 | F1BP.2 | F1BP_1 | F1BP_O | FOBP_3 | FOBP_2 | FOBP_1 | FOBP_O
R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-1
RXFBCON1
F3BP_3 | F3BP.2 | F3BP_1 | F3BP_O | F2BP.3 | F2BP.2 | F2BP_1 | F2BP_0
R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-1
RXFBCON2
F5BP_ 3 | F5BP_2 | F5BP_1 | F5BP_O | FABP_3 | F4BP_2 | F4BP_1 | F4BP_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
RXFBCON3
F7BP 3 | F7BP.2 | F7BP_1 | F7BP_O | F6BP_3 | F6BP_2 | F6BP_1 | F6BP_O
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RXFBCON4
FOBP 3 | F9BP 2 | F9BP_1 | F9BP_O | F8BP_3 | F8BP_2 | F8BP_1 | F8BP_O
RxEBCONS | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F11BP_3 | F11BP_2 | F11BP_1 |F11BP_O | F10BP_3 | F10BP_2 | F10BP_1 | F10BP_0
RxEBCONG | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F13BP_3 | F13BP_2 | F13BP_1 |F13BP_0| F12BP_3 | F12BP_2 | F12BP_1 | F12BP_0
xEBCONT | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
F15BP_3 | F15BP_2 | F15BP_1 | F15BP_0| F14BP_3 | F14BP_2 | F14BP_1 | F14BP_0
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 F<15:2>BP_<3:0>: Filter n Buffer Pointer Nibble bits

0000 = Filter n is associated with RXB0
0001 = Filter n is associated with RXB1
0010 = Filter n is associated with BO
0011 = Filter n is associated with B1

0111 = Filter n is associated with BS
1111- 1000 = Reserved

Note 1. This register is available in Mode 1 and 2 only.
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REGISTER 27-48: MSELO: MASK SELECT REGISTER 0

R/W-0 R/W-1 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0
FIL3_1 FIL3_0 FIL2_1 FIL2_0 FIL1_1 FIL1_0 FILO_1 FILO_O
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

bit 5-4

bit 3-2

bit 1-0

Note 1:

FIL3_<1:0>: Filter 3 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL2_<1:0>: Filter 2 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL1_<1:0>: Filter 1 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FILO_<1:0>: Filter O Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

This register is available in Mode 1 and 2 only.

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 417



PIC18F66K80 FAMILY

REGISTER 27-49: MSEL1: MASK SELECT REGISTER 1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
FIL7_1 FIL7_O FIL6_1 FIL6_O FIL5_1 FIL5_0 FIL4_1 FIL4_ 0
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

bit 5-4

bit 3-2

bit 1-0

Note 1:

FIL7_<1:0>: Filter 7 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL6_<1:0>: Filter 6 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL5_<1:0>: Filter 5 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL4 <1:0>: Filter 4 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

This register is available in Mode 1 and 2 only.
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REGISTER 27-50: MSEL2: MASK SELECT 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
FIL11_1 FIL11_0 FIL10_1 FIL10_0 FIL9_1 FIL9 0 FIL8 1 FIL8 0
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 FIL11 <1:0>: Filter 11 Select bits 1 and O
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0
bit 5-4 FIL10_<1:0>: Filter 10 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0
bit 3-2 FIL9_ <1:0>: Filter 9 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0
bit 1-0 FIL8_<1:0>: Filter 8 Select bits 1 and 0

Note 1:

11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0

This register is available in Mode 1 and 2 only.
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REGISTER 27-51: MSEL3: MASK SELECT REGISTER 3

R/W-0

R/W-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0

FIL15_1

FIL15_0 FIL14_1 FIL14_0

FIL13_0 FIL12_1 FIL12_0

bit 7

bit 0

Legend:

R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7-6

bit 5-4

bit 3-2

bit 1-0

Note 1:

FIL15 <1:0>: Filter 15 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL14 <1:0>: Filter 14 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL13 <1:0>: Filter 13 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

FIL12_<1:0>: Filter 12 Select bits 1 and 0
11 = No mask

10 = Filter 15

01 = Acceptance Mask 1

00 = Acceptance Mask 0

This register is available in Mode 1 and 2 only.
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27.2.4 CAN BAUD RATE REGISTERS
This section describes the CAN Baud Rate registers.

Note: These registers are writable in
Configuration mode only.

REGISTER 27-52: BRGCON1: BAUD RATE CONTROL 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
SJW1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
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 SJW<1:0>: Synchronized Jump Width bits

11 = Synchronization jump width time =4 x TQ
10 = Synchronization jump width time = 3 x TQ
01 = Synchronization jump width time =2 x TQ
00 = Synchronization jump width time = 1 x TQ

bit 5-0 BRP<5:0>: Baud Rate Prescaler bits

111111 =Ta = (2 x 64)/Fosc
111110 =Ta = (2 x 63)/Fosc

000001 = Ta = (2 x 2)/Fosc
000000 = Ta = (2 x 1)/Fosc
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REGISTER 27-53: BRGCON2: BAUD RATE 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
SEG2PHTS SAM SEG1PH2 | SEG1PH1 | SEG1PHO PRSEG2 PRSEG1 PRSEGO
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 SEG2PHTS: Phase Segment 2 Time Select bit

1 = Freely programmable
0 = Maximum of PHEG1 or Information Processing Time (IPT), whichever is greater

bit 6 SAM: Sample of the CAN bus Line bit

1 = Bus line is sampled three times prior to the sample point
0 = Bus line is sampled once at the sample point

bit 5-3 SEG1PH<2:0>: Phase Segment 1 bits

111 = Phase Segment 1 time =8 x TQ
110 = Phase Segment 1 time =7 x TQ
101 = Phase Segment 1 time =6 x TQ
100 = Phase Segment 1 time =5 x Ta
011 = Phase Segment 1 time =4 x TQ
010 = Phase Segment 1 time = 3 x TQ
001 = Phase Segment 1 time =2 x TQ
000 = Phase Segment 1 time =1 x TaQ
bit 2-0 PRSEG<2:0>: Propagation Time Select bits
111 = Propagation time = 8 x TQ
110 = Propagation time =7 x TQ
101 = Propagation time =6 x TQ
100 = Propagation time =5 x TQ
011 = Propagation time =4 x TQ
010 = Propagation time = 3 x TQ
001 = Propagation time =2 x TQ
000 = Propagation time = 1 x TQ
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REGISTER 27-54: BRGCONS3: BAUD RATE CONTROL REGISTER 3

R/W-0 R/W-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0
WAKDIS WAKFIL — — — SEG2PH2(M | SEG2PH1™M) | SEG2PHOWY
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 WAKDIS: Wake-up Disable bit

1 = Disable CAN bus activity wake-up feature
0 = Enable CAN bus activity wake-up feature

bit 6 WAKEFIL: Selects CAN bus Line Filter for Wake-up bit

1 = Use CAN bus line filter for wake-up

0 = CAN bus line filter is not used for wake-up
bit 5-3 Unimplemented: Read as ‘0’
bit 2-0 SEG2PH<2:0>: Phase Segment 2 Time Select bits()

111 = Phase Segment 2 time = 8 x TQ

110 = Phase Segment 2 time =7 x TQ

101 = Phase Segment 2 time =6 x TQ

100 = Phase Segment 2 time =5 x TQ

011 = Phase Segment 2 time =4 x TQ

010 = Phase Segment 2 time =3 x TQ

001 = Phase Segment 2 time =2 x TQ

000 = Phase Segment 2 time =1 x TQ

Note 1. These bits are ignored if SEG2PHTS bit (BRGCON2<7>) is ‘0.

© 2010-2017 Microchip Technology Inc. DS30009977G-page 423



PIC18F66K80 FAMILY

27.2.5 CAN MODULE I/0 CONTROL
REGISTER

This register controls the operation of the CAN module’s
I/O pins in relation to the rest of the microcontroller.

REGISTER 27-55: CIOCON: CAN I/O CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 u-0 u-0 u-0 R/W-0
TX2SRC TX2EN ENDRHI®) | CANCAP = = = CLKSEL
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 TX2SRC: CANTX2 Pin Data Source bit

1 = CANTX2 pin will output the CAN clock
0 = CANTX2 pin will output CANTX

bit 6 TX2EN: CANTX Pin Enable bit

1 = CANTX2 pin will output CANTX or CAN clock as selected by the TX2SRC bit
0 = CANTX2 pin will have digital I/O function

bit 5 ENDRHI: Enable Drive High bit(®)

1 = CANTX pin will drive VDD when recessive
0 = CANTX pin will be tri-state when recessive

bit 4 CANCAP: CAN Message Receive Capture Enable bit

1 = Enable CAN capture; CAN message receive signal replaces input on RC2/CCP2
0 = Disable CAN capture; RC2/CCP2 input to CCP2 module

bit 3-1 Unimplemented: Read as ‘0’
bit 0 CLKSEL: CAN Clock Source Selection bit

1 = Use the oscillator as the source of the CAN system clock
0 = Use the PLL as the source of the CAN system clock

Note 1: Always set this bit when using a differential bus to avoid signal crosstalk in CANTX from other nearby pins.
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27.2.6 CAN INTERRUPT REGISTERS

The registers in this section are the same as described
in Section 10.0 “Interrupts”. They are duplicated here
for convenience.

