MICROCHIP PIC18(L)F24/25K40

28-Pin, L ow-Power, High-Performance Microcontrollers
with XL P Technology

Description

PIC18(L)F24/25K40 microcontrollers feature Analog, Core Independent Peripherals and Communication Peripherals,
combined with eXtreme Low-Power (XLP) technology for a wide range of general purpose and low-power applications.
These 28-pin devices are equipped with a 10-bit ADC with Computation (ADCC) automating Capacitive Voltage Divider
(CVD) techniques for advanced touch sensing, averaging, filtering, oversampling and performing automatic threshold
comparisons. They also offer a set of Core Independent Peripherals such as Complementary Waveform Generator
(CWG), Windowed Watchdog Timer (WWDT), Cyclic Redundancy Check (CRC)/Memory Scan, Zero-Cross Detect
(ZCD) and Peripheral Pin Select (PPS), providing for increased design flexibility and lower system cost.

Core Features

* C Compiler Optimized RISC Architecture
* Only 83 Instructions
» Operating Speed:
- DC - 64 MHz clock input
- 62.5 ns minimum instruction cycle
* Programmable 2-Level Interrupt Priority
* 31-Level Deep Hardware Stack
* Three 8-Bit Timers (TMR2/4/6) with Hardware
Limit Timer (HLT)
* Four 16-Bit Timers (TMRO0/1/3/5)
* Low-Current Power-on Reset (POR)
» Power-up Timer (PWRT)
* Brown-out Reset (BOR)
* Low-Power BOR (LPBOR) Option
* Programmable Code Protection
» Windowed Watchdog Timer (WWDT):
- Timer monitoring of overflow and underflow
events
- Variable prescaler selection
- Variable window size selection
- All sources configurable in hardware or
software

Memory

* Up to 32K bytes Program Flash Memory

» Up to 2048 Bytes Data SRAM Memory

+ 256 Bytes Data EEPROM

+ Direct, Indirect and Relative Addressing modes

Operating Characteristics

» Operating Voltage Ranges:
- 1.8V to 3.6V (PIC18LF2x/4xK40)
- 2.3V to 5.5V (PIC18F2x/4xK40)
» Temperature Range:
- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

Power-Saving Operation Modes

* Doze: CPU and Peripherals Running at Different
Cycle Rates (typically CPU is lower)
* Idle: CPU Halted While Peripherals Operate
 Sleep: Lowest Power Consumption
» Peripheral Module Disable (PMD):
- Ability to selectively disable hardware module
to minimize active power consumption of
unused peripherals

eXtreme Low-Power (XLP) Features

» Sleep mode: 50 nA @ 1.8V, typical

* Windowed Watchdog Timer: 500 nA @ 1.8V,
typical

» Secondary Oscillator: 500 nA @ 32 kHz

» Operating Current:
- 8uA @ 32 kHz, 1.8V, typical
- 32 uA/MHz @ 1.8V, typical

Digital Peripherals

» Complementary Waveform Generator (CWG):

- Rising and falling edge dead-band control

- Full-bridge, half-bridge, 1-channel drive

- Multiple signal sources

» Capture/Compare/PWM (CCP) modules:

- Two CCPs

- 16-bit resolution for Capture/Compare modes

- 10-bit resolution for PWM mode

* 10-Bit Pulse-Width Modulators (PWM):

- Two 10-bit PWMs

 Serial Communications:

- One Enhanced USART (EUSART) with Auto-
Baud Detect, Auto-wake-up on Start.
RS-232, RS-485, LIN compatible

- SPI

- I12C, SMBus and PMBus™ compatible

» Up to 25 I/O Pins and One Input Pin:

- Individually programmable pull-ups

- Slew rate control

- Interrupt-on-change on all pins

- Input level selection control
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Digital Peripherals (Continued) Clocking Structure
» Programmable CRC with Memory Scan: » High-Precision Internal Oscillator Block (HFINTOSC):
- Reliable data/program memory monitoring for - Selectable frequency range up to 64 MHz
Fail-Safe operation (e.g., Class B) - 1% at calibration
- Calculate CRC over any portion of Flash or * 32 kHz Low-Power Internal Oscillator (LFINTOSC)
EEPROM » External 32 kHz Crystal Oscillator (SOSC)
- High-speed or background operation + External Oscillator Block:
» Hardware Limit Timer (TMR2/4/6+HLT): - Three crystal/resonator modes
- Hardware monitoring and Fault detection - 4x PLL with external sources
» Peripheral Pin Select (PPS): + Fail-Safe Clock Monitor:
- Enables pin mapping of digital I/O - Allows for safe shutdown if peripheral clock
+ Data Signal Modulator (DSM) stops

+ Oscillator Start-up Timer (OST)

Analog Peripherals )
Programming/Debug Features

+ 10-Bit Analog-to-Digital Converter with Computa-

tion (ADC?): ¢ In-Circuit Debug Integrated On-Chip

- 24 external channels ¢ In-Circuit Serial Programming™ (ICSP™) via Two
- Conversion available during Sleep Pins

- Four internal ana|og channels * In-Circuit Debug (lCD) with Three Breakpoints via
- Internal and external trigger options Two Pins

- Automated math functions on input signals:
- averaging, filter calculations, oversampling
and threshold comparison

» Hardware Capacitive Voltage Divider (CVD)
Support:
- 8-bit precharge timer
- Adjustable sample and hold capacitor array
- Guard ring digital output drive
» Zero-Cross Detect (ZCD):
- Detect when AC signal on pin crosses
ground
» 5-Bit Digital-to-Analog Converter (DAC):
- Output available externally
- Programmable 5-bit voltage (% of VDD)
- Internal connections to comparators, Fixed
Voltage Reference and ADC
» Two Comparators (CMP):
- Four external inputs
- External output via PPS
» Fixed Voltage Reference (FVR) module:
- 1.024V, 2.048V and 4.096V output levels
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PIC18(L)F2x/4xK40 Family Types
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PIC18(L)F24K40 | (1) 16k | 1024 | 256 | 25 4 2 24 1 1 221113 Y Y| 1[1]Y|[Y]|]Y][|I
PIC18(L)F25K40 | (1) | 32k | 2048 | 256 | 25 4 2 24 1 1 221113 Y Y| 1|1{Y|Y[|[Y]I
PIC18(L)F26K40 | (2) | 64k | 3728 | 1024 | 25 4 2 24 1 1 22113 Y Y| 2|2(Y|Y[|[Y]I
PIC18(L)F27K40 | (3) | 128k | 3728 | 1024 | 25 4 2 24 1 1 22113 Y Y| 2|2(Y|Y[|[Y]I
PIC18(L)F45K40 | (2) | 32k | 2048 | 256 | 36 4 2 35 1 1 22 {13 Y Y|2|2|Y|Y]|Y]|I
PIC18(L)F46K40 | (2) | 64k | 3728 | 1024 | 36 4 2 35 1 1 22 {13 Y Y|2|2|Y|Y]|Y]|I
PIC18(L)F47K40 | (3) | 128k | 3728 | 1024 | 36 4 2 35 1 1 22 {13 Y Y|2|2|Y|Y]|Y]|I

Note 1:

Debugging Methods: (I) — Integrated on Chip.

Data Sheet Index: (Unshaded devices are described in this document.)

1. DS40001843
2. DS40001816
3. DS40001844

PIC18(L)F24/25K40 Data Sheet, 28-Pin, 8-bit Flash Microcontrollers
PIC18(L)F26/45/46K40 Data Sheet, 28/40/44-Pin, 8-bit Flash Microcontrollers
PIC18(L)F27/47K40 Data Sheet, 28/40/44-Pin, 8-bit Flash Microcontrollers

Note:  For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F24K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F24K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F25K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F26K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F27K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F45K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F46K40
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC18F47K40

PIC18(L)F24/25K40

Pin Diagrams

28-pin SPDIP, SOIC, SSOP

VPPIMCLR/RE3 [ | 1 - 28| ] RB7/ICSPDAT
RAO [|2 27[] RB6/ICSPCLK
RA1[]3 26[] RB5
RA2 [ |4 25[] RB4
RA3[]5 o 24] 1 RB3

N 23
RA4 |6 X ] RB2
RA5[]7 [y 22 RB1
vss[|s = 21[] RBO
RA7 [9 ) 20[] VoD
o
RA6 [ |10 19[] Vss
RCO [ 11 18] ] RC7
Rc1[]12 17| ] RC6
RC2[]13 16[ ] RC5
RC3[]14 15[ ] RC4
Note:  See Table 1 for location of all peripheral functions.
28-pin QFN (6x6x0.9mm), UQFN (4x4x0.5mm)
o
f53
o
3% &
=29
~O KO WS
<< Wommmaao
ryroeeerowo
28 27 26 25 24 23 22
RA2| 1 @ 21 | RB3
RA3] 2 20 | RB2
RA4| 3 19 | RB1
RA5| 4 PIC18(L)F2xK40 45 [ RBO
Vss|] 5 17 | vop
RAT ] 6 16 | Vss
RAG | 7 15 | RC7
8 91011121314

Note 1: See Table 1 for location of all peripheral functions.

2: Itis recommended that the exposed bottom pad be connected to Vss, however it must not be the

only Vss connection to the device.
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Pin Allocation Tables

TABLE 1: 28-PIN ALLOCATION TABLE (PIC18(L)F24/25K40)
o
[]
7]
@ z
[*] ™ o S
o <] o = ” 2 = o
7] =) < = o o S 4 o B L
1o o 2 2 g g g S = o E < % 2 2 2
= c 2 = o o N 98 o = S o
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7] © o
£ o
a
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N
RAO 2 27 ANAO — C1INO- — — — — I0CA0 — — — Y —
C2INO-
RA1 3 28 ANA1 — C1IN1- — — — — I0CA1 — — — Y —
C2IN1-
RA2 4 1 ANA2 DAC10UT1 C1INO+ — — — — I0CA2 — — — Y —
VREF- (DAC) C2INO+
VREF- (ADC)
RA3 5 2 ANA3 VREF+ (DAC) C1IN1+ _ _ _ _ IOCA3 _ MDCIN1(" _ \4 _
VREF+ (ADC)
RA4 6 3 ANA4 — — ToCKI™M — — — IOCA4 — MDCIN2(") — Y —
RA5 7 4 ANAS5 _ _ _ _ _ _ IOCA5 — MDMIN( ss1() _
RA6 10 7 ANAG = = = = = = I0CA6 = = = CLKOUT
0OSC2
RA7 9 6 ANA7 — — — — — — I0CA7 — — — Y 0OscC1
CLKIN
RBO 21 18 ANBO — C2IN1+ — — cwaG1 [ ZCDIN | 10CBO — — — Y —
INTO™
RB1 22 19 ANB1 — C1IN3- — — — — 10CB1 — — — Y —
C2IN3- INT1(1
RB2 23 20 ANB2 — — — — — — 10CB2 — — — Y —
INT2(1)
RB3 24 21 ANB3 — C1IN2- — — — — 10CB3 — — — Y —
C2IN2-
RB4 25 22 ANB4 — — 156" — — — I0CB4 — — — Y _
RB5 26 23 ANB5 — — T16M — — — I0CB5 — — — Y _
RB6 27 24 ANB6 — — — — — — 10CB6 — — — Y ICSPCLK
RB7 28 25 ANB7 DAC10UT2 — TeAINM — — — IOCB7 — — — Y ICSPDAT
Note 1:  Default peripheral input. Input can be moved to any other pin with the PPS input selection registers (Register 17-1).
2:  All pin outputs default to PORT latch data. Any pin can be selected as a peripheral digital output with the PPS output selection registers.
3:  These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
4:  These pins are configured for I2C logic levels; The SCLx/SDAX signals may be assigned to any of these pins. PPS assignments to the other pins (e.g., RB1) will operate, but input logic levels will be

standard TTL/ST as selected by the INLVL register, instead of the I2C specific or SMBus input buffer thresholds.
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TABLE 1: 28-PIN ALLOCATION TABLE (PIC18(L)F24/25K40) (CONTINUED)
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RCO 11 8 ANCO _ _ T1CKIM _ _ _ 10CCO _ _ _ Y SOSCO
T3CKIM
136"
RC1 12 9 ANCA1 — — — ccp2) — — locc — — — Y SOSCIN
SOSCI
RC2 13 10 ANC2 — — T5CKID | ccp1M) — — I0CC2 — — — Y _
RC3 14 11 ANC3 — — T2AINM — — — I0CC3 — — sck1 _
scL1G4)
RC4 15 12 ANC4 — — — — — — IOCC4 — — spi1 Y —
SDA1G4)
RC5 16 13 ANC5 — — T4AIN( — — — I0CC5 — _ _ Y —
RC6 17 14 ANC6 — — — — — — I0CC6 ck1(1:3) — — Y _
RC7 18 15 ANC7 — — — — — — locc7 | Rx1/DT1(13) _ — Y _
RE3 1 26 - = = = = = = I0CE3 = = = Y VpPP/MCLR
Vss 19 16 — — — — — — — — — — — — Vss
VDD 20 17 — — — — — — — — — — — — VDD
Vss 8 5 — — — — — — — — — — — — Vss
ouT® — — | ADGRDA — C10UT | TMRO ccP1 | cwGiA | — — TX1/CK16) DSM SDO1 — —
ADGRDB C20UT CCP2 | CWGIB DT1® SCK1
PWM3 CWG1C
PWM4 CWG1D
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers (Register 17-1).
2: Al pin outputs default to PORT latch data. Any pin can be selected as a peripheral digital output with the PPS output selection registers.
3: These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
4:  These pins are configured for 12c logic levels; The SCLx/SDAX signals may be assigned to any of these pins. PPS assignments to the other pins (e.g., RB1) will operate, but input logic levels will be

standard TTL/ST as selected by the INLVL register, instead of the 1“C specific or SMBus input buffer thresholds.
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Website at:
http://www.microchip.com

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

Errata

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

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

» Microchip’s Worldwide Website; 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 website at www.microchip.com to receive the most current information on all of our products.

© 2016 Microchip Technology Inc. Preliminary DS40001843B-page 8



PIC18(L)F24/25K40

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

+ PIC18F24K40 + PIC18LF24K40
+ PIC18F25K40 + PIC18LF25K40

This family offers the advantages of all PIC18
microcontrollers — namely, high computational perfor-
mance at an economical price — with the addition of
high-endurance, Program Flash Memory. In addition to
these features, the PIC18(L)F2x/4xK40 family intro-
duces design enhancements that make these micro-
controllers a logical choice for many high-performance,
power sensitive applications.

1.1 New Core Features

1.1.1 XLP TECHNOLOGY

All of the devices in the PIC18(L)F2x/4xK40 family
incorporate a range of features that can significantly
reduce power consumption during operation. Key
items include:

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

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

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

» Peripheral Module Disable: Modules that are
not being used in the code can be selectively
disabled using the PMD module. This further
reduces the power consumption.

1.1.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18(L)F2x/4xK40 family offer
several different oscillator options. The PIC18(L)F2x/
4xK40 family can be clocked from several different
sources:

* HFINTOSC
- 1-16 MHz precision digitally controlled inter-
nal oscillator
* LFINTOSC
- 31 kHz internal oscillator
+ EXTOSC
- External clock (EC)
- Low-power oscillator (LP)
- Medium power oscillator (XT)
- High-power oscillator (HS)
+ SOSC
- Secondary oscillator circuit operating at
31 kHz
* A Phase Lock Loop (PLL) frequency multiplier
(4x) is available to both the External and Internal
Oscillator modes enabling clock speeds of up to
64 MHz

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

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

» Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

© 2016 Microchip Technology Inc.
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PIC18(L)F24/25K40

1.2 Other Special Features

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

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

» Extended Instruction Set: The PIC18(L)F2x/
4xK40 family introduces an optional extension to
the PIC18 instruction set, which adds eight new
instructions and an Indexed Addressing mode.
This extension, enabled as a device configuration
option, has been specifically designed to optimize
re-entrant application code originally developed in
high-level languages, such as C.

* Enhanced Peripheral Pin Select: The
Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O
pins. Only digital signals are included in the
selections. All analog inputs and outputs remain
fixed to their assigned pins.

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

* 10-bit A/D Converter with Computation: This
module incorporates programmable acquisition
time, allowing for a channel to be selected and a
conversion to be initiated without waiting for a
sampling period and thus, reduce code overhead.
It has a new module called ADC? with
computation features, which provides a digital
filter and threshold interrupt functions.

* Windowed Watchdog Timer (WWDT):

- Timer monitoring of overflow and underflow
events

- Variable prescaler selection
- Variable window size selection

- All sources configurable in hardware or
software

1.3 Details on Individual Family
Members

Devices in the PIC18(L)F2x/4xK40 family are available
in 28-pin and 40/44-pin packages. The block diagram
for this device is shown in Figure 1-1.

The devices have the following differences:
Program Flash Memory

Data Memory SRAM

Data Memory EEPROM

A/D channels

1/O ports

Enhanced USART

7. Input Voltage Range/Power Consumption

IR o

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

The pinouts for all devices are listed in the pin summary
tables ().
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PIC18(L)F24/25K40

TABLE 1-1: DEVICE FEATURES
Features PIC18(L)F24K40 PIC18(L)F25K40
Program Memory (Bytes) 16384 32768
Program Memory (Instructions) 8192 16384
Data Memory (Bytes) 1024 2048
Data EEPROM Memory (Bytes) 256 256
/O Ports AB,C.EM AB,C.EM
Capture/Compare/PWM Modules (CCP) 2 2
10-Bit Pulse-Width Modulator (PWM) 2 2
10-Bit Analog-to-Digital Module (ADCZ) with Computation 4 internal 4 internal
Accelerator 24 external 24 external
28-pin SPDIP 28-pin SPDIP
28-pin SOIC 28-pin SOIC
Packages 28-pin SSOP 28-pin SSOP
28-pin QFN 28-pin QFN
28-pin UQFN 28-pin UQFN
Interrupt Sources 36
Timers (16-/8-bit) 4/3
. s 1 MSSP,
Serial Communications 1 EUSART
Enhanced Complementary Waveform Generator (ECWG) 1
Zero-Cross Detect (ZCD) 1
Data Signal Modulator (DSM) 1
Peripheral Pin Select (PPS) Yes
Peripheral Module Disable (PMD) Yes
16-bit CRC with NVMSCAN Yes
Programmable High/Low-Voltage Detect (HLVD) Yes
Programmable Brown-out Reset (BOR) Yes
POR, BOR,
RESET Instruction,
Stack Overflow,
Resets (and Delays) Stack Underflow
(PWRT, OST),
MCLR, WDT

Instruction Set

75 Instructions;

83 with Extended Instruction Set enabled

Operating Frequency

DC - 64 MHz

Note 1: PORTE contains the single RE3 input-only pin.

© 2016 Microchip Technology Inc.
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PIC18(L)F24/25K40

FIGURE 1-1: PIC18(L)F24/25K40 FAMILY BLOCK DIAGRAM
4 Data Bus<8>
_Table Pointer<21>
; * v
8 Data Latch
inc/dec logic
Data Memory
PCLATU|PCLATH
Address Latch | PORTA
RA<7:0>
Program Counter 12
Data Address<12>
[ 31-Level Stack |
Address Latch
Program Memory ﬁ{—STKPTR
(8/16/32/64 Kbytes)
PORTB
Data Latch . _’ RB<7:0>
Table Latch
ROM Latch p | Address
Instruction Bus <16> Decode
PORTC
' RC<7:0>
Instruction _» State machine
Decode and control signals
Control
PORTD
RD<7:0>
) > Internal
0sCt Oscillator Pgl_\{ver-up ‘ 8
@ Block i PORTE
0sc2t4) —p <> Oscillator
LFINTOSC Start-up Timer ALU<8> )| RE<2:0>
SOSCl —P Oscillator Power-on 8 RE3(1)
Reset
64 MHz _’
SOsSco —P||| Oscillator Watchdog
Timer —
recision
MCLR(™ ——| [Single-Supply Brown-out |ig | Band Gap — YR p
Programming Reset Reference
In-Circuit Fail-Safe
Debugger Clock Monitor
Timer1 Timer2
BOR Data )
TimerO || Timer3 || Timer4 7ZCD ||CRC-Scan DAC
HLVD EEPROM Timer5 || Timer6

v VvV VvV v VvV Vv v v ¥

FVR
——PComparators|| CCP1 || PWM3 ecwa || psm PMD ADC | (FVR
DAC ) c1/C2 CCP2 PWM4 MSSP1 | EUSARTA 10-bit

Note 1: RES3is only available when MCLR functionality is disabled.

2:  OSC1/CLKIN and OSC2/CLKOUT are only available in select oscillator modes and when these pins are not being used as digital 1/0.
Refer to Section 4.0 “Oscillator Module (with Fail-Safe Clock Monitor)” for additional information.
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1.4 Register and Bit naming
conventions

1.4.1 REGISTER NAMES

When there are multiple instances of the same
peripheral in a device, the peripheral control registers
will be depicted as the concatenation of a peripheral
identifier, peripheral instance, and control identifier.
The control registers section will show just one
instance of all the register names with an ‘X’ in the place
of the peripheral instance number. This naming
convention may also be applied to peripherals when
there is only one instance of that peripheral in the
device to maintain compatibility with other devices in
the family that contain more than one.

1.4.2 BIT NAMES
There are two variants for bit names:

» Short name: Bit function abbreviation
* Long name: Peripheral abbreviation + short name

1.4.21 Short Bit Names

Short bit names are an abbreviation for the bit function.
For example, some peripherals are enabled with the
EN bit. The bit names shown in the registers are the
short name variant.

Short bit names are useful when accessing bits in C
programs. The general format for accessing bits by the
short name is RegisterNamebits.ShortName. For
example, the enable bit, EN, in the COG1CONO regis-
ter can be set in C programs with the instruction
COGLCONObi ts. EN = 1.

Short names are generally not useful in assembly
programs because the same name may be used by
different peripherals in different bit positions. When this
occurs, during the include file generation, all instances
of that short bit name are appended with an underscore
plus the name of the register in which the bit resides to
avoid naming contentions.

14.2.2 Long Bit Names

Long bit names are constructed by adding a peripheral
abbreviation prefix to the short name. The prefix is
unique to the peripheral thereby making every long bit
name unique. The long bit name for the COG1 enable
bit is the COG1 prefix, G1, appended with the enable
bit short name, EN, resulting in the unique bit name
G1EN.

Long bit names are useful in both C and assembly pro-
grams. For example, in C the COG1CONO enable bit
can be set with the GLEN = 1 instruction. In assembly,
this bit can be set with the BSF COGLCONO, GLEN
instruction.

1.4.2.3 Bit Fields

Bit fields are two or more adjacent bits in the same
register. Bit fields adhere only to the short bit naming
convention. For example, the three Least Significant
bits of the COG1CONO register contain the mode
control bits. The short name for this field is MD. There
is no long bit name variant. Bit field access is only
possible in C programs. The following example
demonstrates a C program instruction for setting the
COG1 to the Push-Pull mode:

COGLCONObi ts. MD = 0x5;

Individual bits in a bit field can also be accessed with
long and short bit names. Each bit is the field name
appended with the number of the bit position within the
field. For example, the Most Significant mode bit has
the short bit name MD2 and the long bit name is
G1MD2. The following two examples demonstrate
assembly program sequences for setting the COG1 to
Push-Pull mode:

Example 1:

MOVLW  ~( 1<<GLMD1)
ANDWF  COGLCONO, F
MOVLW  1<<GLMD2 | 1<<G1MDO
| ORWF  COGLCONO, F

Example 2:

BSF COG1CONO, G1IMD2
BCF COG1CONO, G1IMVDL
BSF COGLCONO, GLMDXO

1.4.3 REGISTER AND BIT NAMING
EXCEPTIONS

1.4.3.1 Status, Interrupt, and Mirror Bits

Status, interrupt enables, interrupt flags, and mirror bits
are contained in registers that span more than one
peripheral. In these cases, the bit name shown is
unique so there is no prefix or short name variant.

1.4.3.2 Legacy Peripherals

There are some peripherals that do not strictly adhere
to these naming conventions. Peripherals that have
existed for many years and are present in almost every
device are the exceptions. These exceptions were
necessary to limit the adverse impact of the new
conventions on legacy code. Peripherals that do
adhere to the new convention will include a table in the
registers section indicating the long name prefix for
each peripheral instance. Peripherals that fall into the
exception category will not have this table. These
peripherals include, but are not limited to, the following:

+ EUSART
+ MSSP

© 2016 Microchip Technology Inc.
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PIC18(L)F24/25K40

2.0 GUIDELINES FOR GETTING
STARTED WITH
PIC18(L)F24/25K40
MICROCONTROLLERS

21 Basic Connection Requirements

Getting started with the PIC18(L)F24/25K40 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”)

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

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 2.4 “ICSP™ Pins”)

* OSCI and OSCO pins when an external oscillator
source is used (see Section 2.5 “External
Oscillator Pins”)

Additionally, the following pins may be required:

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

The minimum mandatory connections are shown in

Figure 2-1.

FIGURE 2-1: RECOMMENDED

MINIMUM CONNECTIONS

Rev. 10-000249A
91112015

VDD HH
R1 5

R2 2 ¢
MCLR

PIC18(L)Fxxxxx

Key (all values are recommendations):
C1and C2: 0.1 uF, 20V ceramic

R1: 10 kQ

R2: 100Q to 470Q

2.2 Power Supply Pins
2.21 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins (VDD and Vss) 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 puF 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 pF 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.

222 TANK CAPACITORS

On boards with power traces running longer than
six inches in length, it is 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.

© 2016 Microchip Technology Inc.
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PIC18(L)F24/25K40

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
P PIC18(L)F2x/4xK40

C1

I o

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

2: R2< 470Q will limit any current flowing into
MCLR from the external capacitor, C1, 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.

2.4 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 36.0 “Development Support”.

© 2016 Microchip Technology Inc.

Preliminary

DS40001843B-page 15



PIC18(L)F24/25K40

2.5 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
4.0 “Oscillator Module (with Fail-Safe Clock
Monitor)” 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 2-3. 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 website
(www.microchip.com):

» ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”
* AN849, “Basic PICmicro® Oscillator Design”

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

* AN949, “Making Your Oscillator Work”

2.6 Unused I/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connect a 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output to logic low.
FIGURE 2-3: SUGGESTED
PLACEMENT OF THE
OSCILLATOR CIRCUIT

Single-Sided and In-Line Layouts:

Copper Pour Primary Oscillator
(tied to ground) Crystal

DEVICE PINS

Prima
Oscilla%r
C1 0sC2
A—— GND
/ o SOSCO
S0oscl

SOSC: C2

Fine-Pitch (Dual-Sided) Layouts:

Top Layer Copper Pour
(tied to ground)

Bottom Layer
Copper Pour — g

(tied to ground) / %

0Sco

C2

Oscillator
GND ) Crystal

C1

OSClI

DEVICE PINS
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PIC18(L)F24/25K40

3.0 DEVICE CONFIGURATION

Device configuration consists of Configuration Words,
Code Protection, Device ID and Rev ID.

3.1 Configuration Words

There are six Configuration Word bits that allow the
user to setup the device with several choices of
oscillators, Resets and memory protection options.
These are implemented as Configuration Word 1
through Configuration Word 6 at 300000h through
30000Bh.

Note: = The DEBUG bit in Configuration Words is
managed automatically by device
development tools including debuggers
and programmers. For normal device
operation, this bit should be maintained as
a‘l.
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3.2 Register Definitions: Configuration Words

REGISTER 3-1: Configuration Word 1L (30 0000h): Oscillators

U-1 R/W-1 R/W-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1
— RSTOSC<2:0> | - ] FEXTOSC<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘1’
bit 6-4 RSTOSC<2:0>: Power-up Default Value for COSC bits

This value is the Reset default value for COSC and selects the oscillator first used by user software.
Refer to COSC operation.
111 = EXTOSC operating per FEXTOSC bits (device manufacturing default)

110 = HFINTOSC with HFFRQ = 4 MHz (Register 4-5) and CDIV = 4:1 (Register 4-2)
101 = LFINTOSC
100 = SOSC
011 = Reserved
010 = EXTOSC with 4x PLL, with EXTOSC operating per FEXTOSC bits
001 = Reserved
000 = HFINTOSC with HFFRQ =64 MHz (Register 4-5) and CDIV = 1:1 (Register 4-2). Resets
COSC/NOSC to 3’ b110.
bit 3 Unimplemented: Read as ‘1’
bit 2-0 FEXTOSC<2:0>: FEXTOSC External Oscillator Mode Selection bits
111 = EC (external clock) above 8 MHz; PFM set to high power (device manufacturing default)
110 = EC (external clock) for 500 kHz to 8 MHz; PFM set to medium power
101 = EC (external clock) below 500 kHz; PFM set to low power
100 = Oscillator not enabled
011 = Reserved (do not use)
010 = HS (crystal oscillator) above 8 MHz; PFM set to high power
001 = XT (crystal oscillator) above 500 kHz, below 8 MHz; PFM set to medium power
000 = LP (crystal oscillator) optimized for 32.768 kHz; PFM set to low power
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REGISTER 3-2: Configuration Word 1H (30 0001h): Oscillators

U-1 U-1 R/W-1 U-1 R/W-1 U-1 U-1 R/W-1

— — FCMEN | — | CSWEN | — — CLKOUTEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘1’
bit 5 FCMEN: Fail-Safe Clock Monitor Enable bit

1 = FSCM timer enabled
0 = FSCM timer disabled

bit 4 Unimplemented: Read as ‘1’

bit 3 CSWEN: Clock Switch Enable bit
1 = Writing to NOSC and NDIV is allowed
0 = The NOSC and NDIV bits cannot be changed by user software

bit 2-1 Unimplemented: Read as ‘1’

bit 0 CLKOUTEN: Clock Out Enable bit
If FEXTOSC = HS, XT, LP, then this bit is ignored
Otherwise:

1 = CLKOUT function is disabled; I/O or oscillator function on OSC2
0 = CLKOUT function is enabled; FOSC/4 clock appears at OSC2
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REGISTER 3-3: Configuration Word 2L (30 0002h): Supervisor

R/W-1 R/W-1 R/W-1 U-1 U-1 U-1 R/W-1 R/W-1
BOREN<1:0> LPBOREN | — | — | — PWRTE MCLRE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 BOREN<1:0>: Brown-out Reset Enable bits

When enabled, Brown-out Reset Voltage (VBOR) is set by BORYV bit

11 = Brown-out Reset enabled, SBOREN bit is ignored

10 = Brown-out Reset enabled while running, disabled in Sleep; SBOREN is ignored
01 = Brown-out Reset enabled according to SBOREN

00 = Brown-out Reset disabled

bit 5 LPBOREN: Low-Power BOR Enable bit
1 = Low-Power Brown-out Reset is disabled
0 = Low-Power Brown-out Reset is enabled
bit 4-2 Unimplemented: Read as ‘1’
bit 1 PWRTE: Power-up Timer Enable bit
1 = PWRT disabled
0 = PWRT enabled

bit 0 MCLRE: Master Clear (MCLR) Enable bit
IfLVP =1

RE3 pin function is MCLR
IfLVP =0
1 = MCLR pinis MCLR
0 = MCLR pin function is port defined function
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REGISTER 3-4: Configuration Word 2H (30 0003h): Supervisor

R/W-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
XINST — DEBUG | STVREN | PPstwAY |  ZCD BORV<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 XINST: Extended Instruction Set Enable bit
1 = Extended Instruction Set and Indexed Addressing mode disabled (Legacy mode)
0 = Extended Instruction Set and Indexed Addressing mode enabled
bit 6 Unimplemented: Read as ‘1’
bit 5 DEBUG: Debugger Enable bit

1 = Background debugger disabled
0 = Background debugger enabled

bit 4 STVREN: Stack Overflow/Underflow Reset Enable bit
1 = Stack Overflow or Underflow will cause a Reset
0 = Stack Overflow or Underflow will not cause a Reset

bit 3 PPS1WAY: PPSLOCKED bit One-Way Set Enable bit
1 = The PPSLOCKED bit can only be set once after an unlocking sequence is executed; once
PPSLOCK is set, all future changes to PPS registers are prevented
0 = The PPSLOCKED bit can be set and cleared as needed (provided an unlocking sequence is
executed)

bit 2 ZCD: ZCD Disable bit
1 = ZCD disabled. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON
0 =ZCD always enabled, ZCDMD bit is ignored

bit 1-0 BORV<1:0>: Brown-out Reset Voltage Selection bit(!)
PIC18F2xK40 device:
11 = Brown-out Reset Voltage (VBOR) set to 2.45V
10 = Brown-out Reset Voltage (VBOR) set to 2.45V
01 = Brown-out Reset Voltage (VBOR) set to 2.7V
00 = Brown-out Reset Voltage (VBOR) set to 2.85V

PIC18LF2xK40 device:

11 = Brown-out Reset Voltage (VBOR) set to 1.90V
10 = Brown-out Reset Voltage (VBOR) set to 2.45V
01 = Brown-out Reset Voltage (VBOR) set to 2.7V

00 = Brown-out Reset Voltage (VBOR) set to 2.85V

Note 1: The higher voltage setting is recommended for operation at or above 16 MHz.
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REGISTER 3-5: CONFIGURATION WORD 3L (30 0004h): WINDOWED WATCHDOG TIMER
U-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— WDTE<1:0> | WDTCPS<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 Unimplemented: Read as ‘1’
bit 6-5 WDTE<1:0>: WDT Operating Mode bits
11 = WDT enabled regardless of Sleep; SEN bit in WDTCONO is ignored
10 = WDT enabled while Sleep = 0, suspended when Sleep = 1; SEN bit in WDTCONQO is ignored
01 = WDT enabled/disabled by SEN bit in WDTCONO
00 = WDT disabled, SEN bit in WDTCONO is ignored
bit 4-0 WDTCPS<4:0>: WDT Period Select bits

WDTPS at POR Soft control
orntware contro
WDTCPS Value Divider Ratio T)Qg::ai ;;n:(‘:_l(z))Ut of WDTPS?

11111 01011 1:65536| 27© 2s Yes
10011 10011

1:32| 28 1 ms No
11110 11110
10010 10010 1:8388608 | 223 2565
10001 10001 1:4194304 | 2%2 128s
10000 10000 1:2097152| 221 64s
01111 01111 1:1048576 | 220 32s
01110 01110 1:524299| 219 165
01101 01101 1:262144 | 218 8s
01100 01100 1:131072| 2'7 4s
01011 01011 1:65536 | 216 2s
01010 01010 1:32768 | 215 1s
01001 01001 1:16384 | 214 512 ms No
01000 01000 1:8192| 23 256 ms
00111 00111 1:4096 | 212 128 ms
00110 00110 1:2048| 2" 64 ms
00101 00101 1:1024 | 210 32 ms
00100 00100 1:512| 29 16 ms
00011 00011 1:256| 28 8 ms
00010 00010 1128 27 4 ms
00001 00001 1:64| 2° 2ms
00000 00000 1:32| 28 1 ms
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REGISTER 3-6: CONFIGURATION WORD 3H (30 0005h): WINDOWED WATCHDOG TIMER

U-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — WDTCCS<2:0> | WDTCWS<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘1’
bit 5-3 WDTCCS<2:0>: WDT Input Clock Selector bits

If WDTE<1:0> fuses = 2’ b00
This bit is ignored.
Otherwise:
111 = Software Control
110 = Reserved (Default to LFINTOSC)

010 = Reserved (Default to LFINTOSC)
001 = WDT reference clock is the 31.25 kHz HFINTOSC (MFINTOSC)
000 = WDT reference clock is the 31.0 kHz LFINTOSC (default value)

bit 2-0 WDTCWS<2:0>: WDT Window Select bits
WINDOW at POR Software Keyed
WDTCWS Value Window delay | Window opening | ¢ontrol of access
Percent of time | Percent of time | WINDOW required?
111 111 n/a 100 Yes No
110 111 n/a 100
101 101 25 75
100 100 37.5 62.5
011 011 50 50 No Yes
010 010 62.5 375
001 001 75 25
000 000 87.5 12.5
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Register 3-7: Configuration Word 4L (30 0006h): Memory Write Protection
U-1 U-1 U-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — | — | WRT3 | WRT2 WRT1 WRTO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 Unimplemented: Read as ‘1’
bit 3-0 WRT<3:0>: User NVM Self-Write Protection bits(?)