REGISTER 27-56: PIR5: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 5

Mode 0 RIW-0 R/W-0 R/W-0 R/W-0 RIW-0 RIW-0 R/W-0 R/W-0

IRXIF | WAKIF | ERRIF | TxB2IF [ TXB1IFD [ TXBOIFY) | RXB1IF | RXBOIF
Mode 12 | RW-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

' IRXIF | WAKIF | ERRIF | TXBnIF [ TXB1IF®D [ TXBOIFD | RXBnlF | FIFOWMIF
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 IRXIF: CAN Bus Error Message Received Interrupt Flag bit

1 = An invalid message has occurred on the CAN bus
0 = No invalid message on the CAN bus

bit 6 WAKIF: CAN Bus Activity Wake-up Interrupt Flag bit
1 = Activity on the CAN bus has occurred
0 = No activity on the CAN bus
bit 5 ERRIF: CAN Module Error Interrupt Flag bit
1 = An error has occurred in the CAN module (multiple sources; refer to Section 27.15.6 “Error Interrupt”)
0 = No CAN module errors

bit 4 When CAN is in Mode 0:
TXB2IF: CAN Transmit Buffer 2 Interrupt Flag bit
1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
When CAN is in Mode 1 or 2:
TXBnIF: Any Transmit Buffer Interrupt Flag bit
1 = One or more transmit buffers have completed transmission of a message and may be reloaded
0 = No transmit buffer is ready for reload

bit 3 TXB1IF: CAN Transmit Buffer 1 Interrupt Flag bit()
1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message

bit 2 TXBOIF: CAN Transmit Buffer O Interrupt Flag bit)

1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 0 has not completed transmission of a message

bit 1 When CAN is in Mode 0:
RXB1IF: CAN Receive Buffer 1 Interrupt Flag bit
1 = Receive Buffer 1 has received a new message
0 = Receive Buffer 1 has not received a new message
When CAN is in Mode 1 or 2:
RXBnIF: Any Receive Buffer Interrupt Flag bit
1 = One or more receive buffers has received a new message
0 = No receive buffer has received a new message

bit 0 When CAN is in Mode 0:
RXBOIF: CAN Receive Buffer 0 Interrupt Flag bit
1 = Receive Buffer 0 has received a new message
0 = Receive Buffer 0 has not received a new message
When CAN is in Mode 1:
Unimplemented: Read as ‘0’
When CAN is in Mode 2:
FIFOWMIF: FIFO Watermark Interrupt Flag bit
1 = FIFO high watermark is reached
0 = FIFO high watermark is not reached

Note 1: In CAN Mode 1 and 2, these bits are forced to ‘0’.
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REGISTER 27-57: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER 5

Mode O

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0

IRXE | WAKIE | ERRIE | TxB2E [ TXB1IEW [ TXBOIE® | RXBIIE |

RXBOIE

Mode 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

IRXIE | WAKIE | ERRIE | TxBnlE | TXB1IE®W | TXBOIE® | RXBnlE | FIFOWMIE

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

bit 3

bit 2

bit 1

bit 0

Note 1:

IRXIE: CAN Bus Error Message Received Interrupt Enable bit
1 = Enable invalid message received interrupt

0 = Disable invalid message received interrupt

WAKIE: CAN bus Activity Wake-up Interrupt Enable bit

1 = Enable bus activity wake-up interrupt

0 = Disable bus activity wake-up interrupt

ERRIE: CAN bus Error Interrupt Enable bit

1 = Enable CAN module error interrupt

0 = Disable CAN module error interrupt

When CAN is in Mode 0:

TXB2IE: CAN Transmit Buffer 2 Interrupt Enable bit

1 = Enable Transmit Buffer 2 interrupt

0 = Disable Transmit Buffer 2 interrupt

When CAN is in Mode 1 or 2:

TXBnIE: CAN Transmit Buffer Interrupts Enable bit

1 = Enable transmit buffer interrupt; individual interrupt is enabled by TXBIE and BIEO
0 = Disable all transmit buffer interrupts

TXB1IE: CAN Transmit Buffer 1 Interrupt Enable bit(1)
1 = Enable Transmit Buffer 1 interrupt

0 = Disable Transmit Buffer 1 interrupt

TXBOIE: CAN Transmit Buffer O Interrupt Enable bit(1)
1 = Enable Transmit Buffer 0 interrupt

0 = Disable Transmit Buffer 0 interrupt

When CAN is in Mode 0:

RXB1IE: CAN Receive Buffer 1 Interrupt Enable bit

1 = Enable Receive Buffer 1 interrupt

0 = Disable Receive Buffer 1 interrupt

When CAN is in Mode 1 or 2:

RXBnIE: CAN Receive Buffer Interrupts Enable bit

1 = Enable receive buffer interrupt; individual interrupt is enabled by BIEO
0 = Disable all receive buffer interrupts

When CAN is in Mode 0:

RXBOIE: CAN Receive Buffer 0 Interrupt Enable bit

1 = Enable Receive Buffer 0 interrupt

0 = Disable Receive Buffer 0 interrupt

When CAN is in Mode 1:

Unimplemented: Read as ‘0’

When CAN is in Mode 2:

FIFOWMIE: FIFO Watermark Interrupt Enable bit

1 = Enable FIFO watermark interrupt

0 = Disable FIFO watermark interrupt

In CAN Mode 1 and 2, these bits are forced to ‘0’.
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REGISTER 27-58: IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER 5

Vode o R/W-1 R/W-1 R/W-1 RW-1  R/W-1 R/W-1 R/W-1 R/W-1
ode
IRXIP | wakiP | ERRIP | TxB2IP | TxB11IP® | TXBoIP® | RXB1IP | RXBOIP
Vode 1 L RW-1 R/W-1 R/W-1 RW-1 R/W-1 R/W-1 R/W-1 R/W-1
ode 1,
IRXP_ | WAKIP | ERRIP | TxBnlP | TXB1IP® | TXB0IP® | RXBnIP | FIFOWMIP
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 IRXIP: CAN Bus Error Message Received Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 WAKIP: CAN Bus Activity Wake-up Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 ERRIP: CAN Module Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 When CAN is in Mode 0:
TXB2IP: CAN Transmit Buffer 2 Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1 or 2:
TXBnIP: CAN Transmit Buffer Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TXB1IP: CAN Transmit Buffer 1 Interrupt Priority bit(1)
1 = High priority
0 = Low priority
bit 2 TXBOIP: CAN Transmit Buffer O Interrupt Priority bit(1)
1 = High priority
0 = Low priority
bit 1 When CAN is in Mode 0:
RXB1IP: CAN Receive Buffer 1 Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1 or 2:
RXBnIP: CAN Receive Buffer Interrupts Priority bit
1 = High priority
0 = Low priority
bit 0 When CAN is in Mode 0:
RXBOIP: CAN Receive Buffer 0 Interrupt Priority bit
1 = High priority
0 = Low priority
When CAN is in Mode 1:
Unimplemented: Read as ‘0’
When CAN is in Mode 2:
FIFOWMIP: FIFO Watermark Interrupt Priority bit
1 = High priority
0 = Low priority

Note 1: In CAN Mode 1 and 2, these bits are forced to ‘0’.
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REGISTER 27-59: TXBIE: TRANSMIT BUFFERS INTERRUPT ENABLE REGISTER(®

uU-0 uU-0 u-0 R/W-0 R/W-0 R/W-0 u-0 u-0
— — — TXB2IE@ | TXB1IE® | TXBOIE® — —
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 4-2 TXB2IE: TXBOIE: Transmit Buffer 2-0 Interrupt Enable bits(®)

1 = Transmit buffer interrupt is enabled
0 = Transmit buffer interrupt is disabled

bit 1-0 Unimplemented: Read as ‘0’

Note 1: This register is available in Mode 1 and 2 only.
2: TXBnIE in PIES5 register must be set to get an interrupt.

REGISTER 27-60: BIEO: BUFFER INTERRUPT ENABLE 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
B5IE® B4IE® B3IE® B21IE@ B1IE® BOIE® RXB1IE®@ | RXBOIE®
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 7-2 B<5:0>IE: Programmable Transmit/Receive Buffer 5-0 Interrupt Enable bits(?)

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 1-0 RXB<1:0>IE: Dedicated Receive Buffer 1-0 Interrupt Enable bits(®)

1 = Interrupt is enabled
0 = Interrupt is disabled

Note 1: This register is available in Mode 1 and 2 only.
2: Either TXBnIE or RXBnIE, in the PIE5 register, must be set to get an interrupt.
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27.3 CAN Modes of Operation

The PIC18F66K80 family has six main modes of
operation:

» Configuration mode

» Disable/Sleep mode

* Normal Operation mode
« Listen Only mode

* Loopback mode

» Error Recognition mode

All modes, except Error Recognition, are requested by
setting the REQOP bits (CANCON<7:5>). Error Recog-
nition mode is requested through the RXM bits of the
Receive Buffer register(s). Entry into a mode is
Acknowledged by monitoring the OPMODE bits.

When changing modes, the mode will not actually
change until all pending message transmissions are
complete. Because of this, the user must verify that the
device has actually changed into the requested mode
before further operations are executed.

27.3.1 CONFIGURATION MODE

The CAN module has to be initialized before the
activation. This is only possible if the module is in the
Configuration mode. The Configuration mode is
requested by setting the REQOP2 bit. Only when the
status bit, OPMODEZ2, has a high level can the initial-
ization be performed. Afterwards, the Configuration
registers, the acceptance mask registers and the
acceptance filter registers can be written. The module
is activated by setting the REQOP control bits to zero.

The module will protect the user from accidentally
violating the CAN protocol through programming
errors. All registers which control the configuration of
the module can not be modified while the module is
on-line. The CAN module will not be allowed to enter
the Configuration mode while a transmission or recep-
tion is taking place. The Configuration mode serves as
a lock to protect the following registers:

» Configuration Registers

» Functional Mode Selection Registers

« Bit Timing Registers

« Identifier Acceptance Filter Registers

* I|dentifier Acceptance Mask Registers

 Filter and Mask Control Registers

» Mask Selection Registers

In the Configuration mode, the module will not transmit
or receive. The error counters are cleared and the inter-
rupt flags remain unchanged. The programmer will
have access to Configuration registers that are access

restricted in other modes. 1/0 pins will revert to normal
I/O functions.

27.3.2 DISABLE/SLEEP MODE

In Disable/Sleep mode, the module will not transmit or
receive. The module has the ability to set the WAKIF bit
due to bus activity; however, any pending interrupts will
remain and the error counters will retain their value.

If the REQOP<2:0> bits are set to ‘001’, the module will
enter the module Disable/Sleep mode. This mode is
similar to disabling other peripheral modules by turning
off the module enables. This causes the module
internal clock to stop unless the module is active (i.e.,
receiving or transmitting a message). If the module is
active, the module will wait for 11 recessive bits on the
CAN bus, detect that condition as an Idle bus, then
accept the module Disable/Sleep command.
OPMODE<2:0> = 001 indicates whether the module
successfully went into the module Disable/Sleep mode.

The WAKIF interrupt is the only module interrupt that is
still active in the Disable/Sleep mode. If the WAKDIS is
cleared and WAKIE is set, the processor will receive an
interrupt whenever the module detects recessive to
dominant transition. On wake-up, the module will auto-
matically be set to the previous mode of operation. For
example, if the module was switched from Normal to
Disable/Sleep mode on bus activity wake-up, the
module will automatically enter into Normal mode and
the first message that caused the module to wake-up is
lost. The module will not generate any error frame.
Firmware logic must detect this condition and make
sure that retransmission is requested. If the processor
receives a wake-up interrupt while it is sleeping, more
than one message may get lost. The actual number of
messages lost would depend on the processor
oscillator start-up time and incoming message bit rate.

The TXCAN pin will stay in the recessive state while the
module is in Disable/Sleep mode.

27.3.3 NORMAL MODE

This is the standard operating mode of the
PIC18F66K80 family devices. In this mode, the device
actively monitors all bus messages and generates
Acknowledge bits, error frames, etc. This is also the
only mode in which the PIC18F66K80 family devices
will transmit messages over the CAN bus.
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2734 LISTEN ONLY MODE

Listen Only mode provides a means for the
PIC18F66K80 family devices to receive all messages,
including messages with errors. This mode can be
used for bus monitor applications or for detecting the
baud rate in ‘hot plugging’ situations. For auto-baud
detection, it is necessary that there are at least two
other nodes which are communicating with each other.
The baud rate can be detected empirically by testing
different values until valid messages are received. The
Listen Only mode is a silent mode, meaning no mes-
sages will be transmitted while in this state, including
error flags or Acknowledge signals. In Listen Only
mode, both valid and invalid messages will be
received, regardless of RXMn bit settings. The filters
and masks can still be used to allow only particular
valid messages to be loaded into the Receive registers,
or the filter masks can be set to all zeros to allow a mes-
sage with any identifier to pass. All invalid messages
will be received in this mode, regardless of filters and
masks or RXMn Receive Buffer mode bits.The error
counters are reset and deactivated in this state. The
Listen Only mode is activated by setting the mode
request bits in the CANCON register.

27.3.5 LOOPBACK MODE

This mode will allow internal transmission of messages
from the transmit buffers to the receive buffers without
actually transmitting messages on the CAN bus. This
mode can be used in system development and testing.
In this mode, the ACK bit is ignored and the device will
allow incoming messages from itself, just as if they
were coming from another node. The Loopback mode
is a silent mode, meaning no messages will be trans-
mitted while in this state, including error flags or
Acknowledge signals. The TXCAN pin will revert to port
I/O while the device is in this mode. The filters and
masks can be used to allow only particular messages
to be loaded into the receive registers. The masks can
be set to all zeros to provide a mode that accepts all
messages. The Loopback mode is activated by setting
the mode request bits in the CANCON register.

27.3.6 ERROR RECOGNITION MODE

The module can be set to ignore all errors and receive
any message. In functional Mode 0, the Error Recogni-
tion mode is activated by setting the RXM<1:0> bits in
the RXBnCON registers to ‘11’. In this mode, the data
which is in the message assembly buffer until the error
time, is copied in the receive buffer and can be read via
the CPU interface.

27.4 CAN Module Functional Modes

In addition to CAN modes of operation, the ECAN mod-
ule offers a total of 3 functional modes. Each of these
modes are identified as Mode 0, Mode 1 and Mode 2.

2741 MODE 0 - LEGACY MODE

Mode 0 is designed to be fully compatible with CAN
modules used in PIC18CXX8 and PIC18FXX8 devices.
This is the default mode of operation on all Reset con-
ditions. As a result, module code written for the
PIC18XX8 CAN module may be used on the ECAN
module without any code changes.

The following is the list of resources available in Mode 0:

* Three transmit buffers: TXB0, TXB1 and TXB2

» Two receive buffers: RXB0O and RXB1

» Two acceptance masks, one for each receive
buffer: RXM0, RXM1

» Six acceptance filters, 2 for RXBO and 4 for RXB1:
RXF0, RXF1, RXF2, RXF3, RXF4, RXF5

274.2 MODE 1 — ENHANCED LEGACY
MODE

Mode 1 is similar to Mode 0, with the exception
that more resources are available in Mode 1. There are
16 acceptance filters and two acceptance mask regis-
ters. Acceptance Filter 15 can be used as either an
acceptance filter or an acceptance mask register. In
addition to three transmit and two receive buffers, there
are six more message buffers. One or more of these
additional buffers can be programmed as transmit or
receive buffers. These additional buffers can also be
programmed to automatically handle RTR messages.

Fourteen of sixteen acceptance filter registers can be
dynamically associated to any receive buffer and
acceptance mask register. One can use this capability
to associate more than one filter to any one buffer.

When a receive buffer is programmed to use standard
identifier messages, part of the full acceptance filter reg-
ister can be used as a data byte filter. The length of the
data byte filter is programmable from 0 to 18 bits. This
functionality simplifies implementation of high-level
protocols, such as the DeviceNet™ protocol.

The following is the list of resources available in Mode 1:

* Three transmit buffers: TXB0, TXB1 and TXB2

» Two receive buffers: RXB0O and RXB1

 Six buffers programmable as TX or RX: B0-B5

* Automatic RTR handling on B0-B5

« Sixteen dynamically assigned acceptance filters:
RXFO-RXF15

» Two dedicated acceptance mask registers;
RXF15 programmable as third mask:
RXMO0-RXM1, RXF15

* Programmable data filter on standard identifier
messages: SDFLC

DS30009977G-page 430

© 2010-2017 Microchip Technology Inc.