1 = Corresponding Memory Block NOT write-protected
0 = Corresponding Memory Block write-protected

Note 1: Refer to Table 10-2 for details on implementation of the individual WRT bits.

Register 3-8: Configuration Word 4H (30 0007h): Memory Write Protection

U-1 U-1 R/W-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1

— — e | SCANE | — | wRmD WRTB | WRTC
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘1’
bit 5 LVP: Low-Voltage Programming Enable bit _

1 = Low-voltage programming enabled. MCLR/VPP pin function is MCLR. MCLRE Configuration bit
is ignored.

The LVP bit cannot be written (to zero) while operating from the LVP programming interface. The
purpose of this rule is to prevent the user from dropping out of LVP mode while programming
from LVP mode, or accidentally eliminating LVP mode from the Configuration state.

0 = HV on MCLR/VPP must be used for programming

bit 4 SCANE: Scanner Enable bit
1 = Scanner module is available for use, SCANMD bit enables the module
0 = Scanner module is NOT available for use, SCANMD bit is ignored

bit 3 Unimplemented: Read as ‘1’

bit 2 WRTD: Data EEPROM Write Protection bit
1 = Data EEPROM NOT write-protected
0 = Data EEPROM write-protected
bit 1 WRTB: Boot Block Write Protection bit
1 = Boot Block NOT write-protected
0 = Boot Block write-protected
bit 0 WRTC: Configuration Register Write Protection bit

1 = Configuration Register NOT write-protected
0 = Configuration Register write-protected
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REGISTER 3-9: Configuration Word 5L (30 0008h): Code Protection

U-1 U-1 U-1 U-1 U-1 U-1 R/W-1 R/W-1
— — — | — | — | — CPD CP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-2 Unimplemented: Read as ‘1’
bit 1 CPD: Data NVM Memory Code Protection bit

1 = Data NVM code protection disabled
0 = Data NVM code protection enabled
P: User NVM Program Memory Code Protection bit
User NVM code protection disabled
User NVM code protection enabled

bit 0

or 0

REGISTER 3-10: Configuration Word 6L (30 000Ah): Memory Read Protection

U-1 uU-1 U-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1

— — — | — | EBTR3 | EBTR2 EBTR1 EBTRO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-4 Unimplemented: Read as ‘1’
bit 3-0 EBTR<3:0>: Table Read Protection bits(")

1 = Corresponding Memory Block NOT protected from table reads executed in other blocks
0 = Corresponding Memory Block protected from table reads executed in other blocks

Note 1: Refer to Table 10-2 for details on implementation of the individual EBTR bits.

REGISTER 3-11: Configuration Word 6H (30 000Bh): Memory Read Protection

U-1 U-1 U-1 U-1 U-1 U-1 R/W-1 U-1
— — — | — | — | — EBTRB —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘1’
-n = Value for blank device ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-2 Unimplemented: Read as ‘1’
bit 1 EBTRB: Table Read Protection bit

1 = Memory Boot Block NOT protected from table reads executed in other blocks
0 = Memory Boot Block protected from table reads executed in other blocks

bit 0 Unimplemented: Read as ‘1’
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TABLE 3-1: SUMMARY OF CONFIGURATION WORDS
Default/
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed
Value
30 0000h |CONFIG1L — RSTOSC2 | RSTOSC1 | RSTOSCO — FEXTOSC2 | FEXTOSC1 | FEXTOSCO 1111 1111
30 0001h | CONFIG1H — — FCMEN — CSWEN — — CLKOUTEN 1111 1111
30 0002h |CONFIG2L | BOREN1 | BORENO | LPBOREN — — — PWRTE MCLRE 1111 1111
30 0003h | CONFIG2H XINST — DEBUG STVREN PPS1WAY ZCD BORV1 BORVO 1111 1111
30 0004h | CONFIG3L — WDTE<1:0> WDTCPS<4:0> 1111 1111
30 0005h | CONFIG3H — — WDTCCS<2:0> WDTCWS<2:0> 1111 1111
30 0006h | CONFIG4L — — — — WRT3 WRT2 WRT1 WRTO 1111 1111
30 0007h | CONFIG4H — — LVP SCANE — WRTD WRTB WRTC 1111 1111
30 0008h | CONFIG5L — — — — — — CPD CcP 1111 1111
30 000Ah | CONFIG6L — — — — EBTR3 EBTR2 EBTR1 EBTRO 1111 1111
30 000Bh | CONFIG6H — — — — — — EBTRB — 1111 1111

orMsz/yzd(1)8Lold
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3.3 Code Protection

Code protection allows the device to be protected from
unauthorized access. Program memory protection and
data memory are controlled independently. Internal
access to the program memory is unaffected by any
code protection setting.

3.3.1 PROGRAM MEMORY PROTECTION

The entire program memory space is protected from
external reads and writes by the CP bit in Configuration
Words. When CP = 0, external reads and writes of
program memory are inhibited and a read will return all
‘0’s. The CPU can continue to read program memory,
regardless of the protection bit settings. Self-writing the
program memory is dependent upon the write
protection  setting. See Section 3.4 “Write
Protection” for more information.

3.3.2 DATA MEMORY PROTECTION

The entire Data EEPROM Memory space is protected
from external reads and writes by the CPD bit in the
Configuration Words. When CPD = 0, external reads
and writes of Data EEPROM Memory are inhibited and
a read will return all ‘0’s. The CPU can continue to read
Data EEPROM Memory regardless of the protection bit
settings.

34 Write Protection

Write protection allows the device to be protected from
unintended self-writes. Applications, such as boot
loader software, can be protected while allowing other
regions of the program memory to be modified.

The WRT<1:0> bits in Configuration Words define the
size of the program memory block that is protected.

3.5 User ID

Eight words in the memory space (200000h-200000Fh)
are designated as ID locations where the user can
store checksum or other code identification numbers.
These locations are readable and writable during
normal execution. See Section 11.2 “User ID, Device
ID and Configuration Word Access” for more
information on accessing these memory locations. For
more information on checksum calculation, see the
“PIC18(L)F2X/4XK40 Memory Programming
Specification” (DS40001772).
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3.6 Device ID and Revision ID

The 16-bit device ID word is located at 3F FFFEh and
the 16-bit revision ID is located at 3F FFFCh. These
locations are read-only and cannot be erased or
modified.

Development tools, such as device programmers and
debuggers, may be used to read the Device ID,
Revision ID and Configuration Words. Refer to 11.0
“Nonvolatile Memory (NVM) Control” for more
information on accessing these locations.

3.7 Register Definitions: Device and Revision

REGISTER 3-12: DEVICE ID: DEVICE ID REGISTER

R R R R R R R
DEV15 ‘ DEV14 ‘ DEV13 | DEV12 | DEV11 | DEV10 DEV9 | DEV8
bit 15 bit 8
R R R R R R R
DEV7 ‘ DEV6 ‘ DEV5 | DEV4 | DEV3 | DEV2 DEV1 | DEVO
bit 7 bit 0
Legend:
R = Readable bit ‘1’ = Bit is set 0’ = Bit is cleared x = Bit is unknown
bit 15-0 DEV<15:0>: Device ID bits
Device Device ID
PIC18F24K40 69CO0h
PIC18F25K40 69A0h
PIC18LF24K40 6AAOh
PIC18LF25K40 6A80h
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REGISTER 3-13:

REVISION ID: REVISION ID REGISTER

R R R R R R R R
1 0 1 0 MJRREV<5:2>
bit 15 bit 8
R R R R R R R R
MJRREV<1:0> MNRREV<5:0>
bit 7 bit 0
Legend:
R = Readable bit ‘1" = Bit is set 0’ = Bit is cleared x = Bit is unknown

bit 15-12 Read as ‘1010’
These bits are fixed with value ‘1010’ for all devices in this family.
bit 11-6 MJRREV<5:0>: Major Revision ID bits
These bits are used to identify a major revision. A major revision is indicated by an all-layer revision
(A0, BO, CO, etc.).
Revision A =6’ b00_0000
bit 5-0 MNRREV<5:0>: Minor Revision ID bits

These bits are used to identify a minor revision.
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40 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

4.1 Overview

The oscillator module has multiple clock sources and
selection features that allow it to be used in a wide
range of applications while maximizing performance
and minimizing power consumption. Figure 4-1
illustrates a block diagram of the oscillator module.

Clock sources can be supplied from external oscillators,
quartz-crystal resonators and ceramic resonators. In
addition, the system clock source can be supplied from
one of two internal oscillators and PLL circuits, with a
choice of speeds selectable via software. Additional
clock features include:

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

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

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

The RSTOSC bits of Configuration Word 1
(Register 3-1) determine the type of oscillator that will
be used when the device runs after Reset, including
when it is first powered up.

If an external clock source is selected, the FEXTOSC
bits of Configuration Word 1 must be used in
conjunction with the RSTOSC bits to select the
External Clock mode.

The external oscillator module can be configured in one
of the following clock modes, by setting the
FEXTOSC<2:0> bits of Configuration Word 1:

1. ECL - External Clock Low-Power mode
(below 100 kHz)

2. ECM - External Clock Medium Power mode
(100 kHz to 8 MHz)

3. ECH - External Clock High-Power mode
(above 8 MHz)

4. LP - 32 kHz Low-Power Crystal mode.

5. XT —Medium Gain Crystal or Ceramic Resonator
Oscillator mode (between 100 kHz and 8 MHz)

6. HS - High Gain Crystal or Ceramic Resonator
mode (above 4 MHz)

The ECH, ECM, and ECL Clock modes rely on an
external logic level signal as the device clock source.
The LP, XT, and HS Clock modes require an external
crystal or resonator to be connected to the device.
Each mode is optimized for a different frequency range.
The internal oscillator block produces low and
high-frequency clock sources, designated LFINTOSC
and HFINTOSC. (see Internal Oscillator Block,
Figure 4-1). Multiple device clock frequencies may be
derived from these clock sources.
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FIGURE 4-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
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4.2 Register Definitions: Oscillator Control
REGISTER 4-1: OSCCON1: OSCILLATOR CONTROL REGISTER1
u-0 R/W-f/f R/W-f/f R/W-f/f R/W-q/q R/W-qg/q R/W-qg/q R/W-q/q
— NOSC<2:0> \ NDIV<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared f = determined by fuse setting
g = Reset value is determined by hardware
bit 7 Unimplemented: Read as ‘0’
bit 6-4 NOSC<2:0>: New Oscillator Source Request bits{1:2:3)
The setting requests a source oscillator and PLL combination per Table 4-2.
POR value = RSTOSC (Register 3-1).
bit 3-0 NDIV<3:0>: New Divider Selection Request bits(2:3)
The setting determines the new postscaler division ratio per Table 4-2.
Note1: The default value (f/f) is determined by the RSTOSC Configuration bits. See Table 4-1below.

2:

3:

If NOSC is written with a reserved value (Table 4-2), the operation is ignored and neither NOSC nor NDIV is
written.
When CSWEN = 0, this register is read-only and cannot be changed from the POR value.

TABLE 4-1: DEFAULT OSCILLATOR SETTINGS

SFR Reset Values
RSTOSC Initial FOosc Frequency
NOSC/COSC CDIV OSCFRQ
111 111 1:1 EXTOSC per FEXTOSC
110 110 4:1 Fosc = 1 MHz (4 MHz/4)
4 MHz
101 101 1:1 LFINTOSC
100 100 1:1 SOSC
011 Reserved
010 010 ‘ 1:1 ‘ 4 MHz ‘ EXTOSC + 4xPLL (1)
001 Reserved
000 110 ‘ 1:1 ‘ 64 MHz ‘ Fosc = 64 MHz
Note 1: EXTOSC must meet the PLL specifications (Table 37-9).
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REGISTER 4-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

u-0 R-q/q R-q/q R-q/q R-q/q R-q/q R-q/q R-q/q
— COSC<2:0> CDIV<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Reset value is determined by hardware
bit 7 Unimplemented: Read as ‘0’
bit 6-4 COSC<2:0>: Current Oscillator Source Select bits (read-only)(1-2)
Indicates the current source oscillator and PLL combination per Table 4-2.
bit 3-0 CDIV<3:0>: Current Divider Select bits (read-only)(1:2)

Indicates the current postscaler division ratio per Table 4-2.

Note 1: The POR value is the value present when user code execution begins.
2: The Reset value (g/q) is the same as the NOSC/NDIV bits.

TABLE 4-2: NOSC/COSC AND NDIV/CDIV BIT SETTINGS

gg:g:gg: Clock Source 23:&:28: Clock Divider
111 ExTosc 1111- 1010 Reserved
110 HFINTOSC?) 1001 512
101 LFINTOSC 1000 256
100 SOSC 0111 128
011 Reserved 0110 64
010 EXTOSC + 4x PLLG) 0101 32
001 Reserved 0100 16
000 Reserved 0011 8
0010 4
0001 2
0000 1

Note 1: EXTOSC configured by the FEXTOSC bits of Configuration Word 1 (Register 3-1).
2: HFINTOSC frequency is set with the HFFRQ bits of the OSCFRAQ register (Register 4-5).
3: EXTOSC must meet the PLL specifications (Table 37-9).
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REGISTER 4-3: OSCCON3: OSCILLATOR CONTROL REGISTER 3
R/W/HC-0/0 R/W-0/0 uU-0 R-0/0 R-0/0 u-0 uU-0 uU-0
CSWHOLD | SOSCPWR — ORDY NOSCR — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bitis cleared HC = Bit is cleared by hardware
bit 7 CSWHOLD: Clock Switch Hold bit
1= Clock switch will hold (with interrupt) when the oscillator selected by NOSC is ready
0 = Clock switch may proceed when the oscillator selected by NOSC is ready; NOSCR
becomes ‘1’, the switch will occur
bit 6 SOSCPWR: Secondary Oscillator Power Mode Select bit

1= Secondary oscillator operating in High-Power mode
0 = Secondary oscillator operating in Low-Power mode
bit 5 Unimplemented: Read as ‘0’
bit 4 ORDY: Oscillator Ready bit (read-only)
1= OSCCON1 = OSCCONZ2; the current system clock is the clock specified by NOSC
0 = A clock switch is in progress
bit 3 NOSCR: New Oscillator is Ready bit (read-only)(")
1= Aclock switch is in progress and the oscillator selected by NOSC indicates a “ready” condition
0 = A clock switch is not in progress, or the NOSC-selected oscillator is not yet ready
bit 2-0 Unimplemented: Read as ‘0’
Note 1: If CSWHOLD = 0, the user may not see this bit set because, when the oscillator becomes ready there

may be a delay of one instruction clock before this bit is set. The clock switch occurs in the next instruction
cycle and this bit is cleared.
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REGISTER 4-4: OSCSTAT: OSCILLATOR STATUS REGISTER 1

R-q/q R-q/q R-q/q R-q/q R-q/q R-q/q u-0 R-q/q
EXTOR HFOR MFOR LFOR SOR ADOR — PLLR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Reset value is determined by hardware
bit 7 EXTOR: EXTOSC (external) Oscillator Ready bit
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 6 HFOR: HFINTOSC Oscillator Ready bit
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 5 MFOR: MFINTOSC Oscillator Ready
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 4 LFOR: LFINTOSC Oscillator Ready bit
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 3 SOR: Secondary (Timer1) Oscillator Ready bit
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 2 ADOR: ADC Oscillator Ready bit
1= The oscillator is ready to be used
0 = The oscillator is not enabled, or is not yet ready to be used
bit 1 Unimplemented: Read as ‘0’
bit 0 PLLR: PLL is Ready bit

1= The PLL is ready to be used

0 = The PLL is not enabled, the required input source is not ready, or the PLL is not locked.
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REGISTER 4-5: OSCFRQ: HFINTOSC FREQUENCY SELECTION REGISTER

uU-0 u-0 uU-0 uU-0 R/W-q/q R/W-q/q R/W-q/q R/W-q/q
— _ | — | — \ HFFRQ<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Reset value is determined by hardware
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 HFFRQ<3:0>: HFINTOSC Frequency Selection bits
HFFRQ<3:0> | Nominal Freq (MHz)
1001
1010
1111
1110 Reserved
1101
1100
1011
10006) 64
0111 48
0110 32
01014 16
0100 12
0011 8
0010012 4
0001 2
0000 1

Note 1: Referto Table 4-1 for more information.
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REGISTER 4-6: OSCTUNE: HFINTOSC TUNING REGISTER
uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — HFTUN<5:0>
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 HFTUN<5:0>: HFINTOSC Frequency Tuning bits

01 1111 = Maximum frequency

00 0000 = Center frequency. Oscillator module is running at the calibrated frequency

(default value).

10 0000 = Minimum frequency
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REGISTER 4-7: OSCEN: OSCILLATOR MANUAL ENABLE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0
EXTOEN HFOEN MFOEN LFOEN SOSCEN ADOEN — —
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EXTOEN: External Oscillator Manual Request Enable bit

1= EXTOSC is explicitly enabled, operating as specified by FEXTOSC
0 = EXTOSC could be enabled by requesting peripheral

bit 6 HFOEN: HFINTOSC Oscillator Manual Request Enable bit
1= HFINTOSC is explicitly enabled, operating as specified by OSCFRQ (Register 4-5)
0 = HFINTOSC could be enabled by requesting peripheral

bit 5 MFOEN: MFINTOSC (500 kHz/31.25 kHz) Oscillator Manual Request Enable bit (Derived from

HFINTOSC)

1= MFINTOSC is explicitly enabled
0 = MFINTOSC could be enabled by requesting peripheral
bit 4 LFOEN: LFINTOSC (31 kHz) Oscillator Manual Request Enable bit
1= LFINTOSC is explicitly enabled
0 = LFINTOSC could be enabled by requesting peripheral
bit 3 SOSCEN: Secondary Oscillator Manual Request Enable bit
1= Secondary Oscillator is explicitly enabled, operating as specified by SOSCPWR
0 = Secondary Oscillator could be enabled by requesting peripheral
bit 2 ADOEN: ADC Oscillator Manual Request Enable bit
1= ADC oscillator is explicitly enabled
0 = ADC oscillator could be enabled by requesting peripheral

bit 1-0 Unimplemented: Read as ‘0’
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4.3 Clock Source Types

Clock sources can be classified as external or internal.

External clock sources rely on external circuitry for the
clock source to function. Examples are: oscillator
modules (ECH, ECM, ECL mode), quartz crystal
resonators or ceramic resonators (LP, XT and HS
modes).

Internal clock sources are contained within the
oscillator module. The internal oscillator block has two
internal oscillators that are used to generate internal
system clock sources. The High-Frequency Internal
Oscillator (HFINTOSC) can produce 1, 2, 4, 8, 12, 16,
32, 48 and 64 MHz clock. The frequency can be
controlled  through the  OSCFRQ  register
(Register 4-5). The Low-Frequency Internal Oscillator
(LFINTOSC) generates a fixed 31 kHz frequency.

A 4x PLL is provided that can be used in conjunction
with the external clock. When used with the HFINTOSC
the 4x PLL has input frequency limitations. See
Section 4.3.1.4 “4x PLL” for more details.

The system clock can be selected between external or
internal clock sources via the NOSC bits in the
OSCCON1 register. See Section 4.4 “Clock
Switching” for additional information. The system
clock can be made available on the OSC2/CLKOUT pin
for any of the modes that do not use the OSC2 pin. The
clock out functionality is governed by the CLKOUTEN
bit in the CONFIG1H register (Register 3-2). If enabled,
the clock out signal is always at a frequency of FOsc/4.

4.3.1 EXTERNAL CLOCK SOURCES

An external clock source can be used as the device
system clock by performing one of the following
actions:

* Program the RSTOSC<2:0> and FEXTOSC<2:0>
bits in the Configuration Words to select an
external clock source that will be used as the
default system clock upon a device Reset.

¢ Write the NOSC<2:0> and NDIV<3:0> bits in the
OSCCONT1 register to switch the system clock
source.

See Section 4.4 “Clock Switching” for more
information.

4.3.1.1 EC Mode

The External Clock (EC) mode allows an externally
generated logic level signal to be the system clock
source. When operating in this mode, an external clock
source is connected to the OSC1 input.
OSC2/CLKOUT is available for general purpose 1/O or
CLKOUT. Figure 4-2 shows the pin connections for EC
mode.

EC mode has three power modes to select from through
Configuration Words:

* ECH - High power, above 8 MHz
* ECM — Medium power, 100 kHz-8 MHz
* ECL - Low power, below 100 MHz

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

FIGURE 4-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Clock from ~>@—> OSC1/CLKIN
Ext. System

PIC® MCU

~<-—»| OSC2/CLKOUT

Fosc/4 or /01

Note 1: Output depends upon CLKOUTEN bit of the
Configuration Words (CONFIG1H).

43.1.2 LP, XT, HS Modes

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 4-3). The three modes select
a low, medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

LP Oscillator mode selects the lowest gain setting of the
internal inverter-amplifier. LP mode current consumption
is the least of the three modes. This mode is designed to
drive only 32.768 kHz tuning-fork type crystals (watch
crystals).

XT Oscillator mode selects the intermediate gain
setting of the internal inverter-amplifier. XT mode
current consumption is the medium of the three modes.
This mode is best suited to drive resonators with a
medium drive level specification (above
100 kHz - 8 MHz).

HS Oscillator mode selects the highest gain setting of the
internal inverter-amplifier. HS mode current consumption
is the highest of the three modes. This mode is best
suited for resonators that require a high drive setting
(above 8 MHz).

Figure 4-3 and Figure 4-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.
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FIGURE 4-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L. O_SC1/CLKIN ' '
I
C1
Quartz
Crystal
c2 Rs™ 0OSC2/CLKOUT
Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.
2: The value of RF varies with the Oscillator mode
selected (typically between 2 MQ to 10 MQ).

FIGURE 4-4:

CERAMIC RESONATOR

OPERATION

(XT OR HS MODE)

PIC® MCU

Cc2

Note 1:

Ceramic  Rs("

Resonator

OSC2/CLKOUT

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

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

An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator

operation.

4.3.1.3 Oscillator Start-up Timer (OST)

If the oscillator module is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR), or a wake-up from Sleep. The
OST ensures that the oscillator circuit, using a quartz
crystal resonator or ceramic resonator, has started and
is providing a stable system clock to the oscillator
module.

43.1.4 4x PLL

The oscillator module contains a 4x PLL that can be
used with the external clock sources to provide a
system clock source. The input frequency for the PLL
must fall within specifications. See the PLL Clock
Timing Specifications in Table 37-9.

The PLL can be enabled for use by one of two
methods:

1. Program the RSTOSC bits in the Configuration
Word 1 to 010 (enable EXTOSC with 4x PLL).

2.  Write the NOSC bits in the OSCCON1 register
to 010 (enable EXTOSC with 4x PLL).

© 2016 Microchip Technology Inc.

Preliminary

DS40001843B-page 40



PIC18(L)F24/25K40

4.3.1.5 Secondary Oscillator

The secondary oscillator is a separate oscillator block
that can be used as an alternate system clock source.
The secondary oscillator is optimized for 32.768 kHz,
and can be used with an external crystal oscillator con-
nected to the SOSCI and SOSCO device pins, or an
external clock source connected to the SOSCIN pin.
The secondary oscillator can be selected during
run-time using clock switching. Refer to Section
4.4 “Clock Switching” for more information.

FIGURE 4-5: QUARTZ CRYSTAL
OPERATION
(SECONDARY
OSCILLATOR)
PIC® MCU
L soscl {>¥ -
I T \
C1 l .~ To Internal ,
. _ Logic
32.768 kHz
1 Quartz
= T Crystal
|
& SOSCO

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

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

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

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

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

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

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

» TB097, “Interfacing a Micro Crystal
MS1V-T1K 32.768 kHz Tuning Fork
Crystal to a PIC16F690/SS” (DS91097)

» AN1288, “Design Practices for
Low-Power External Oscillators”

(DS01288)

432 INTERNAL CLOCK SOURCES

The device may be configured to use the internal
oscillator block as the system clock by performing one
of the following actions:

* Program the RSTOSC<2:0> bits in Configuration
Words to select the INTOSC clock source, which
will be used as the default system clock upon a
device Reset.

» Write the NOSC<2:0> bits in the OSCCON1
register to switch the system clock source to the
internal oscillator during run-time. See Section
4.4 “Clock Switching” for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose /0. OSC2/CLKOUT is available for general
purpose /O or CLKOUT.

The function of the OSC2/CLKOUT pin is determined
by the CLKOUTEN bit in Configuration Words.

The internal oscillator block has two independent
oscillators that can produce two internal system clock
sources.

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory-calibrated and operates
from 1 to 64 MHz. The frequency of HFINTOSC
can be selected through the OSCFRQ
Frequency Selection register, and fine-tuning
can be done via the OSCTUNE register.

2. The LFINTOSC (Low-Frequency Internal
Oscillator) is factory-calibrated and operates at
31 kHz.
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43.2.1 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a precision digitally-controlled internal clock source
that produces a stable clock up to 64 MHz. The
HFINTOSC can be enabled through one of the
following methods:

* Programming the RSTOSC<2:0> bits in
Configuration Word 1 to ‘110’ (Fosc = 1 MHz) or
‘000’ (Fosc = 64 MHz) to set the oscillator upon
device Power-up or Reset.

» Write to the NOSC<2:0> bits of the OSCCON1
register during run-time. See Section 4.4 “Clock
Switching” for more information.

The HFINTOSC frequency can be selected by setting
the HFFRQ<3:0> bits of the OSCFRQ register.

The NDIV<3:0> bits of the OSCCON1 register allow for
division of the HFINTOSC output from a range between
1:1 and 1:512.

43.2.2 MFINTOSC

The module provides two (500 kHz and 31.25 kHz)
constant clock outputs. These clocks are digital
divisors of the HFINTOSC clock. Dynamic divider logic
is used to provide constant MFINTOSC clock rates for
all settings of HFINTOSC.

The MFINTOSC cannot be used to drive the system
but it is used to clock certain modules such as the
Timers and WWDT.

4.3.2.3 Internal Oscillator Frequency
Adjustment

The internal oscillator is factory-calibrated. This
internal oscillator can be adjusted in software by writing
to the OSCTUNE register (Register 4-3).

The default value of the OSCTUNE register is 00h. The
value is a 6-bit two’s complement number. A value of
1Fh will provide an adjustment to the maximum
frequency. A value of 20h will provide an adjustment to
the minimum frequency.

When the OSCTUNE register is modified, the oscillator
frequency will begin shifting to the new frequency. Code
execution continues during this shift. There is no
indication that the shift has occurred.

OSCTUNE does not affect the LFINTOSC frequency.
Operation of features that depend on the LFINTOSC
clock source frequency, such as the Power-up Timer
(PWRT), WWDT, Fail-Safe Clock Monitor (FSCM) and
peripherals, are not affected by the change in frequency.

4324 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
a factory-calibrated 31 kHz internal clock source.

The LFINTOSC is the frequency for the Power-up Timer
(PWRT), Windowed Watchdog Timer (WWDT) and
Fail-Safe Clock Monitor (FSCM).

The LFINTOSC is enabled through one of the following
methods:

* Programming the RSTOSC<2:0> bits of
Configuration Word 1 to enable LFINTOSC.

» Write to the NOSC<2:0> bits of the OSCCON1
register during run-time. See Section 4.4, Clock
Switching for more information.

4.3.2.5 ADCRC

The ADCRC is an oscillator dedicated to the ADC?
module. The ADCRC oscillator can be manually
enabled using the ADOEN bit of the OSCEN register.
The ADCRC runs at a fixed frequency of 600 kHz.
ADCRC is automatically enabled if it is selected as the
clock source for the ADC? module.
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4.3.2.6 Oscillator Status and Manual Enable

The Ready status of each oscillator (including the
ADCRC oscillator) is displayed in OSCSTAT
(Register 4-4). The oscillators (but not the PLL) may be
explicitly enabled through OSCEN (Register 4-7).

43.2.7 HFOR and MFOR Bits

The HFOR and MFOR bits indicate that the HFINTOSC
and MFINTOSC is ready. These clocks are always
valid for use at all times, but only accurate after they are
ready.

When a new value is loaded into the OSCFRQ register,
the HFOR and MFOR bits will clear, and set again
when the oscillator is ready. During pending OSCFRQ
changes the MFINTOSC clock will stall at a high or a
low state, until the HFINTOSC resumes operation.

44 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the New Oscillator Source (NOSC) bits of the
OSCCONT{1 register. The following clock sources can be
selected using the following:

« External oscillator
* Internal Oscillator Block (INTOSC)

When the new oscillator is ready, the New Oscillator
Ready (NOSCR) bit of OSCCONS3 is set and also the
Clock Switch Interrupt Flag (CSWIF) bit of PIR1 sets. If
Clock Switch Interrupts are enabled (CSWIE = 1), an
interrupt will be generated at that time. The Oscillator
Ready (ORDY) bit of OSCCONS can also be polled to
determine when the oscillator is ready in lieu of an
interrupt.

Note: The CSWIF interrupt will not wake the
system from Sleep.

Note: The Clock Switch Enable bit in
Configuration Word 1 can be used to
enable or disable the clock switching
capability. When cleared, the NOSC and
NDIV bits cannot be changed by user
software. When set, writing to NOSC and
NDIV is allowed and would switch the

clock frequency.

4.4.1 NEW OSCILLATOR SOURCE
(NOSC) AND NEW DIVIDER
SELECTION REQUEST (NDIV) BITS

The New Oscillator Source (NOSC) and New Divider
Selection Request (NDIV) bits of the OSCCON1
register select the system clock source and frequency
that are used for the CPU and peripherals.

When new values of NOSC and NDIV are written to
OSCCON1, the current oscillator selection will
continue to operate while waiting for the new clock
source to indicate that it is stable and ready. In some
cases, the newly requested source may already be in
use, and is ready immediately. In the case of a
divider-only change, the new and old sources are the
same, so the old source will be ready immediately. The
device may enter Sleep while waiting for the switch as
described in Section 4.4.3 “Clock Switch and
Sleep”.

If the Clock Switch Hold (CSWHOLD) bit of OSCCON3
is clear, the oscillator switch will occur when the New
Oscillator is Ready bit (NOSCR) is set, and the
interrupt (if enabled) will be serviced at the new
oscillator setting.

If CSWHOLD is set, the oscillator switch is suspended,
while execution continues using the current (old) clock
source. When the NOSCR bit is set, software should:

* Set CSWHOLD = 0 so the switch can complete,
or

* Copy COSC into NOSC to abandon the switch.

If DOZE is in effect, the switch occurs on the next clock
cycle, whether or not the CPU is operating during that
cycle.

Changing the clock post-divider without changing the
clock source (i.e., changing Fosc from 1 MHz to
2 MHz) is handled in the same manner as a clock
source change, as described previously. The clock
source will already be active, so the switch is relatively
quick. CSWHOLD must be clear (CSWHOLD = 0) for
the switch to complete.

The current COSC and CDIV are indicated in the
OSCCONB2 register up to the moment when the switch
actually occurs, at which time OSCCON2 is updated
and ORDY is set. NOSCR is cleared by hardware to
indicate that the switch is complete.

442 PLL INPUT SWITCH

Switching between the PLL and any non-PLL source is
managed as described above. The input to the PLL is
established when NOSC selects the PLL, and
maintained by the COSC setting.

When NOSC and COSC select the PLL with different
input sources, the system continues to run using the
COSC setting, and the new source is enabled per
NOSC. When the new oscillator is ready (and
CSWHOLD = 0), system operation is suspended while
the PLL input is switched and the PLL acquires lock.
This provides a truly glitch-free clock switch operation.

Note: If the PLL fails to lock, the FSCM will
trigger.
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443 CLOCK SWITCH AND SLEEP

If OSCCONT1 is written with a new value and the device
is put to Sleep before the switch completes, the switch
will not take place and the device will enter Sleep
mode.

When the device wakes from Sleep and the
CSWHOLD bit is clear, the device will wake with the
‘new’ clock active, and the clock switch interrupt flag bit
(CSWIF) will be set.

When the device wakes from Sleep and the
CSWHOLD bit is set, the device will wake with the ‘old’
clock active and the new clock will be requested again.

FIGURE 4-6: CLOCK SWITCH (CSWHOLD = 0)

OSCCON1
WRITTEN

ORDY

NOSCR NOTE 2

NOTE !
CSWIF ,

USER
CSWHOLD CLEAR

Note 1: CSWIF is asserted coincident with NOSCR; interrupt is serviced at OSC#2 speed.
2: The assertion of NOSCR is hidden from the user because it appears only for the duration of the switch.

FIGURE 4-7: CLOCK SWITCH (CSWHOLD =1)

OSCCON1
WRITTEN

ORDY

NOSCR

: \ NOTE 1
CSWIF ,

! ! USER
CSWHOLD ! ' CLEAR

Note 1: CSWIF is asserted coincident with NOSCR, and may be cleared before or after clearing CSWHOLD = 0.
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FIGURE 4-8: CLOCK SWITCH ABANDONED

CCCCCCCCCCCCCC
WRITTEN WRITTEN

NOTE 2

NNNNN

CCCCCCC

Note 1: CSWIF may be cleared before or after rewriting OSCCON1; CSWIF is not automatically cleared.
2: ORDY =0 if OSCCON1 does not match OSCCONZ2; a new switch will begin.
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4.5 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device
to continue operating should the external oscillator fail.
The FSCM is enabled by setting the FCMEN bit in the
Configuration Words. The FSCM is applicable to all
external Oscillator modes (LP, XT, HS, ECL/M/H and
Secondary Oscillator).

FIGURE 4-9: FSCM BLOCK DIAGRAM
Clock Monitor
Ext | Latch
xterna
Clock ¥ =St Q
r— T — — — — — 1
| |LFINTOSC 64
| Oscillator
| 31kHz 488 Hz
| (~32 ps) (~2 ms)
| Sample Clock | Clock
Lo a )
Failure
Detected

4.5.1 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 4-9. Inside the fail
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire
half-cycle of the sample clock elapses before the
external clock goes low.

452 FAIL-SAFE OPERATION

When the external clock fails, the FSCM overwrites the
COSC bits to select HFINTOSC (3' b110). The
frequency of HFINTOSC would be determined by the
previous state of the HFFRQ bits and the NDIV/CDIV
bits. The bit flag OSCFIF of the PIR1 register is set.
Setting this flag will generate an interrupt if the OSCFIE
bit of the PIE1 register is also set. The device firmware
can then take steps to mitigate the problems that may
arise from a failed clock. The system clock will continue
to be sourced from the internal clock source until the
device firmware successfully restarts the external
oscillator and switches back to external operation, by
writing to the NOSC and NDIV bits of the OSCCON1
register.

453 FAIL-SAFE CONDITION CLEARING

The Fail-Safe condition is cleared after a Reset,
executing a SLEEP instruction or changing the NOSC
and NDIV bits of the OSCCONT1 register. When
switching to the external oscillator or PLL, the OST is
restarted. While the OST is running, the device
continues to operate from the INTOSC selected in
OSCCON1. When the OST times out, the Fail-Safe
condition is cleared after successfully switching to the
external clock source. The OSCFIF bit should be
cleared prior to switching to the external clock source.
If the Fail-Safe condition still exists, the OSCFIF flag
will again become set by hardware.
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454 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC
Clock modes so that the FSCM will be active as soon
as the Reset or wake-up has completed.