PIC18F66K80 FAMILY

2743 MODE 2 - ENHANCED FIFO MODE

In Mode 2, two or more receive buffers are used to form
the receive FIFO (first in, first out) buffer. There is no
one-to-one relationship between the receive buffer and
acceptance filter registers. Any filter that is enabled and
linked to any FIFO receive buffer can generate
acceptance and cause FIFO to be updated.

FIFO length is user-programmable, from 2-8 buffers
deep. FIFO length is determined by the very first
programmable buffer that is configured as a transmit
buffer. For example, if Buffer 2 (B2) is programmed as a
transmit buffer, FIFO consists of RXB0, RXB1, BO and
B1, creating a FIFO length of 4. If all programmable
buffers are configured as receive buffers, FIFO will have
the maximum length of 8.

The following is the list of resources available in Mode 2:

* Three transmit buffers: TXB0, TXB1 and TXB2
« Two receive buffers: RXB0 and RXB1

» Six buffers programmable as TX or RX; receive
buffers form FIFO: B0-B5

» Automatic RTR handling on B0-B5
» Sixteen acceptance filters: RXFO-RXF15

« Two dedicated acceptance mask registers;
RXF15 programmable as third mask:
RXMO0-RXM1, RXF15

* Programmable data filter on standard identifier
messages: SDFLC, useful for DeviceNet protocol

27.5 CAN Message Buffers

27.5.1 DEDICATED TRANSMIT BUFFERS

The PIC18F66K80 family devices implement three
dedicated transmit buffers — TXB0, TXB1 and TXB2.
Each of these buffers occupies 14 bytes of SRAM and
are mapped into the SFR memory map. These are the
only transmit buffers available in Mode 0. Mode 1 and
2 may access these and other additional buffers.

Each transmit buffer contains one Control register
(TXBnCON), four Identifier registers (TXBnSIDL,
TXBnSIDH, TXBnEIDL, TXBnEIDH), one Data Length
Count register (TXBnDLC) and eight Data Byte
registers (TXBnDm).

2752 DEDICATED RECEIVE BUFFERS

The PIC18F66K80 family devices implement two dedi-
cated receive buffers: RXB0O and RXB1. Each of these
buffers occupies 14 bytes of SRAM and are mapped
into SFR memory map. These are the only receive buf-
fers available in Mode 0. Mode 1 and 2 may access
these and other additional buffers.

Each receive buffer contains one Control register
(RXBnCON), four Identifier registers (RXBnSIDL,
RXBnSIDH, RXBnEIDL, RXBnEIDH), one Data Length
Count register (RXBnDLC) and eight Data Byte
registers (RXBnDm).

There is also a separate Message Assembly Buffer
(MAB) which acts as an additional receive buffer. MAB
is always committed to receiving the next message
from the bus and is not directly accessible to user firm-
ware. The MAB assembles all incoming messages one
by one. A message is transferred to appropriate
receive buffers only if the corresponding acceptance
filter criteria is met.

2753 PROGRAMMABLE
TRANSMIT/RECEIVE BUFFERS

The ECAN module implements six new buffers: BO-B5.
These buffers are individually programmable as either
transmit or receive buffers. These buffers are available
only in Mode 1 and 2. As with dedicated transmit and
receive buffers, each of these programmable buffers
occupies 14 bytes of SRAM and are mapped into SFR
memory map.

Each buffer contains one Control register (BhCON),
four Identifier registers (BnSIDL, BnSIDH, BnEIDL,
BnEIDH), one Data Length Count register (BnDLC)
and eight Data Byte registers (BnDm). Each of these
registers contains two sets of control bits. Depending
on whether the buffer is configured as transmit or
receive, one would use the corresponding control bit
set. By default, all buffers are configured as receive
buffers. Each buffer can be individually configured as a
transmit or receive buffer by setting the corresponding
TXENnN bit in the BSELO register.

When configured as transmit buffers, user firmware
may access transmit buffers in any order similar to
accessing dedicated transmit buffers. In receive
configuration with Mode 1 enabled, user firmware may
also access receive buffers in any order required. But
in Mode 2, all receive buffers are combined to form a
single FIFO. Actual FIFO length is programmable by
user firmware. Access to FIFO must be done through
the FIFO Pointer bits (FP<4:0>) in the CANCON
register. It must be noted that there is no hardware
protection against out of order FIFO reads.
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2754 PROGRAMMABLE AUTO-RTR
BUFFERS

In Mode 1 and 2, any of six programmable trans-
mit/receive buffers may be programmed to automati-
cally respond to predefined RTR messages without
user firmware intervention. Automatic RTR handling is
enabled by setting the TX2EN bit in the BSELO register
and the RTREN bit in the BnhCON register. After this
setup, when an RTR request is received, the TXREQ
bit is automatically set and the current buffer content is
automatically queued for transmission as a RTR
response. As with all transmit buffers, once the TXREQ
bit is set, buffer registers become read-only and any
writes to them will be ignored.

The following outlines the steps required to
automatically handle RTR messages:

1. Set buffer to Transmit mode by setting the
TXnEN bit to ‘1’ in the BSELO register.

2. At least one acceptance filter must be associ-
ated with this buffer and preloaded with the
expected RTR identifier.

3. Bit, RTREN in the BnCON register, must be set
to 1.

4. Buffer must be preloaded with the data to be
sent as a RTR response.

Normally, user firmware will keep buffer data registers
up to date. If firmware attempts to update the buffer
while an automatic RTR response is in the process of
transmission, all writes to buffers are ignored.

27.6 CAN Message Transmission

27.6.1 INITIATING TRANSMISSION

For the MCU to have write access to the message buf-
fer, the TXREQ bit must be clear, indicating that the
message buffer is clear of any pending message to be
transmitted. At a minimum, the SIDH, SIDL and DLC
registers must be loaded. If data bytes are present in
the message, the Data registers must also be loaded.
If the message is to use extended identifiers, the
EIDH:EIDL registers must also be loaded and the
EXIDE bit set.

To initiate message transmission, the TXREQ bit must
be set for each buffer to be transmitted. When TXREQ
is set, the TXABT, TXLARB and TXERR bits will be
cleared. To successfully complete the transmission,
there must be at least one node with matching baud
rate on the network.

Setting the TXREQ bit does not initiate a message
transmission; it merely flags a message buffer as ready
for transmission. Transmission will start when the
device detects that the bus is available. The device will
then begin transmission of the highest priority message
that is ready.

When the transmission has completed successfully, the
TXREQ bit will be cleared, the TXBnIF bit will be set and
an interrupt will be generated if the TXBnIE bit is set.

If the message transmission fails, the TXREQ will remain
set, indicating that the message is still pending for trans-
mission and one of the following condition flags will be
set. If the message started to transmit but encountered
an error condition, the TXERR and the IRXIF bits will be
setand an interrupt will be generated. If the message lost
arbitration, the TXLARB bit will be set.

27.6.2 ABORTING TRANSMISSION

The MCU can request to abort a message by clearing
the TXREQ bit associated with the corresponding mes-
sage buffer (TXBNnCON<3> or BhCON<3>). Setting the
ABAT bit (CANCON<4>) will request an abort of all
pending messages. If the message has not yet started
transmission, or if the message started but is interrupted
by loss of arbitration or an error, the abort will be pro-
cessed. The abort is indicated when the module sets the
TXABT bit for the corresponding buffer (TXBnCON<6>
or BhCON<6>). If the message has started to transmit,
it will attempt to transmit the current message fully. If the
current message is transmitted fully and is not lost to
arbitration or an error, the TXABT bit will not be set
because the message was transmitted successfully.
Likewise, if a message is being transmitted during an
abort request and the message is lost to arbitration or an
error, the message will not be retransmitted and the
TXABT bit will be set, indicating that the message was
successfully aborted.

Once an abort is requested by setting the ABAT or
TXABT bits, it cannot be cleared to cancel the abort
request. Only CAN module hardware or a POR
condition can clear it.
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27.6.3 TRANSMIT PRIORITY

Transmit priority is a prioritization within the
PIC18F66K80 family devices of the pending transmitta-
ble messages. This is independent from, and not
related to, any prioritization implicit in the message
arbitration scheme built into the CAN protocol. Prior to
sending the Start-of-Frame (SOF), the priority of all buf-
fers that are queued for transmission is compared. The

transmit buffer with the highest priority will be sent first.
If two buffers have the same priority setting, the buffer
with the highest buffer number will be sent first. There
are four levels of transmit priority. If the TXP bits for a
particular message buffer are setto ‘11’, that buffer has
the highest possible priority. If the TXP bits for a partic-
ular message buffer are set to ‘00’, that buffer has the
lowest possible priority.