FIGURE 4-10: FSCM TIMING DIAGRAM

sampleClock _ | L[ 1 1

System : : : . Oscillator :
Clock . X . Ve ' Failure X X
Output ' . ! | ] )

Clock Monitor Output , \ ) : , :
@ | i | .

X X X ! X Failure '
) \ \ | \ Detected ’;7
OSCFIF ! ! ! : ! |

Test Test Test

Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in
this example have been chosen for clarity.
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TABLE 4-3: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit1 | Bit0 ':ﬁggzt;
OSCCON1 — NOSC<2:0> NDIV<3:0> 32
OSCCON2 — COSC<2:0> CDIV<3:0> 33
OSCCON3 | CSWHOLD | SOSCPWR — ORDY NOSCR — — — 34
OSCSTAT EXTOR HFOR MFOR LFOR SOR ADOR — PLLR 35
OSCTUNE — — HFTUN<5:0> 37
OSCFRQ — — — — HFFRQ<3:0> 36
OSCEN EXTOEN HFOEN MFOEN | LFOEN | SOSCEN | ADOEN = = 38
PIE1 OSCFIE CSWIE — — — — ADTIE ADIE 175
PIR1 OSCFIF CSWIF — — — — ADTIF ADIF 167
IPR1 OSCFIP CSWIP — — — — ADTIP ADIP 183
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
TABLE 4-4: SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES
Name |Bits |Bit-/7| Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 Bit 9/1 Bit 8/0 ':r‘:g;zt;:
CONFIG1 138 — — FOMEN — COWEN — — CLKOUTEN 19
7:0 — RSTOSC<2:0> — FEXTOSC<2:0>
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
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5.0 REFERENCE CLOCK OUTPUT
MODULE

The reference clock output module provides the ability
to send a clock signal to the clock reference output pin
(CLKR). The reference clock output can also be used
as a signal for other peripherals, such as the Data
Signal Modulator (DSM), Memory Scanner and Timer
module.

The reference clock output module has the following
features:

» Selectable clock source using the CLKRCLK
register

* Programmable clock divider

+ Selectable duty cycle

FIGURE 5-1: CLOCK REFERENCE BLOCK DIAGRAM

Rev. 10-0002618
511112016

] CLKRDIV<2:0>
] CLKREN4‘>O Counter Reset 4L Q\
o o 128919
Sk $lea| |, |CLKRDC<1:0>
CLKRCLK I Ao
. o x 25 101
Register : - .
o O —— 100
T 818 51 #DutyCycle PPS%
C
S 4
QL —— 010
Y| 2
<l g01 To Peripherals
. 000
CLKRCLK<3:0> — CLKR@
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FIGURE 5-2: CLOCK REFERENCE TIMING

[ P11 P2

CLKREN

CLKR Output | | |

CLKRDIV<2:0> = 001 i ‘ i

CLKRDC<1:0> =10 |+ ° ‘ ‘
! Duty Cycle !
L (50%) ‘

CLKR Output CLKRCLK/2

CLKRDIV<2:0> = 001

CLKRDC<1:0> =01 | X T m m m
Duty Cycle

(25%)
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5.1 Clock Source

The input to the reference clock output can be selected
using the CLKRCLK register.

5.1.1 CLOCK SYNCHRONIZATION

Once the reference clock enable (EN) is set, the mod-
ule is ensured to be glitch-free at start-up.

When the reference clock output is disabled, the output
signal will be disabled immediately.

Clock dividers and clock duty cycles can be changed
while the module is enabled, but glitches may occur on
the output. To avoid possible glitches, clock dividers
and clock duty cycles should be changed only when the
CLKREN is clear.

5.2 Programmable Clock Divider

The module takes the clock input and divides it based
on the value of the DIV<2:0> bits of the CLKRCON reg-
ister (Register 5-1).

The following configurations can be made based on the
DIV<2:0> bits:

* Base Fosc value

» Fosc divided by 2

» Fosc divided by 4

» Fosc divided by 8

» Fosc divided by 16
» Fosc divided by 32
» Fosc divided by 64
» Fosc divided by 128

The clock divider values can be changed while the
module is enabled; however, in order to prevent
glitches on the output, the DIV<2:0> bits should only be
changed when the module is disabled (EN = 0).

5.3 Selectable Duty Cycle

The DC<1:0> bits of the CLKRCON register can be
used to modify the duty cycle of the output clock. A duty
cycle of 25%, 50%, or 75% can be selected for all clock
rates, with the exception of the undivided base Fosc
value.

The duty cycle can be changed while the module is
enabled; however, in order to prevent glitches on the
output, the DC<1:0> bits should only be changed when
the module is disabled (EN = 0).

Note: The DC1 bit is reset to ‘1. This makes theI

default duty cycle 50% and not 0%.

5.4 Operation in Sleep Mode

The reference clock output module clock is based on
the system clock. When the device goes to Sleep, the
module outputs will remain in their current state. This
will have a direct effect on peripherals using the
reference clock output as an input signal. No change
should occur in the module from entering or exiting
from Sleep.
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5.5 Register Definitions: Reference Clock

Long bit name prefixes for the Reference Clock periph-
erals are shown in Table 5-1. Refer to Section
1.4.2.2 “Long Bit Names” for more information.

TABLE 5-1:

Peripheral Bit Name Prefix

CLKR CLKR

REGISTER 5-1: CLKRCON: REFERENCE CLOCK CONTROL REGISTER

R/W-0/0 u-0 uU-0 R/W-1/1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN — — DC<1:0> DIV<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EN: Reference Clock Module Enable bit
1 = Reference clock module enabled
0 = Reference clock module is disabled
bit 6-5 Unimplemented: Read as ‘0’
bit 4-3 DC<1:0>: Reference Clock Duty Cycle bits(!)
11 = Clock outputs duty cycle of 75%
10 = Clock outputs duty cycle of 50%
01 = Clock outputs duty cycle of 25%
00 = Clock outputs duty cycle of 0%
bit 2-0 DIV<2:0>: Reference Clock Divider bits

111 = Base clock value divided by 128
110 = Base clock value divided by 64
101 = Base clock value divided by 32
100 = Base clock value divided by 16
011 = Base clock value divided by 8
010 = Base clock value divided by 4
001 = Base clock value divided by 2
000 = Base clock value

Note 1: Bits are valid for reference clock divider values of two or larger, the base clock cannot be further divided.
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REGISTER 5-2: CLKRCLK: CLOCK REFERENCE CLOCK SELECTION MUX
uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — CLK<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown

-n/n

= Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 CLK<2:0>: CLKR Clock Selection bits

111 = Unimplemented

110 = Unimplemented

101 = Unimplemented

100 = SOSC

011 = MFINTOSC (500 kHz)
010 = LFINTOSC (31 kHz)
001 = HFINTOSC

000 =FOSC
TABLE 5-2: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK REFERENCE OUTPUT
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page
CLKRCON EN — — DC<1:0> DIV<2:0> 52
CLKRCLK — — — — — CLK<2:0> 53
PMDO SYSCMD | FVRMD | HLVDMD | CRCMD | SCANMD NVMMD CLKRMD IOCMD 63
RxyPPS — — = RxyPPS<4:0> 212
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the CLKR module.
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6.0 POWER-SAVING OPERATION

MODES

The purpose of the Power-Down modes is to reduce
power consumption. There are three Power-Down
modes:

* Doze mode

» Sleep mode

* |dle mode

6.1

Doze mode allows for power saving by reducing CPU
operation and program memory (PFM) access, without
affecting peripheral operation. Doze mode differs from
Sleep mode because the bandgap and system
oscillators continue to operate, while only the CPU and
PFM are affected. The reduced execution saves power
by eliminating unnecessary operations within the CPU
and memory.

Doze Mode

FIGURE 6-1:

When the Doze Enable (DOZEN) bit is set
(DOZEN = 1), the CPU executes only one instruction
cycle out of every N cycles as defined by the
DOZE<2:0> bits of the CPUDOZE register. For
example, if DOZE<2:0> = 001, the instruction cycle
ratio is 1:4. The CPU and memory execute for one
instruction cycle and then lay idle for three instruction
cycles. During the unused cycles, the peripherals
continue to operate at the system clock speed.

6.1.1 DOZE OPERATION

The Doze operation is illustrated in Figure 6-1. For this
example:

* Doze enable (DOZEN) bit set (DOZEN = 1)

+ DOZE<2:0> = 001 (1:4) ratio

* Recover-on-Interrupt (ROI) bit set (ROl = 1)

As with normal operation, the PFM fetches for the next

instruction cycle. The Q-clocks to the peripherals
continue throughout.

DOZE MODE OPERATION EXAMPLE (DOZE<2:0> = 001, 1:4)

System
Clock

B

]
|
-1

]

]
]
]
]

B

L= E

Note 1: Multi-cycle instructions are executed to completion before fetching 0004h.

Instruction
R R R i E i DR RS E RS R R
| T T T
I | | |
N O e I I
| I I I
| | | | | | | | | | |
| | |
1] 2| 3| 4 | | 1] 2| 3| 4 | 1| 2| 3| 4| 1| 2| 3| 4| 1| 2| 3] 4| 1| 2| 3| 4| 2| 2| 3
CPU Clock —_— T T T
|
| | | | | | | | | | | |
| | | | |
PFM Op’s Fetch Dh T T Fetch T
| | | | |
—_— | | |
| | | | |
CPU Op’s K Bec T N Erec
|
|
|

2: Ifthe pre-fetched instruction clears GIE, the ISR will not occur, but DOZEN is still cleared and the CPU will resume execution at full speed.

| | | | |
Interrupt I I I I I
| | | | |
| | | | |

Here
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6.1.2 INTERRUPTS DURING DOZE

If an interrupt occurs and the Recover-On-Interrupt bit
is clear (ROl =0) at the time of the interrupt, the
Interrupt Service Routine (ISR) continues to execute at
the rate selected by DOZE<2:0>. Interrupt latency is
extended by the DOZE<2:0> ratio.

If an interrupt occurs and the ROI bit is set (ROl = 1) at
the time of the interrupt, the DOZEN bit is cleared and
the CPU executes at full speed. The prefetched instruc-
tion is executed and then the interrupt vector sequence
is executed. In Figure 6-1, the interrupt occurs during
the 2" instruction cycle of the Doze period, and imme-
diately brings the CPU out of Doze. If the Doze-On-Exit
(DOE) bit is set (DOE = 1) when the RETFIE operation
is executed, DOZEN is set, and the CPU executes at
the reduced rate based on the DOZE<2:0> ratio.
EXAMPLE 6-1: DOZE SOFTWARE
EXAMPLE

// Mai nline operation
bool somet hi ngToDo = FALSE:
voi d main()

{
initializeSystem);
/| DOZE = 64:1 (for exanple)
/[l RO = 1;
GE =1, // enable interrupts
while (1)
{
/1 1f ADC conpl eted, process data
i f (sonethi ngToDo)
{
doSonet hi ng();
DOZEN = 1; // resune | ow power
}
}
}

// Data interrupt handler
void interrupt()

{
/!l DOZEN = 0 because RO =1
if (ADF)
{
somet hi ngToDo = TRUE;
DOE = 0; // nmake nmin() go fast
ADIF = 0;
}
/'l else check other interrupts...
if (TMROIF)
{
timerTick++;
DOE = 1; // nake main() go slow
TMROI F = 0;
}
}

6.2 Sleep Mode

Sleep mode is entered by executing the SLEEP
instruction, while the Idle Enable (IDLEN) bit of the
CPUDOCZE register is clear (IDLEN = 0).

Upon entering Sleep mode, the following conditions
exist:

1. WDT will be cleared but keeps running if
enabled for operation during Sleep

2. The PD bit of the STATUS register is cleared
(Register 10-2)

3. The TO bit of the STATUS register is set
(Register 10-2)

4. The CPU clock is disabled

5. LFINTOSC, SOSC, HFINTOSC and ADCRC
are unaffected and peripherals using them may
continue operation in Sleep.

6. 1/O ports maintain the status they had before
Sleep was executed (driving high, low, or
high-impedance)

7. Resets other than WDT are not affected by
Sleep mode

Refer to individual chapters for more details on
peripheral operation during Sleep.

To minimize current consumption, the following
conditions should be considered:

- 1/0 pins should not be floating

- External circuitry sinking current from 1/0 pins

- Internal circuitry sourcing current from 1/O
pins

- Current draw from pins with internal weak
pull-ups

- Modules using any oscillator

I/O pins that are high-impedance inputs should be
pulled to VDD or Vss externally to avoid switching
currents caused by floating inputs.

Examples of internal circuitry that might be sourcing
current include modules such as the DAC and FVR
modules. See Section 30.0 “5-Bit Digital-to-Analog
Converter (DAC) Module” and Section 28.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.
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6.2.1 WAKE-UP FROM SLEEP

The device can wake-up from Sleep through one of the
following events:

1. External Reset input on MCLR pin, if enabled
2. BOR Reset, if enabled

3. Low-Power Brown-Out Reset (LPBOR), if
enabled

4. POR Reset
5.  Windowed Watchdog Timer, if enabled

6. All interrupt sources except clock switch
interrupt can wake-up the part.

The first five events will cause a device Reset. The last
one event is considered a continuation of program
execution. To determine whether a device Reset or
wake-up event occurred, refer to Section
8.13 “Determining the Cause of a Reset”.

When the SLEEP instruction is being executed, the next
instruction (PC + 2) is prefetched. For the device to
wake-up through an interrupt event, the corresponding
Interrupt Enable bit must be enabled, as well as the
Peripheral Interrupt Enable bit (PEIE = 1), for every
interrupt not in PIR0O. Wake-up will occur regardless of
the state of the GIE bit. If the GIE bit is disabled, the
device continues execution at the instruction after the
SLEEP instruction. If the GIE bit is enabled, the device
executes the instruction after the SLEEP instruction, the
device will then call the Interrupt Service Routine. In
cases where the execution of the instruction following
SLEEP is not desirable, the user should have a NOP
after the SLEEP instruction.

The WDT is cleared when the device wakes-up from
Sleep, regardless of the source of wake-up.

Upon a wake from a Sleep event, the core will wait for
a combination of three conditions before beginning
execution. The conditions are:

* PFM Ready

» COSC-Selected Oscillator Ready
* BOR Ready (unless BOR is disabled)

6.2.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source, with the exception of the clock
switch interrupt, has both its interrupt enable bit and
interrupt flag bit set, one of the following will occur:

« If the interrupt occurs before the execution of a
SLEEP instruction
- SLEEP instruction will execute as a NOP
- WDT and WDT prescaler will not be cleared
- TO bit of the STATUS register will not be set

- PD bit of the STATUS register will not be
cleared

« If the interrupt occurs during or after the
execution of a SLEEP instruction
- SLEEP instruction will be completely

executed

- Device willimmediately wake-up from Sleep
- WDT and WDT prescaler will be cleared
- TO bit of the STATUS register will be set
- PD bit of the STATUS register will be cleared

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.
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FIGURE 6-2:

WAKE-UP FROM SLEEP THROUGH INTERRUPT

IQ1|Q2|Q3|Q4 Q1|Q2|Q3| Q4 Q1| '

'Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1|Q2|Q3IQ4 Q1|Q2|Q3|Q4'

CLKOUT is shown here for timing reference.

CLKIN“) ; , .
CLKOUT®): \ /—\ /a— Tost®). / \ / \ / \_/—'
Interrupt flag ) : /i +__Interrupt Latency® . ' !
GIE bit ' : j ' . | . .
(INTCON reg.) :  Processor in, l l \ . . :
| | . Sleep ! | | ' ' |
Instruction Flow ! X X : ) \ : : :
PC X PC X PC +1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h '
Pesttgﬁgtci]on 'Inst(PC) = Sleep’  Inst(PC + 1) * ' Inst(PC +2) ' Inst(0004h) '  Inst(0005h) !
Instruction ©InstPC-1) :  Sleep : ©Inst(PC+1)  ForcedNOP  Forced NOP Inst(0004h)
Note External clock. High, Medium, Low mode assumed.

1

2:

3:  TosT =1024 Tosc. This delay does not apply to EC and INTOSC Oscillator modes.

4: GIE =1 assumed. In this case after wake-up, the processor calls the ISR at 0004h. If GIE = 0, execution will continue in-line.

6.2.3 LOW-POWER SLEEP MODE

The PIC18F2x/4xK40 device family contains an
internal Low Dropout (LDO) voltage regulator, which
allows the device I/O pins to operate at voltages up to
5.5V while the internal device logic operates at a lower
voltage. The LDO and its associated reference circuitry
must remain active when the device is in Sleep mode.

The PIC18F2xK40 devices allows the user to optimize
the operating current in Sleep, depending on the
application requirements.

Low-Power Sleep mode can be selected by setting the
VREGPM bit of the VREGCON register.

6.2.3.1

In the default operating mode, the LDO and reference
circuitry remain in the normal configuration while in
Sleep. The device is able to exit Sleep mode quickly
since all circuits remain active. In Low-Power Sleep
mode, when waking-up from Sleep, an extra delay time
is required for these circuits to return to the normal
configuration and stabilize.

Sleep Current vs. Wake-up Time

The Low-Power Sleep mode is beneficial for
applications that stay in Sleep mode for long periods of
time. The Normal mode is beneficial for applications
that need to wake from Sleep quickly and frequently.
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6.2.3.2 Peripheral Usage in Sleep

Some peripherals that can operate in Sleep mode will
not operate properly with the Low-Power Sleep mode
selected. The Low-Power Sleep mode is intended for
use with these peripherals:

* Brown-out Reset (BOR)

* Windowed Watchdog Timer (WWDT)

+ External interrupt pin/Interrupt-On-Change pins

 Peripherals that run off external secondary clock
source

It is the responsibility of the end user to determine what
is acceptable for their application when setting the
VREGPM settings in order to ensure operation in
Sleep.

Note: The PIC18LF2x/4xK40 devices do not
have a configurable Low-Power Sleep
mode. PIC18LF2x/4xK40 devices are
unregulated and are always in the lowest
power state when in Sleep, with no
wake-up time penalty. These devices
have a lower maximum VDD and I/O volt-
age than the PIC18F2x/4xK40. See Sec-
tion 37.0 “Electrical Specifications” for

6.2.4.1 Idle and Interrupts

IDLE mode ends when an interrupt occurs (even if GIE
= 0), but IDLEN is not changed. The device can
re-enter IDLE by executing the SLEEP instruction.

If Recover-On-Interrupt is enabled (ROl = 1), the
interrupt that brings the device out of Idle also restores
full-speed CPU execution when doze is also enabled.

6.2.4.2 Idle and WWDT

When in Idle, the WWDT Reset is blocked and will
instead wake the device. The WWDT wake-up is not an
interrupt, therefore ROI does not apply.

Note:  The WDT can bring the device out of Idle,
in the same way it brings the device out of

Sleep. The DOZEN bit is not affected.

more information.

6.2.4 IDLE MODE

When IDLEN is set (IDLEN = 1), the SLEEP instruction
will put the device into Idle mode. In Idle mode, the
CPU and memory operations are halted, but the
peripheral clocks continue to run. This mode is similar
to Doze mode, except that in IDLE both the CPU and
PFM are shut off.

Note: If CLKOUTEN is enabled (CLKOUTEN =0,
Configuration Word 1H), the output will con-
tinue operating while in Idle.

6.3 Peripheral Operation in Power
Saving Modes

All selected clock sources and the peripherals running
off them are active in both IDLE and DOZE mode. Only
in Sleep mode, both the Fosc and Fosc/4 clocks are
unavailable. All the other clock sources are active, if
enabled manually or through peripheral clock selection
before the part enters Sleep.
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6.4 Register Definitions: Voltage Regulator Control

REGISTER 6-1: VREGCON: VOLTAGE REGULATOR CONTROL REGISTER("

uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-1/1
— — — — — — VREGPM Reserved
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 VREGPM: Voltage Regulator Power Mode Selection bit

1 = Low-Power Sleep mode enabled in Sleep(z)
Draws lowest current in Sleep, slower wake-up

0 = Normal Power mode enabled in Sleep(z)
Draws higher current in Sleep, faster wake-up

bit 0 Reserved: Read as ‘1’. Maintain this bit set.

Note 1: PIC18F2xK40 only.
2: See Section 37.0 “Electrical Specifications”.
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REGISTER 6-2: CPUDOZE: DOZE AND IDLE REGISTER

R/W-0/u R/W/HC/HS-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0
IDLEN DOZEN ROI DOE — DOZE<2:0>

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other

Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HC = Bit is cleared by hardware
bit 7 IDLEN: Idle Enable bit

1 = A SLEEP instruction inhibits the CPU clock, but not the peripheral clock(s)
0 = A SLEEP instruction places the device into full Sleep mode
bit 6 DOZEN: Doze Enable bit(1?)
1 = The CPU executes instruction cycles according to DOZE setting
0 = The CPU executes all instruction cycles (fastest, highest power operation)

bit 5 ROI: Recover-On-Interrupt bit
1 = Entering the Interrupt Service Routine (ISR) makes DOZEN = 0 bit, bringing the CPU to full-speed
operation
0 = Interrupt entry does not change DOZEN
bit 4 DOE: Doze-On-Exit bit

1 = Executing RETFIE makes DOZEN = 1, bringing the CPU to reduced speed operation
0 = RETFIE does not change DOZEN

bit 3 Unimplemented: Read as ‘0’

bit 2-0 DOZE<2:0>: Ratio of CPU Instruction Cycles to Peripheral Instruction Cycles

111 =1:256

110 =1:128

101 =1:64

100 =1:32

011 =1:16

010 =1:8

001 =1:4

000 =1:2

Note 1: When ROI =1 or DOE = 1, DOZEN is changed by hardware interrupt entry and/or exit.
2: Entering ICD overrides DOZEN, returning the CPU to full execution speed; this bit is not affected.
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TABLE 6-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Regpi:t; on
INTCON GIE PEIE — — — — — INTEDG 165
PIEO — — TMROIE IOCIE — INT2IE INT1IE INTOIE 174
PIE1 OSCFIE CSWIE — — — — ADTIE ADIE 175
PIE2 HLVDIE ZCDIE — — — — C2IE C1IE 176
PIE3 - - RC1IE TX1IE - - BCL1IE SSP1IE 177
PIE4 — — TMR6IE TMRSIE TMRA4IE TMR3IE TMR2IE TMR1IE 178
PIE5 — — — — — TMR5GIE | TMR3GIE | TMRI1GIE 179
PIE6 — — — — — — CCP2IE CCP1IE 180
PIE7 SCANIE CRCIE NVMIE — — — — CWG1IE 181
PIRO — — TMROIF IOCIF — INT2IF INT1IF INTOIF 166
PIR1 OSCFIF CSWIF — — — — ADTIF ADIF 167
PIR2 HLVDIF zcDIF™ — — — — C2IF C1IF 168
PIR3 RC2IF TX2IF RC1IF TX1IF BCL2IF SSP2IF BCL1IF SSP1IF 169
PIR4 — — TMR6IF TMRSIF TMRA4IF TMR3IF TMR2IF TMR1IF 169
IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO 205
IOCAN — — IOCANS5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 205
IOCAF — — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO 205
loccP™ — — IOCCP5 IOCCP4 IOCCP3 I0CCP2 I0CCP1 I0CCPO 205
IocCN™M — — IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO 205
loccrF™ — — IOCCF5 IOCCF4 IOCCF3 IOCCF2 IOCCF1 IOCCFO 205
STATUS — — — TO PD z DC © 13
VREGCON — — — — — — VREGPM Reserved 59
CPUDOZE IDLEN DOZEN ROI DOE — DOZE<2:0> 60
WDTCONO — — WDTPS<4:0> SEN 80
WDTCON1 — WDTPS<2:0> — WINDOW<2:0> 81
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used in Power-Down mode.

Note 1:  PIC18(L)F4xK40 only.
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7.0 PERIPHERAL MODULE
DISABLE (PMD)

Sleep, Idle and Doze modes allow users to
substantially reduce power consumption by slowing or
stopping the CPU clock. Even so, peripheral modules
still remain clocked, and thus, consume some amount
of power. There may be cases where the application
needs what these modes do not provide: the ability to
allocate limited power resources to the CPU while
eliminating power consumption from the peripherals.

The PIC18(L)F2x/4xK40 family addresses this
requirement by allowing peripheral modules to be
selectively enabled or disabled, placing them into the
lowest possible power mode.

For legacy reasons, all modules are ON by default
following any Reset.

71 Disabling a Module

Disabling a module has the following effects:

« All clock and control inputs to the module are
suspended; there are no logic transitions, and the
module will not function.

* The module is held in Reset.

* Any SFR becomes “unimplemented”

- Writing is disabled
- Reading returns 00h

* 1/O functionality is prioritized as per Section 15.1,
1/O Priorities

» All associated Input Selection registers are also
disabled

7.2 Enabling a Module

When the PMD register bit is cleared, the module is
re-enabled and will be in its Reset state (Power-on
Reset). SFR data will reflect the POR Reset values.

Depending on the module, it may take up to one full
instruction cycle for the module to become active.
There should be no interaction with the module
(e.g., writing to registers) for at least one instruction
after it has been re-enabled.

7.3 Effects of a Reset

Following any Reset, each control bit is set to ‘0,
enabling all modules.

7.4 System Clock Disable

Setting SYSCMD (PMDO, Register 7-1) disables the
system clock (Fosc) distribution network to the
peripherals. Not all peripherals make use of SYSCLK,
so not all peripherals are affected. Refer to the specific
peripheral description to see if it will be affected by this
bit.
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7.5 Register Definitions: Peripheral Module Disable

REGISTER 7-1: PMDO: PMD CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
SYSCMD FVRMD HLVDMD CRCMD SCANMD NVMMD CLKRMD IOCMD
7 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 SYSCMD: Disable Peripheral System Clock Network bit(")
See description in Section 7.4 “System Clock Disable”.
1 = System clock network disabled (Fosc)
0 = System clock network enabled
bit 6 FVRMD: Disable Fixed Voltage Reference bit
1 = FVR module disabled
0 = FVR module enabled
bit 5 HLVDMD: Disable Low-Voltage Detect bit
1 = HLVD module disabled
0 = HLVD module enabled
bit 4 CRCMD: Disable CRC Engine bit
1 = CRC module disabled
0 = CRC module enabled
bit 3 SCANMD: Disable NVM Memory Scanner bit(?)
1= NVM Memory Scan module disabled
0 = NVM Memory Scan module enabled
bit 2 NVMMD: NVM Module Disable bit(®)
1 = All Memory reading and writing is disabled; NVMCON registers cannot be written
0 = NVM module enabled
bit 1 CLKRMD: Disable Clock Reference bit
1 = CLKR module disabled
0 = CLKR module enabled
bit 0 IOCMD: Disable Interrupt-on-Change bit, All Ports
1 = 10C module(s) disabled
0 = I0C module(s) enabled
Note 1: Clearing the SYSCMD bit disables the system clock (FOscC) to peripherals, however peripherals clocked

by Fosc/4 are not affected.
Subject to SCANE bit in CONFIG4H.
When enabling NVM, a delay of up to 1 us may be required before accessing data.
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REGISTER 7-2: PMD1: PMD CONTROL REGISTER 1

uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— TMR6MD TMR5MD TMR4MD TMR3MD TMR2MD TMR1MD TMROMD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6 TMRG6MD: Disable Timer TMRG6 bit

1 = TMR6 module disabled
0 = TMR6 module enabled

bit 5 TMRS5MD: Disable Timer TMRS5 bit
1 = TMR5 module disabled
0 = TMR5 module enabled

bit 4 TMR4MD: Disable Timer TMR4 bit
1 = TMR4 module disabled
0 = TMR4 module enabled

bit 3 TMR3MD: Disable Timer TMRS3 bit
1 = TMR3 module disabled
0 = TMR3 module enabled

bit 2 TMR2MD: Disable Timer TMR2 bit

1 = TMR2 module disabled
0 = TMR2 module enabled

bit 1 TMR1MD: Disable Timer TMR1 bit

1 = TMR1 module disabled
0 = TMR1 module enabled

bit 0 TMROMD: Disable Timer TMRO bit

1 = TMRO module disabled
0 = TMRO module enabled
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REGISTER 7-3: PMD2: PMD CONTROL REGISTER 2

uU-0 R/W-0/0 R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— DACMD ADCMD — — CMP2MD CMP1MD zcbmph
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6 DACMD: Disable DAC bit

1 = DAC module disabled
0 = DAC module enabled
bit 5 ADCMD: Disable ADC bit

1 = ADC module disabled
0 = ADC module enabled

bit 4-3 Unimplemented: Read as ‘0’

bit 2 CMP2MD: Disable Comparator CMP2 bit
1 = CMP2 module disabled
0 = CMP2 module enabled

bit 1 CMP1MD: Disable Comparator CMP1 bit

1 = CMP1 module disabled
0 = CMP1 module enabled

bit 0 ZCDMD: Disable Zero-Cross Detect module bit(!
1 = ZCD module disabled
0 = ZCD module enabled

Note 1: Subject to ZCD bitin CONFIG2H.
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REGISTER 7-4: PMD3: PMD CONTROL REGISTER 3

u-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — PWM4MD PWM3MD CCP2MD CCP1MD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-4 Unimplemented: Read as ‘0’
bit 3 PWM4MD: Disable Pulse-Width Modulator PWM4 bit

1 = PWM4 module disabled
0 = PWM4 module enabled

bit 2 PWM3MD: Disable Pulse-Width Modulator PWM3 bit
1 = PWMS3 module disabled
0 = PWMS3 module enabled

bit 1 CCP2MD: Disable Pulse-Width Modulator CCP2 bit
1 = CCP2 module disabled
0 = CCP2 module enabled

bit 0 CCP1MD: Disable Pulse-Width Modulator CCP1 bit

1 = CCP1 module disabled
0 = CCP1 module enabled
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REGISTER 7-5: PMD4: PMD CONTROL REGISTER 4
U-0 R/W-0/0 u-0 R/W-0/0 u-0 u-0 U-0 R/W-0/0
— | uamvp | — | mssPiMD | — — — CWG1TMD
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
X = Bit is unknown

U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6 UART1MD: Disable EUSART1 bit
1= EUSART1 module disabled
0 = EUSART1 module enabled
bit 5 Unimplemented: Read as ‘0’
bit 4 MSSP1MD: Disable MSSP1 bit
1= MSSP1 module disabled
0 = MSSP1 module enabled
bit 3-1 Unimplemented: Read as ‘0’
bit 0 CWG1MD: Disable CWG1 Module bit

1= CWG1 module disabled
0= CWG1 module enabled
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REGISTER 7-6: PMD5: PMD CONTROL REGISTER 5
uU-0 uU-0 u-0 uU-0 uU-0 uU-0 uU-0 R/W-0/0
— — — — — — — DSMMD

bit 7 bit 0
Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7-1 Unimplemented: Read as ‘0’

bit 0 DSMMD: Disable Data Signal Modulator bit

1 = DSM module disabled
0 = DSM module enabled
TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH PMD
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on page

PMDO SYSCMD FVRMD HLVDMD CRCMD SCANMD NVMMD CLKRMD I0CMD 63
PMD1 — TMR6MD TMR5MD TMR4MD TMR3MD TMR2MD | TMR1MD | TMROMD 64
PMD2 — DACMD ADCMD — — CMP2MD | CMP1MD ZCDMD 65
PMD3 — — — — PWM4MD | PWM3MD | CCP2MD | CCP1MD 66
PMD4 — UART1MD — MSSP1MD — — — CWG1MD 67
PMD5 — — — — — — — DSMMD 68
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the PMD.
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8.0 RESETS

There are multiple ways to reset this device:

» Power-on Reset (POR)

» Brown-out Reset (BOR)

» Low-Power Brown-Out Reset (LPBOR)
+ MCLR Reset

« WDT Reset

* RESET instruction

+ Stack Overflow

+ Stack Underflow

* Programming mode exit

To allow VDD to stabilize, an optional Power-up Timer
can be enabled to extend the Reset time after a BOR

or POR event.

A simplified block diagram of the On-Chip Reset Circuit

is shown in Figure 8-1.

FIGURE 8-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow

Stack Overflow

< e

—
VPP/MCLR MCLRE —— /

WWDT Time-out/
Window voilation
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E Power-on
Reset
VDD
Brown-out R
| Reset® 1" Power-up
T Timer ()
LFINTOSC PWRTE —
| | LPBOR
Reset

Note 1: See Table 8-1 for BOR active conditions.

Rev. 10-000006E
511172016

Device

D

© 2016 Microchip Technology Inc.

Preliminary

DS40001843B-page 69



PIC18(L)F24/25K40

FIGURE 8-2: LPBOR, BOR, POR RELATIONSHIP
BOR
BOR Event
_>
REARM POR >
Event —L To PCON
indicator bit
POR
LPBOR
POR Event
LPBOR Event

Reset

8.1 Register Definitions: BOR Control

REGISTER 8-1: BORCON: BROWN-OUT RESET CONTROL REGISTER
R/W-1/u uU-0 u-0 uU-0 u-0 uU-0 uU-0 R-q/u
SBOREN | — - | =1 = — — BORRDY
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 SBOREN: Software Brown-out Reset Enable bit

bit 6-1
bit 0

If BOREN # 01:
SBOREN is read/write, but has no effect on the BOR.
If BOREN =01:

1= BOR Enabled
0 = BOR Disabled

Unimplemented: Read as ‘0’
BORRDY: Brown-out Reset Circuit Ready Status bit

1 = The Brown-out Reset Circuit is active and armed
0 = The Brown-out Reset Circuit is disabled or is warming up
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8.2 Register Definitions: Power Control

REGISTER 8-2: PCONO: POWER CONTROL REGISTER 0

R/W/HS-0/q R/W/HS-0/q R/W/HC-1/g R/W/HC-1/q R/W/HC-1/q R/W/HC-1/9g R/W/HC-0/lu R/W/HC-q/u
STKOVF STKUNF WDTWV RWDT RMCLR RI POR BOR
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware HS = Bit is set by hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 STKOVF: Stack Overflow Flag bit

1= A Stack Overflow occurred (more CALLs than fit on the stack)
0 = A Stack Overflow has not occurred or set to ‘0’ by firmware

bit 6 STKUNF: Stack Underflow Flag bit

1= A Stack Underflow occurred (more RETURNs than CALLS)

0 = A Stack Underflow has not occurred or set to ‘0’ by firmware
bit 5 WDTWV: Watchdog Window Violation bit

1= A WDT window violation has not occurred or set to ‘1’ by firmware
0 = ACLRWDT instruction was issued when the WDT Reset window was closed (set to ‘0’ in hardware
when a WDT window violation Reset occurs)

bit 4 RWDT: WDT Reset Flag bit
1= A WDT overflow/time-out Reset has not occurred or set to ‘1’ by firmware
0= A WDT overflow/time-out Reset has occurred (set to ‘0’ in hardware when a WDT Reset occurs)
bit 3 RMCLR: MCLR Reset Flag bit
1= A MCLR Reset has not occurred or set to ‘1’ by firmware
0 = A MCLR Reset has occurred (set to ‘0’ in hardware when a MCLR Reset occurs)
bit 2 RI: RESET Instruction Flag bit
1= A RESET instruction has not been executed or set to ‘1’ by firmware
0 = A RESET instruction has been executed (set to ‘0O’ in hardware upon executing a RESET
instruction)
bit 1 POR: Power-on Reset Status bit
1= No Power-on Reset occurred or set to ‘1’ by firmware
0 = A Power-on Reset occurred (set to ‘0’ in hardware when a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit

1= No Brown-out Reset occurred or set to ‘1’ by firmware
0 = A Brown-out Reset occurred (set to ‘0’ in hardware when a Brown-out Reset occurs)
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8.3 Power-on Reset (POR)

The POR circuit holds the device in Reset until VDD has
reached an acceptable level for minimum operation.
Slow rising VDD, fast operating speeds or analog
performance may require greater than minimum VDD.
The PWRT, BOR or MCLR features can be used to
extend the start-up period until all device operation
conditions have been met.

8.4 Brown-out Reset (BOR)

The BOR circuit holds the device in Reset when VDD
reaches a selectable minimum level. Between the
POR and BOR, complete voltage range coverage for
execution protection can be implemented.

The Brown-out Reset module has four operating
modes controlled by the BOREN<1:0> bits in
Configuration Words. The four operating modes are:

* BORis always on

* BOR is off when in Sleep

* BOR is controlled by software
* BOR is always off

Refer to Table 8-1 for more information.

The Brown-out Reset voltage level is selectable by
configuring the BORV<1:0> bits in Configuration
Words.

A VDD noise rejection filter prevents the BOR from
triggering on small events. If VDD falls below VBOR for
a duration greater than parameter TBORDC, the device
will reset. See Table 37-11 for more information.

8.4.1 BOR IS ALWAYS ON

When the BOREN bits of Configuration Words are
programmed to ‘11’, the BOR is always on. The device
start-up will be delayed until the BOR is ready and VDD
is higher than the BOR threshold.

BOR protection is active during Sleep. The BOR does
not delay wake-up from Sleep.

8.4.2 BOR IS OFF IN SLEEP

When the BOREN bits of Configuration Words are
programmed to ‘10’, the BOR is on, except in Sleep.
The device start-up will be delayed until the BOR is
ready and VDD is higher than the BOR threshold.

BOR protection is not active during Sleep. The device
wake-up will be delayed until the BOR is ready.

8.4.3 BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Words are
programmed to ‘01’, the BOR is controlled by the
SBOREN bit of the BORCON register. The device
start-up is not delayed by the BOR ready condition or
the VDD level.

BOR protection begins as soon as the BOR circuit is
ready. The status of the BOR circuit is reflected in the
BORRDY bit of the BORCON register.

BOR protection is unchanged by Sleep.

8.4.4 BOR AND BULK ERASE

BOR is forced ON during PFM Bulk Erase operations
to make sure that the system code protection cannot be
compromised by reducing VDD.

During Bulk Erase, the BOR is enabled at 2.45V for F
and LF devices, even if it is configured to some other
value. If VDD falls, the erase cycle will be aborted, but
the device will not be reset.
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TABLE 8-1: BOR OPERATING MODES
Instruction Execution upon:
BOREN<1:0> | SBOREN | Device Mode | BOR Mode
Release of POR Wake-up from Sleep
. Wait for release of BOR . .
11 X X Active (BORRDY = 1) Begins immediately
. Wait for release of BOR
0 y Awake Active (BORRDY = 1) N/A
. Wait for release of BOR
Sleep Hibernate N/A (BORRDY = 1)
01 1 X Active Wait for release of BOR Beains immediatel
0 X Hibernate (BORRDY = 1) 9 Y
00 X X Disabled Begins immediately
FIGURE 8-3: BROWN-OUT SITUATIONS
VbD
_____________ v_________________ VBOR
|
Internal L
Reset " Tpwrt(M
\/sls}
_____________W _____________ VBOR
1 N\_/|
! ! I
Internal | <ITPVIVRT'<—>|—
Reset " Tpwrt(M
\/sls}
_____ \_____________75_____________ VBOR
I
! |
Internal L
Reset " Tpwrt(M

Note 1: TPWRT delay only if PWRTE bit is programmed to ‘0.
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8.5 Low-Power Brown-out Reset
(LPBOR)

The Low-Power Brown-out Reset (LPBOR) provides
an additional BOR circuit for low power operation.
Refer to Figure 8-2 to see how the BOR interacts with
other modules.

The LPBOR is used to monitor the external VDD pin.
When too low of a voltage is detected, the device is
held in Reset.

8.5.1 ENABLING LPBOR

The LPBOR is controlled by the LPBOREN bit of
Configuration Word 2L. When the device is erased, the
LPBOR module defaults to disabled.

8.5.1.1 LPBOR Module Output

The output of the LPBOR module is a signal indicating
whether or not a Reset is to be asserted. This signal is
OR'd together with the Reset signal of the BOR
module to provide the generic BOR signal, which goes
to the PCONO register and to the power control block.

8.6 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 8-2). The RMCLR bit in the
PCONO register will be set to ‘0’ if a MCLR has
occurred.

TABLE 8-2: MCLR CONFIGURATION
MCLRE LVP MCLR
1 Enabled
0 Enabled
0 Disabled

8.6.1 MCLR ENABLED

When MCLR is enabled and the pin is held low, the
device is held in Reset. The MCLR pin is connected to
VDD through an internal weak pull-up.

The device has a noise filter in the MCLR Reset path.
The filter will detect and ignore small pulses.

Note: An internal Reset event (RESET, instr,
BOR, WWDT, POR STK), does not drive
the MCLR pin low.

8.6.2 MCLR DISABLED

When MCLR is disabled, the MCLR becomes
input-only and pin functions such as internal weak
pull-ups are under software control. See Section 15.1
“1/0O Priorities” for more information.

8.7 Windowed Watchdog Timer
(WWDT) Reset

The Windowed Watchdog Timer generates a Reset if
the firmware does not issue a CLRWDT instruction
within the time-out period or window set. The TO and
PD bits in the STATUS register and the RWDT bit in the
PCONOQO register are changed to indicate a WDT Reset.
The WDTWV bit in the PCONO register indicates if the
WDT Reset has occurred due to a time out or a window
violation. See Section 9.0 “Windowed Watchdog
Timer (WWDT)” for more information.

8.8 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCONO register will be set to ‘0’. See Table 8-3
for default conditions after a RESET instruction has
occurred.

8.9 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the
PCONO register indicate the Reset condition. These
Resets are enabled by setting the STVREN bit in
Configuration Words. See Section 10.2.1 “Stack
Overflow and Underflow Resets” for more
information.

8.10 Programming Mode Exit

Upon exit of Programming mode, the device will
behave as if a POR had just occurred.

8.11 Power-up Timer (PWRT)

The Power-up Timer provides a nominal 66 ms (2048
cycles of LFINTOSC) time out on POR or Brown-out
Reset.

The device is held in Reset as long as PWRT is active.
The PWRT delay allows additional time for the VDD to
rise to an acceptable level. The Power-up Timer is
enabled by clearing the PWRTE bit in Configuration
Words.

The Power-up Timer starts after the release of the POR
and BOR.

For additional information, refer to Application Note
ANB607, “Power-up Trouble Shooting” (DS00000607).
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8.12 Start-up Sequence
Upon the release of a POR or BOR, the following must
occur before the device will begin executing:

1. Power-up Timer runs to completion (if enabled).

2. Oscillator start-up timer runs to completion (if
required for selected oscillator source).

3.  MCLR must be released (if enabled).

FIGURE 8-4:

RESET START-UP SEQUENCE

The total time out will vary based on oscillator
configuration and Power-up Timer configuration. See
Section 4.0 “Oscillator Module (with Fail-Safe
Clock Monitor)” for more information.

The Power-up Timer and oscillator start-up timer run
independently of MCLR Reset. If MCLR is kept low
long enough, the Power-up Timer and oscillator
Start-up Timer will expire. Upon bringing MCLR high,
the device will begin execution after 10 FOSC cycles
(see Figure 8-4). This is useful for testing purposes or
to synchronize more than one device operating in
parallel.
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Power-up Timer

‘47 TPWRT ———»
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» TMCLR

External Crystal

Oscillator Start-up Timer

————— Oscillator Modes - — — — — —

Oscillator

Internal Oscillator
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External Clock (EC)

Fosc
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8.13 Determining the Cause of a Reset

Upon any Reset, multiple bits in the STATUS and
PCONO registers are updated to indicate the cause of
the Reset. Table 8-3 shows the Reset conditions of

these registers.

TABLE 8-3: RESET CONDITION FOR SPECIAL REGISTERS

Condition Program STATUS PCONO
Counter Register(2'3) Register
Power-on Reset 0 -110 0000 0011 110x
Brown-out Reset 0 -110 0000 0011 11u0
MCLR Reset during normal operation 0 -uuu uuuu uuuu Ouuu
MCLR Reset during Sleep 0 -10u uuuu uuuu Ouuu
WDT Time-out Reset 0 - Ouu uuuu uuu0 uuuu
WDT Wake-up from Sleep PC+2 -00u uuuu uuuu uuuu
WWDT Window Violation Reset 0 - uuu uuuu uuOu uuuu
Interrupt Wake-up from Sleep PC + 201 -10u Ouuu uuuu uuuu
RESET Instruction Executed 0 -uuu uuuu uuuu uOuu
Stack Overflow Reset (STVREN = 1) 0 -uuu uuuu luuu uuuu
Stack Underflow Reset (STVREN = 1) 0 -uuu uuuu uluu uuuu
Legend: u =unchanged, x =unknown, —= unimplemented bit, reads as ‘0.

Note 1: When the wake-up is due to an interrupt and Global Interrupt Enable bit (GIE) is set the return address is
pushed on the stack and PC is loaded with the corresponding interrupt vector (depending on source, high
or low priority) after execution of PC + 2.
2: If a Status bit is not implemented, that bit will be read as ‘0’.
3: Status bits Z, C, DC are reset by POR/BOR (Register 10-2).
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8.14 Power Control (PCONO0) Register

The Power Control (PCONO) register contains flag bits
to differentiate between a:

+ Brown-out Reset (BOR)

+ Power-on Reset (POR)

« Reset Instruction Reset (RI)

+ MCLR Reset (RMCLR)

« Watchdog Timer Reset (RWDT)

» Watchdog Window Violation (WDTWV)

» Stack Underflow Reset (STKUNF)

» Stack Overflow Reset (STKOVF)

The PCONO register bits are shown in Register 8-2.

Hardware will change the corresponding register bit
during the Reset process; if the Reset was not caused
by the condition, the bit remains unchanged
(Table 8-3).

Software should reset the bit to the inactive state after
restart (hardware will not reset the bit).

Software may also set any PCONO bit to the active
state, so that user code may be tested, but no Reset
action will be generated.

TABLE 8-4: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 5§9;§;’
BORCON | SBOREN — — — — — — BORRDY 70
PCONO STKOVF | STKUNF | WDTWV | RWDT | RMCLR RI POR BOR 71
STATUS — TO PD N oV z DC C 113
WDTCONO — — WDTPS<4:0> SEN 80
WDTCONT1 — WDTCS<2:0> — WINDOW<2:0> 81
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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9.0 WINDOWED WATCHDOG
TIMER (WWDT)

The Watchdog Timer (WDT) is a system timer that
generates a Reset if the firmware does not issue a
CLRWDT instruction within the time-out period. The
Watchdog Timer is typically used to recover the system
from unexpected events. The Windowed Watchdog
Timer (WWDT) differs in that CLRWDT instructions are
only accepted when they are performed within a
specific window during the time-out period.

The WWDT has the following features:

» Selectable clock source
* Multiple operating modes
- WWDT is always on
- WWDT is off when in Sleep
- WWDT is controlled by software
- WWDT is always off

» Configurable time-out period is from 1 ms to 256s
(nominal)

+ Configurable window size from 12.5% to 100% of
the time-out period

* Multiple Reset conditions

© 2016 Microchip Technology Inc. Preliminary

DS40001843B-page 78



PIC18(L)F24/25K40
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FIGURE 9-1: WINDOWED WATCHDOG TIMER BLOCK DIAGRAM
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9.1 Register Definitions: Windowed Watchdog Timer Control

REGISTER 9-1: WDTCONO: WATCHDOG TIMER CONTROL REGISTER 0

u-0 u-0 RWE).g/q@  RWE.g/g@ RWE.g/q@ RWE-g/q@ RWE-g/g@  RW-0/0
- - WDTPS<4:0> SEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 WDTPS<4:0>: Watchdog Timer Prescale Select bits(?)

Bit Value = Prescale Rate
11111 = Reserved. Results in minimum interval (1:32)

10011 = Reserved. Results in minimum interval (1:32)

10010 = 1:8388608 (222) (Interval 256s nominal)
10001 = 1:4194304 (2%2) (Interval 128s nominal)
(

10000 = 1:2097152 (22") (Interval 64s nominal)
01111 = 1:1048576 (22°) (Interval 32s nominal)
01110 = 1:524288 (2'°) (Interval 16s nominal)
01101 = 1:262144 (2'8) (Interval 8s nominal)
01100 = 1:131072 (2'7) (Interval 4s nominal)
01011 = 1:65536 (Interval 2s nominal) (Reset value)
01010 = 1:32768 (Interval 1s nominal)

01001 = 1:16384 (Interval 512 ms nominal)
01000 = 1:8192 (Interval 256 ms nominal)
00111 = 1:4096 (Interval 128 ms nominal)
00110 = 1:2048 (Interval 64 ms nominal)
00101 = 1:1024 (Interval 32 ms nominal)
00100 = 1:512 (Interval 16 ms nominal)

00011 = 1:256 (Interval 8 ms nominal)

00010 = 1:128 (Interval 4 ms nominal)

00001 = 1:64 (Interval 2 ms nominal)

00000 = 1:32 (Interval 1 ms nominal)

bit 0 SEN: Software Enable/Disable for Watchdog Timer bit

If WDTE<1:0> = 1x:

This bit is ignored.

If WDTE<1:0>=01:

1= WDT is turned on

0 = WDT is turned off

If WDTE<1:0> = 00:

This bit is ignored.

Note 1: Times are approximate. WDT time is based on 31 kHz LFINTOSC.

2: When WDTCPS <4:0> in CONFIG3L =11111, the Reset value of WDTPS<4:0> is 01011. Otherwise, the
Reset value of WDTPS<4:0> is equal to WDTCPS<4:0> in CONFIG3L.

3: When WDTCPS <4:0> in CONFIG3L # 11111, these bits are read-only.
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REGISTER 9-2: WDTCON1: WATCHDOG TIMER CONTROL REGISTER 1

U-0 RWE)-g/q RWE)-g/q(" RWE)-g/gM uU-0 RW@#-g/q@ RW@-g/q@ RW@#)-g/q@
- WDTCS<2:0> - WINDOW<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6-4 WDTCS<2:0>: Watchdog Timer Clock Select bits
111 = Reserved

010 = Reserved

001 = MFINTOSC 31.25 kHz
000 = LFINTOSC 31 kHz
bit 3 Unimplemented: Read as ‘0’
bit 2-0 WINDOW-<2:0>: Watchdog Timer Window Select bits
WINDOW <. 0> Window delay Window opening
Percent of time Percent of time
111 N/A 100
110 12.5 87.5
101 25 75
100 37.5 62.5
011 50 50
010 62.5 375
001 75 25
000 87.5 12.5

Note 1: If WDTCCS <2:0> in CONFIG3H =111, the Reset value of WDTCS<2:0> is 000.
2: The Reset value of WINDOW<2:0> is determined by the value of WDTCWS<2:0> in the CONFIG3H
register.
3: IfWDTCCS<2:0> in CONFIG3H # 111, these bits are read-only.
4: If WDTCWS<2:0>in CONFIG3H # 111, these bits are read-only.
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REGISTER 9-3:  WDTPSL: WWDT PRESCALE SELECT LOW BYTE REGISTER (READ-ONLY)

R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
PSCNT<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 PSCNT<7:0>: Prescale Select Low Byte bits(!)

Note 1: The 18-bit WDT prescale value, PSCNT<17:0> includes the WDTPSL, WDTPSH and the lower bits of the
WDTTMR registers. PSCNT<17:0> is intended for debug operations and should be read during normal
operation.

REGISTER 9-4: WDTPSH: WWDT PRESCALE SELECT HIGH BYTE REGISTER (READ-ONLY)

R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
PSCNT<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 PSCNT<15:8>: Prescale Select High Byte bits(")

Note 1: The 18-bit WDT prescale value, PSCNT<17:0> includes the WDTPSL, WDTPSH and the lower bits of the
WDTTMR registers. PSCNT<17:0> is intended for debug operations and should be read during normal
operation.
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WDT Window State
WINDOW Open Percent
Closed Open
111 N/A 00000- 111112 100
110 00000- 00011 | 00100-11111 87.5
101 00000- 00111 | 01000-11111 75
100 00000- 01011 | 01100-11111 62.5
011 00000-01111 | 10000-11111 50
010 00000- 10011 | 10100-11111 375
001 00000- 10111 | 11000-11111 25
000 00000- 11011 | 11100-11111 12.5

bit 2

STATE: WDT Armed Status bit

1 =WDT is armed
0 = WDT is not armed

bit 1-0
Note 1:

PSCNT<17:16>: Prescale Select Upper Byte bits(?)

REGISTER 9-5: WDTTMR: WDT TIMER REGISTER (READ-ONLY)
R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
WDTTMR<4:0> | STATE |  PsCNT<17:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-3 WDTTMR<4:0>: Watchdog Window Value bits

The 18-bit WDT prescale value, PSCNT<17:0> includes the WDTPSL, WDTPSH and the lower bits of the

WDTTMR registers. PSCNT<17:0> is intended for debug operations and should be read during normal
operation.
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9.2 Independent Clock Source

The WWDT can derive its time base from either the
31 kHz LFINTOSC or 31.25 kHz MFINTOSC internal
oscillators, depending on the value of WDTE<1:0>
Configuration bits.

If WDTE = 2' blx, then the clock source will be
enabled depending on the WDTCCS<2:0>
Configuration bits.

If WDTE = 2' b01, the SEN bit should be set by
software to enable WWDT, and the clock source is
enabled by the WDTCS bits in the WDTCON1 register.

Time intervals in this chapter are based on a minimum
nominal interval of 1 ms. See Section 37.0 “Electrical
Specifications” for LFINTOSC and MFINTOSC
tolerances.

9.3 WWDT Operating Modes

The Windowed Watchdog Timer module has four
operating modes controlled by the WDTE<1:0> bits in
Configuration Words. See Table 9-1.

9.3.1 WWDT IS ALWAYS ON

When the WDTE bits of Configuration Words are set to
‘11’, the WWDT is always on.

WWDT protection is active during Sleep.

9.3.2 WWDT IS OFF IN SLEEP

When the WDTE bits of Configuration Words are set to
10’, the WWDT is on, except in Sleep.

WWDT protection is not active during Sleep.

9.3.3 WWDT CONTROLLED BY
SOFTWARE

When the WDTE bits of Configuration Words are set to
‘01’, the WWDT is controlled by the SEN bit of the
WDTCONQO register.

WWDT protection is unchanged by Sleep. See
Table 9-1 for more details.

TABLE 9-1: WWDT OPERATING MODES

Device WWDT
Mode Mode

11 X X Active
Awake |Active

WDTE<1:0> SEN

10 X .
Sleep |Disabled
1 X Active
01 -
X Disabled
00 X X Disabled

9.4 Time-out Period

If the WDTCPS<4:0> Configuration bits default to
5'b11111, then the WDTPS bits of the WDTCONO
register set the time-out period from 1ms to
256 seconds (nominal). If any value other than the
default value is assigned to WDTCPS<4:0>
Configuration bits, then the timer period will be based
on the WDTCPS<4:0> bits in the CONFIG3L register.
After a Reset, the default time-out period is 2s.

9.5 Watchdog Window

The Windowed Watchdog Timer has an optional
Windowed mode that is controlled by the
WDTCWS<2:0> Configuration bits and WINDOW<2:0>
bits of the WDTCON1 register. In the Windowed mode,
the CLRVWDT instruction must occur within the allowed
window of the WDT period. Any CLRWDT instruction that
occurs outside of this window will trigger a window
violation and will cause a WWDT Reset, similar to a
WWDT time out. See Figure 9-2 for an example.

The window size is controlled by the WINDOW<2:0>
Configuration bits, or the WINDOW<2:0> bits of
WDTCONT1, if WDTCWS<2:0>=111.

The five Most Significant bits of the WDTTMR register
are used to determine whether the window is open, as
defined by the WINDOW<2:0> bits of the WDTCON1
register.

In the event of a window violation, a Reset will be
generated and the WDTWV bit of the PCONO register
will be cleared. This bit is set by a POR or can be set in
firmware.

9.6 Clearing the WWDT

The WWDT is cleared when any of the following
conditions occur:

* Any Reset

« Valid CLRWDT instruction is executed

» Device enters Sleep

» Exit Sleep by Interrupt

+ WWODT is disabled

+ Oscillator Start-up Timer (OST) is running

» Any write to the WDTCONO or WDTCON1
registers

9.6.1 CLRWDT CONSIDERATIONS
(WINDOWED MODE)

When in Windowed mode, the WWDT must be armed
before a CLRWDT instruction will clear the timer. This is
performed by reading the WDTCONO register.
Executing a CLRWDT instruction without performing
such an arming action will trigger a window violation
regardless of whether the window is open or not.

See Table 9-2 for more information.
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9.7 Operation During Sleep

When the device enters Sleep, the WWDT is cleared.
If the WWDT is enabled during Sleep, the WWDT
resumes counting. When the device exits Sleep, the
WWDT is cleared again.

The WWDT remains clear until the Oscillator Start-up
Timer (OST) completes, if enabled. See Section
4.3.1.3 “Oscillator Start-up Timer (OST)” for more
information on the OST.

When a WWDT time-out occurs while the device is in
Sleep, no Reset is generated. Instead, the device
wakes up and resumes operation. The TO and PD bits
in the STATUS register are changed to indicate the
event. The RWDT bit in the PCONO register can also be
used. See Section 10.0 “Memory Organization” for
more information.

TABLE 9-2: WWDT CLEARING CONDITIONS

Conditions WWDT
WDTE<1:0> =00
WDTE<1:0>=01 and SEN=0
WDTE<1:0> =10 and enter Sleep
Cleared

CLRWDT Command

Oscillator Fail Detected

Exit Sleep + System Clock = SOSC, EXTRC, INTOSC, EXTCLK

Exit Sleep + System Clock = XT, HS, LP

Cleared until the end of OST

Change INTOSC divider (IRCF bits)

Unaffected

FIGURE 9-2: WINDOW PERIOD AND DELAY

CLRWDT Instruction
(or other WDT reset)
_ Window Period

Rev. 10-000 163A
11/8/2013

-

<l

/

Window Closed Window Open

A
Y

Window Delay
(window violation can occur)

Y
Time-out Event

© 2016 Microchip Technology Inc. Preliminary

DS40001843B-page 85



PIC18(L)F24/25K40

TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH WINDOWED WATCHDOG TIMER

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 §§g;z’;eer
PCONO STKOVF | STKUNF | WDTWV | RWDT | RMCLR RI POR BOR 71
STATUS — — — TO PD Z DC C 113
WDTCONO — — WDTPS<4:0> SEN 80
WDTCON — WDTCS<2:0> | — WINDOW<2:0> 81
WDTPSL PSCNT<7:0> 82
WDTPSH PSCNT<15:8> 82
WDTTMR WDTTMR<4:0> \ STATE PSCNT<17:16> 83
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by

Windowed Watchdog Timer.

© 2016 Microchip Technology Inc. Preliminary DS40001843B-page 86



PIC18(L)F24/25K40

10.0 MEMORY ORGANIZATION

There are three types of memory in PIC18 enhanced
microcontroller devices:

* Program Memory
+ Data RAM
+ Data EEPROM

As Harvard architecture devices, the data and program
memories use separate buses; this allows for
concurrent access of the two memory spaces. The data
EEPROM, for practical purposes, can be regarded as
a peripheral device, since it is addressed and accessed
through a set of control registers.

Additional detailed information on the operation of the
Program Flash Memory and Data EEPROM Memory is
provided in Section 11.0 “Nonvolatile Memory
(NVM) Control”.

10.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit program
counter, which 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).

These devices contains the following:

* PIC18(L)F24K40: 16 Kbytes of Flash memory, up
to 8,192 single-word instructions

* PIC18(L)F25K40: 32 K bytes of Flash memory, up
to 16,384 single-word instructions

PIC18 devices have two interrupt vectors. The Reset
vector address is at 0000h and the interrupt vector
addresses are at 0008h and 0018h.

Note:  For memory information on this family of
devices, see Table 10-1 and Table 10-2.
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TABLE 10-1: PROGRAM AND DATA MEMORY MAP
PIC18(L)F25K40 PIC18(L)F26K40 PIC18(L)F27K40
PIC18(L)F24K40 PIC18(L)F45K40 PIC18(L)F46K40 PIC18(L)F47K40
| PC<21:0> | PC<21:0> | PC<21:0> | PC<21:0> |
¥ ¥ ¥ V]
Note1| Stack (31levels) | Stack(31levels) | Stack (31levels) | Stack (31levels) | Note1
v ¥ ¥
00 0000h Reset Vector Reset Vector Reset Vector Reset Vector 00 0000h
00 0008h | Interrupt Vector High Interrupt Vector High Interrupt Vector High Interrupt Vector High | 00 0008h
00 0018h | Interrupt Vector Low Interrupt Vector Low Interrupt Vector Low Interrupt Vector Low | 00 0018h
00 001Ar: User Flash Memory ?0 001Ah
00 3FFFh (BKW) User Flash Memory 00 3FFFh
16KW
00 4000'? ( ) User Flash Memory ?0 4000n
00 7FFFh (32KW) PFM Flash Memory 00 7FFFh
00 8000h (64KW) 00 8000h
00 FFFFh Not 1) 00 FFFFh
resen
01 0000h oL prese 01 0000h
. Not present“) .
01 FFFFh 1 01 FFFFh
Not present( )
02 0000h 02 0000h
. Not present“) .
1F FFFFh 1F FFFFh
20 0000h 20 0000h
eee User IDs (8 Words) see
20 000Fh 20 000Fh
20 0010h 20 0010h
oo Reserved see
2F FFFFh 2F FFFFh
30 0000h 30 0000h
e Configuration Words (6 Words) s
30 000Bh 30 000Bh
30 000Ch 30 000Ch
eee Reserved see
30 FFFFh 30 FFFFh
31 0000h DataEEByte0 31 0000h
ala=EByle DataEEByte0
31 00FFh DataEEByte255
oo Unimplemented cee
DataEEByte102
31 03FFh alaEEByte1023 31 03FFh
31 0400h 31 0400h
eee Reserved see
3F FFFBh 3F FFFBh
3F FFFCh 3F FFFCh
oee Revision ID (1 Word)® cee
3F FFFDh 3F FFFDh
3F FFFEh 3F FFFEh
cee Device ID (1 Word)®? cee
3F FFFFh 3F FFFFh
Note 1: The addresses do not roll over. The region is read as ‘0’.
2: Device/Revision IDs are hard-coded in silicon.
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TABLE 10-2: MEMORY MAP AND CODE PROTECTION CONTROL
Device
Reg. Address
(fromito) PIC18(LIF24K40 PIC18(L)F25K40 PIC18(L)F26K40 PIC18(L)F27K40
PIC18(L)F45K40 PIC18(L)F46K40 PIC18(L)F47K40
00 0000h Boot Block 1 KW Boot Block 1 KW Boot Block 1 KW Boot Block 1 KW
0007FFh | CP, WRTB, EBTRB CP, WRTB, EBTRB CP WRTB, EBTRB CP WRTB, EBTRB
00 0800h Block 0 Block 0
3 KW 3KW
00 1FEEh | CP. WRTO, EBTRO CP, WRTO, EBTRO Block 0 Block 0
7 KW 7 KW
00 2000h Block 1 Block 1 CP, WRTO, EBTRO CP, WRTO, EBTRO
4 KW 4 KW
00 3FFEh | CP. WRT1, EBTR1 CP, WRT1, EBTR1
00 4000h Block 2
4 KW
00 5FFFh CP, WRT2, EBTR2 Block 1 Block 1
8 KW 8 KW
00 6000h Block 3 CP, WRT1, EBTR1 CP, WRT1, EBTR1
4 KW
00 7FFEh CP, WRT3, EBTR3
00 8000h Block 2 Block 2
8 KW 8 KW
PFM | 00 BEFFR CP, WRT2, EBTR2 CP, WRT2, EBTR2
00 Co0Oh Block 3 Block 3
8 KW 8 KW
00 FFEEh CP, WRT3, EBTR3 CP, WRT3, EBTR3
Not present
01 0000h Block 4
8 KW
01 3FFFh CP, WRT4, EBTR4
Not present
01 4000h Block 5
8 KW
01 7FFFh CP, WRT5, EBTR5
Not present
01 8000h Block 6
8 KW
01 BEFFh CP, WRT6, EBTR6
01 C000h Block 7
8 KW
01 FFFFh CP, WRT7, EBTR7
30 0000h
6 Words
CONFIG WRIG
30 000Bh
31 0000h 256 Words
Data | 3100FFh CPD, WRTD KW
EEPROM | 31 0100h CPD, WRTD
Unimplemented
31 03FFh
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10.1.1 PROGRAM COUNTER

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is 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; it 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 10.2.3.1 “Computed
GOTO”).

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

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

10.1.2 RETURN ADDRESS STACK

The return address stack allows any combination of up
to 31 program calls and interrupts to occur. 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. PCLATU and PCLATH
are not affected by any of the RETURN or CALL
instructions.

The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer, or as a 35-word by 21-bit RAM with
a 6-bit Stack Pointer in ICD mode. 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 File 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 in the PCONO register
indicate if the stack is full or has overflowed or has
underflowed.

10.1.21 Top-of-Stack Access

Only the top of the return address stack (TOS) is readable
and writable. A set of three registers, TOSU:TOSH:TOSL,
hold the contents of the stack location pointed to by the
STKPTR register (Figure 10-1). This allows users to
implement a software stack if necessary. After a CALL,

RCALL or interrupt, 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.

The user must disable the Global Interrupt Enable (GIE)
bits while accessing the stack to prevent inadvertent
stack corruption.
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FIGURE 10-1: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS
Return Address Stack <20:0>
11111
. 11110 .
Top-of-Stack Registers 11101 Stack Pointer
TOSU TOSH TOSL b STKPTR<4:0>
[00h | [ 1Ah | [ 34h | o | o
- J

00011
001A34h | 00010

~— - Top-of-Stack

000D58h | 00001

00000

10.1.2.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 10-1) contains the
Stack Pointer value. The STKOVF (Stack Overflow)
Status bit and the STKUNF (Stack Underflow) Status bit
can be accessed using the PCONO register. The value
of the Stack Pointer can be 0 through 31. 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 stack
maintenance. After the PC is pushed onto the stack 32
times (without popping any values off the stack), the
STKOVF bit is set. The STKOVF bit is cleared by soft-
ware or by a POR. The action that takes place when the
stack becomes full depends on the state of the
STVREN (Stack Overflow Reset Enable) Configuration
bit. (Refer to Section 3.1 “Configuration Words” for
a description of the device Configuration bits.)

If STVREN is set (default), a Reset will be generated
and a Stack Overflow will be indicated by the STKOVF
bit when the 32nd push is initiated. This includes CALL
and CALLWinstructions, as well as stacking the return
address during an interrupt response. The STKOVF bit
will remain set and the Stack Pointer will be set to zero.

If STVREN is cleared, the STKOVF bit will be set on the
32nd push and the Stack Pointer will remain at 31 but
no Reset will occur. Any additional pushes will
overwrite the 315t push but the STKPTR will remain at
31.

Setting STKOVF = 1 in software will change the bit, but
will not generate a Reset.

The STKUNF bit is set when a stack pop returns a
value of zero. The STKUNF bit is cleared by software
or by POR. The action that takes place when the stack
becomes full depends on the state of the STVREN
(Stack Overflow Reset Enable) Configuration bit.
(Refer to Section 3.1 “Configuration Words” for a
description of the device Configuration bits.)

If STVREN is set (default) and the stack has been
popped enough times to unload the stack, the next pop
will return a value of zero to the PC, it will set the
STKUNF bit and a Reset will be generated. This
condition can be generated by the RETURN, RETLWand
RETFI E instructions.

If STVREN is cleared, the STKUNF bit will be set, but
no Reset will occur.

When STVREN = 0, STKUNF will be set but no Reset
will occur.

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.

10.1.2.3 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
the stack without disturbing normal program execution
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.
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10.2 Register Definitions: Stack Pointer
REGISTER 10-1: STKPTR: STACK POINTER REGISTER

uU-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
_ | — | — \ STKPTR<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented C = Clearable only bit
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 STKPTR<4:0>: Stack Pointer Location bits
10.2.1 STACK OVERFLOW AND Example 10-1 shows a source code example that uses
UNDERFLOW RESETS the fast register stack during a subroutine call and

Device Resets on Stack Overflow and Stack Underflow return.

conditions are enabled by setting the STVREN bit in
Configuration Register 4L. When STVREN is set, a Full
or Underflow condition will set the appropriate STKOVF

EXAMPLE 10-1: FAST REGISTER STACK
CODE EXAMPLE

or STKUNF bit and then cause a device Reset. When CALL SUB1, FAST ; STATUS, WREG, BSR
STVREN is cleared, a Full or Underflow condition will ; SAVED | N FAST REG STER
set the appropriate STKOVF or STKUNF bit but not ; STACK

cause a device Reset. The STKOVF or STKUNF bits ¢

are cleared by the user software or a Power-on Reset. °

10.2.2  FAST REGISTER STACK SUBL -

A fast register stack is provided for the Status, WREG RETURN, FAST ; RESTORE VALUES SAVED
and BSR registers, to provide a “fast return” option for ; I'N FAST REG STER STACK

interrupts. The stack for each register 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 inter-
rupt sources will push values into the stack registers.
The values in the registers are then loaded back into
their associated registers if the RETFIE, FAST
instruction is used to return from the interrupt.

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

Ifinterrupt 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.
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10.2.3 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

10.2.3.1 Computed GOTO

A computed GOTOis accomplished by adding an offset
to the program counter. An example is shown in
Example 10-2.

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 10-2: COMPUTED GOTOUSING
AN OFFSET VALUE

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

10.2.3.2 Table Reads and Table Writes

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 by using table reads and writes. The
Table Pointer (TBLPTR) register specifies the byte
address and the Table Latch (TABLAT) register
contains the data that is read from or written to program
memory. Data is transferred to or from program
memory one byte at a time.

Table read and table write operations are discussed
further in Section 11.1.1 “Table Reads and Table
Writes”.
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10.3 PIC18 Instruction Cycle

10.3.1 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; the instruction is fetched
from the program memory and latched into the
instruction register during Q4. The instruction is
decoded and executed during the following Q1 through
Q4. The clocks and instruction execution flow are
shown in Figure 10-2.

FIGURE 10-2:

10.3.2 INSTRUCTION FLOWY/PIPELINING

An “Instruction Cycle” consists of four Q cycles: Q1
through Q4. The instruction fetch and execute are
pipelined 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 causes the program counter to
change (e.g., GOTO), then two cycles are required to
complete the instruction (Example 10-3).

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 | @4 1 Qi
osc1

Q1

Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 |

y \ |

.
Q2 /

|| Internal

Q3

|
/ \ !
Q4

|

v Phase
[ Clock

/ |

PC PC X

-~

PC+4 |

OSC2/CLKOUT
(RC mode)

Execute INST (PC — 2)

Fetch INST (PC)

Execute INST (PC) [

Fetch INST (PC + 2)

Execute INST (PC + 2)

Fetch INST (PC + 4)

EXAMPLE 10-3:

INSTRUCTION PIPELINE FLOW

Tcy0 Tey1

MOVLW 55h Fetch 1 Execute 1

Tcy2 Tcy3 Tcy4 Tcy5

MOVWF PORTB Fetch 2

Execute 2

BRA SUB 1
BSF PORTA, BI T3 (Forced NOP)
Instruction @address SUB_1

a > wbh e

Fetch 3 Execute 3

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.