FIGURE 27-2: TRANSMIT BUFFERS
TXBO TXB1 TXB2 TXB3-TXB8
8 8 o) o)
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27.7 Message Reception

27.7.1 RECEIVING A MESSAGE

Of all receive buffers, the MAB is always committed to
receiving the next message from the bus. The MCU
can access one buffer while the other buffer is available
for message reception or holding a previously received
message.

Note: The entire contents of the MAB are moved
into the receive buffer once a message is
accepted. This means that regardless of
the type of identifier (standard or
extended) and the number of data bytes
received, the entire receive buffer is over-
written with the MAB contents. Therefore,
the contents of all registers in the buffer
must be assumed to have been modified

when any message is received.

When a message is moved into either of the receive
buffers, the associated RXFUL bit is set. This bit must
be cleared by the MCU when it has completed process-
ing the message in the buffer in order to allow a new
message to be received into the buffer. This bit
provides a positive lockout to ensure that the firmware
has finished with the message before the module
attempts to load a new message into the receive buffer.
If the receive interrupt is enabled, an interrupt will be
generated to indicate that a valid message has been
received.

Once a message is loaded into any matching buffer,
user firmware may determine exactly what filter caused
this reception by checking the filter hit bits in the
RXBnCON or BnCON registers. In Mode O,
FILHIT<2:0> of RXBnCON serve as filter hit bits. In
Mode 1 and 2, FILHIT<4:0> bits of BhCON serve as
filter hit bits. The same registers also indicate whether
the current message is an RTR frame or not. A
received message is considered a standard identifier
message if the EXID/EXIDE bit in the RXBnSIDL or the
BnSIDL register is cleared. Conversely, a set EXID bit
indicates an extended identifier message. If the
received message is a standard identifier message,
user firmware needs to read the SIDL and SIDH regis-
ters. In the case of an extended identifier message,
firmware should read the SIDL, SIDH, EIDL and EIDH
registers. If the RXBnDLC or BnDLC register contain
non-zero data count, user firmware should also read
the corresponding number of data bytes by accessing
the RXBnDm or the BnDm registers. When a received
message is an RTR, and if the current buffer is not con-
figured for automatic RTR handling, user firmware
must take appropriate action and respond manually.

Each receive buffer contains RXM bits to set special
Receive modes. In Mode 0, RXM<1:0> bits in
RXBNnCON define a total of four Receive modes. In
Mode 1 and 2, RXM1 bit, in combination with the EXID
mask and filter bit, define the same four receive modes.

Normally, these bits are set to ‘00’ to enable reception
of all valid messages as determined by the appropriate
acceptance filters. In this case, the determination of
whether or not to receive standard or extended
messages is determined by the EXIDE bit in the accep-
tance filter register. In Mode 0, if the RXM bits are set
to ‘01’ or ‘10’, the receiver will accept only messages
with standard or extended identifiers, respectively. If an
acceptance filter has the EXIDE bit set, such that it
does not correspond with the RXM mode, that accep-
tance filter is rendered useless. In Mode 1 and 2,
setting EXID in the SIDL Mask register will ensure that
only standard or extended identifiers are received.
These two modes of RXM bits can be used in systems
where it is known that only standard or extended mes-
sages will be on the bus. If the RXM bits are set to ‘11’
(RXM1 =1 in Mode 1 and 2), the buffer will receive all
messages regardless of the values of the acceptance
filters. Also, if a message has an error before the end
of frame, that portion of the message assembled in the
MAB before the error frame will be loaded into the buf-
fer. This mode may serve as a valuable debugging tool
for a given CAN network. It should not be used in an
actual system environment as the actual system will
always have some bus errors and all nodes on the bus
are expected to ignore them.

In Mode 1 and 2, when a programmable buffer is
configured as a transmit buffer and one or more accep-
tance filters are associated with it, allincoming messages
matching this acceptance filter criteria will be discarded.
To avoid this scenario, user firmware must make sure
that there are no acceptance filters associated with a
buffer configured as a transmit buffer.

27.7.2 RECEIVE PRIORITY

When in Mode 0, RXBO is the higher priority buffer and
has two message acceptance filters associated with it.
RXB1 is the lower priority buffer and has four acceptance
filters associated with it. The lower number of acceptance
filters makes the match on RXBO more restrictive and
implies a higher priority for that buffer. Additionally, the
RXBOCON register can be configured such that if RXBO
contains a valid message and another valid message is
received, an overflow error will not occur and the new
message will be moved into RXB1 regardless of the
acceptance criteria of RXB1. There are also two
programmable acceptance filter masks available, one for
each receive buffer (see Section 27.5 “CAN Message
Buffers”).

In Mode 1 and 2, there are a total of 16 acceptance
filters available and each can be dynamically assigned
to any of the receive buffers. A buffer with a lower
number has higher priority. Given this, if an incoming
message matches with two or more receive buffer
acceptance criteria, the buffer with the lower number
will be loaded with that message.
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27.7.3 ENHANCED FIFO MODE

When configured for Mode 2, two of the dedicated
receive buffers in combination with one or more pro-
grammable transmit/receive buffers, are used to create
a maximum of an 8 buffers deep FIFO buffer. In this
mode, there is no direct correlation between filters and
receive buffer registers. Any filter that has been
enabled can generate an acceptance. When a
message has been accepted, it is stored in the next
available receive buffer register and an internal Write
Pointer is incremented. The FIFO can be a maximum
of 8 buffers deep. The entire FIFO must consist of con-
tiguous receive buffers. The FIFO head begins at
RXBO buffer and its tail spans toward B5. The maxi-
mum length of the FIFO is limited by the presence or
absence of the first transmit buffer starting from BO. If a
buffer is configured as a transmit buffer, the FIFO
length is reduced accordingly. For instance, if B3 is
configured as a transmit buffer, the actual FIFO will
consist of RXB0, RXB1, B0, B1 and B2, a total of 5 buf-
fers. If BO is configured as a transmit buffer, the FIFO
length will be 2. If none of the programmable buffers
are configured as a transmit buffer, the FIFO will be
8 buffers deep. A system that requires more transmit
buffers should try to locate transmit buffers at the very
end of BO0-B5 buffers to maximize available FIFO
length.

When a message is received in FIFO mode, the inter-
rupt flag code bits (EICODE<4:0>) in the CANSTAT
register will have a value of ‘10000’, indicating the
FIFO has received a message. FIFO Pointer bits,
FP<3:0> in the CANCON register, point to the buffer
that contains data not yet read. The FIFO Pointer bits,
in this sense, serve as the FIFO Read Pointer. The user
should use the FP bits and read corresponding buffer
data. When receive data is no longer needed, the
RXFUL bit in the current buffer must be cleared,
causing FP<3:0> to be updated by the module.

To determine whether FIFO is empty or not, the user
may use the FP<3:0> bits to access the RXFUL bit in
the current buffer. If RXFUL is cleared, the FIFO is con-
sidered to be empty. If it is set, the FIFO may contain
one or more messages. In Mode 2, the module also
provides a bit called FIFO High Water Mark (FIFOWM)
in the ECANCON register. This bit can be used to
cause an interrupt whenever the FIFO contains only
one or four empty buffers. The FIFO high water mark
interrupt can serve as an early warning to a full FIFO
condition.

27.7.4 TIME-STAMPING

The CAN module can be programmed to generate a
time-stamp for every message that is received. When
enabled, the module generates a capture signal for
CCP1, which in turn captures the value of either Timer1
or Timer3. This value can be used as the message
time-stamp.

To use the time-stamp capability, the CANCAP bit
(CIOCON<4>) must be set. This replaces the capture
input for CCP1 with the signal generated from the CAN
module. In addition, CCP1CON<3:0> must be set to
‘0011’ to enable the CCP Special Event Trigger for
CAN events.

27.8 Message Acceptance Filters
and Masks

The message acceptance filters and masks are used to
determine if a message in the Message Assembly Buf-
fer should be loaded into any of the receive buffers.
Once a valid message has been received into the MAB,
the identifier fields of the message are compared to the
filter values. If there is a match, that message will be
loaded into the appropriate receive buffer. The filter
masks are used to determine which bits in the identifier
are examined with the filters. A truth table is shown
below in Table 27-1 that indicates how each bit in the
identifier is compared to the masks and filters to
determine if a message should be loaded into a receive
buffer. The mask essentially determines which bits to
apply the acceptance filters to. If any mask bit is set to
a zero, then that bit will automatically be accepted
regardless of the filter bit.