Fetch 4

Flush (NCP)
Fetch SUB_1

Execute SUB_1
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10.3.3 INSTRUCTIONS IN PROGRAM

MEMORY

The program memory is addressed in bytes.
Instructions are stored as either two bytes or four bytes
in program memory. The Least Significant Byte of an
instruction word is always stored in a program memory
location with an even address (LSb = 0). To maintain
alignment with instruction boundaries, the PC
increments in steps of two and the LSb will always read
‘0’ (see Section 10.1.1 “Program Counter”).

Figure 10-3 shows an example of how instruction
words are stored in the program memory.

The CALL and GOTO instructions have the absolute
program memory address embedded into the
instruction. 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 10-3 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. Section 35.0 “Instruction Set Summary”
provides further details of the instruction set.

FIGURE 10-3:

10.3.4 TWO-WORD INSTRUCTIONS

The standard PIC18 instruction set has four two-word
instructions: CALL, MOVFF, GOTO and LFSR. In all
cases, the second word of the instruction always has
11171’ as its four Most Significant bits; the other 12 bits
are literal data, usually a data memory address.

The use of ‘1111’ in the 4 MSbs of an instruction
specifies a special form of NOP. If the instruction is
executed in proper sequence — immediately after the
first word — the data in the second word is accessed
and 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 10-4 shows how this works.

Note: See Section 10.8 “PIC18 Instruction
Execution and the Extended Instruc-
tion Set” for information on two-word
instructions in the extended instruction set.

INSTRUCTIONS IN PROGRAM MEMORY

Word /-lddress

LSB=1 LSB=0
Program Memory 000000h
Byte Locations —> 000002h
000004h
000006h
Instruction 1: MOVLW 055h OFh 55h 000008h
Instruction 2:  GOTO 0006h EFh 03h 00000Ah
FOh 00h 00000Ch
Instruction 3: MOVFF 123h, 456h C1h 23h 00000Eh
F4h 56h 000010h
000012h
000014h

EXAMPLE 10-4: TWO-WORD INSTRUCTIONS

CASE 1:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REGL ; is RAM Il ocation 0?
1100 0001 0010 0011 | MOVFF REGL, REG ; No, skip this word

1111 0100 0101 0110 : Execute this word as a NOP
0010 0100 0000 0000 | ADDWF REG3 ;. continue code

CASE 2:

Object Code Source Code

0110 0110 0000 0000 | TSTFSzZ REGL ; is RAM | ocation 0?

1100 0001 0010 0011 | MOVFF REGL, REG ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 0000 | ADDW REG3 ; continue code
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10.4 Data Memory Organization

Note: The operation of some aspects of data
memory are changed when the PIC18
extended instruction set is enabled. See
Section 10.7 “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 4096 bytes of data
memory. The memory space is divided into as many as
16 banks that contain 256 bytes each. Figure 10-4
shows the data memory organization for the
PIC18(L)F2x/4xK40 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
subsection.

To ensure that commonly used registers (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 SFRs and
the lower portion of GPR Bank 0 without using the Bank
Select Register (BSR). Section 10.4.2 “Access
Bank” provides a detailed description of the Access
RAM.

10.4.1 BANK SELECT REGISTER (BSR)

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 8-bit
low-order address and a 4-bit Bank Pointer.

Most instructions in the PIC18 instruction set make use
of the Bank Pointer, known as the Bank Select Register
(BSR). This SFR holds the four Most Significant bits of
a location’s address; the instruction itself includes the
eight Least Significant bits. Only the four lower bits of
the BSR are implemented (BSR<3:0>). The upper four
bits are unused; they will always read ‘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
location 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 10-4.

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 8-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 maps in
Figure 10-4 indicate 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. This instruction ignores the
BSR completely when it executes. 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 10-4:

DATA MEMORY MAP FOR PIC18(L)F2X/4XK40 DEVICES

Virtual Bank

Access RAM

SFR

Bank | BSR<3:0>| addr<7:0> PIC18(L)F26K40 Address
PIC18(L)F25K40| PIC18(L)F27K40| | addr<11:0>
PIC18(L)F24K40
(L) PIC18(L)F45K40| PIC18(L)F46K40
PIC18(L)F47K40
00h Access RAM Access RAM Access RAM 000h
05Fh
Bank 0 0000
GPR GPR GPR 060h
FFh OFFh
00h 100h
Bank 1 0001
FFh
00h )
Bank 2 0010 GPR GPR GPR .
FFh .
00h
Bank 3 0011
FFh 3FFh
00h 400h
Bank 0100 .
anks —
tt07 GPR GPR .
0111 .
FFh _ 7FFh
Unimplemented
00h 800h
Bank 1000 .
anks — q
810 13 Unimplemented GPR
1101 .
FFh DFFh
00h| |Unimplemented™)| Unimplemented(") GPR(" EO0Oh
Bank 14 | 1110 : 1 .
FFh SFR( SFR(" SFRM EFFh
00h FOOh
F5Fh
Bank 15 1111 SFR SFR SFR
F60h
FFh FFFh
Note 1: It depends on the number of SFRs. Refer to Table 10-3 and Table 10-4.

00h
5Fh
60h
FFh

orMsz/yzd(1)8Lold
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FIGURE 10-5: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)
BSR( Data Memory From Opcode(®
7 0 000h 00h 7 P 0
Bank 0 1(1(1)1(1]1f{1]|1
[o]ofolofolofa]of e [t t]e]e[a]2]2]1]
Bank 1 —~
Bank Select(® FFh
200h 00h
Bank 2
300h FFh <«
00h
Bank 3
through NN
A Bank13 I
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.
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10.4.2 ACCESS BANK

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

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of mem-
ory (00h"5Fh) in Bank 0 and the last 160 bytes of mem-
ory (60h'FFh) in Block 15. The lower half is known as
the “Access RAM” and is composed of GPRs. This
upper half is also where the device’'s SFRs are
mapped. These two areas are mapped contiguously in
the Access Bank and can be addressed in a linear
fashion by an 8-bit address (Figure 10-4).

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

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

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detall
in Section 10.7.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.

10.4.3 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.

10.4.4 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
the top portion of Bank 15 (F38h to FFFh). A list of
these registers is given in Table 10-3 and Table 10-4.

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

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘O’s.
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TABLE 10-3: SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F24/25K40 DEVICES

Address Name Address Name Address Name Address Name
FFFh TOSU FD7h PCONO FAFh T6TMR F87h =
FFEh TOSH FD6h TOCON1 FAEh| CCPTMRS F86h =
FFDh TOSL FD5h TOCONO FADh| CCP1CAP F85h LATC
FFCh STKPTR FD4h TMROH FACh| CCP1CON F84h LATB
FFBh PCLATU FD3h TMROL FABh CCP1H F83h LATA
FFAh PCLATH FD2h T1CLK FAAh CCP1L F82h NVMCON2
FF9h PCL FD1h T1GATE FASh| CCP2CAP F81h NVMCON1
FF8h TBLPTRU FDOh T1GCON FA8h| CCP2CON F80h NVMDAT
FF7h TBLPTRH FCFh T1CON FA7h CCP2H F7Fh =
FF6h TBLPTRL FCEh TMR1H FABh CCP2L F7Eh NVMADRL
FF5h TABLAT FCDh TMR1L FASh| PWM3CON F7Dh CRCCON1
FF4h PRODH FCCh T3CLK FA4h| PWM3DCH F7Ch CRCCONO
FF3h PRODL FCBh T3GATE FA3h | PWM3DCL F7Bh CRCXORH
FF2h INTCON FCAh T3GCON FA2h | PWM4CON F7Ah CRCXORL
FF1h = FC9h T3CON FA1h| PWM4DCH F79h| CRCSHIFTH
FFOh = FC8h TMR3H FAOh| PWM4DCL F78h| CRCSHIFTL
FEFh INDFO(™) FC7h TMR3L FOFh | BAUD1CON F77h CRCACCH
FEEh| POSTINCOM FCéh T5CLK F9Eh TX1STA F76h CRCACCL
FEDh| POSTDECO(™ FC5h T5GATE F9Dh RC1STA F75h CRCDATH
FECh PREINCO( FC4h T5GCON FO9Ch| SP1BRGH F74h CRCDATL
FEBh PLUSWO™ FC3h T5CON F9Bh| SP1BRGL F73h ADFLTRH
FEAh FSROH FC2h TMR5H F9Ah TX1REG F72h ADFLTRL
FESh FSROL FC1h TMR5L F99h RC1REG F71h ADACCH
FE8h WREG FCOh T2RST F98h| SSP1CON3 F70h ADACCL
FE7h INDF1() FBFh| T2CLKCON F97h| SSP1CON2 F6Fh ADERRH
FE6h| POSTINC1( FBEh T2HLT F96h| SSP1CON1 FB6Eh ADERRL
FESh| POSTDEC1( FBDh T2CON F95h| SSP1STAT F6Dh ADUTHH
FE4h PREINC1(" FBCh T2PR F94h| SSP1MSK F6Ch ADUTHL
FE3h PLUSW1( FBBh T2TMR F93h| SSP1ADD F6Bh ADLTHH
FE2h FSR1H FBAh T4RST F92h| SSP1BUF F6Ah ADLTHL
FE1h FSRI1L FBOh| T4CLKCON F91h PORTE F69h ADSTPTH
FEOh BSR FBS8h T4HLT F90h = F68h ADSTPTL
FDFh INDF2(1) FB7h T4CON F8Fh PORTC F67h ADCNT
FDEh| POSTINC2(" FB6h T4PR F8Eh PORTB F66h ADRPT
FDDh| POSTDEC2(" FB5h T4TMR F8Dh PORTA F65h ADSTAT
FDCh PREINC2 (1) FB4h T6RST F8Ch — F64h ADRESH
FDBh PLUsW2( FB3h| T6CLKCON F8Bh = F63h ADRESL
FDAh FSR2H FB2h T6HLT F8Ah TRISC F62h ADPREVH
FD%h FSR2L FB1h T6CON F89h TRISB F61h ADPREVL
FD8h STATUS FBOh T6PR F88h TRISA F60h ADCONO

Note 1: This is not a physical register.
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TABLE 10-4: SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F24/25K40 DEVICES

Address Name Address Name Address Name Address Name Address Name
F5Fh ADPCH F31h FVRCON FO3h — ED5h WDTPSH EA7h T3CKIPPS
F5Eh ADPRE F30h| HLVDCON?1 FO2h — ED4h WDTPSL EA6h T1GPPS
F5Dh ADCAP F2Fh | HLVDCONO FO1h — ED3h WDTCON1 EA5h T1CKIPPS
F5Ch ADACQ F2Eh — FOOh — ED2h WDTCONO EA4h TOCKIPPS
F5Bh ADCON3 F2Dh WPUE EFFh — ED1h PIR7 EA3h INT2PPS
F5Ah ADCON2 F2Ch — EFEh RC7PPS EDOh PIR6 EA2h INT1PPS
F59h ADCON1 F2Bh — EFDh RC6PPS ECFh PIR5 EA1h INTOPPS
F58h ADREF F2Ah INLVLE EFCh RC5PPS ECEh PIR4 EAOh PPSLOCK
F57h ADCLK F29h IOCEP EFBh RC4PPS ECDh PIR3
F56h ADACT F28h I0CEN EFAh RC3PPS ECCh PIR2
F55h MDCARH F27h IOCEF EF9h RC2PPS ECBh PIR1
F54h MDCARL F26h — EF8h RC1PPS ECAh PIRO
F53h MDSRC F25h — EF7h RCOPPS EC%h PIE7
F52h MDCON1 F24h — EF6h RB7PPS EC8h PIE6
F51h MDCONO F23h — EF5h RB6PPS EC7h PIES
F50h | SCANDTRIG F22h — EF4h RB5PPS EC6h PIE4
F4Fh | SCANCONO F21h ANSELC EF3h RB4PPS EC5h PIE3
F4Eh | SCANHADRU F20h WPUC EF2h RB3PPS EC4h PIE2
F4Dh | SCANHADRH F1Fh ODCONC EF1h RB2PPS EC3h PIE1
F4Ch | SCANHADRL F1Eh SLRCONC EFOh RB1PPS EC2h PIEO
F4Bh | SCANLADRU F1Dh INLVLC EEFh RBOPPS EC1h IPR7
F4Ah | SCANLADRH F1Ch I0CCP EEEh RA7PPS ECOh IPR6
F49h | SCANLADRL F1Bh I0OCCN EEDh RABPPS EBFh IPR5
F48h| CWG1STR F1Ah IOCCF EECh RA5PPS EBEh IPR4
F47h CWG1AS1 F19h ANSELB EEBh RA4PPS EBDh IPR3
F46h CWG1AS0 F18h WPUB EEAh RA3PPS EBCh IPR2
F45h | CWG1CON1 F17h ODCONB EESh RA2PPS EBBh IPR1
F44h | CWG1CONO F16h SLRCONB EE8h RA1PPS EBAh IPRO
F43h| CWG1DBF F15h INLVLB EE7h RAOPPS EB9h | SSP1SSPPS
F42h | CWG1DBR F14h 10CBP EE6h PMD5 EB8h | SSP1DATPPS
F41h CWG1ISM F13h 10CBN EE5h PMD4 EB7h | SSP1CLKPPS
F40h | CWG1CLKCON F12h IOCBF EE4h PMD3 EB6h TX1PPS
F3Fh CLKRCLK F11h ANSELA EE3h PMD2 EB5h RX1PPS
F3Eh CLKRCON F10h WPUA EE2h PMD1 EB4h | MDSRCPPS
F3Dh CMOUT FOFh ODCONA EE1h PMDO EB3h | MDCARHPPS
F3Ch CM1PCH FOEh SLRCONA EEOh| BORCON EB2h | MDCARLPPS
F3Bh CM1NCH FODh INLVLA EDFh | VREGCON(™ EB1h| CWGINPPS
F3Ah CM1CON1 FOCh IOCAP EDEh OSCFRQ EBOh CCP2PPS
F39h CM1CONO FOBh IOCAN EDDh | OSCTUNE EAFh CCP1PPS
F38h CM2PCH FOAh IOCAF EDCh OSCEN EAEh | ADACTPPS
F37h CM2NCH FO9h — EDBh | OSCSTAT EADhA T6INPPS
F36h CM2CON1 FO8h — EDAh | OSCCON3 EACh T4INPPS
F35h CM2CONO FO7h — ED9h | OSCCON2 EABh T2INPPS
F34h | DAC1CON1 FO6h — ED8h | OSCCON1 EAAh T5GPPS
F33h | DAC1CONO FO5h — ED7h | CPUDOZE EA9h T5CKIPPS
F32h ZCDCON F04h — ED6h | WDTTMR EA8h T3GPPS

Note 1: Not available on LF parts
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %je;TnR
FFFh TOSU — — — Top of Stack Upper byte (TOS<20:16>) - - - XXXXX
FFEh TOSH Top of Stack High byte (TOS<15:8>) XXXXXXXX
FFDh TOSL Top of Stack Low byte (TOS<7:0>) XXXXXXXX
FFCh STKPTR — — — STKPTR<4:0> -- 000000
FFBh PCLATU — — — Holding Register for PC<20:16> ---00000
FFAh PCLATH Holding Register for PC<15:8> 00000000
FF9h PCL PC Low byte (PC<7:0>) 00000000
FF8h TBLPTRU — — Program Memory Table Pointer (TBLPTR<21:16>) --000000
FF7h TBLPTRH Program Memory Table Pointer (TBLPTR<15:8>) 00000000
FF6h TBLPTRL Program Memory Table Pointer (TBLPTR<7:0>) 00000000
FF5h TABLAT TABLAT 00000000
FF4h PRODH Product Register High byte XXXXXXXX
FF3h PRODL Product Register Low byte XXXXXXXX
FF2h INTCON GIE/GIEH PEIE/GIEL ‘ IPEN ‘ — — INT2EDG ‘ INT1EDG ‘ INTOEDG 000--111
FF1h — Unimplemented —
EFOh — Unimplemented —
FEFh INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) | --------
FEEh POSTINCO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) | --------
FEDh POSTDECO Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) | --------
FECh PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) | --------
FEBh PLUSWO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) — value of | --------
FSRO offset by W

FEAh FSROH — — ‘ — ‘ — Indirect Data Memory Address Pointer 0 High - - - = XXXX
FESh FSROL Indirect Data Memory Address Pointer O Low XXXXXXXX
FE8h WREG Working Register XXXXXXXX

FE7h INDF1

Uses contents of FSRO to address data memory — value of FSR1 not changed (not a physical register)

FE6h POSTINC1

Uses contents of FSRO to address data memory — value of FSR1 post-incremented (not a physical register)

FE5h POSTDEC1

Uses contents of FSRO to address data memory — value of FSR1 post-decremented (not a physical register)

FE4h PREINC1

Uses contents of FSRO to address data memory — value of FSR1 pre-incremented (not a physical register)

FE3h PLUSW1

Uses contents of FSRO to address data memory — value of FSR1 pre-incremented (not a physical register) — value of
FSRO offset by W

Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %jeBoTnR
FE2h FSR1H — — — — Indirect Data Memory Address Pointer 1 High - - - = XXXX
FE1h FSR1L Indirect Data Memory Address Pointer 1 Low XXXXXXXX
FEOh BSR — — — — Bank Select Register ----0000
FDFh INDF2 Uses contents of FSRO to address data memory — value of FSR2 not changed (not a physical register) | --------
FDEh POSTINC2 Uses contents of FSRO to address data memory — value of FSR2 post-incremented (not a physical register) | --------
FDDh POSTDEC2 Uses contents of FSRO to address data memory — value of FSR2 post-decremented (not a physical register) | --------
FDCh PREINC2 Uses contents of FSRO to address data memory — value of FSR2 pre-incremented (not a physical register) | --------
FDBh PLUSW2 Uses contents of FSRO to address data memory — value of FSR2 pre-incremented (not a physical register) — value of | --------

FSRO offset by W

FDAh FSR2H — — — — Indirect Data Memory Address Pointer 2 High - - - = XXXX
FD%h FSR2L Indirect Data Memory Address Pointer 2 Low XXXXXXXX
FD8h STATUS — TO PD N ov z DC C -1100000
FD7h PCONO STKOVF STKUNF | WDTWV RWDT RMCLR RI POR BOR 0011110q
FD6h TOCONT1 TOCS<2:0> TOASYNC TOCKPS<3:0> 00000000
FD5h TOCONO TOEN — TOOUT TO16BIT TOOUTPS<3:0> 0- 000000
FD4h TMROH Holding Register for the Most Significant Byte of the 16-bit TMRO Register 11111111
FD3h TMROL Holding Register for the Least Significant Byte of the 16-bit TMRO Register 00000000
FD2h T1CLK — — — — CS<3:0> ----0000
FD1h T1GATE — — — — GSS<3:0> ----0000
FDOh T1GCON GE GPOL GTM GSPM GO/DONE GVAL — — 00000x- -
FCFh T1CON — — CKPS<1:0> — SYNC RD16 ON --00- 000
FCEh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 00000000
FCDh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 00000000
FCCh T3CLK — — — — CS<3:0> ----0000
FCBh T3GATE — — — — GSS<3:0> ----0000
FCAh T3GCON GE GPOL GTM GSPM GO/DONE GVAL — — 00000x- -
FC9h T3CON — — CKPS<1:0> — SYNC RD16 ON --00- 000
FC8h TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register 00000000
FC7h TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Register 00000000
FC6h TMRS5CLK — — — — CS<3:0> ----0000
FC5h T5GATE — — — — GSS<3:0> ----0000
FC4h T5GCON GE GPOL GTM GSPM GO/DONE GVAL — — 00000x- -
FC3h T5CON — — CKPS<1:0> — SYNC RD16 ON --00- 000
FC2h TMR5H Holding Register for the Most Significant Byte of the 16-bit TMR5 Register 00000000
Legend: x =unknown, u = unchanged, — = unimplemented, q = value depends on condition
Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %ﬁ%
FC1h TMR5L Holding Register for the Least Significant Byte of the 16-bit TMR5 Register 00000000
FCOh T2RST — — — — RSEL<3:0> ----0000
FBFh T2CLKCON — — — — CS<3:0> ----0000
FBEh T2HLT PSYNC CPOL CSYNC MODE<4:0> 00000000
FBDh T2CON ON CKPS<2:0> OUTPS<3:0> 00000000
FBCh T2PR TMR2 Period Register 11111111
FBBh T2TMR Holding Register for the 8-bit TMR2 Register 00000000
FBAh T4RST — — — — RSEL<3:0> ----0000
FBSh T4CLKCON — — — — CS<3:0> ----0000
FB8h T4HLT PSYNC CPOL CSYNC MODE<4:0> 00000000
FB7h T4CON ON CKPS<2:0> OUTPS<3:0> 00000000
FB6h T4PR TMR4 Period Register 11111111
FB5h T4TMR Holding Register for the 8-bit TMR4 Register 00000000
FB4h T6RST — — — — RSEL<3:0> ----0000
FB3h T6CLKCON — — — — CS<3:0> ----0000
FB2h TEHLT PSYNC CPOL CSYNC MODE<4:0> 00000000
FB1h T6CON ON CKPS<2:0> OUTPS<3:0> 00000000
FBOh T6PR TMR6 Period Register 11111111
FAFh T6TMR Holding Register for the 8-bit TMR6 Register 00000000
FAEh CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 01010101
FADh CCP1CAP — — — — — — CTS<1:0> [ ------ 00
FACh CCP1CON EN — ouT FMT MODE<3:0> 0- 000000
FABh CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXXXXXX
FAAh CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXXXXXX
FA9h CCP2CAP — — — — — — CTS<1:0> [ ------ 00
FA8h CCP2CON EN — ouT FMT MODE<3:0> 0- 000000
FA7h CCPR2H Capture/Compare/PWM Register 2 (MSB) XXXXXXXX
FA6h CCPR2L Capture/Compare/PWM Register 2 (LSB) XXXXXXXX
FA5h PWM3CON EN ‘ — ouT POL — — — — 0-00- - - -
FA4h PWM3DCH DC<7:0> XXXXXXXX
FA3h PWM3DCL DC<9:8> — — — — — — XX------
FA2h PWM4CON EN ‘ — ouT POL — — — — 0- 00- - - -
FA1h PWM4DCH DC7:0> XXXXXXXX
FAOh PWM4DCL DC<9:8> — — — = — — XX == - -
F9Fh BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01- 00- 00
F9Eh TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 00000010
F9Dh RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 00000000
F9Ch SP1BRGH EUSART1 Baud Rate Generator, High Byte 00000000
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘jeBOTnR
F9Bh SP1BRGL EUSART1 Baud Rate Generator, Low Byte 00000000
F9Ah TX1REG EUSART1 Transmit Register 00000000
F9%h RC1REG EUSART1 Receive Register 00000000
F98h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 00000000
F97h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 00000000
F96h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 00000000
F95h SSP1STAT SMP CKE D/A P S R/W UA BF 00000000
F94h SSP1MSK MSK<7:0> 11111111
F93h SSP1ADD ADD<7:0> 00000000
F92h SSP1BUF BUF<7:0> XXXXXXXX
F9th | PORTE = = = = RE3 = ‘ = = .
F90h — Unimplemented —
F8Fh PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO XXXXXXXX
F8Eh PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXXXXXX
F8Dh PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAOQ XXXXXXXX
F8Ch TRISE — — — — — — — TRISEO | ------- 1
F8Bh — Unimplemented | aeoaaa--
F8Ah TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 11111111
F89h TRISB TRISB7 TRISB6 TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 11111111
F88h TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 11111111
F87h — Unimplemented —
F86h — Unimplemented —
F85h LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO XXXXXXXX
F84h LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO XXXXXXXX
F83h LATA LATA7 LATA6 LATAS LATA4 LATA3 LATA2 LATA1 LATAO XXXXXXXX
F82h NVMCON2 NVMCON2<7:0> 00000000
F81h NVMCON1 NVMREG<1:0> — FREE WRERR WREN WR RD 00- 0x000
F80h NVMDAT NVMDAT<7:0> 00000000
F7Fh — Unimplemented —
F7Eh NVMADRL NVMADR<7:0> XXXXXXXX
F7Dh CRCCON1 DLEN<3:0> PLEN<3:0> 00000000
F7Ch CRCCONO EN GO BUSY ACCM — — SHIFTM ‘ FULL 0000- - 00
F7Bh CRCXORH X<15:8> XXXXXXXX
F7Ah CRCXORL X<7:1> — XXXXXXX0
F7%h CRCSHIFTH SHIFT<15:8> 00000000
F78h CRCSHIFTL SHIFT<7:0> 00000000
F77h CRCACCH ACC<15:8> 00000000
F76h CRCACCL ACC<7:0> 00000000
F75h CRCDATH DATA<15:8> XXXXXXXX
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘1%
F74h CRCDATL DATA<7:0> XXXXXXXX
F73h ADFLTRH ADFLTRH<15:8> XXXXXXXX
F72h ADFLTRL ADFLTRL<7:0> XXXXXXXX
F71h ADACCH ADACCH<15:8> XXXXXXXX
F70h ADACCL ADACCL<7:0> XXXXXXXX
F6Fh ADERRH ADERRH<15:8> 00000000
F6Eh ADERRL ADERRL<7:0> 00000000
F6Dh ADUTHH ADUTHH<15:8> 00000000
F6Ch ADUTHL ADUTHL<7:0> 00000000
F6Bh ADLTHH ADLTHH<15:8> 00000000
F6Ah ADLTHL ADLTHL<7:0> 00000000
F69h ADSTPTH ADSTPTH<15:8> 00000000
F68h ADSTPTL ADSTPTL<7:0> 00000000
F67h ADCNT ADCNT<7:0> 00000000
F66h ADRPT ADRPT<7:0> 00000000
F65h ADSTAT ADAOV ADUTHR ‘ ADLTHR ‘ ADMATH = ADSTAT<2:0> 0000- 000
F64h ADRESH ADRESH<7:0> 00000000
F63h ADRESL ADRESL<7:0> 00000000
F62h ADPREVH ADPREVH<15:8> 00000000
F61h ADPREVL ADPREVL<7:0> 00000000
F60h | ADCONO ADON ADCONT — ‘ ADSC — ADFM ‘ — ‘ ADGO 00- 000- 0
F5Fh ADPCH — — ADPCH<5:0> --000000
F5Eh ADPRE ADPRE<7:0> 00000000
F5Dh ADCAP — — — ‘ ADCAP<4:0> ---00000
F5Ch ADACQ ADACQ<7:0> 00000000
F5Bh ADCON3 — ADCALC<2:0> ADSOI ADTMD<2:0> - 0000000
F5Ah ADCON2 ADPSIS ADCRS<2:0> ADACLR ADMD<2:0> 00000000
F59h ADCON1 ADPPOL ADIPEN ADGPOL — — — — ADDSEN 000----0
F58h ADREF — — — ADNREF — — ADPREF<1:0> ---0--00
F57h ADCLK — — ADCS<5:0> --000000
F56h ADACT — — — ADACT<4:0> ---00000
F55h MDCARH — — — — — CHS<2:0> | ----- 000
F54h MDCARL — — — — — CLS<2:0> | ----- 000
F53h MDSRC — — — — SRCS<3:0> ----0000
F52h MDCON1 — — CHPOL CHSYNC — — CLPOL CLSYNC --00--00
F51h MDCONO EN — ouT OPOL — — — MDBIT 0-00---0
F50h SCANTRIG — — — — TSEL<3:0> ----0000
F4Fh SCANCONO SCANEN SCANGO BUSY INVALID INTM = MODE<1:0> 00000- 00
FAEh SCANHADRU — — HADR<21:16> --111111
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘:{%
F4Dh | SCANHADRH HADR<15:8> 11111111
FACh | SCANHADRL HADR<7:0> 11111111
F4Bh | SCANLADRU — — LADR<21:16> ~-000000
F4Ah | SCANLADRH LADR<15:8> 00000000
F49h | SCANLADRL LADR<7:0> 00000000
F48h | CWG1STR OVRD OVRC OVRB OVRA STRD STRC STRB STRA 00000000
F47Th | CWG1AS1 — — AS5E AS4E AS3E AS2E AS1E ASOE ~-000000
F46h | CWG1ASO SHUTDOWN |  REN LSBD<1:0> LSAC<1:0> _ _ 000101- -
F45h | CWG1CON1 _ _ IN _ POLD POLC POLB POLA - x-0000
F44h | CWG1CONO EN LD — — — MODE<2:0> 00- -- 000
F43h | CWG1DBF _ _ DBF<5:0> --000000
F42h  |CWG1DBR — — DBR<5:0> ~-000000
F4l1h | CWG1ISM _ _ _ _ _ ISM<2:0> | ----- 000
F40h | CWG1CLKCON _ _ _ _ _ _ ‘ —_ ‘ cs | co----- 0
F3Fh | CLKRCLK — — — — — CLKRXCLK<2:0> | ----- 000
F3Eh | CLKRCON CLKREN _ _ CLKRDC<1:0> CLKRDIV<2:0> 0-- 10000
F3Dh | CMOUT — — — — — — ‘ MC20UT ‘ MC1OUT | ------ 00
F3Ch | CM1PCH _ _ _ _ _ PCH<2:0> | ----- 000
F3Bh | CMINCH — — — — — NCH<2:0> | ----- 000
F3Ah | CM1CON1 — — — — — — INTP INTN | - 100
F3osh | CM1CONO EN ouT _ POL _ _ HYS SYNC 00- 0- - 00
Fa8h | CM2PCH — — — — — C2PCH<2:0> | ----- 000
F37h | CM2NCH _ _ _ _ _ C2NCH<2:0> | ----- 000
F36h | CM2CON1 — — — — — — INTP INTN | - 100
F35h | CM2CONO EN ouT _ POL _ _ HYS SYNC 00- 0- - 00
F34h | DAGC1CON1 — — — DAC1R<4:0> - XXXXX
F33h | DAC1CONO EN — OE1 OE2 PSS<1:0> — NSS 0- 0000- 0
F32h | ZCDCON SEN _ ouT POL _ ‘ _ INTP INTN 0-x0- - 00
F3th | FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 0x000000
F30h | HLVDCON1 _ _ _ _ HLVDSEL<3:0> ----0000
F2Fh | HLVDCONO EN = ouT RDY = ‘ = ‘ INTH ‘ INTL 0- Xx- - 00
F2Eh — Unimplemented —
F2Dh | WPUE _ _ _ _ WPUE3 ‘ _ ‘ _ ‘ _ ccoileas
F2Ch — Unimplemented —
F2Bh — Unimplemented —
F2Ah | INLVLE — — — — INLVLE3 — — — C1o--
F29h IOCEP _ _ _ _ IOCEP3 _ _ _ e 0---
F28h IOCEN — — — — IOCEN3 — — — o 0---
F27h IOCEF _ _ _ _ IOCEF3 _ — — e 0---
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1: Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %jeBOTnR
F26h
to — Unimplemented —
F22h
F21h ANSELC ANSELC7 ANSELC6 | ANSELC5 | ANSELC4 ANSELC3 ANSELC2 ANSELC1 ANSELCO 11111111
F20h WPUC WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUCH1 WPUCO 00000000
F1Fh ODCONC oDccC7 ODCC6 ODCC5 oDCcC4 ODCC3 oDCC2 ODCC1 ODCCO0 00000000
F1Eh SLRCONC SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO 11111111
F1Dh INLVLC INLVLC7 INLVLC6 INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLCA1 INLVLCO 11111111
F1Ch I0CCP I0CCP7 10CCP6 10CCP5 10CCP4 I0CCP3 I0CCP2 I0CCP1 10CCPO 00000000
F1Bh IOCCN I0OCCN7 IOCCN6 IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 I0CCNO 00000000
F1Ah IOCCF IOCCF7 I0CCF6 I0CCF5 IOCCF4 I0CCF3 I0CCF2 I0OCCF1 I0CCF0 00000000
F19h ANSELB ANSELB7 ANSELB6 | ANSELB5 | ANSELB4 ANSELB3 ANSELB2 ANSELB1 ANSELBO 11111111
F18h WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 00000000
F17h ODCONB oDCB7 ODCB6 ODCB5 OoDCB4 ODCB3 ODCB2 OoDCB1 ODCBO 00000000
F16h SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 SLRB2 SLRB1 SLRBO 11111111
F15h INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 INLVLB2 INLVLB1 INLVLBO 11111111
F14h I0CBP 10CBP7 10CBP6 10CBP5 10CBP4 10CBP3 10CBP2 10CBP1 10CBPO 00000000
F13h IOCBN I0OCBN7 I0CBN6 I0OCBN5 I0CBN4 IOCBN3 I0CBN2 IOCBN1 I0CBNO 00000000
F12h I0CBF IOCBF7 I0CBF6 I0CBF5 IOCBF4 I0CBF3 I0CBF2 I0CBF1 I0CBFO 00000000
F11h ANSELA ANSELA7 ANSELA6 | ANSELA5 | ANSELA4 ANSELA3 ANSELA2 ANSELA1 ANSELAO 11111111
F10h WPUA WPUA7 WPUAB WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO 00000000
FOFh ODCONA ODCA7 ODCA6 ODCA5 ODCA4 ODCA3 ODCA2 ODCA1 ODCAO0 00000000
FOEh SLRCONA SLRA7 SLRAB6 SLRA5 SLRA4 SLRA3 SLRA2 SLRA1 SLRAO 11111111
FODh INLVLA INLVLA7 INLVLAG INLVLAS INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO 11111111
FOCh IOCAP IOCAP7 IOCAP6 IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO 00000000
FOBh IOCAN IOCAN7 IOCANG6 IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 00000000
FOAh IOCAF IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 I0OCAFO 00000000
FO%h
to — Unimplemented —
EFFh
EFEh RC7PPS — — — RC7PPS<4:0> ---00000
EFDh RC6PPS — — — RC6PPS<4:0> ---00000
EFCh RC5PPS — — — RC5PPS<4:0> ---00000
EFBh RC4PPS — — — RC4PPS<4:0> ---00000
EFAh RC3PPS — — — RC3PPS<4:0> ---00000
EF9h RC2PPS — — — RC2PPS<4:0> ---00000
EF8h RC1PPS — — — RC1PPS<4:0> ---00000
EF7h RCOPPS — — — RCOPPS<4:0> ---00000
EF6h RB7PPS — — — RB7PPS<4:0> ---00000
EF5h RB6PPS — — — RB6PPS<4:0> ---00000
EF4h RB5PPS — — — RB5PPS<4:0> ---00000
EF3h RB4PPS — — — RB4PPS<4:0> ---00000
Legend: X =unknown, u = unchanged, — = unimplemented, q = value depends on condition
Note 1:  Not available on LF devices.

© 2016 Microchip Technology Inc.