TABLE 27-1: FILTER/MASK TRUTH TABLE

Mask Filter Mess'a'ge Acce_pt o
bit n bit n Identifier Reject
bit n001 bit n
0 X X Accept
1 0 0 Accept
1 0 1 Reject
1 1 0 Reject
1 1 1 Accept

Legend: x =don’tcare

In Mode 0, acceptance filters, RXFO and RXF1, and
filter mask, RXMO, are associated with RXBO. Filters,
RXF2, RXF3, RXF4 and RXF5, and mask, RXM1, are
associated with RXB1.
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In Mode 1 and 2, there are an additional 10 acceptance
filters, RXF6-RXF15, creating a total of 16 available
filters. RXF15 can be used either as an acceptance
filter or acceptance mask register. Each of these
acceptance filters can be individually enabled or
disabled by setting or clearing the RXFENN bit in the
RXFCONN register. Any of these 16 acceptance filters
can be dynamically associated with any of the receive
buffers. Actual association is made by setting the
appropriate bits in the RXFBCONnN register. Each
RXFBCONRN register contains a nibble for each filter.
This nibble can be used to associate a specific filter to
any of available receive buffers. User firmware may
associate more than one filter to any one specific
receive buffer.

In addition to dynamic filter to buffer association, in
Mode 1 and 2, each filter can also be dynamically asso-
ciated to available Acceptance Mask registers. The
FILn_m bits in the MSELn register can be used to link
a specific acceptance filter to an acceptance mask reg-
ister. As with filter to buffer association, one can also
associate more than one mask to a specific acceptance
filter.

When a filter matches and a message is loaded into the
receive buffer, the filter number that enabled the
message reception is loaded into the FILHIT bit(s). In
Mode 0 for RXB1, the RXB1CON register contains the
FILHIT<2:0> bits. They are coded as follows:

* 101 = Acceptance Filter 5 (RXF5)

* 100 = Acceptance Filter 4 (RXF4)

* 011 = Acceptance Filter 3 (RXF3)

* 010 = Acceptance Filter 2 (RXF2)

* 001 = Acceptance Filter 1 (RXF1)

» 000 = Acceptance Filter 0 (RXFO0)

Note: ‘000’ and ‘001’ can only occur if the
RXBODBEN bit is set in the RXBOCON
register, allowing RXBO messages to
rollover into RXB1.

FIGURE 27-3:

The coding of the RXBODBEN bit enables these three
bits to be used similarly to the FILHIT bits and to distin-
guish a hit on filter, RXFO and RXF1, in either RXBO or
after a rollover into RXB1.

* 111 = Acceptance Filter 1 (RXF1)
» 110 = Acceptance Filter 0 (RXFO0)
* 001 = Acceptance Filter 1 (RXF1)
* 000 = Acceptance Filter 0 (RXFO0)

If the RXBODBEN bit is clear, there are six codes
corresponding to the six filters. If the RXBODBEN bit is
set, there are six codes corresponding to the six filters,
plus two additional codes corresponding to RXFO and
RXF1 filters, that rollover into RXB1.

In Mode 1 and 2, each buffer control register contains
5 bits of filter hit bits (FILHIT<4:0>). A binary value of ‘0’
indicates a hit from RXFO0 and 15 indicates RXF15.

If more than one acceptance filter matches, the FILHIT
bits will encode the binary value of the lowest num-
bered filter that matched. In other words, if filter RXF2
and filter RXF4 match, FILHIT will be loaded with the
value for RXF2. This essentially prioritizes the
acceptance filters with a lower number filter having
higher priority. Messages are compared to filters in
ascending order of filter number.

The mask and filter registers can only be modified
when the PIC18F66K80 family devices are in
Configuration mode.

MESSAGE ACCEPTANCE MASK AND FILTER OPERATION
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27.9 Baud Rate Setting

All nodes on a given CAN bus must have the same
nominal bit rate. The CAN protocol uses
Non-Return-to-Zero (NRZ) coding which does not
encode a clock within the data stream. Therefore, the
receive clock must be recovered by the receiving
nodes and synchronized to the transmitter’s clock.

As oscillators and transmission time may vary from
node to node, the receiver must have some type of
Phase Lock Loop (PLL) synchronized to data transmis-
sion edges to synchronize and maintain the receiver
clock. Since the data is NRZ coded, it is necessary to
include bit stuffing to ensure that an edge occurs at
least every six bit times to maintain the Digital Phase
Lock Loop (DPLL) synchronization.

The bit timing of the PIC18F66K80 family is imple-
mented using a DPLL that is configured to synchronize
to the incoming data and provides the nominal timing
for the transmitted data. The DPLL breaks each bit time
into multiple segments made up of minimal periods of
time called the Time Quanta (TQ).

Bus timing functions executed within the bit time frame,
such as synchronization to the local oscillator, network
transmission delay compensation and sample point
positioning, are defined by the programmable bit timing
logic of the DPLL.

All devices on the CAN bus must use the same bit rate.
However, all devices are not required to have the same
master oscillator clock frequency. For the different clock
frequencies of the individual devices, the bit rate has to
be adjusted by appropriately setting the baud rate
prescaler and number of time quanta in each segment.

The “Nominal Bit Rate” is the number of bits transmitted
per second, assuming an ideal transmitter with an ideal
oscillator, in the absence of resynchronization. The
nominal bit rate is defined to be a maximum of 1 Mb/s.

The “Nominal Bit Time” is defined as:

EQUATION 27-1: NOMINAL BIT TIME

TBIT = 1/Nominal Bit Rate

The Nominal Bit Time can be thought of as being
divided into separate, non-overlapping time segments.
These segments (Figure 27-4) include:

» Synchronization Segment (Sync_Seg)

» Propagation Time Segment (Prop_Seg)
» Phase Buffer Segment 1 (Phase_Seg1)
» Phase Buffer Segment 2 (Phase_Seg2)

The time segments (and thus, the Nominal Bit Time)
are, in turn, made up of integer units of time called Time
Quanta or TaQ (see Figure 27-4). By definition, the
Nominal Bit Time is programmable from a minimum of
8 Ta to a maximum of 25 TQ. Also by definition, the
minimum Nominal Bit Time is 1 us, corresponding to a
maximum 1 Mb/s rate. The actual duration is given by
the following relationship:

EQUATION 27-2: NOMINAL BIT TIME
DURATION
Nominal Bit Time = TQ * (Sync_Seg + Prop_Seg +
Phase_Segl + Phase_Seg2)

The Time Quantum is a fixed unit derived from the
oscillator period. It is also defined by the programmable
baud rate prescaler, with integer values from 1 to 64, in
addition to a fixed divide-by-two for clock generation.
Mathematically, this is:

EQUATION 27-3:  TIME QUANTUM
TQ (us) = (2 * (BRP + 1))/Fosc (MHz)
or
TQ (us) = (2 * (BRP + 1)) * TOSC (us)

where Fosc is the clock frequency, Tosc is the
corresponding oscillator period and BRP is an integer
(0 through 63) represented by the binary values of
BRGCON1<5:0>. The equation above refers to the
effective clock frequency used by the microcontroller. If,
for example, a 10 MHz crystal in HS mode is used, then
Fosc = 10 MHzand Tosc = 100 ns. Ifthe same 10 MHz
crystal is used in HS-PLL mode, then the effective
frequency is Fosc = 40 MHz and Tosc = 25 ns.

FIGURE 27-4: BIT TIME PARTITIONING
Input
Signal
Bit Sync  Propagation Phase
Time Segment | Segment Segment 1 Segment 2
Intervals | | | |
) [ N S B R
Sample Point
- Nominal Bit Time -

© 2010-2017 Microchip Technology Inc.

DS30009977G-page 437



PIC18F66K80 FAMILY

27.9.1 EXTERNAL CLOCK, INTERNAL
CLOCK AND MEASURABLE JITTER
IN HS-PLL BASED OSCILLATORS

The microcontroller clock frequency generated from a
PLL circuit is subject to a jitter, also defined as Phase
Jitter or Phase Skew. For its PIC18 Enhanced micro-
controllers, Microchip specifies phase jitter (Pj,) as
being 2% (Gaussian distribution, within 3 standard
deviations, see Parameter F13 in Table 31-7) and Total
Jitter (Tjier) @s being 2 * Pijyier.

FIGURE 27-5:
AND CAN BIT TIME

The CAN protocol uses a bit-stuffing technique that
inserts a bit of a given polarity following five bits with the
opposite polarity. This gives a total of 10 bits transmit-
ted without resynchronization (compensation for jitter
or phase error).

Given the random nature of the added jitter error, it can
be shown that the total error caused by the jitter tends
to cancel itself over time. For a period of 10 bits, it is
necessary to add only two jitter intervals to correct for
jitter induced error: one interval in the beginning of the
10-bit period and another at the end. The overall effect
is shown in Figure 27-5.