Preliminary

DS40001843B-page 108




PIC18(L)F24/25K40

TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘T%
EF2h RB3PPS — — — RB3PPS<4:0> ---00000
EF1h RB2PPS — — — RB2PPS<4:0> ---00000
EFOh RB1PPS — — — RB1PPS<4:0> ---00000
EEFh RBOPPS — — — RBOPPS<4:0> ---00000
EEEh RA7PPS — — — RA7PPS<4:0> ---00000
EEDh RAGPPS — — — RA6PPS<4:0> ---00000
EECh RA5PPS — — — RA5PPS<4:0> ---00000
EEBh RA4PPS — — — RA4PPS<4:0> ---00000
EEAh RA3PPS — — — RA3PPS<4:0> ---00000
EESh RA2PPS — — — RA2PPS<4:0> ---00000
EE8h RA1PPS — — — RA1PPS<4:0> ---00000
EE7h RAOPPS — — — RAOPPS<4:0> ---00000
EE6h PMD5 — — — — — — — DSMMD | ------- 0
EE5h PMD4 — UART1MD — MSSP1MD — — — CWG1MD -0-0---0
EE4h PMD3 — — — — PWM4MD PWM3MD CCP2MD CCP1MD ----0000
EE3h PMD2 — DACMD ADCMD — — CMP2MD CMP1MD ZCDMD - 00--000
EE2h PMD1 — TMR6MD TMR5MD TMR4MD TMR3MD TMR2MD TMR1MD TMROMD - 0000000
EE1h PMDO SYSCMD FVRMD HLVDMD CRCMD SCANMD NVMMD CLKRMD I0CMD 00x00000
EEOh BORCON SBOREN — — — — — — BORRDY 1------ q
EDFh | VREGCON(" — — — — — — VREGPM | Reserved | ------ 01
EDEh OSCFRQ — — — — HFFRQ<3:0> ----1111
EDDh OSCTUNE — — HFTUN<5:0> --100000
EDCh OSCEN EXTOEN HFOEN MFOEN LFOEN SOSCEN ADOEN — — 000000- -
EDBh OSCSTAT EXTOR HFOR MFOR LFOR SOR ADOR = PLLR q9qqqg- q
EDAhA OSCCON3 CSWHOLD | SOSCPWR — ORDY NOSCR — — — 00- 00- - -
EDSh OSCCON2 — COSC<2:0> CDIV<3:0> -ggqgqqqqq
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘je;TnR
ED8h OSCCON1 — NOSC<2:0> NDIV<3:0> -gqqgqqqq
ED7h CPUDOZE IDLEN DOZEN ‘ ROI DOE — DOZE<2:0> 0000- 000
ED6h WDTTMR WDTTMR<4:0> STATE PSCNT<17:16> XXXXX000
ED5h WDTPSH PSCNT<7:0> 00000000
ED4h WDTPSL PSCNT<15:8> 00000000
ED3h WDTCON1 — WDTCS<2:0> — WINDOW<2:0> -qqg- qqq
ED2h WDTCONO — — WDTPS<4:0> SEN --qgqqqo
ED1h PIR7 SCANIF CRCIF NVMIF — — — — CWGH1IF 000----0
EDOh PIR6 — — — — — — CCP2IF CCP1IF | ------ 00
ECFh PIR5 — — — — — TMR5GIF TMR3GIF TMR1GIF | ----- 000
ECEh PIR4 — — TMREIF TMRSIF TMR4IF TMR3IF TMR2IF TMR1IF -- 000000
ECDh PIR3 — — RC1IF TX1IF — — BCL1IF SSP1IF --00--00
ECCh PIR2 HLVDIF ZCDIF — — — — C2IF C1IF 00- ---00
ECBh PIR1 OSCFIF CSWIF — — — — ADTIF ADIF 00----00
ECAh PIRO — — TMROIF I0CIF — INT2IF INT1IF INTOIF - - 00- 000
EC%h PIE7 SCANIE CRCIE NVMIE — — — — CWG1IE 000----0
EC8h PIE6 — — — — — — CCP2IE CCP1IE | ------ 00
EC7h PIES — — — — — TMR5GIE TMR3GIE TMR1GIE | ----- 000
EC6h PIE4 — — TMRG6IE TMR5IE TMR4IE TMR3IE TMR2IE TMR1IE --000000
EC5h PIE3 — — RC1IE TX1IE — — BCL1IE SSP1IE --00--00
EC4h PIE2 HLVDIE ZCDIE — — — — C2IE C1IE 00----00
EC3h PIE1 OSCFIE CSWIE — — — — ADTIE ADIE 00----00
EC2h PIEO — — TMROIE I0CIE — INT2IE INT1IE INTOIE - - 00- 000
EC1h IPR7 SCANIP CRCIP NVMIP — — — — CWG1IP 111----1
ECOh IPR6 — — — — — — CCP2IP CCP1IP | ------ 11
EBFh IPR5 — — — — — TMR5GIP TMR3GIP TMR1GIP | ----- 111
EBEh IPR4 — — TMR6IP TMR5IP TMR4IP TMR3IP TMR2IP TMR1IP --111111
EBDh IPR3 — — RC1IP TX1IP — — BCL1IP SSP1IP --11--11
EBCh IPR2 HLVDIP ZCDIP — — — — C2IP C1IP 11----11
EBBh IPR1 OSCFIP CSWIP — — — — ADTIP ADIP 11----11
EBAh IPRO — — TMROIP I0CIP — INT2IP INT1IP INTOIP --11-111
EBS9h SSP1SSPPS — — — SSPSSPPS<4:0> ---00101
EB8h SSP1DATPPS — — — SSPDATPPS<4:0> ---10100
EB7h SSP1CLKPPS — — — SSPCLKPPS<4:0> ---10011
EB6h TX1PPS — — — TXPPS<4:0> ---10110
EB5h RX1PPS — — — RXPPS<4:0> ---10111
EB4h MDSRCPPS — — — MDSRCPPS<4:0> ---00101
EB3h MDCARHPPS — — — MDCARHPPS<4:0> ---00100
EB2h MDCARLPPS — — — MDCARLPPS<4:0> ---00011
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1:  Not available on LF devices.
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TABLE 10-5: REGISTER FILE SUMMARY FOR PIC18(L)F24/25K40 DEVICES (CONTINUED)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 %‘jeBOTnR
EB1h CWGINPPS — — — CWGINPPS<4:0> ---01000
EBOh CCP2PPS — — — CCP2PPS<4:0> ---10001
EAFh CCP1PPS — — — CCP1PPS<4:0> ---10010
EAEh ADACTPPS — — — ADACTPPS<4:0> ---01100
EADh T6INPPS — — — T6INPPS<4:0> ---01111
EACh T4INPPS — — — T4INPPS<4:0> ---10101
EABh T2INPPS — — — T2INPPS<4:0> ---10011
EAAh T5GPPS — — — T5GPPS<4:0> ---01100
EA9h T5CKIPPS — — — T5CKIPPS<4:0> ---10010
EA8h T3GPPS — — — T3GPPS<4:0> ---10000
EA7h T3CKIPPS — — — T3CKIPPS<4:0> ---10000
EA6h T1GPPS — — — T1GPPS<4:0> ---01101
EA5h T1CKIPPS — — — T1CKIPPS<4:0> ---10000
EA4h TOCKIPPS — — — TOCKIPPS<4:0> ---00100
EA3h INT2PPS — — — INT2PPS<4:0> ---01010
EA2h INT1PPS — — — INT1PPS<4:0> ---01001
EA1h INTOPPS — — — INTOPPS<4:0> ---01000
EAOh PPSLOCK — — — — — — — PPSLOCKED | ------- 0
E9Fh
to — Unimplemented —
E7Eh
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1: Not available on LF devices.
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10.4.5 STATUS REGISTER

The STATUS register, shown in Register 10-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction.

If the STATUS register is the destination for an instruc-
tion that affects the Z, DC, C, OV or N bits, the results
of the instruction are not written; instead, the STATUS
register is updated according to the instruction per-
formed. Therefore, the result of an instruction with the
STATUS register as its destination may be different
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u uluu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOWAF instructions are 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 that do not affect Status bits, see
the instruction set summaries in Section
35.0 “Instruction Set Summary” and Table 35-3.

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in
subtraction.
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10.5 Register Definitions: Status
REGISTER 10-2: STATUS: STATUS REGISTER

uU-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— TO PD N oV z DC 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 Unimplemented: Read as ‘0’
bit 6 TO: Time-Out bit
1 = Set at power-up or by execution of CLRADT or SLEEP instruction
0 = AWDT time-out occurred
bit 5 PD: Power-Down bit
1 = Set at power-up or by execution of CLRWDT instruction
0 = Set by execution of the SLEEP instruction
bit 4 N: Negative bit used for signed arithmetic (2’'s complement); indicates if the result is negative,
(ALU MSb =1).
1 = The result is negative
0 = The result is positive
bit 3 OV: Overflow bit used for signed arithmetic (2’'s complement); indicates an overflow of the 7-bit
magnitude, which causes the sign bit (bit 7) to change state.
1 = Overflow occurred for current signed 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 (ADDWF, ADDLW SUBLW SUBVFF instructions)(!)
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit O C: Carry/Borrow bit (ADDWF, ADDLW SUBLW SUBVF instructions)(1-2)
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 two’s complement of the
second operand.
2: For Rotate (RRF, RLF) instructions, this bit is loaded with either the high or low-order bit of the Source

register.
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10.6 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. See Section 10.7 “Data Mem-
ory and the Extended Instruction Set”
for more information.

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). Its operation is
discussed in greater detail in Section 10.7.1 “Indexed
Addressing with Literal Offset”.

10.6.1 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any argu-
ment at all; they either perform an operation that glob-
ally affects the device or they operate implicitly on one
register. This addressing mode is known as Inherent
Addressing. Examples include SLEEP, RESET and DAW

Other instructions work in a similar way but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode because they
require some literal value as an argument. Examples
include ADDLWand 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.

10.6.2 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 either a register address in
one of the banks of data RAM (Section
10.4.3 “General Purpose Register File”) or a location
in the Access Bank (Section 10.4.2 “Access Bank”)
as the data source for the instruction.

The Access RAM bit ‘a’ determines how the address is
interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 10.4.1 “Bank Select Register (BSR)”) 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; their
destination is either the target register being operated
on or the W register.

10.6.3 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 which are to be read
or written. Since the FSRs are themselves located in
RAM as Special File Registers, they can also be
directly manipulated under program control. This
makes FSRs very useful in implementing data struc-
tures, 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 10-5.
EXAMPLE 10-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 100h ;
NEXT CLRF POSTI NCO ; Clear | NDF
; register then
; inc pointer
BTFSS FSROH, 1 ; Al done with
;. Bank1?
BRA NEXT ; NO, clear next
CONTI NUE . YES, continue
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10.6.3.1 FSR Registers and the INDF

Operand

At the core of indirect addressing are three sets of reg-
isters: FSRO, FSR1 and FSR2. Each represents a pair
of 8-bit registers, FSRnH and FSRnL. Each FSR pair
holds a 12-bit value, therefore, the four upper bits of the
FSRnH register are not used. The 12-bit FSR value 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
Indirect File Operands, INDFO through INDF2. These
can be thought of as “virtual” registers; they are
mapped in the SFR space but are not physically
implemented. 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.

10.6.3.2 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 which cannot be directly
read or written. Accessing these registers actually
accesses the location to which the associated FSR
register pair points, and also performs a specific action
on the FSR value. They are:

+ POSTDEC: accesses the location to which the
FSR points, then automatically decrements the
FSR by 1 afterwards

» POSTINC: accesses the location to which the
FSR points, then automatically increments the
FSR by 1 afterwards

* PREINC: automatically increments the FSR by
one, then uses the location to which the FSR
points 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 location to which the result points in the
operation.

In this context, accessing an INDF register uses the
value in the associated FSR register without changing
it. Similarly, accessing a PLUSW register gives the
FSR value an offset by that in the W register; however,
neither W nor the FSR is actually changed in the

operation. Accessing the other virtual registers
changes the value of the FSR register.
FIGURE 10-6: INDIRECT ADDRESSING
000h
Using an instruction with one of the ADDWE, | NDF1, 1 Bank 0
indirect addressing registers as the 100h
operand.... Bank 1
200h
Bank 2
) 300h
...uses the 12-bit address stored in FSR1H:FSRIL
the.FSR pair associated with that 7 0 7 0
register.... Bank 3
[x[x[x[x[1[1]2[o] []1]o[o]1[s]o[o] trough
NN N
- J N Bank 13 -
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains EOOh
ECCh. This means the contents of > Bank 14
location ECCh will be added to that FOOh
of the W register and stored back in Bank 15
ECCh. FFFh
Data Memory
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Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is, roll-
overs 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 (e.g., Z, N, OV, etc.).

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.

10.6.3.3 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 FSROH:FSROL contains
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 either
the INDF2 or POSTDEC2? register 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, particularly if their code
uses indirect addressing.

Similarly, operations by indirect addressing are generally
permitted on all other SFRs. Users should exercise the
appropriate caution that they do not inadvertently change
settings that might affect the operation of the device.

10.7 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. Specifi-
cally, the use of the Access Bank for many of the core
PIC18 instructions is different; this is due to the intro-
duction of a new addressing mode for the data memory
space.

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 remain unchanged.

10.7.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of indirect addressing using the FSR2
register pair within Access RAM. 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 Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

» The use of the Access Bank is forced (‘a’ = 0) and

» The file address argument 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.

10.7.2 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.
Instructions 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 is ‘1’), or include a file address of 60h
or above. Instructions meeting these criteria will
continue to execute as before. A comparison of the
different possible addressing modes when the
extended instruction set is enabled is shown in
Figure 10-7.

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
35.2.1 “Extended Instruction Syntax”.
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FIGURE 10-7:

COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND

BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

EXAMPLE INSTRUCTION: ADDVF,

f, d, a (Opcode: 0010 Olda ffff ffff)

When ‘a’ = 0 and f > 60h: 000h
The instruction executes in 060h
Direct Forced mode. ‘f is inter- Bank 0
preted as a location in the 100h
Access RAM between 060h 00h
and OFFh. This is the same as pank
locations F60h to FFFh “~ Bank14 N .
(Bank 15) of data memory. Va"g)rr?fr,'ge
Locations below 60h are not FFh
available in this addressing Fooh Access RAM
mode. Bank 15
F6Oh [ — — — — — — — 1
SFRs
FFFh
Data Memory
When ‘@’ =0 and f < 5Fh: 000h
The instruction executes in
Indexed Literal Offset mode. ‘f 060h .
is interpreted as an offset to the ank 0
address value in FSR2. The 100h [001001da [fFFFFFff |
two are added together to Bank 1
obtain the address of the target J~ through U5
register for the instruction. The S Bank14 A
address can be anywhere in | FSRaH | FSRaL |
the data memory space. Fooh
Note that in this mode, the Bank 15
correct syntax is now: FBOhE — — — — — — — 1
ADDWF [k], d SFRs
where ‘K’ is the same as f". FFFh
Data Memory
BSR
When ‘a’ =1 (all values of f): 000h
The instruction executes in 060 J
Direct mode (also known as
. o e Bank 0
Direct Long mode). ‘f is inter- 100h D
preted as a location in one of
the 16 banks of the data Bank 1 [001001da [fFFffFff |
i through
memory space. The bank is N Bam‘:% bt
designated by the Bank Select
Register (BSR). The address
can bg in any implemented Fooh
bank in the data memory Bank 15
space. F6Oh} — — — — — — — |
SFRs
FFFh
Data Memory
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10.7.3 MAPPING THE ACCESS BANK IN
INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the first 96 locations of Access
RAM (00h to 5Fh) are mapped. Rather than containing
just the contents of the bottom section of Bank 0, this
mode maps the contents from a user defined “window”
that can be located anywhere in the data memory
space. The value of FSR2 establishes the lower bound-
ary 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 10.4.2 “Access
Bank”). An example of Access Bank remapping in this
addressing mode is shown in Figure 10-8.

Remapping of the Access Bank applies only to opera-
tions using the Indexed Literal Offset mode. Operations
that use the BSR (Access RAM bit is ‘1’) will continue
to use direct addressing as before.

10.8 PIC18 Instruction Execution and
the Extended Instruction Set

Enabling the extended instruction set adds eight
additional commands to the existing PIC18 instruction
set. These instructions are executed as described in
Section 35.2 “Extended Instruction Set”.

FIGURE 10-8: REMAPPING THE ACCESS BANK WITH INDEXED LITERAL OFFSET
ADDRESSING
Example Situation:
ADDWF f, d, a 000h
FSR2H:FSR2L = 120h
Bank 0
Locations in the region
from the FSR2 pointer 100h
(120h) to the pointer plus 120hF — B__a”'ﬂ _
05Fh (17Fh) are mapped 47| _ Window _} ooh
to the bottom of the Bank 1 \ _
Access RAM (000h-05Fh). 200h Bank 1 “Window”
Special File Registers a8 | (  F — — — — — 7 252
F60h through FFFh are
mapped to 60h through b Bank 2 A
FFh, as usual. through SFRs
Bank 0 addresses below Bank 14
5Fh can still be addressed FFh
by using the BSR. Access Bank
FOOh
Bank 15
Feohf — — — — —
SFRs
FFFh
Data Memory
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11.0 NONVOLATILE MEMORY
(NVM) CONTROL

Nonvolatile Memory (NVM) is separated into two types:
Program Flash Memory (PFM) and Data EEPROM
Memory.

PFM, Data EEPROM, User IDs and Configuration bits
can all be accessed using the NVMREG<1:0> bits of
the NVMCONT1 register.

The write time is controlled by an on-chip timer. The
write/erase voltages are generated by an on-chip
charge pump rated to operate over the operating
voltage range of the device.

NVM can be protected in two ways, by either code
protection or write protection. Code protection (CP and
CPD bits in Configuration Word 5L) disables access,
reading and writing to both PFM and Data EEPROM
Memory via external device programmers. Code
protection does not affect the self-write and erase
functionality. Code protection can only be reset by a
device programmer performing a Bulk Erase to the
device, clearing all nonvolatile memory, Configuration
bits and User IDs.

Write protection prohibits self-write and erase to a
portion or all of the PFM, as defined by the WRT bits of
Configuration Word 4H. Write protection does not affect
a device programmer’s ability to read, write or erase
the device.

TABLE 11-1: NVM ORGANIZATION AND ACCESS INFORMATION

PC<20:0> Execution User Access
Memory ICSP™ Addr<21:0>
TBLPTR<21:0> cpu NVMREG| TABLAT | NVMDAT
NVMADDR<9:0> Execution
User Flash Memory 00 0000h Read/ 3)
(PFM) 01 FFFFh Read 10 Write(" B
20 0000h
User IDs®@ cee No Access x1 wsti/ -0
20 000Fh
20 0010h @)
Reserved S p— No Access —
30 0000h
Configuration oo No Access x1 Regd/ B
30 000Bh Write
30 000Ch @)
Reserved 30 FEFEh No Access —
User Data Memory 31 .O_OPOh No Access 00 3 Read/
(Data EEPROM) 31 03FEh Write
32 0000h 3
Reserved No Access -
3F FFFBh
. 3F FFFCh
Revision ID/ ces No Access x1 Read -0
Device ID 3F EFFEh

Note 1: Subject to Memory Write Protection settings.

2: User IDs are eight words ONLY. There is no code protection, table read protection or write protection

implemented for this region.

3: Reads as ‘0’, writes clear the WR bit and WRERR bit is set.
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1.1 Program Flash Memory

The Program Flash Memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed one byte at
a time. A write to program memory or program memory
erase is executed on blocks of n bytes at a time. Refer
to Table 11-3 for write and erase block sizes. A Bulk
Erase operation cannot 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.

Itis important to understand the PFM memory structure
for erase and programming operations. Program
memory word size is 16 bits wide. PFM is arranged in

rows. A row is the minimum size that can be erased by
user software. Refer to Table 11-3 for the row sizes for
the these devices.

After a row has been erased, all or a portion of this row
can be programmed. Data to be written into the
program memory row is written to 6-bit wide data write
latches. These latches are not directly accessible, but
may be loaded via sequential writes to the TABLAT
register.

Note: To modify only a portion of a previously
programmed row, then the contents of the
entire row must be read and saved in
RAM prior to the erase. Then, the new
data and retained data can be written into
the write latches to reprogram the row of
PFM. However, any unprogrammed
locations can be written without first
erasing the row. In this case, it is not
necessary to save and rewrite the other

previously programmed locations

TABLE 11-2: FLASH MEMORY ORGANIZATION BY DEVICE

Device Row Erase Size Write Latches Program Flash Data Memory (Bytes)
(Words) (Words) Memory (Words) ry By
PIC18(L)F24K40 8192
32 64 256
PIC18(L)F25K40 16384
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11.1.1 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 eight bits wide. Table reads and
table writes move data between these two memory
spaces through an 8-bit register (TABLAT).

The table read operation retrieves one byte of data
directly from program memory and places it into the
TABLAT register. Figure 11-1 shows the operation of a
table read.

FIGURE 11-1: TABLE READ OPERATION

The table write operation stores one byte of data from
the TABLAT register into a write block holding register.
The procedure to write the contents of the holding
registers into program memory is detailed in Section
11.1.6 “Writing to Program Flash Memory”.
Figure 11-2 shows the operation of a table write with
program memory and data RAM.

Table operations work with byte entities. Tables
containing data, rather than program instructions, are
not required to be word aligned. Therefore, a table can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word aligned.

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH i TBLPTRL

—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬂ_}

Note 1: Table Pointer register points to a byte in program memory.

FIGURE 11-2:

TABLE WRITE OPERATION

Instruction: TBLWI'™*

Program Memory

Holding Registers

Table Pointer(")

TBLPTRU ;{ TBLPTRH : TBLPTRL
— K

Program Memory

(TBLPTR<MSBs>) -

Table Latch (8-bit)
. i TABLAT

Note 1: During table writes the Table Pointer does not point directly to program memory. The LSBs of TBLPRTL
actually point to an address within the write block holding registers. The MSBs of the Table Pointer deter-
mine where the write block will eventually be written. The process for writing the holding registers to the
program memory array is discussed in Section 11.1.6 “Writing to Program Flash Memory”.
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11.1.2 CONTROL REGISTERS

Several control registers are used in conjunction with
the TBLRD and TBLW instructions. These include the
following registers:

* NVMCONT1 register
* NVMCON?2 register
» TABLAT register

* TBLPTR registers

11.1.2.1 NVMCON1 and NVMCON2
Registers

The NVMCONTH1 register (Register 11-1) is the control
register for memory accesses. The NVMCON2 register
is not a physical register; it is used exclusively in the
memory write and erase sequences. Reading
NVMCONZ2 will read all ‘O’s.

The NVMREG<1:0> control bits determine if the
access will be to Data EEPROM Memory locations.
PFM locations or User IDs, Configuration bits, Rev ID
and Device ID. When NVMREG<1:0> = 00, any
subsequent operations will operate on the Data
EEPROM Memory. When NVMREG<1:0> = 10, any
subsequent operations will operate on the program
memory. When NVMREG<1:0> = x1, any subsequent
operations will operate on the Configuration bits, User
IDs, Rev ID and Device ID.

The FREE bit allows the program memory erase
operation. When the FREE bit is set, an erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled. This bit is
applicable only to the PFM and not to data EEPROM.

When set, the WREN bit will allow a program/erase
operation. The WREN bit is cleared on power-up.

The WRERR bit is set by hardware when the WR bit is
set and cleared when the internal programming timer
expires and the write operation is successfully
complete.

The WR control bit initiates erase/write cycle operation
when the NVMREG<1:0> bits point to the Data
EEPROM Memory location, and it initiates a write
operation when the NVMREG<1:0> bits point to the
PFM location. The WR bit cannot be cleared by
firmware; it can only be set by firmware. Then the WR
bit is cleared by hardware at the completion of the write
operation.

The NVMIF Interrupt Flag bit of the PIR7 register is set
when the write is complete. The NVMIF flag stays set
until cleared by firmware.

11.1.2.2 TABLAT — Table Latch Register

The Table Latch (TABLAT) is an 8-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.

11.1.2.3 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
registers 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 22" pit allows access
to the Device ID, the User ID and the Configuration bits.

The Table Pointer register, TBLPTR, is used by the
TBLRD and TBLW instructions. These instructions can
update the TBLPTR in one of four ways based on the
table operation. These operations on the TBLPTR
affect only the low-order 21 bits.

1.1.24 Table Pointer Boundaries

TBLPTR is used in reads, writes and erases of the
Program Flash Memory.

When a TBLRD is executed, all 22 bits of the TBLPTR
determine which byte is read from program memory
directly into the TABLAT register.

When a TBLW is executed the byte in the TABLAT
register is written, not to Flash memory but, to a holding
register in preparation for a program memory write. The
holding registers constitute a write block which varies
depending on the device (see Table 11-3).The 3, 4, or
5LSbs of the TBLPTRL register determine which
specific address within the holding register block is
written to. The MSBs of the Table Pointer have no effect
during TBLWI operations.

When a program memory write is executed the entire
holding register block is written to the Flash memory at
the address determined by the MSbs of the TBLPTR.
The 3, 4, or 5 LSBs are ignored during Flash memory
writes. For more detail, see Section 11.1.6 “Writing to
Program Flash Memory”.

Figure 11-3 describes the relevant boundaries of
TBLPTR based on Program Flash Memory operations.
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TABLE 11-3: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer
¥gt5m[_): TBLPTR is not modified
$St5¥: TBLPTR is incremented after the read/write
¥gt5wD: TBLPTR is decremented after the read/write
$gt5\?¢ : TBLPTR is incremented before the read/write
FIGURE 11-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0
0 A A
s il e,

TABLE READ - TBLPTR<21:0>

Note 1: Refer to Table 11-3 for the row size values.
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11.1.3 READING THE PROGRAM FLASH
MEMORY

The TBLRD instruction retrieves data from program
memory and places it into data RAM. Table reads from
program memory are performed one byte at a time.

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.

FIGURE 11-4:

The CPU operation is suspended during the read, and
it resumes immediately after. From the user point of
view, TABLAT is valid in the next instruction cycle.

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 11-4
shows the interface between the internal program
memory and the TABLAT.

READS FROM PROGRAM FLASH MEMORY

(Even Byte Address)

Program Memory

(Odd Byte Address)

Instruction Register
(IR)

—— FETCH

TBLPTR = xxxxx1 TBLPTR = xxxxx0

TABLAT

TBLRD Read Register

EXAMPLE 11-1: READING A PROGRAM FLASH MEMORY WORD

MOVLW CODE_ADDR_UPPER

MOVVE TBLPTRU
MOVLW CODE_ADDR_HI GH
NOVVE TBLPTRH
MOVLW CODE_ADDR_LOW
NOVVE TBLPTRL
READ_WORD
TBLRD* +
MOVF TABLAT, W
MOVVE WORD_EVEN
TBLRD* +
NOVFW TABLAT, W
MOVF WORD_ODD

Load TBLPTR with the base
address of the word

read into TABLAT and i ncrenent
get data

read into TABLAT and i ncrenent
get data
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FIGURE 11-5: PROGRAM FLASH
MEMORY READ
FLOWCHART

Rev. 10-0000468

Start
Read Operation

v

Select PFM
(NVMREG<1:0> = 0x10)

v

Select Word Address
(TBLPTR registers)

v

Initiate Read operation
(TBLRD)

A

Data read now in
TABLAT

Y

End
Read Operation
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11.1.4 NVM UNLOCK SEQUENCE

The unlock sequence is a mechanism that protects the
NVM from unintended self-write programming or
erasing. The sequence must be executed and
completed without interruption to successfully
complete any of the following operations:

* PFM Row Erase

» Write of PFM write latches to PFM memory
» Write of PFM write latches to User IDs

* Write to Data EEPROM Memory

» Write to Configuration Words

The unlock sequence consists of the following steps
and must be completed in order:

» Write 55h to NVMCON2
» Write AAh to NMVCON2
+ Set the WR bit of NVMCON1

Once the WR bit is set, the processor will stall internal
operations until the operation is complete and then
resume with the next instruction.

Since the unlock sequence must not be interrupted,
global interrupts should be disabled prior to the unlock
sequence and re-enabled after the unlock sequence is
completed.

EXAMPLE 11-2: NVM UNLOCK SEQUENCE

FIGURE 11-6: NVM UNLOCK

SEQUENCE FLOWCHART

< Start Unlock Sequence >

Write 55h to NVMCON2

v

Write AAh to NVMCON2

v
Initiate Write or Erase Operation
(WR=1)

\ 4

< End Unlock Operation >

BCF I NTCON, G E ; Recormmended so sequence is not interrupted
BANKSEL NVMCONL
BSF NVMCONL, WREN  ; Enable wite/erase
MOVLW 55h ; Load 55h
MOVWF NVMCON2 ; Step 1: Load 55h into NVMCON2
MOVLW AAh ; Step 2: Load Wwith AAh
MOVWF NVMCON2 ; Step 3: Load AAh into NVMCON2
BSF I NTCONL, R ; Step 4: Set WR bit to begin wite/erase
BSF I NTCON, G E ; Re-enable interrupts
Note 1: Sequence begins when NVMCON2 is written; steps 1-4 must occur in the cycle-accurate order

shown. If the timing of the steps 1 to 4 is corrupted by an interrupt or a debugger Halt, the action

will not take place.

Opcodes shown are illustrative; any instruction that has the indicated effect may be used.
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11.1.5 ERASING PROGRAM FLASH
MEMORY

The minimum erase block is 32 or 64 words (refer to
Table 11-3). Only through the use of an external
programmer, or through ICSP™ control, can larger
blocks of program memory be bulk erased. Word erase
in the Flash array is not supported.

For example, when initiating an erase sequence from a
microcontroller with erase row size of 32 words, a block
of 32 words (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 NVMCON1 register commands the erase
operation. The NVMREG<1:0> bits must be set to point
to the Program Flash Memory. The WREN bit must be
set to enable write operations. The FREE bit is set to
select an erase operation.

The NVM unlock sequence described in Section
11.1.4 “NVM Unlock Sequence” should be used to
guard against accidental writes. This is sometimes
referred to as a long write.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted during the long write
cycle. The long write is terminated by the internal
programming timer.

11.1.51 Program Flash Memory Erase
Sequence

The sequence of events for erasing a block of internal
program memory is:

1. NVMREG bits of the NVMCON1 register point to
PFM

2. Setthe FREE and WREN bits of the NVMCON1
register

3. Perform the unlock sequence as described in
Section 11.1.4 “NVM Unlock Sequence”

If the PFM address is write-protected, the WR bit will be
cleared and the erase operation will not take place,
WRERR is signaled in this scenario.

The operation erases the memory row indicated by
masking the LSBs of the current TBLPTR.

While erasing PFM, CPU operation is suspended and
it resumes when the operation is complete. Upon
completion the WR bit is cleared in hardware, the
NVMIF is set and an interrupt will occur if the NVMIE bit
is also set.

Write latch data is not affected by erase operations and
WREN will remain unchanged.

Note 1: If a write or erase operation is terminated
by an unexpected event, WRERR bit will
be set which the user can check to decide
whether a rewrite of the location(s) is
needed.

2: WRERR s set if WR is written to ‘1’ while
TBLPTR points to a write-protected
address.

3: WRERR s set if WR is written to ‘1’ while

TBLPTR points to an invalid address
location (Table 10-1 and Table 11-1).
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EXAMPLE 11-3:

ERASING A PROGRAM FLASH MEMORY BLOCK

; This sanple row erase routine assunmes the follow ng:

1. Avalid address within the erase row is |oaded in variables TBLPTR regi ster
; 2. ADDRH and ADDRL are |ocated in conmon

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
ERASE_BLOCK
BCF
BSF
BSF
BSF
BCF
Requi red MOVLW
Sequence MOVWF
MOVLW

BSF
BSF

CODE_ADDR_UPPER
TBLPTRU
CODE_ADDR_HI GH
TBLPTRH
CODE_ADDR_LOW
TBLPTRL

NVMCONL, NVMREQD
NVMCONL, NVMREGL
NVMCONL, WREN
NVMCONL, FREE
INTCON, G E

55h

NVMCON2

AAh

NVMCON2

NVMCONL, WR
INTCON, G E

RAM (| ocations 0x70 - Ox7F)

| oad TBLPTR with the base
address of the menory bl ock

point to Program Fl ash Menory
access Program Fl ash Menory
enable wite to menory

enabl e bl ock Erase operation
di sable interrupts

wite 55h
wite AAh

start erase (CPU stalls)
re-enable interrupts
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FIGURE 11-7: PFM ROW ERASE

FLOWCHART

< Start Erase Operation >

v

Select Memory:
PFM (NVMREGS<1:0> = 10)

v

Load Table Pointer register with
address of the block being erased

v

Select Erase Operation
(FREE = 1)

v

Enable Write/Erase Operation
(WREN = 1)

v

Disable Interrupts
(GIE =0)

v

Unlock Sequence
(Figure 11-6)

v

CPU stalls while Erase operation
completes (2 ms typical)

v

Enable Interrupts
(GIE=1)

v

Disable Write/Erase Operation
(WREN = 0)

< End Erase Operation )

11.1.6 WRITING TO PROGRAM FLASH
MEMORY

The programming write block size is described in
Table 11-3. Word or byte programming is not supported.
Table writes are used internally to load the holding
registers needed to program the Flash memory. There
are only as many holding registers as there are bytes in
a write block. Refer to Table 11-3 for write latch size.

Since the table latch (TABLAT) is only a single byte, the
TBLWT instruction needs to be executed multiple times
for each programming operation. The write protection
state is ignored for this operation. All of the table write
operations will essentially be short writes because only
the holding registers are written. NVMIF is not affected
while writing to the holding registers.

After all the holding registers have been written, the
programming operation of that block of memory is
started by configuring the NVMCON1 register for a
program memory write and performing the long write
sequence.

If the PFM address in the TBLPTR is write-protected or
if TBLPTR points to an invalid location, the WR bit is
cleared without any effect and the WREER is signaled.

The long write is necessary for programming the
internal Flash. CPU operation is suspended during a
long write cycle and resumes when the operation is
complete. The long write operation completes in one
instruction cycle. When complete, WR is cleared in
hardware and NVMIF is set and an interrupt will occur if
NVMIE is also set. The latched data is reset to all ‘1s’.
WREN is not changed.

The internal programming 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 bit froma ‘0’ to a
‘1’. When modifying individual bytes, it is
not necessary to load all holding registers

before executing a long write operation.
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FIGURE 11-8:

TABLE WRITES TO PROGRAM FLASH MEMORY

TBLPTR = xxxx00

TABLAT
Write Register

TBLPTR = xxxx01

TBLPTR = xxxx02

Holding Register |

Holding Register |

Holding Register |

Program Memory

Note 1: Refer to Table 11-3 for number of holding registers (e.g., YY = 3F for 64 holding registers).

11.1.6.1

Program Flash Memory Write
Sequence

The sequence of events for programming an internal
program memory location should be:

1.

10.

11.
12.

13.
14.

Read appropriate number of bytes into RAM.
Refer to Table 11-2 for Write latch size.

Update data values in RAM as necessary.

Load Table Pointer register with address being
erased.

Execute the block erase procedure.

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

Write the n-byte block into the holding registers
with auto-increment. Refer to Table 11-2 for
Write latch size.

Set NVMREG<1:0> bits to point to program
memory.

Clear FREE bit and set WREN bit in NVMCON1
register.

Disable interrupts.

Execute the unlock sequence (see Section
11.1.4 “NVM Unlock Sequence”).

WR bit is set in NVMCON1 register.

The CPU will stall for the duration of the write
(about 2 ms using internal timer).

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

This procedure will require about 6 ms to update each
write block of memory. An example of the required code
is given in Example 11-4.