EFFECTS OF PHASE JITTER ON THE MICROCONTROLLER CLOCK

Nominal Clock

( ' !

Clock with Jitter C
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Phase Skew (Jitter)

CAN Bit Time
with Jitter
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R CAN Bit Jitter -

Once these considerations are taken into account, it is
possible to show that the relation between the jitter and
the total frequency error can be defined as:

EQUATION 27-4: JITTER AND TOTAL
FREQUENCY ERROR

T 2 x P.

jitter _ jitter
10 x NBT 10 x NBT

Af =

where jitter is expressed in terms of time and NBT is the
Nominal Bit Time.

For example, assume a CAN bit rate of 125 Kb/s, which
gives an NBT of 8 ps. For a 16 MHz clock generated
from a 4x PLL, the jitter at this clock frequency is:

EQUATION 27-5: 16 MHz CLOCK FROM 4x
PLL JITTER:

1 0.02

I6MHz  1610°

2% x = 1.25ns

and resultant frequency error is:

EQUATION 27-6: RESULTANTFREQUENCY
ERROR:

_9
2> (12510 )_ 3 1254107°= 0.0031%

10 x (8x10°°)
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Table 27-2 shows the relation between the clock
generated by the PLL and the frequency error from
jitter (measured jitter-induced error of 2%, Gaussian
distribution, within 3 standard deviations), as a
percentage of the nominal clock frequency.

This is clearly smaller than the expected drift of a
crystal oscillator, typically specified at 100 ppm or
0.01%. If we add jitter to oscillator drift, we have a total
frequency drift of 0.0132%. The total oscillator
frequency errors for common clock frequencies and bit
rates, including both drift and jitter, are shown in
Table 27-3.

TABLE 27-2: FREQUENCY ERROR FROM JITTER AT VARIOUS PLL GENERATED CLOCK SPEEDS
Frequency Error at Various Nominal Bit Times (Bit Rates)
OEIt_pLut Piitter Tiitter 8 us 4 ps 2 us 1us
(125 Kb/s) (250 Kb/s) (500 Kb/s) (1 Mb/s)
40 MHz 0.5ns 1ns 0.00125% 0.00250% 0.005% 0.01%
24 MHz 0.83 ns 1.67 ns 0.00209% 0.00418% 0.008% 0.017%
16 MHz 1.25ns 25ns 0.00313% 0.00625% 0.013% 0.025%
TABLE 27-3: TOTAL FREQUENCY ERROR AT VARIOUS PLL GENERATED CLOCK SPEEDS
(100 PPM OSCILLATOR DRIFT, INCLUDING ERROR FROM JITTER)
Frequency Error at Various Nominal Bit Times (Bit Rates)
Nominal PLL Output 8 us 4 pus 2 us 1ps
(125 Kb/s) (250 Kb/s) (500 Kb/s) (1 Mb/s)
40 MHz 0.01125% 0.01250% 0.015% 0.02%
24 MHz 0.01209% 0.01418% 0.018% 0.027%
16 MHz 0.01313% 0.01625% 0.023% 0.035%
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27.9.2 TIME QUANTA

As already mentioned, the Time Quanta is a fixed unit
derived from the oscillator period and baud rate
prescaler. Its relationship to TBIT and the Nominal Bit
Rate is shown in Example 27-6.

EXAMPLE 27-6: CALCULATING Tq,
NOMINAL BIT RATE AND
NOMINAL BIT TIME
TQ (us) = (2 * (BRP + 1))/Fosc (MHz)
TBIT (us) = TQ (us) * number of TQ per bit interval
Nominal Bit Rate (bits/s) = 1/TBIT

This frequency (Fosc) refers to the effective
frequency used. If, for example, a 10 MHz external
signal is used along with a PLL, then the effective
frequency will be 4 x 10 MHz which equals 40 MHz.

CASE 1:

For Fosc = 16 MHz, BRP<5:0> = 00h and
Nominal Bit Time = 8 TQ:

TQ=(2 * 1)/16 =0.125 ps (125 ns)
TBIT=8 * 0.125 =1 pus (10%)
Nominal Bit Rate = 1/10° = 10° bits/s (1 Mb/s)

CASE 2:

For Fosc = 20 MHz, BRP<5:0> = 01h and
Nominal Bit Time = 8 TQ:

TQ= (2 * 2)/20 = 0.2 ps (200 ns)
TBIT=8*0.2=1.6 ps (1.6 * 10°%)

Nominal Bit Rate = 1/1.6 * 10% = 625,000 bits/s
(625 Kb/s)

CASE 3:

For Fosc = 25 MHz, BRP<5:0> = 3Fh and
Nominal Bit Time = 25 TQ:

TQ=(2 * 64)/25=5.12 ps
TBIT =25 * 5.12 = 128 ps (1.28 * 10™%s)

Nominal Bit Rate = 1/1.28 * 10* = 7813 bits/s
(7.8 Kb/s)

The frequencies of the oscillators in the different nodes
must be coordinated in order to provide a system wide
specified Nominal Bit Time. This means that all oscilla-
tors must have a Tosc that is an integral divisor of Ta.
It should also be noted that although the number of Ta
is programmable from 4 to 25, the usable minimum is
8 Ta. There is no assurance that a bit time of less than
8 Ta in length will operate correctly.

27.9.3 SYNCHRONIZATION SEGMENT

This part of the bit time is used to synchronize the
various CAN nodes on the bus. The edge of the input
signal is expected to occur during the sync segment.
The duration is 1 Ta.

2794 PROPAGATION SEGMENT

This part of the bit time is used to compensate for phys-
ical delay times within the network. These delay times
consist of the signal propagation time on the bus line
and the internal delay time of the nodes. The length of
the propagation segment can be programmed from
1 Ta to 8 Ta by setting the PRSEG<2:0> bits.

27.9.5 PHASE BUFFER SEGMENTS

The phase buffer segments are used to optimally
locate the sampling point of the received bit within the
Nominal Bit Time. The sampling point occurs between
Phase Segment 1 and Phase Segment 2. These
segments can be lengthened or shortened by the
resynchronization process. The end of Phase
Segment 1 determines the sampling point within a bit
time. Phase Segment 1 is programmable from 1 TaQ to
8 Ta in duration. Phase Segment 2 provides a delay
before the next transmitted data transition and is also
programmable from 1 Ta to 8 TQ in duration. However,
due to IPT requirements, the actual minimum length of
Phase Segment 2 is 2 TQ, or it may be defined to be
equal to the greater of Phase Segment 1 or the
Information Processing Time (IPT). The sampling point
should be as late as possible or approximately 80% of
the bit time.

27.9.6 SAMPLE POINT

The sample point is the point of time at which the bus
level is read and the value of the received bit is deter-
mined. The sampling point occurs at the end of Phase
Segment 1. If the bit timing is slow and contains many
TQ, itis possible to specify multiple sampling of the bus
line at the sample point. The value of the received bit is
determined to be the value of the majority decision of
three values. The three samples are taken at the
sample point and twice before, with a time of Ta/2
between each sample.

27.9.7 INFORMATION PROCESSING TIME

The Information Processing Time (IPT) is the time
segment starting at the sample point that is reserved
for calculation of the subsequent bit level. The CAN
specification defines this time to be less than or equal
to 2 Ta. The PIC18F66K80 family devices define this
time to be 2 Ta. Thus, Phase Segment 2 must be at
least 2 Ta long.
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27.10 Synchronization

To compensate for phase shifts between the oscillator
frequencies of each of the nodes on the bus, each CAN
controller must be able to synchronize to the relevant
signal edge of the incoming signal. When an edge in
the transmitted data is detected, the logic will compare
the location of the edge to the expected time (Syn-
c_Seg). The circuit will then adjust the values of Phase
Segment 1 and Phase Segment 2 as necessary. There
are two mechanisms used for synchronization.

27.10.1 HARD SYNCHRONIZATION

Hard synchronization is only done when there is a
recessive to dominant edge during a bus Idle condition,
indicating the start of a message. After hard synchroni-
zation, the bit time counters are restarted with Syn-
c_Seg. Hard synchronization forces the edge, which
has occurred to lie within the synchronization segment
of the restarted bit time. Due to the rules of synchroni-
zation, if a hard synchronization occurs, there will not
be a resynchronization within that bit time.

27.10.2 RESYNCHRONIZATION

As a result of resynchronization, Phase Segment 1
may be lengthened or Phase Segment 2 may be short-
ened. The amount of lengthening or shortening of the
phase buffer segments has an upper bound given by
the Synchronization Jump Width (SJW). The value of
the SJW will be added to Phase Segment 1 (see
Figure 27-6) or subtracted from Phase Segment 2 (see
Figure 27-7). The SJW is programmable between 1 TQ
and 4 TaQ.