Note:

Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the bytes in the
holding registers.
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EXAMPLE 11-4:

WRITING TO PROGRAM FLASH MEMORY

MOVLW
NOVVE
MOVLW
NOVVE
MOVLW
MOVWE
MOVLW
NOVVE
MOVLW
NOVVE
MOVLW
MOVWE
READ_BLOCK
TBLRD* +
MOVF

DECFSZ
BRA
MODI FY_WORD
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
ERASE_BLOCK
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
BCF
BSF
BSF
BSF
BCF
MOVLW
Requi red MOVWF
Sequence MOVLW
MOVWF
BSF
BSF
TBLRD* -
MOVLW
MOVWF
MOVLW
MOVWF
WRI TE_BUFFER_BACK
MOVLW
MOVWF
MOVLW
MOVWF

D 64’
COUNTER
BUFFER_ADDR_HI GH
FSROH
BUFFER_ADDR_LOW
FSROL
CODE_ADDR_UPPER
TBLPTRU
CODE_ADDR_HI GH
TBLPTRH
CODE_ADDR_LOW
TBLPTRL

TABLAT, W
POSTI NCO
COUNTER
READ_BLOCK

BUFFER_ADDR_HI GH
FSROH
BUFFER_ADDR_LOW
FSROL

NEW DATA_LOW
POSTI NCD

NEW DATA_HI GH

| NDFO

CODE_ADDR_UPPER
TBLPTRU
CODE_ADDR_HI GH
TBLPTRH
CODE_ADDR_LOW
TBLPTRL

NVMCONL, NVVREGO
NVMCONL, NVMVREGL
NVMCONL, WAREN
NVMCONL, FREE
INTCON, G E

55h

NVMCON2

AAh

NVMCON2

NVMCONL, WR
INTCON, G E

BUFFER_ADDR_HI GH
FSROH
BUFFER_ADDR_LOW
FSROL

Bl ockSi ze
COUNTER

D 64’ / Bl ockSi ze
COUNTER2

nunber of bytes in erase block

point to buffer

Load TBLPTR with the base
address of the menory bl ock

read into TABLAT, and inc
get data

store data

done?

r epeat

point to buffer

updat e buffer word

| oad TBLPTR with the base
address of the menory bl ock

point to Program Fl ash Menory
point to Program Fl ash Menory
enable wite to menory

enabl e Erase operation

di sable interrupts

write 55h

write OAAh

start erase (CPU stall)
re-enable interrupts

dummy read decrenent
point to buffer

nunber of bytes in holding register

nunmber of wite blocks in 64 bytes
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EXAMPLE 11-4:

WRITING TO PROGRAM FLASH MEMORY (CONTINUED)

VR TE_BYTE_TO HREGS
MOVF
MOWAF
TBLWI+*

DECFSZ
BRA
PROGRAM_MEMORY
BCF
BSF
BSF
BCF
BCF
MOVLW
Requi red MOVWF
Sequence MOVLW
MOVWF
BSF
DCFSz
BRA
BSF
BCF

POSTI NCO, W
TABLAT

COUNTER
VR TE_WORD _TO HREGS

NVMCONL,  NVMREGD
NVMCONL, NVMVREGL
NVMCONL, WREN
NVMCONL, FREE
INTCON, G E

55h

NVMCON2

0AAN

NVMCON2

NVMOONL, WR
COUNTER2

VR TE_BYTE_TO_HREGS
I NTCON, G E
NVMCONL, WREN

get low byte of buffer data

present data to table latch

wite data, performa short wite

to internal TBLWI hol ding register.
loop until holding registers are full

point to Program Flash Menory
point to Program Fl ash Menory
enable wite to menory

enable wite to menory

di sable interrupts

write 55h
write OAAh
start program (CPU stall)

repeat for remaining wite bl ocks

re-enable interrupts
disable wite to nenory
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FIGURE 11-9: PROGRAM FLASH MEMORY (PFM) WRITE FLOWCHART

Rev. 10-0000498
12041201

Start
Write Operation

Y

Determine number of .
words to be written into Load the value to write
PFM. The number of TABLAT
words cannot exceed the
number of words per row
(word_cnt) v

Y

Update the word counter .
\_/l/—\ (word_cnt--) Write Latches to PFM

Select access to PFM
locations using
NVMREG<1:0> bits

Y

Disable Interrupts
(GIE=0)

Last word to
write ?

A

Select Row Address

TBLPTR A

Unlock Sequence”

A

Disable Interrupts
Select Write Operation (GIE =0)

(FREE = 0) v

CPU stalls while Write
A operation completes
Y (2 ms typical)

(1)
Load Write Latches Only Unlock Sequence
\ Y
Enable Write/Erase - R ble |
Operation (WREN = 1) No delay when writing to e-enable Interrupts
PFM Latches (GIE=1)

Y

Disable Write/Erase
Operation (WREN = 0)

Re-enable Interrupts
(GIE=1) v
End
A Write Operation
Increment Address
TBLPTR++
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11.1.6.2 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. Since
program memory is stored as a full page, the stored
program memory contents are compared with the
intended data stored in RAM after the last write is
complete.
FIGURE 11-10: PROGRAM FLASH
MEMORY VERIFY
FLOWCHART

Rev. 10-0000518
1214120

Start
Verify Operation

A

This routine assumes that the last
row of data written was from an
image saved on RAM. This image
will be used to verify the data
currently stored in PFM

N

~_

y

Read Operation

NVMDAT =
RAM image ?

A

Fail
Verify Operation

End
Verify Operation

11.1.6.3 Unexpected Termination of Write
Operation

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and
reprogrammed if needed. If the write operation is
interrupted by a MCLR Reset or a WDT Time-out Reset
during normal operation, the WRERR bit will be set
which the user can check to decide whether a rewrite
of the location(s) is needed.

11.1.6.4 Protection Against Spurious Writes

A write sequence is valid only when both the following
conditions are met, this prevents spurious writes which
might lead to data corruption.

1. The WR bit is gated through the WREN bit. It is
suggested to have the WREN bit cleared at all
times except during memory writes. This
prevents memory writes if the WR bit gets set
accidentally.

2. The NVM unlock sequence must be performed
each time before a write operation.

11.2 User ID, Device ID and
Configuration Word Access

When NVMREG<1:0>=0x01 or Ox11 in the
NVMCON1 register, the User ID’s, Device ID/
Revision ID and Configuration Words can be
accessed. Different access may exist for reads and
writes (see Table 11-3).

11.21 Reading Access

The user can read from these blocks by setting the
NVMREG bits to 0x01 or O0x11. The user needs to load
the address into the TBLPTR registers. Executing a
TBLRD after that moves the byte pointed to the TAB-
LAT register. The CPU operation is suspended during
the read and resumes after. When read access is initi-
ated on an address outside the parameters listed in
Table 11-3, the TABLAT register is cleared, reading
back ‘O’s.

11.2.2 Writing Access

The WREN bit in NVMCON1 must be set to enable
writes. This prevents accidental writes to the CONFIG
words due to errant (unexpected) code execution. The
WREN bit should be kept clear at all times, except
when updating the CONFIG words. The WREN bit is
not cleared by hardware. The WR bit will be inhibited
from being set unless the WREN bit is set.
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The user needs to load the TBLPTR and TABLAT reg-
ister with the address and data byte respectively before
executing the write command. An unlock sequence
needs to be followed for writing to the USER IDs/
DEVICE IDs/CONFIG words (Section 11.1.4, NVM
Unlock Sequence). If WRTC = 0 or if TBLPTR points
an invalid address location (see Table 11-3), WR bit is
cleared without any effect and WRERR is set.

A single CONFIG word byte is written at once and the
operation includes an implicit erase cycle for that byte
(it is not necessary to set FREE). CPU execution is
stalled and at the completion of the write cycle, the WR
bit is cleared in hardware and the NVM Interrupt Flag
bit (NVMIF) is set. The new CONFIG value takes effect
when the CPU resumes operation.

TABLE 11-4: USER ID, DEV/REV ID AND CONFIGURATION WORD ACCESS (NVMREG<1:0> = X1)

Address Function Read Access Write Access
20 0000h-20 000Fh User IDs Yes Yes
3F FFFCh-3F FFFFh Revision ID/Device ID Yes No
30 0000h-30 000Bh Configuration Words 1-6 Yes Yes
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11.3 Data EEPROM Memory

The data EEPROM is a nonvolatile memory array,
separate from the data RAM and program memory,
which 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.

Four SFRs are used to read and write to the data
EEPROM as well as the program memory. They are:
« NVMCON1

« NVMCON2

« NVMDAT

« NVMADRL

* NVMADRH(1)

Note 1: NVMADRH register is not implemented
on PIC18(L)F24/25K40.

The data EEPROM allows byte read and write. When
interfacing to the data memory block, NVMDAT holds
the  8-bit data for read/write and the
NVMADRH:NVMADRL register pair hold 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 internal programming
timer; it will vary with voltage and temperature as well as
from chip-to-chip. Please refer to the Data EEPROM
Memory parameters in Section 37.0 “Electrical
Specifications” for limits.

11.3.1 NVMADRL AND NVMADRH
REGISTERS

The NVMADRH:NVMADRL registers are used to
address the data EEPROM for read and write
operations.

11.3.2 NVMCON1 AND NVMCON2
REGISTERS

Access to the data EEPROM is controlled by two
registers: NVMCON1 and NVMCONZ2. These are the
same registers which control access to the program
memory and are used in a similar manner for the data
EEPROM.

The NVMCONTH1 register (Register 11-1) is the control
register for data and program memory access. Control
bits NVMREG<1:0> determine if the access will be to
program, Data EEPROM Memory or the User IDs,
Configuration bits, Revision ID and Device ID.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear.

The WRERR bit is set by hardware when the WR bit is
set and cleared when the internal programming timer
expires and the write operation is complete.

The WR control bit initiates write operations. The bit
can be set but not cleared by software. Itis cleared only
by hardware at the completion of the write operation.

The NVMIF interrupt flag bit of the PIR7 register is set
when the write is complete. It must be cleared by
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 (NVMREG<1:0> = 0x10). Program memory is
read using table read instructions. See Section
11.1.1 “Table Reads and Table Writes” regarding
table reads.
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11.3.3 READING THE DATA EEPROM
MEMORY

To read a data memory location, the user must write the
address to the NVMADRL and NVMADRH register
pair, clear NVMREG<1:0> control bit in NVMCON1
register to access Data EEPROM locations and then
set control bit, RD. The data is available on the very
next instruction cycle; therefore, the NVMDAT register
can be read by the next instruction. NVMDAT 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 11-5.

FIGURE 11-11: PROGRAM FLASH
MEMORY READ

FLOWCHART

< Start Read Operation )

v

Select Memory:

Program Flash Memory, EEPROM,
Config. Words, User ID (NVMREG)

v

Select Word Address
(NVMADRH:NVMADRL)

v

Initiate Read Operation
(RD=1)

v

Data read now in
NVMDAT

v

( End Read Operation >

11.3.4 WRITING TO THE DATA EEPROM
MEMORY

To write an EEPROM data location, the address must
first be written to the NVMADRL and NVMADRH
register pair and the data written to the NVMDAT
register. The sequence in Example 11-6 must be
followed to initiate the write cycle.

The write will not begin if NVM Unlock sequence,
described in  Section 11.1.4 “NVM Unlock
Sequence”, is not exactly followed for each byte. It is
strongly recommended that interrupts be disabled
during this code segment.

Additionally, the WREN bit in NVMCON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code
execution (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, NVMCON1,
NVMADRL, NVMADRH and NVMDAT cannot be
modified. The WR bit will be inhibited from being set
unless the WREN bit is set. Both WR and WREN
cannot be set with the same instruction.

After a write sequence has been initiated, clearing the
WREN bit will not affect this write cycle. A single Data
EEPROM word is written and the operation includes an
implicit erase cycle for that word (it is not necessary to
set FREE). CPU execution continues in parallel and at
the completion of the write cycle, the WR bit is cleared
in hardware and the NVM Interrupt Flag bit (NVMIF) is
set. The user can either enable this interrupt or poll this
bit. NVMIF must be cleared by software.
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11.3.5

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.

EXAMPLE 11-5:

DATA EEPROM READ

; Data Menory

Address to read
BCF NVMCONL, NVMREQD ; Setup Data EEPROM Access
BCF NVMCONL, NVMREGL ; Setup Data EEPROM Access
MOVF EE_ADDRL, W ;
MOVWF NVMADRL
MOVF EE_ADDRH, W
MOVWF NVMADRH
BSF NVMCON1, RD

Setup Address |ow byte

Setup Address high byte (if applicable)
| ssue EE Read

Requi red unl

MOVF NVMDAT, W W = EE_DATA
EXAMPLE 11-6: DATA EEPROM WRITE

; Data Menory Address to wite
BCF NVMCONL, NVMREQD ; Setup Data EEPROM access
BCF NVMCONL, NVMREGL ; Setup Data EEPROM access
MOVF EE_ADDRL, W ;
MOVWF NVMADRL ; Setup Address | ow byte
MOVF EE_ADDRH, W
MOVWF NVMADRH Setup Address high byte (if applicable)

; Data Menory Value to wite
MOVF EE_DATA, W
MOVWF NVNDAT

; Enable writes
BSF NVMCONL, WREN

Di sable interrupts

BCF INTCON, G E ;

ock sequence

MOVLW 55h

MOVWF NVMCON2 ;
MOVLW AAh ;
MOVWF NVMCON2
; Set WR bit to begin wite
BSF NVMCONL, WR
; Wait for wite to conplete
BTFSC NVMCONL, VR
BRA $-2
; Enabl e | NT
BSF I NTCON, G E ;
Di sable wites
BCF NVMCONL, WREN
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11.3.6 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.

If the Data EEPROM is write-protected or if NVMADR
points an invalid address location, the WR bit is cleared
without any effect. WRERR is signaled in this scenario.

11.3.7 PROTECTION AGAINST SPURIOUS
WRITE

There are conditions when the user may not want to
write to the Data EEPROM Memory. To protect against
spurious EEPROM writes, various mechanisms have
been implemented. On power-up, the WREN bit is
cleared. In addition, writes to the EEPROM are blocked
during the Power-up Timer period (TPWRT).

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

11.3.8 ERASING THE DATA EEPROM
MEMORY

Data EEPROM Memory can be erased by writing OxFF
to all locations in the Data EEPROM Memory that
needs to be erased.

EXAMPLE 11-7: DATA EEPROM REFRESH ROUTINE

CLRF NVMADRL ; Clear address |ow byte register
CLRF NVMADRH ; Clear address high byte register (if applicable)
BCF NVMCONL, NVMREQD ; Set access for EEPROM
BCF NVMCONL, NVMREGL ; Set access for EEPROM
SETF NVNMDAT ; Load OxFF to data register
BCF INTCON, G E ; Disable interrupts
BSF NVMCON1, WREN ; Enable wites
Loop ; Loop to refresh array
MOVLW 0x55 ; Initiate unlock sequence
MOVWF NVMCON2 ;
MOVLW OxAA ;
MOVWF NVMCON2 ;
BSF NVMCONL, WR ; Set WR bit to begin wite
BTFSC NVMCONL, WR ; Wait for wite to conplete
BRA $-2
I NCFSZ NVMADRL, F ; Increnent address | ow byte
BRA Loop ; Not zero, do it again

//The following 4 lines of code are not needed if the part doesn't have NVMADRH regi ster

I NCF NVMADRH, F ; Decrenent address high byte

MOVLW 0x03 ; Move 0x03 to working register

CPFSGT NVMADRH ; Conpare address high byte with working register
BRA Loop ; Skip if greater than working register

; Else go back to erase |oop

BCF NVMCONL, WREN ; Disable wites
BSF INTCON, G E ; Enable interrupts
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11.4 Register Definitions: Nonvolatile Memory
REGISTER 11-1: NVMCON1: NONVOLATILE MEMORY CONTROL 1 REGISTER

R/W-0/0 R/W-0/0 U-0 R/S/HC-0/0 R/W/HS-x/q R/W-0/0 R/S/HC-0/0 R/S/HC-0/0
NVMREG<1:0> | — | FREE | WRERR | WREN WR RD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit HC = Bit is cleared by hardware
x = Bit is unknown -n = Value at POR S = Bit can be set by software, but not cleared
‘0’ = Bit is cleared ‘1’ = Bit is set U = Unimplemented bit, read as ‘0’
bit 7-6 NVMREG<1:0>: NVM Region Selection bit

10 =Access PFM Locations
x1 = Access User IDs, Configuration Bits, Rev ID and Device ID
00 = Access Data EEPROM Memory Locations

bit 5 Unimplemented: Read as ‘0’

bit 4 FREE: Program Flash Memory Erase Enable bit(1)
1 = Performs an erase operation on the next WR command
0 = The next WR command performs a write operation

bit 3 WRERR: Write-Reset Error Flag bit(®34)
1= A write operation was interrupted by a Reset (hardware set),
or WR was written to 1°b1 when an invalid address is accessed (Table 10-1, Table 11-1)
or WR was written to 1’b1 when NVMREG<1:0> and address do not point to the same region
or WR was written to 1’b1 when a write-protected address is accessed (Table 10-2).
0 = All write operations have completed normally

bit 2 WREN: Program/Erase Enable bit
1= Allows program/erase and refresh cycles
0 = Inhibits programming/erasing and user refresh of NVM

bit 1 WR: Write Control bit(5:6:7)
When NVMREG points to a Data EEPROM Memory location:
1= Initiates an erase/program cycle at the corresponding Data EEPROM Memory location
When NVMREG points to a PFM location:
1= Initiates the PFM write operation with data from the holding registers
0 = NVM program/erase operation is complete and inactive

bit O RD: Read Control bit(®)
1= Initiates a read at address pointed by NVMREG and NVMADR, and loads data into NVMDAT
0 = NVM read operation is complete and inactive

Note 1: This can only be used with PFM.
2: This bit is set when WR = 1 and clears when the internal programming timer expires or the write is
completed successfully.
Bit must be cleared by the user; hardware will not clear this bit.
Bit may be written to ‘1’ by the user in order to implement test sequences.
This bit can only be set by following the unlock sequence of Section 11.1.4 “NVM Unlock Sequence”.
Operations are self-timed and the WR bit is cleared by hardware when complete.
Once a write operation is initiated, setting this bit to zero will have no effect.
The bit can only be set in software. The bit is cleared by hardware when the operation is complete.

ONoaR®
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REGISTER 11-2:

NVMCON2: NONVOLATILE MEMORY CONTROL 2 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
NVMCON2<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
x = Bit is unknown ‘0’ = Bit is cleared ‘1’ = Bit is set
-n = Value at POR
bit 7-0 NVMCONZ2<7:0>:
Refer to Section 11.1.4 “NVM Unlock Sequence”.

Note 1: This register always reads zeros, regardless of data written.
Register 11-3: NVMADRL: Data EEPROM Memory Address Low

R/W-x/0 R/W-x/0 R/W-x/0 R/W-x/0 R/W-x/0 R/W-x/0 R/W-x/0 R/W-x/0

NVMADR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
x = Bit is unknown ‘0’ = Bit is cleared ‘1’ = Bitis set
-n = Value at POR
bit 7-0 NVMADR<7:0>: EEPROM Read Address bits
REGISTER 11-4: NVMADRH: DATA EEPROM MEMORY ADDRESS HIGH(")
uU-0 u-0 u-0 u-0 U-0 U-0 R/W-x/u R/W-x/u
— — — — — — NVMADR<9:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown
-n = Value at POR

‘0’ = Bit is cleared

1’ = Bit is set

bit 7-2
bit 1-0

Note 1:

Unimplemented: Read as ‘0’
NVMADR<9:8>: EEPROM Read Address bits

The NVMADRH register is not implemented on PIC18(L)F24/25K40.
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REGISTER 11-5:

NVMDAT: DATA EEPROM MEMORY DATA

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
NVMDAT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
x = Bit is unknown ‘0’ = Bit is cleared ‘1’ = Bitis set
-n = Value at POR

bit 7-0 NVMDAT<7:0>: The value of the data memory word returned from NVMADR after a Read command,
or the data written by a Write command.
TABLE 11-5: SUMMARY OF REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 xg;?;

NVMCON?1 NVMREG<1:0> — FREE WRERR WREN WR RD 140
NVMCON2 Unlock Pattern 141
NVMADRL NVMADR<7:0> 141
NvMADRHO | — [ — | — — | = NVMADR<9:8> 141
NVMDAT NVMDAT<7:0> 142
TBLPTRU — | — | Program Memory Table Pointer (TBLPTR<21:16>) 122*
TBLPTRH Program Memory Table Pointer (TBLPTR<15:8>) 122*
TBLPTRL Program Memory Table Pointer (TBLPTR<7:0>) 122*
TABLAT TABLAT 121*
INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG | INT1EDG INTOEDG 165
PIE7 SCANIE CRCIE NVMIE — — — — CWGI1IE 181
PIR7 SCANIF CRCIF NVMIF — — — — CWG1IF 173
IPR7 SCANIP CRCIP NVMIP — — — — CWG1IP 189
Legend: — =unimplemented, read as ‘0’. Shaded bits are not used during EEPROM access.

*Page provides register information.
Note 1: The NVMADRH register is not implemented on PIC18(L)F24/25K40.

© 2016 Microchip Technology Inc.

Preliminary

DS40001843B-page 142




PIC18(L)F24/25K40

12.0 8x8 HARDWARE MULTIPLIER
12.1

All PIC18 devices include an 8x8 hardware multiplier
as part of the ALU. The multiplier performs an unsigned
operation and yields a 16-bit result that is stored in the
product register pair, PRODH:PRODL. The multiplier’s
operation does not affect any flags in the STATUS
register.

Introduction

Making multiplication a hardware operation allows it to
be completed in a single instruction cycle. This has the
advantages of higher computational throughput and
reduced code size for multiplication algorithms and
allows the PIC18 devices to be used in many applica-
tions 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 12-1.

12.2 Operation

Example 12-1 shows the instruction sequence for an
8x8 unsigned multiplication. Only one instruction is
required when one of the arguments is already loaded in
the WREG register.

Example 12-2 shows the sequence to do an 8x8 signed
multiplication. To account for the sign bits of the
arguments, each argument’s Most Significant bit (MSb)
is tested and the appropriate subtractions are done.

EXAMPLE 12-1:

8x8 UNSIGNED MULTIPLY

ROUTINE

MOVF

ARGL, W ;

MULWF  ARG2

; ARGL * AR&R ->
PRODH: PRODL

EXAMPLE 12-2:

8x8 SIGNED MULTIPLY

ROUTINE
MOVF  ARGL, W
MULWF  ARGK2 ; ARGL * ARXR ->
; PRODH: PRODL
BTFSC AR®, SB ; Test Sign Bit
SUBW PRODH, F ; PRODH = PRODH
; - ARGL
MOVEF ARXR2, W
BTFSC ARGl, SB ; Test Sign Bit
SUBW  PRODH, F ; PRODH = PRODH
; - AR

TABLE 12-1: PERFORMANCE COMPARISON FOR VARIOUS MULTIPLY OPERATIONS
Program Cvcles Time
Routine Multiply Method Memory '3\’”
Words) | M2 | @ 64 MHz | @ 40 MHz | @ 10 MHz | @ 4 MHz
. Without hardware multiply 13 69 4.3 us 6.9 us 27.6 us 69 us
8x8 unsigned -
Hardware multiply 1 1 62.5 ns 100 ns 400 ns 1us
. Without hardware multiply 33 91 5.7 us 9.1 us 36.4 us 91 us
8x8 signed -
Hardware multiply 6 6 375 ns 600 ns 24 us 6 us
) Without hardware multiply 21 242 15.1 us 24.2 us 96.8 us 242 ps
16x16 unsigned -
Hardware multiply 28 28 1.8 pus 2.8 us 1.2 ps 28 us
. Without hardware multiply 52 254 159 us 254 us 102.6 us 254 us
16x16 signed -
Hardware multiply 35 40 25us 4.0 ps 16.0 us 40 ps
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Example 12-3 shows the sequence to do a 16 x 16 EXAMPLE 12-4: 16 x 16 SIGNED
unsigned multiplication. Equation 12-1 shows the MULTIPLY ROUTINE
algorithm that is used. The 32-bit result is stored in four NOVE ARGIL, W
registers (RES<3:0>). MULWF  ARG2L i ARGIL * ARRL ->
; PRODH: PRODL
MOVFF  PRODH, RES1 :
EQUATION 12-1: 16 x 16 UNSIGNED MWVFF  PRODL, RESO
MULTIPLICATION NOVE ARGLH, W
ALGORITHM MILWE  ARG2H ; ARGLH * AR&H ->
N — " - ; PRODH: PRODL
RES3:RESO : ARG1H:ARGIL oARClagH.ARGZL NOVEE PRODH, RES3 :
= (ARGIH e ARG2H e 27) + MVFF  PRODL, RES2
(ARG1H o ARG2L o 28) + :
(ARGIL » ARG2H  25) + MME - ARGIL, W .
(ARGLL s ARG2L) MULVE - ARG2H L 2
MOVF PRODL, W ;
ADDWF RES1, F ; Add cross
EXAMPLE 12-3: 16 x 16 UNSIGNED MOVF PRODH, W ; products
ADDWEC RES2, F ;
MULTIPLY ROUTINE OLRE WREG
MOVF ARGLL, W ADDWC RES3, F
MULVE  ARG2L : ARGIL * ARG2L-> :
; PRODH; PRODL MOVF ARGLH, W ;
MOVFF  PRODH, RES1 ; MILWF  ARG2L ; ARGLH * ARGL ->
MOVFF  PRODL, RESO : : PRODH: PRODL
MOVF PRODL, W ;
MOVF ARGIH, W ADDWF RES1, F ; Add cross
MULWF AR&H ; ARGLH * ARGQH > MOVF PRODH, W ; products
;' PRODH; PRODL ADDWEC RES2, F ;
MOVFF  PRODH, RES3 : CLRF WREG
MOVFF  PRODL, RES?2 ; ADDWEC RES3, F
MOVF ARGLL, W BTFSS  ARG2H, 7 . ARG2H: ARG2L neg?
MULWF ARG2H ; ARGLL * ARGH- > BRA SI GN_ARGL ; no, check ARGL
; PRODH; PRODL MOVF ARGLL, W ;
MOVF PRODL, W ; SUBW  RES2
ADDWF RES1, F ; Add cross MOVF ARGIH, W
MOVF PRODH, W ; products SUBWB  RES3
ADDWEC RES2, F ; :
CLRF WREG ; SI GN_ARGL
ADDWC RES3, F ; BTFSS  ARGIH, 7 . ARGLH: ARGLL neg?
BRA CONT_CODE ; no, done
MOVF ARGLH, W ; MOVF ARGL, W
MULWF  ARG2L ; ARGLH * ARRL-> SUBWE  RES?
: PRODH: PRODL MOVF ARGRH, W
MOVF PRODL, W ; SUBWFB  RES3
ADDWF RES1, F ; Add cross :
MOVF PRODH, W ; products CONT_CODE
ADDWEC RES2, F ; :
CLRF VREG
ADDWEC RES3, F

Example 12-4 shows the sequence to do a 16 x 16
signed multiply. Equation 12-2 shows the algorithm
used. The 32-bit result is stored in four registers
(RES<3:0>). To account for the sign bits of the argu-
ments, the MSb for each argument pair is tested and
the appropriate subtractions are done.

EQUATION 12-2: 16 x 16 SIGNED
MULTIPLICATION
ALGORITHM

ARG1H:ARGIL  ARG2H:ARG2L
(ARG1H o ARG2H o 216) +

(ARG1H ¢ ARG2L  28) +

(ARGIL » ARG2H o 28) +

(ARGIL e ARG2L) +

(-1 e ARG2H<7> ¢ ARGIH:ARGIL o 2%6) +
(-1 e ARG1IH<7> ¢ ARG2H:ARG2L o 216)

RES3:RESO
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13.0 CYCLIC REDUNDANCY CHECK
(CRC) MODULE WITH MEMORY
SCANNER

The Cyclic Redundancy Check (CRC) module provides
a software-configurable hardware-implemented CRC
checksum generator. This module includes the following
features:

» Any standard CRC up to 16 bits can be used
+ Configurable Polynomial

* Any seed value up to 16 bits can be used

» Standard and reversed bit order available

* Augmented zeros can be added automatically or
by the user

* Memory scanner for fast CRC calculations on
program memory user data

» Software loadable data registers for
communication CRC’s

13.1 CRC Module Overview

The CRC module provides a means for calculating a
check value of program memory. The CRC module is
coupled with a memory scanner for faster CRC
calculations. The memory scanner can automatically
provide data to the CRC module. The CRC module can
also be operated by directly writing data to SFRs,
without using a scanner.
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13.2 Register Definitions: CRC and Scanner Control

Long bit name prefixes for the CRC and Scanner periph-

erals are shown in Table 13-1. Refer to Section
1.4.2.2 “Long Bit Names” for more information.

TABLE 13-1:
Peripheral Bit Name Prefix
CRC CRC

REGISTER 13-1: CRCCONO: CRC CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R-0 R/W-0/0 u-0 uU-0 R/W-0/0 R-0
EN | eo | Busy [ aAcem | — ] — SHIFTM FULL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EN: CRC Enable bit
1 = CRC module is released from Reset
0 = CRC is disabled and consumes no operating current
bit 6 GO: CRC Start bit
1 = Start CRC serial shifter
0 = CRC serial shifter turned off
bit 5 BUSY: CRC Busy bit
1 = Shifting in progress or pending
0 = All valid bits in shifter have been shifted into accumulator and EMPTY =1
bit 4 ACCM: Accumulator Mode bit
1 = Data is augmented with zeros
0 = Data is not augmented with zeros
bit 3-2 Unimplemented: Read as ‘0’
bit 1 SHIFTM: Shift Mode bit
1 = Shift right (LSb)
0 = Shift left (MSb)
bit 0 FULL: Data Path Full Indicator bit

1 = CRCDATHV/L registers are full
0 = CRCDATHIL registers have shifted their data into the shifter

REGISTER 13-2: CRCCON1: CRC CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
DLEN<3:0> | PLEN<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 DLEN<3:0>: Data Length bits
Denotes the length of the data word -1 (See Example 13-1)
bit 3-0 PLEN<3:0>: Polynomial Length bits

Denotes the length of the polynomial -1 (See Example 13-1)
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REGISTER 13-3: CRCDATH: CRC DATA HIGH BYTE REGISTER

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 DATA<15:8>: CRC Input/Output Data bits

REGISTER 13-4: CRCDATL: CRC DATA LOW BYTE REGISTER

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 DATA<7:0>: CRC Input/Output Data bits

Writing to this register fills the shifter.

REGISTER 13-5: CRCACCH: CRC ACCUMULATOR HIGH BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACC<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 ACC<15:8>: CRC Accumulator Register bits

Writing to this register writes to the CRC accumulator register. Reading from
this register reads the CRC accumulator.
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REGISTER 13-6:

CRCACCL: CRC ACCUMULATOR LOW BYTE REGISTER
R/W-0/0

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ACC<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0

ACC<7:0>: CRC Accumulator Register bits
Writing to this register writes to the CRC accumulator register through the CRC write bus. Reading
from this register reads the CRC accumulator.

REGISTER 13-7: CRCSHIFTH: CRC SHIFT HIGH BYTE REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
SHIFT<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0

SHIFT<15:8>: CRC Shifter Register bits
Reading from this register reads the CRC Shifter.

REGISTER 13-8:
R-0

CRCSHIFTL: CRC SHIFT LOW BYTE REGISTER
R-0 R-0 R-0 R-0 R-0
SHIFT<7:0>

R-0 R-0

bit 7

bit 0

Legend:

R = Readable bit

u = Bit is unchanged
‘1’ = Bit is set

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets
‘0’ = Bit is cleared

bit 7-0

SHIFT<7:0>: CRC Shifter Register bits

Reading from this register reads the CRC Shifter.
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REGISTER 13-9: CRCXORH: CRC XOR HIGH BYTE REGISTER

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
X<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 X<15:8>: XOR of Polynomial Term XN Enable bits

REGISTER 13-10: CRCXORL: CRC XOR LOW BYTE REGISTER

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x U-1
X<7:1> —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-1 X<7:1>: XOR of Polynomial Term XN Enable bits
bit 0 Unimplemented: Read as ‘1’
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REGISTER 13-11:

SCANCONO: SCANNER ACCESS CONTROL REGISTER 0

R/W-0/0

R/W/HC-0/0

R-0

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

R/W-0/0

R/W-0/0

SCANEN
bit 7

SCANGO BUSY INVALID INTM — MODE<1:0>

bit 0

Legend:

R = Readable bit

u = Bit is unchanged
‘1’ = Bitis set

W = Writable bit
x = Bit is unknown

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets
HC = Bit is cleared by hardware

‘0’ = Bit is cleared

SCANEN: Scanner Enable bit(")

1 = Scanner is enabled

0 = Scanner is disabled, internal states are reset

SCANGO: Scanner GO bit( 3)

1 = When the CRC sends a ready signal, NVM will be accessed according to MDx and data passed to
the client peripheral.

0 = Scanner operations will not occur

BUSY: Scanner Busy Indicator bit(4)

1 = Scanner cycle is in process

0 = Scanner cycle is complete (or never started)

INVALID: Scanner Abort Signal bit

1 = SCANLADRL/H/U has incremented to an invalid address(® or the scanner was not setup correctlym

0 = SCANLADRL/H/U points to a valid address

INTM: NVM Scanner Interrupt Management Mode Select bit

If MODE = 10;

This bit is ignored

If MODE = 01 (CPU is stalled until all data is transferred):

1 = SCANGO is overridden (to zero) during interrupt operation; scanner resumes after returning from
interrupt

0 = SCANGO is not affected by interrupts, the interrupt response will be affected

If MODE =00 ori1:

1 = SCANGO is overridden (to zero) during interrupt operation; scan operations resume after returning
from interrupt

0 = Interrupts do not prevent NVM access

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2
bit 1-0

Unimplemented: Read as ‘0’

MODE<1:0>: Memory Access Mode bits(®
11 = Triggered mode

10 = Peek mode

01 = Burst mode

00 = Concurrent mode

Note 1: Setting SCANEN =0 (SCANCONO register) does not affect any other register content.

2: This bit is cleared when LADR > HADR (and a data cycle is not occurring).

3: IfINTM = 1, this bit is overridden (to zero, but not cleared) during an interrupt response.

4: BUSY =1 when the NVM is being accessed, or when the CRC sends a ready signal.

5: See Table 13-2 for more detailed information.

6: Aninvalid address can occur when the entire range of PFM is scanned and the value of LADR rolls over. An
invalid address can also occur if the value in the Scan Low address registers points to a location that is not
mapped in the memory map of the device.

7: CRCEN and CRCGO bits must be set before setting SCANGO bit. Refer to Section 13.9 “Program Memory
Scan Configuration”.
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REGISTER 13-12: SCANLADRU: SCAN LOW ADDRESS UPPER BYTE REGISTER

uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — LADR<21:16>(12)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 LADR<21:16>: Scan Start/Current Address bits(-?)

Upper bits of the current address to be fetched from, value increments on each fetch of memory.

Note 1: Registers SCANLADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access;
registers should only be read or written while SCANGO = 0 (SCANCONQO register).

2:  While SCANGO =1 (SCANCONO register), writing to this register is ignored.

REGISTER 13-13: SCANLADRH: SCAN LOW ADDRESS HIGH BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
LADR<15:8>(1:2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 LADR<15:8>: Scan Start/Current Address bits(!> 2)
Most Significant bits of the current address to be fetched from, value increments on each fetch of
memory.

Note 1: Registers SCANLADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access;
registers should only be read or written while SCANGO = 0 (SCANCONQO register).

2:  While SCANGO =1 (SCANCONO register), writing to this register is ignored.
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REGISTER 13-14: SCANLADRL: SCAN LOW ADDRESS LOW BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
LADR<7:0>(1:2)

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-0 LADR<7:0>: Scan Start/Current Address bits(!> 2)
Least Significant bits of the current address to be fetched from, value increments on each fetch of
memory

Note 1: Registers SCANLADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access;
registers should only be read or written while SCANGO = 0 (SCANCONQO register).

2:  While SCANGO =1 (SCANCONO register), writing to this register is ignored.