Clocking information will only be derived from reces-
sive to dominant transitions. The property, that only a
fixed maximum number of successive bits have the
same value, ensures resynchronization to the bit
stream during a frame.

The phase error of an edge is given by the position of
the edge relative to Sync_Seg, measured in TaQ. The
phase error is defined in magnitude of TQ as follows:

» e =0 if the edge lies within Sync_Seg.
» e >0 if the edge lies before the sample point.

* e <0 if the edge lies after the sample point of the
previous bit.

If the magnitude of the phase error is less than, or equal
to, the programmed value of the Synchronization Jump
Width, the effect of a resynchronization is the same as
that of a hard synchronization.

If the magnitude of the phase error is larger than the
Synchronization Jump Width and if the phase error is
positive, then Phase Segment 1 is lengthened by an
amount equal to the Synchronization Jump Width.

If the magnitude of the phase error is larger than the
resynchronization jump width and if the phase error is
negative, then Phase Segment 2 is shortened by an
amount equal to the Synchronization Jump Width.

27.10.3 SYNCHRONIZATION RULES

» Only one synchronization within one bit time is
allowed.

* An edge will be used for synchronization only if
the value detected at the previous sample point
(previously read bus value) differs from the bus
value immediately after the edge.

« All other recessive to dominant edges fulfilling
rules 1 and 2 will be used for resynchronization,
with the exception that a node transmitting a
dominant bit will not perform a resynchronization
as a result of a recessive to dominant edge with a
positive phase error.

FIGURE 27-6: LENGTHENING A BIT PERIOD (ADDING SJW TO PHASE SEGMENT 1)
Input
Signal
B_it Prop Phase Phase
Time Sync Segment Segment 1 ‘ <SIW Segment 2
Segments ] ] ] ] J J J
o T
Sample Point
| Nominal Bit Length
- Actual Bit Length -
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FIGURE 27-7: SHORTENING A BIT PERIOD (SUBTRACTING SJW FROM PHASE SEGMENT 2)

\

Prop Phase Phase
Sync Segment ‘ Segment 1 ‘ Segment 2 ‘ < SJW
Ta Sample Point
- Actual Bit Length -
- Nominal Bit Length -

27.11 Programming Time Segments

Some requirements for programming of the time
segments:

* Prop_Seg + Phase_Seg 1 > Phase_Seg 2
* Phase_Seg 2 > Sync Jump Width.

For example, assume that a 125 kHz CAN baud rate is
desired, using 20 MHz for Fosc. With a Tosc of 50 ns,
a baud rate prescaler value of 04h gives a Ta of 500 ns.
To obtain a Nominal Bit Rate of 125 kHz, the Nominal
Bit Time must be 8 us or 16 TQ.

Using 1 Ta for the Sync_Seg, 2 Ta for the Prop_Seg
and 7 Ta for Phase Segment 1 would place the sample
point at 10 Ta after the transition. This leaves 6 Ta for
Phase Segment 2.

By the rules above, the Sync Jump Width could be the
maximum of 4 TQ. However, normally a large SJW is
only necessary when the clock generation of the
different nodes is inaccurate or unstable, such as using
ceramic resonators. Typically, an SJW of 1 is enough.

27.12 Oscillator Tolerance

As a rule of thumb, the bit timing requirements allow
ceramic resonators to be used in applications with
transmission rates of up to 125 Kbit/sec. For the full bus
speed range of the CAN protocol, a quartz oscillator is
required. Refer to 1ISO11898-1 for oscillator tolerance
requirements.
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27.13 Bit Timing Configuration
Registers

The Baud Rate Control registers (BRGCON1, BRG-
CON2, BRGCONS3) control the bit timing for the CAN
bus interface. These registers can only be modified
when the PIC18F66K80 family devices are in
Configuration mode.

27.13.1  BRGCON1

The BRP bits control the baud rate prescaler. The
SJW<1:0> bits select the synchronization jump width in
terms of multiples of Ta.

27.13.2 BRGCON2

The PRSEG bits set the length of the propagation seg-
ment in terms of TQ. The SEG1PH bits set the length of
Phase Segment 1 in Ta. The SAM bit controls how
many times the RXCAN pin is sampled. Setting this bit
to a ‘1’ causes the bus to be sampled three times: twice
at Ta/2 before the sample point and once at the normal
sample point (which is at the end of Phase Segment 1).
The value of the bus is determined to be the value read
during at least two of the samples. If the SAM bit is set
to a ‘0’, then the RXCAN pin is sampled only once at
the sample point. The SEG2PHTS bit controls how the
length of Phase Segment 2 is determined. If this bit is
set to a ‘1’, then the length of Phase Segment 2 is
determined by the SEG2PH bits of BRGCONS. If the
SEG2PHTS bit is set to a ‘0’, then the length of Phase
Segment 2 is the greater of Phase Segment 1 and the
information processing time (which is fixed at 2 Ta for
the PIC18F66K80 family).

27.13.3 BRGCON3

The PHSEG2<2:0> bits set the length (in TQ) of Phase
Segment 2 if the SEG2PHTS bit is set to a ‘1". If the
SEG2PHTS bit is set to a ‘0’, then the PHSEG2<2:0>
bits have no effect.

27.14 Error Detection

The CAN protocol provides sophisticated error
detection mechanisms. The following errors can be
detected.

27141 CRC ERROR

With the Cyclic Redundancy Check (CRC), the trans-
mitter calculates special check bits for the bit
sequence, from the start of a frame until the end of the
data field. This CRC sequence is transmitted in the
CRC field. The receiving node also calculates the CRC
sequence using the same formula and performs a
comparison to the received sequence. If a mismatch is
detected, a CRC error has occurred and an error frame
is generated. The message is repeated.

27.14.2 ACKNOWLEDGE ERROR

In the Acknowledge field of a message, the transmitter
checks if the Acknowledge slot (which was sent out as
a recessive bit) contains a dominant bit. If not, no other
node has received the frame correctly. An Acknowl-
edge error has occurred, an error frame is generated
and the message will have to be repeated.

27143 FORM ERROR

If a node detects a dominant bit in one of the four seg-
ments, including End-of-Frame (EOF), interframe
space, Acknowledge delimiter or CRC delimiter, then a
form error has occurred and an error frame is
generated. The message is repeated.

27.14.4 BIT ERROR

A bit error occurs if a transmitter sends a dominant bit
and detects a recessive bit, or if it sends a recessive bit
and detects a dominant bit, when monitoring the actual
bus level and comparing it to the just transmitted bit. In
the case where the transmitter sends a recessive bit
and a dominant bit is detected during the arbitration
field and the Acknowledge slot, no bit error is
generated because normal arbitration is occurring.

27145 STUFF BIT ERROR

If, between the Start-of-Frame (SOF) and the CRC
delimiter, six consecutive bits with the same polarity are
detected, the bit stuffing rule has been violated. A stuff
bit error occurs and an error frame is generated. The
message is repeated.

27146 ERROR STATES

Detected errors are made public to all other nodes via
error frames. The transmission of the erroneous mes-
sage is aborted and the frame is repeated as soon as
possible. Furthermore, each CAN node is in one of the
three error states; “error-active”, “error-passive” or
“bus-off’, according to the value of the internal error
counters. The error-active state is the usual state
where the bus node can transmit messages and acti-
vate error frames (made of dominant bits) without any
restrictions. In the error-passive state, messages and
passive error frames (made of recessive bits) may be
transmitted. The bus-off state makes it temporarily
impossible for the node to participate in the bus
communication. During this state, messages can neither
be received nor transmitted.

27.14.7 ERROR MODES AND ERROR
COUNTERS

The PIC18F66K80 family devices contain two error
counters: the Receive Error Counter (RXERRCNT) and
the Transmit Error Counter (TXERRCNT). The values of
both counters can be read by the MCU. These counters
are incremented or decremented in accordance with the
CAN bus specification.
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The PIC18F66K80 family devices are error-active if
both error counters are below the error-passive limit of
128. They are error-passive if at least one of the error
counters equals or exceeds 128. They go to bus-off if
the transmit error counter equals or exceeds the
bus-off limit of 256. The devices remain in this state
until the bus-off recovery sequence is finished. The
bus-off recovery sequence consists of 128 occurrences
of 11 consecutive recessive bits (see Figure 27-8).
Note that the CAN module, after going bus-off, will
recover back to error-active without any intervention by

FIGURE 27-8:

the MCU if the bus remains Idle for 128 x 11 bit times.
If this is not desired, the error Interrupt Service Routine
should address this. The current Error mode of the
CAN module can be 