REGISTER 13-15: SCANHADRU: SCAN HIGH ADDRESS UPPER BYTE REGISTER

u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — HADR<21:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 HADR<21:16>: Scan End Address bits(" 2

Upper bits of the address at the end of the designated scan

Note 1: Registers SCANHADRU/H/L form a 22-bit value but are not guarded for atomic or asynchronous access;
registers should only be read or written while SCANGO = 0 (SCANCONQO register).

2:  While SCANGO =1 (SCANCONO register), writing to this register is ignored.
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REGISTER 13-16: SCANHADRH: SCAN HIGH ADDRESS HIGH BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
HADR<15:8>(1:2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 HADR<15:8>: Scan End Address bits(! 2
Most Significant bits of the address at the end of the designated scan

Note 1: Registers SCANHADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access;

2:

registers should only be read or written while SCANGO = 0 (SCANCONQO register).
While SCANGO = 1 (SCANCONO register), writing to this register is ignored.

REGISTER 13-17: SCANHADRL: SCAN HIGH ADDRESS LOW BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
HADR<7:0>(1:2)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 HADR<7:0>: Scan End Address bits(!> 2)
Least Significant bits of the address at the end of the designated scan

Note 1: Registers SCANHADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous access;

registers should only be read or written while SCANGO = 0 (SCANCONQO register).
While SCANGO = 1 (SCANCONO register), writing to this register is ignored.

© 2016 Microchip Technology Inc.

Preliminary DS40001843B-page 153




PIC18(L)F24/25K40

REGISTER 13-18: SCANTRIG: SCAN TRIGGER SELECTION REGISTER

uU-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — TSEL<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 TSEL<3:0>: Scanner Data Trigger Input Selection bits

1111- 1001 = Reserved
1000 = TMR6_postscaled
0111 = TMR5_output
0110 = TMR4_postscaled
0101 = TMR3_output
0100 = TMR2_postscaled
0011 = TMR1_output
0010 = TMRO_output
0001 = CLKREF_output
0000 = LFINTOSC
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13.3 CRC Functional Overview

The CRC module can be used to detect bit errors in the
Flash memory using the built-in memory scanner or
through user input RAM memory. The CRC module can
accept up to a 16-bit polynomial with up to a 16-bit seed
value. A CRC calculated check value (or checksum)
will then be generated into the CRCACC<15:0>
registers for user storage. The CRC module uses an
XOR shift register implementation to perform the
polynomial division required for the CRC calculation.

EXAMPLE 13-1: CRC EXAMPLE

Rev. 10-000206A
11812014

CRC-16-ANSI
x'®+ x' + x% + 1 (17 bits)
Standard 16-bit representation = 0x8005

CRCXORH = 0010000000
CRCXORL = 0b0000010-

Data Sequence:
0x55, 0x66, 0x77, 0x88

DLEN = 0b0111
PLEN = 0Obll1ll

Data entered into the CRC:

SHIFTM = 0:
01010101 01100110 01110111 10001000
SHIFTM = 1:

10101010 01100110 11101110 00010001

Check Value (ACCM = 1):

SHIFTM =0: 0x32D6
CRCACCH = 0b00110010
CRCACCL = 0b11010110

SHIFTM = 1: 0x6BA2
CRCACCH = 0b01101011
CRCACCL = 0b10100010

Note 1: BitO is unimplemented. The LSb of any
CRC polynomial is always ‘1’ and will always
be treated as a ‘1’ by the CRC for calculating
the CRC check value. This bit will be read in
software as a ‘0’.
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13.4 CRC Polynomial Implementation

Any polynomial can be used. The polynomial and
accumulator sizes are determined by the PLEN<3:0>
bits. For an n-bit accumulator, PLEN = n-1 and the
corresponding polynomial is n+1 bits. Therefore, the
accumulator can be any size up to 16 bits with a
corresponding polynomial up to 17 bits. The MSb and
LSb of the polynomial are always ‘1’ which is forced by
hardware. All polynomial bits between the MSb and
LSb are specified by the CRCXOR registers. For
example, when using CRC16-ANSI, the polynomial is
defined as X'6+X'5+X2+1. The X'® and X% = 1 terms
are the MSb and LSb controlled by hardware. The X'°
and X? terms are specified by setting the

EXAMPLE 13-2: CRC LFSR EXAMPLE

corresponding CRCXOR<15:0> bits with the value of
0x8004. The actual value is 0x8005 because the
hardware sets the LSb to 1. However, the LSb of the
CRCXORL register is unimplemented and always
reads as ‘0’. Refer to Example 13-1.

Linear Feedback Shift Register for CRC-16-ANSI

X16+X15+X2+1

Augmentation Mode ON

Rev. 10-000207A
512712014

Augmentation Mode OFF Data in

13.5 CRC Data Sources

Data can be input to the CRC module in two ways:

- User data using the CRCDATA registers
(CRCDATH and CRCDATL)

- Flash using the Program Memory Scanner

To set the number of bits of data, up to 16 bits, the
DLEN bits of CRCCON1 must be set accordingly. Only
data bits in CRCDATA registers up to DLEN will be
used, other data bits in CRCDATA registers will be
ignored.

Data is moved into the CRCSHIFT as an intermediate
to calculate the check value located in the CRCACC
registers.

The SHIFTM bit is used to determine the bit order of the
data being shifted into the accumulator. If SHIFTM is
not set, the data will be shifted in MSb first (Big Endian).
The value of DLEN will determine the MSb. If SHIFTM
bit is set, the data will be shifted into the accumulator in
reversed order, LSb first (Little Endian).

The CRC module can be seeded with an initial value by
setting the CRCACC<15:0> registers to the
appropriate value before beginning the CRC.

13.5.1 CRC FROM USER DATA

To use the CRC module on data input from the user, the
user must write the data to the CRCDAT registers. The
data from the CRCDAT registers will be latched into the
shift registers on any write to the CRCDATL register.

13.5.2 CRC FROM FLASH

To use the CRC module on data located in Flash
memory, the user can initialize the Program Memory
Scanner as defined in Section 13.9, Program Memory
Scan Configuration.
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13.6 CRC Check Value

The CRC check value will be located in the CRCACC
registers after the CRC calculation has finished. The
check value will depend on two mode settings of the
CRCCON register: ACCM and SHIFTM.

When the ACCM bit is set, the CRC module augments
the data with a number of zeros equal to the length of
the polynomial to align the final check value. When the
ACCM bit is not set, the CRC will stop at the end of the
data. A number of zeros equal to the length of the
polynomial can then be entered into CRCDAT to find
the same check value as augmented mode.
Alternatively, the expected check value can be entered
at this point to make the final result equal 0.

When the CRC check value is computed with the
SHIFTM bit set, selecting LSb first, and the ACCM bit
is set then the final value in the CRCACC registers will
be reversed such that the LSb will be in the MSb
position and vice versa. This is the expected check
value in bit reversed form. If you are creating a check
value to be appended to a data stream then a bit
reversal must be performed on the final value to
achieve the correct checksum. You can use the CRC to
do this reversal by the following method:

» Save CRCACC value in user RAM space

» Clear the CRCACC registers

» Clear the CRCXOR registers

» Write the saved CRCACC value to the CRCDAT
input

The properly oriented check value will be in the
CRCACC registers as the result.

13.7 CRC Interrupt

The CRC will generate an interrupt when the BUSY bit
transitions from 1 to 0. The CRCIF Interrupt Flag bit of
the PIR7 register is set every time the BUSY bit
transitions, regardless of whether or not the CRC
interrupt is enabled. The CRCIF bit can only be cleared
in software. The CRC interrupt enable is the CRCIE bit
of the PIE7 register.

13.8 Configuring the CRC

The following steps illustrate how to properly configure
the CRC.

1. Determine if the automatic program memory
scan will be used with the scanner or manual
calculation through the SFR interface and
perform the actions specified in Section
13.5 “CRC Data Sources”, depending on which
decision was made.

2. If desired, seed a starting CRC value into the
CRCACCHU/L registers.

3. Program the CRCXORHI/L registers with the
desired generator polynomial.

4. Program the DLEN<3:0> bits of the CRCCON1
register with the length of the data word - 1 (refer
to Example 13-1). This determines how many
times the shifter will shift into the accumulator for
each data word.

5. Program the PLEN<3:0> bits of the CRCCON1
register with the length of the polynomial -2
(refer to Example 13-1).

6. Determine whether shifting in trailing zeros is
desired and set the ACCM bit of the CRCCONO
register appropriately.

7. Likewise, determine whether the MSb or LSb
should be shifted first and write the SHIFTM bit
of the CRCCONQO register appropriately.

8. Write the CRCGO bit of the CRCCONQO register
to begin the shifting process.

9a. If manual SFR entry is used, monitor the FULL bit
of the CRCCONO register. When FULL =0,
another word of data can be written to the
CRCDATHI/L registers, keeping in mind that
CRCDATH should be written first if the data has
more than eight bits, as the shifter will begin upon
the CRCDATL register being written.

9b. If the scanner is used, the scanner will
automatically stuff words into the CRCDATH/L
registers as needed, as long as the SCANGO bit
is set.

10a.If using the Flash memory scanner, monitor the
SCANIF (or the SCANGO bit) for the scanner to
finish pushing information into the CRCDATA
registers. After the scanner is completed,
monitor the CRCIF (or the BUSY bit) to
determine that the CRC has been completed
and the check value can be read from the
CRCACC registers. If both the interrupt flags are
set (or both BUSY and SCANGO bits are
cleared), the completed CRC calculation can be
read from the CRCACCHIL registers.

10b.If manual entry is used, monitor the CRCIF (or
BUSY bit) to determine when the CRCACC
registers will hold the check value.
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13.9 Program Memory Scan
Configuration

If desired, the program memory scan module may be
used in conjunction with the CRC module to perform a
CRC calculation over a range of program memory
addresses. In order to set up the scanner to work with
the CRC you need to perform the following steps:

1. Set the Enable bit in both the CRCCONO and
SCANCONO registers. If they get disabled, all
internal states of the scanner and the CRC are
reset (registers are unaffected).

2. Choose which memory access mode is to be
used (see Section 13.11 “Scanning Modes”)
and set the MODE bits of the SCANCONO
register appropriately.

3. Based on the memory access mode, set the
INTM bits of the SCANCONO register to the
appropriate interrupt mode (see Section
13.11.5 “Interrupt Interaction”)

4. Setthe SCANLADRL/H/U and SCANHADRL/H/
U registers with the beginning and ending
locations in memory that are to be scanned.

5. The CRCGO bit must be set before setting the
SCANGO bit. Setting the SCANGO bit starts the
scan. Both CRCEN and CRCGO bits must be
enabled to use the scanner. When either of
these bits are disabled, the scan aborts and the
INVALID bit SCANCONQO is set. The scanner will
wait for the signal from the CRC that it is ready
for the first Flash memory location, then begin
loading data into the CRC. It will continue to do
so until it either hits the configured end address
or an address that is unimplemented on the
device, at which point the SCANGO bit will clear,
Scanner functions will cease, and the SCANIF
interrupt will be triggered. Alternately, the
SCANGO bit can be cleared in software if
desired.

13.10 Scanner Interrupt

The scanner will trigger an interrupt when the
SCANGO bit transitions from ‘1’ to ‘0’. The SCANIF
interrupt flag of PIR7 is set when the last memory
location is reached and the data is entered into the
CRCDATA registers. The SCANIF bit can only be
cleared in software. The SCAN interrupt enable is the
SCANIE bit of the PIE7 register.

13.11 Scanning Modes

The memory scanner can scan in four modes: Burst,
Peek, Concurrent, and Triggered. These modes are
controlled by the MODE bits of the SCANCONO
register. The four modes are summarized in Table 13-2.

13.11.1  BURST MODE

When MODE =01, the scanner is in Burst mode. In
Burst mode, CPU operation is stalled beginning with the
operation after the one that sets the SCANGO bit, and
the scan begins, using the instruction clock to execute.
The CPU is held in its current state until the scan stops.
Note that because the CPU is not executing instructions,
the SCANGO bit cannot be cleared in software, so the
CPU will remain stalled until one of the hardware end-
conditions occurs. Burst mode has the highest
throughput for the scanner, but has the cost of stalling
other execution while it occurs.

13.11.2 CONCURRENT MODE

When MODE = 00, the scanner is in Concurrent mode.
Concurrent mode, like Burst mode, stalls the CPU
while performing accesses of memory. However, while
Burst mode stalls until all accesses are complete,
Concurrent mode allows the CPU to execute in
between access cycles.

13.11.3 TRIGGERED MODE

When MODE = 11, the scanner is in Triggered mode.
Triggered mode behaves identically to Concurrent
mode, except instead of beginning the scan
immediately upon the SCANGO bit being set, it waits
for a rising edge from a separate trigger clock, the
source of which is determined by the SCANTRIG
register.

13.11.4 PEEK MODE

When MODE = 10, the scanner is in Peek mode. Peek
mode waits for an instruction cycle in which the CPU
does not need to access the NVM (such as a branch
instruction) and uses that cycle to do its own NVM
access. This results in the lowest throughput for the NVM
access (and can take a much longer time to complete a
scan than the other modes), but does so without any
impact on execution times, unlike the other modes.
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TABLE 13-2: SUMMARY OF SCANNER MODES

Description

MODE<1:0>
First Scan Access CPU Operation

CPU resumes execution following
each access

As soon as possible

) . Stalled during NVM access
following a trigger

11 | Triggered

CPU continues execution following

10 |Peek At the first dead cycle Timing is unaffected
each access
01 Burst CPU suspended until scan
. . completes
As soon as possible Stalled during NVM access

CPU resumes execution following

00 Concurrent
each access

13.11.5 INTERRUPT INTERACTION

The INTM bit of the SCANCONO register controls the
scanner’s response to interrupts depending on which
mode the NVM scanner is in, as described in Table 13-3.

TABLE 13-3: SCAN INTERRUPT MODES

MODE<1:0>
INTM MODE == CONCURENT or
MODE == Burst TRIGGERED MODE ==PEEK
Interrupt overrides SCANGO (to | Scanner suspended during
zero) to pause the burst and the interrupt response (SCANGO = 0);
1 interrupt handler executes at full interrupt executes at full speed This bit is ignored
speed; Scanner Burst resumes and scan resumes when the
when interrupt completes. interrupt is complete.

Interrupts do not override
SCANGO, and the scan (burst)
operation will continue; interrupt Scanner accesses NVM during
response will be delayed until scan |interrupt response.

completes (latency will be
increased).

This bit is ignored

In general, if INTM=0, the scanner will take
precedence over the interrupt, resulting in decreased
interrupt processing speed and/or increased interrupt
response latency. If INTM = 1, the interrupt will take
precedence and have a better speed, delaying the
memory scan.

13.11.6  WWDT INTERACTION

Operation of the WWDT is not affected by scanner
activity. Hence, it is possible that long scans,
particularly in Burst mode, may exceed the WWDT
time-out period and result in an undesired device
Reset. This should be considered when performing
memory scans with an application that also utilizes
WWDT.
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13.11.7 IN-CIRCUIT DEBUG (ICD)
INTERACTION

The scanner freezes when an ICD halt occurs, and

remains frozen until user-mode operation resumes.

The debugger may inspect the SCANCONO and

SCANLADR registers to determine the state of the

scan.

The ICD interaction with each operating mode is
summarized in Table 13-4.

TABLE 13-4: ICD AND SCANNER INTERACTIONS

Scanner Operating Mode

ICD Halt

Peek Copcurrent Burst
Triggered
If external halt is asserted during

If external halt is asserted during the BSF( SCANCON. GO), IC.D

. : entry occurs, and the burst is
a scan cycle, the instruction delaved until ICD exit
(delayed by scan) may or may y ’
not execute before ICD entry, Otherwise. the current NVM-
depending on external halt ’ .

External access cycle will complete, and

Halt timing. then the scanner will be

interrupted for ICD entry.

If external halt is asserted during
the cycle immediately prior to the | If external halt is asserted during

scan cycle, both scan and the burst, the burst is suspended
instruction execution happen and will resume with ICD exit.
after the ICD exits.
PC If scanner would peek an Scan cycle occurs before ICD
Breakpoint instruction that is not executed | entry and instruction execution
(because of ICD entry), the peek | happens after the ICD exits. If PCPB (or single step) is on
will occur after ICD exit, when the | The instruction with the dataBP | BSF( SCANCON. GO) , the ICD is
instruction executes. executes and ICD entry occurs | entered before execution;
Data immediately after. If scan is execution of the burst will occur
Breakpoint requested during that cycle, the |atICD exit, and the burst will run
scan cycle is postponed until the |to completion.
ICD exits.
If a scan cycle is ready after the | Note that the burst can be
Single Step debug instruction is executed, interrupted by an external halt.
the scan will read PFM and then
the ICD is re-entered.
If SWBP replaces
If scan would stall a SWBP, the | BoF ¢ SCANCON. GO, the 1CD will
SWBP and . | be entered; instruction execution
ICDINST scan cycle occurs and the ICD is will occur at ICD exit (from

entered. ICDINSTR register), and the

burst will run to completion.

13.11.8 PERIPHERAL MODULE DISABLE

Both the CRC and scanner module can be disabled
individually by setting the CRCMD and SCANMD bits
of the PMDO register (Register 7-1). The SCANMD can
be used to enable or disable to the scanner module
only if the SCANE bit of Configuration Word 4 is set. If
the SCANE bit is cleared, then the scanner module is
not available for use and the SCANMD bit is ignored.
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TABLE 13-5: SUMMARY OF REGISTERS ASSOCIATED WITH CRC
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 539;2::
CRCACCH ACC<15:8> 147
CRCACCL ACC<7:0> 148
CRCCONO EN GO BUSY ACCM — — SHIFTM FULL 146
CRCCON1 DLEN<3:0> PLEN<3:0> 146
CRCDATH DATA<15:8> 147
CRCDATL DATA<7:0> 147
CRCSHIFTH SHIFT<15:8> 148
CRCSHIFTL SHIFT<7:0> 148
CRCXORH X<15:8> 149
CRCXORL X<7:1> — 149
PMDO SYSCMD | FVRMD | HLVDMD | CRCMD | SCANMD | NVMMD | CLKRMD | IOCMD 63
SCANCONO SCANEN | SCANGO BUSY | INVALID INTM — MODE<1:0> 150
SCANHADRU — — HADR<21:16> 152
SCANHADRH HADR<15:8> 153
SCANHADRL HADR<7:0> 153
SCANLADRU — — LADR<21:16> 151
SCANLADRH LADR<15:8> 151
SCANLADRL LADR<7:0> 152
SCANTRIG — — — — TSEL<3:0> 154
INTCON GIE/GIEH | PEIE/GIEL | IPEN — — INT2EDG | INT1EDG | INTOEDG 165
PIR7 SCANIF CRCIF NVMIF — — — — CWGH1IF 173
PIE7 SCANIE CRCIE NVMIE — — — — CWGIIE 181
IPR7 SCANIP CRCIP NVMIP — — — — CWG1IP 189
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for the CRC module.
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14.0 INTERRUPTS

The PIC18(L)F2x/4xK40 devices have multiple
interrupt sources and an interrupt priority feature that
allows most interrupt sources to be assigned a high or
low priority level. The high priority interrupt vector is at
0008h and the low priority interrupt vector is at 0018h.
A high priority interrupt event will interrupt a low priority
interrupt that may be in progress.

The registers for controlling interrupt operation are:

* INTCON

* PIR1, PIR2, PIR3, PIR4, PIRS5, PIR6, PIR7
* PIE1, PIE2, PIE3, PIE4, PIE5, PIEG, PIE7
* IPR1, IPR2, IPR3, IPR4, IPRS5, IPR6, IPR7

It is recommended that the Microchip header files sup-
plied 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 to indicate that an interrupt event
occurred

« Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

 Priority bit to select high priority or low priority

141 Mid-Range Compatibility

When the IPEN bit is cleared (default state), the interrupt
priority feature is disabled and interrupts are compatible
with  PIC® microcontroller mid-range devices. In
Compatibility mode, the interrupt priority bits of the IPRx
registers have no effect. The PEIE/GIEL bit of the
INTCON register is the global interrupt enable for the
peripherals. The PEIE/GIEL bit disables only the
peripheral interrupt sources and enables the peripheral
interrupt sources when the GIE/GIEH bit is also set. The
GIE/GIEH bit of the INTCON register is the global
interrupt enable which enables all non-peripheral
interrupt sources and disables all interrupt sources,
including the peripherals. All interrupts branch to
address 0008h in Compatibility mode.

14.2 Interrupt Priority

The interrupt priority feature is enabled by setting the
IPEN bit of the INTCON register. When interrupt priority
is enabled the GIE/GIEH and PEIE/GIEL Global Inter-
rupt Enable bits of Compatibility mode are replaced by
the GIEH high priority, and GIEL low priority, global
interrupt enables. When the IPEN bit is set, the GEIH
bit of the INTCON register enables all interrupts which
have their associated bit in the IPRx register set. When
the GEIH bit is cleared, then all interrupt sources
including those selected as low priority in the IPRx reg-
ister are disabled.

When both GIEH and GIEL bits are set, all interrupts
selected as low priority sources are enabled.

A high priority interrupt will vector immediately to
address 00 0008h and a low priority interrupt will vector
to address 00 0018h.

14.3 Interrupt Response

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. The
GIE/GIEH bit is the Global Interrupt Enable when the
IPEN bit is cleared. When the IPEN bit is set, enabling
interrupt priority levels, the GIEH bit is the high priority
Global Interrupt Enable and the GIEL bit is the low
priority Global Interrupt Enable. 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, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits in the INTCONx and PIRx
registers. The interrupt flag bits must be cleared by
software before re-enabling interrupts to avoid
repeating the same interrupt.

The “return from interrupt” instruction, RETFI E, exits
the interrupt routine and sets the GIE/GIEH bit (GIEH
or GIEL if priority levels are used), which re-enables
interrupts.

For external interrupt events, such as the INT pins or
the Interrupt-on-change pins, the interrupt latency will
be three to four instruction cycles. The exact latency is
the same for one-cycle or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bits or the Global
Interrupt Enable bit.

Note: Do not use the MOVFF instruction to
modify any of the interrupt control regis-
ters while any interrupt is enabled. Doing
sO may cause erratic microcontroller
behavior.
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FIGURE 14-1: PIC18 INTERRUPT LOGIC
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14.4 INTCON Registers

The INTCON registers are readable and writable
registers, which contain various enable and priority
bits.

14.5 PIR Registers

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are eight Peripheral Interrupt
Request Flag registers (PIRO, PIR1, PIR2, PIR3, PIR4,
PIR5, PIR6 and PIR7).

14.6 PIE Registers

The PIE registers contain the individual enable bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are eight Peripheral Interrupt
Enable registers (PIEO, PIE1, PIE2, PIE3, PIE4, PIES,
PIE6 and PIE7). When IPEN = 0, the PEIE/GIEL bit must
be set to enable any of these peripheral interrupts.

14.7 IPR Registers

The IPR registers contain the individual priority bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are eight Peripheral Interrupt
Priority registers (IPRO, IPR1, IPR2, IPR3, IPR4 and
IPR5, IPR6 and IPR7). Using the priority bits requires that
the Interrupt Priority Enable (IPEN) bit be set.
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14.8 Register Definitions: Interrupt Control
REGISTER 14-1: INTCON: INTERRUPT CONTROL REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0 R/W-1/1 R/W-1/1 R/W-1/1
GIE/GEH | PEIE/GIEL | IPEN | - | - INT2EDG INTIEDG | INTOEDG
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

bit 6

bit 5

bit 4-3
bit 2

bit 1

bit 0

If IPEN = 1:
1 = Enables all unmasked interrupts and cleared by hardware for high-priority interrupts only
0 = Disables all interrupts

If IPEN =0:
1 = Enables all unmasked interrupts and cleared by hardware for all interrupts
0 = Disables all interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

If IPEN = 1:
1 = Enables all low-priority interrupts and cleared by hardware for low-priority interrupts only
0 = Disables all low-priority interrupts

If IPEN =0:
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts

Unimplemented: Read as ‘0’

INT2EDG: External Interrupt 2 Edge Select bit

1 = Interrupt on rising edge of INT2 pin

0 = Interrupt on falling edge of INT2 pin

INT1EDG: External Interrupt 1 Edge Select bit

1 = Interrupt on rising edge of INT1 pin

0 = Interrupt on falling edge of INT1 pin

INTOEDG: External Interrupt 0 Edge Select bit

1 = Interrupt on rising edge of INTO pin

0 = Interrupt on falling edge of INTO pin

Note:

Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.
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REGISTER 14-2: PIR0: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 0

uU-0 u-0 R/W-0/0 R-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
- - TMROIF® | 10CIF2 [ = [ INT2IF®® [ INT1F®3) | INTOIF(-®)
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 TMROIF: Timer0 Interrupt Flag bit("

1 = TMRO register has overflowed (must be cleared by software)
0 = TMRO register has not overflowed

bit 4 IOCIF: Interrupt-on-Change Flag bit('-?)

1 = 10C event has occurred (must be cleared by software)
0 = 10C event has not occurred

bit 3 Unimplemented: Read as ‘0’

bit 2 INT2IF: External Interrupt 2 Flag bit("-3

1 = External Interrupt 2 has occurred
0 = External Interrupt 2 has not occurred

bit 1 INT1IF: External Interrupt 1 Flag bit(-3)

1 = External Interrupt 1 has occurred
0 = External Interrupt 1 has not occurred

bit 0 INTOIF: External Interrupt O Flag bit(":3)
1 = External Interrupt 0 has occurred

0 = External Interrupt 0 has not occurred
Note 1: Interrupts are not disabled by the PEIE bit in the INTCON register.
2: IOCIF is a read-only bit, to clear the interrupt condition, all bits in the IOCF register must be cleared.

3: The external interrupt GPIO pin is selected by the INTPPS register.
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REGISTER 14-3: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

R/W-0/0 R/W-0/0 U-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0
OSCFIF | cswiF — — | — | — | AomF ADIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to HFINTOSC (must be cleared by software)
0 = Device clock operating
bit 6 CSWIF: Clock-Switch Interrupt Flag bit(")
1 = New oscillator is ready for switch (must be cleared by software) (see Figure 4-6 and Figure 4-7)
0 = New oscillator is not ready for switch or has not been started
bit 5-2 Unimplemented: Read as ‘0’
bit 1 ADTIF: ADC Threshold Interrupt Flag bit
1 = ADC Threshold interrupt has occurred (must be cleared by software)
0 = ADC Threshold event is not complete or has not been started
bit 0 ADIF: ADC Interrupt Flag bit

1 = An A/D conversion completed (must be cleared by software)
0 = The A/D conversion is not complete or has not been started

Note 1: The CSWIF interrupt will not wake the system from Sleep. The system will sleep until another interrupt
causes the wake-up.
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REGISTER 14-4: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0/0 R/W-0/0 u-0 U-0 U-0 U-0 R/W-0/0 R/W-0/0
HLVDIF ZCDIF — — | = 1 = | coF C1IF
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 HLVDIF: HLVD Interrupt Flag bit

1 = HLVD interrupt event has occurred
0 = HLVD interrupt event has not occurred or has not been set up

bit 6 ZCDIF: Zero-Cross Detect Interrupt Flag bit
1 = ZCD Output has changed (must be cleared in software)
0 = ZCD Output has not changed
bit 5-2 Unimplemented: Read as ‘0’
bit 1 C2IF: Comparator 2 Interrupt Flag bit
1 = Comparator C2 output has changed (must be cleared by software)
0 = Comparator C2 output has not changed
bit 0 C1IF: Comparator 1 Interrupt Flag bit

1 = Comparator C1 output has changed (must be cleared by software)
0 = Comparator C1 output has not changed
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REGISTER 14-5: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

uU-0 U-0 R-0/0 R-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0
— — RC1IF xiF | — | — | BCLIF SSP1IF
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 RC1IF: EUSART1 Receive Interrupt Flag bit

1 = The EUSART1 receive buffer, RC1REG, is full (cleared by reading RC1REG)
0 = The EUSART1 receive buffer is empty
bit 4 TX1IF: EUSART1 Transmit Interrupt Flag bit
1 = The EUSART1 transmit buffer, TX1REG, is empty (cleared by writing TX1REG)
0 = The EUSART1 transmit buffer is full
bit 3-2 Unimplemented: Read as ‘0’
bit 1 BCL1IF: MSSP1 Bus Collision Interrupt Flag bit
1 = A bus collision has occurred while the MSSP1 module configured in I2C master was transmitting
(must be cleared in software)
0 = No bus collision occurred
bit 0 SSP1IF: Synchronous Serial Port 1 Interrupt Flag bit

1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive
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REGISTER 14-6: PIR4: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 4

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — TMR6IF | TMRSIF | TMR4F | TMR3IF | TMR2IF | TMRIIF
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 TMRG6IF: TMR6 to PR6 Match Interrupt Flag bit

1 = TMRG6 to PR6 match occurred (must be cleared in software)
0 = No TMR6 to PR6 match occurred
bit 4 TMRSIF: TMR5 Overflow Interrupt Flag bit
1 = TMRS5 register overflowed (must be cleared in software)
0 = TMRS5 register did not overflow
bit 3 TMRA4IF: TMR4 to PR4 Match Interrupt Flag bit
1 = TMR4 to PR4 match occurred (must be cleared in software)
0 = No TMR4 to PR4 match occurred
bit 2 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
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 14-7: PIR5: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 5

uU-0 u-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — | — | TMR5GIF | TMR3GIF | TMRIGIF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-3 Unimplemented: Read as ‘0’
bit 2 TMR5GIF: TMR5 Gate Interrupt Flag bit

1 = TMRS gate interrupt occurred (must be cleared in software)
0 = No TMRS5 gate occurred

bit 1 TMR3GIF: TMR3 Gate Interrupt Flag bit
1 = TMRS gate interrupt occurred (must be cleared in software)
0 = No TMR3 gate occurred

bit 0 TMR1GIF: TMR1 Gate Interrupt Flag bit

1 = TMR1 gate interrupt occurred (must be cleared in software)
0 = No TMR1 gate occurred
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REGISTER 14-8: PIR6: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 6

U-0 U-0 uU-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0
— — — — | — | — ] ccpaF | ccPiF
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 Unimplemented: Read as ‘0’
bit 1 CCP2IF: ECCP2 Interrupt Flag bit

Capture mode:
1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred
Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred
PWM mode:
Unused in PWM mode.
bit 0 CCP1IF: ECCP1 Interrupt Flag bit

Capture mode:
1 = A TMR register capture occurred (must be cleared in software)

0 = No TMR register capture occurred

Compare mode:
1 = A TMR register compare match occurred (must be cleared in software)
0 = No TMR register compare match occurred

PWM mode:
Unused in PWM mode.
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REGISTER 14-9: PIR7: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 7

R/W-0/0 R/W-0/0 R/W-0/0 U-0 u-0 u-0 U-0 R/W-0/0
SCANIF CRCIF NVMIF - | -1 =1 = CWGTIF
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 SCANIF: SCAN Interrupt Flag bit

1 = SCAN interrupt has occurred (must be cleared in software)
0 = SCAN interrupt has not occurred or has not been started
bit 6 CRCIF: CRC Interrupt Flag bit
1 = CRC interrupt has occurred (must be cleared in software)
0 = CRC interrupt has not occurred or has not been started
bit 5 NVMIF: NVM Interrupt Flag bit
1 = NVM interrupt has occurred (must be cleared in software)
0 = NVM interrupt has not occurred or has not been started
bit 4-1 Unimplemented: Read as ‘0’

bit 0 CWGH1IF: CWG Interrupt Flag bit

1 = CWG interrupt has occurred (must be cleared in software)
0 = CWG interrupt has not occurred or has not been started
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REGISTER 14-10: PIEO: PERIPHERAL INTERRUPT ENABLE REGISTER 0

u-0 u-0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0
— — TMROIE™ | 10CIE!) — INT21E() INTHIEM | INTOIE(
bit 7 bit 0
Legend: IE
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

bit 4

bit 3
bit 2

bit 1

bit 0

Note 1:

Unimplemented: Read as ‘0’
TMROIE: Timer0 Interrupt Enable bit(")

1= Enabled
0 = Disabled
IOCIE: Interrupt-on-Change Enable bit(")
1 = Enabled
0 = Disabled

Unimplemented: Read as ‘0’

INT2IE: External Interrupt 2 Enable bit(")

1 = Enabled
0 = Disabled
INT1IE: External Interrupt 1 Enable bit(")
1 = Enabled
0 = Disabled
INTOIE: External Interrupt O Enable bit(")
1 = Enabled
0 = Disabled

PIRO interrupts are not disabled by the PEIE bit in the INTCON register. are not disabled by the PEIE bit
in the INTCON register.
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REGISTER 14-11: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0/0 R/W-0/0 U-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0
OSCFIE CSWIE — — — — ADTIE ADIE
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 CSWIE: Clock-Switch Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5-2 Unimplemented: Read as ‘0’
bit 1 ADTIE: ADC Threshold Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 ADIE: ADC Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 14-12: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0/0 R/W-0/0 uU-0 u-0 U-0 uU-0 R/W-0/0 R/W-0/0
HLVDIE ZCDIE — — — — C2IE C1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 HLVDIE: HLVD Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 ZCDIE: Zero-Cross Detect Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5-2 Unimplemented: Read as ‘0’
bit 1 C2IE: Comparator 2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 C1IE: Comparator 1 Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 14-13: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

U-0 uU-0 R/W-0/0 R/W-0/0 U-0 uU-0 R/W-0/0 R/W-0/0
— — RC1IE TX1IE — — BCL1IE SSP1IE
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

bit 4

bit 3-2
bit 1

bit 0

Unimplemented: Read as ‘0’
RC1IE: EUSART1 Receive Interrupt Enable bit

1 = Enabled
0 = Disabled
TX1IE: EUSART1 Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled

Unimplemented: Read as ‘0’
BCL1IE: MSSP1 Bus Collision Interrupt Enable bit

1= Enabled
0 = Disabled
SSP1IE: Synchronous Serial Port 1 Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 14-14: PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — TMRG6IE TMR5IE TMR4IE TMRS3IE TMR2IE TMR1IE
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

bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’

TMRG6IE: TMR6 to PR6 Match Interrupt Enable bit
1 = Enabled
0 = Disabled

TMRSIE: TMR5 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled

TMRA4IE: TMR4 to PR4 Match Interrupt Enable bit
1 = Enabled
0 = Disabled

TMR3IE: TMR3 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enabled

0 = Disabled

TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enabled

0 = Disabled
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REGISTER 14-15: PIE5: PERIPHERAL INTERRUPT ENABLE REGISTER §

U-0 u-0 U-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — TMR5GIE TMR3GIE TMR1GIE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-3 Unimplemented: Read as ‘0’
bit 2 TMRS5GIE: TMR5 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR3GIE: TMR3 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 TMR1GIE: TMR1 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 14-16: PIE6: PERIPHERAL INTERRUPT ENABLE REGISTER 6

U-0 U-0 uU-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0
— — — — — — CCP2IE CCP1IE
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 Unimplemented: Read as ‘0’
bit 1 CCP2IE: ECCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 CCP1IE: ECCP1 Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 14-17: PIE7: PERIPHERAL INTERRUPT ENABLE REGISTER 7

R/W-0/0 R/W-0/0 R/W-0/0 U-0 u-0 U-0 U-0 R/W-0/0
SCANIE CRCIE NVMIE — — — — CWG1IE
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 SCANIE: SCAN Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 CRCIE: CRC Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 NVMIE: NVM Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4-1 Unimplemented: Read as ‘0’
bit 0 CWGH1IE: CWG Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 14-18:

IPRO: PERIPHERAL INTERRUPT PRIORITY REGISTER 0

uU-0 u-0 R/W-1/1 R/W-1/1 u-0 R/W-1/1 R/W-1/1 R/W-1/1
— — TMROIP IOCIP — INT2IP INT1IP INTOIP
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 TMROIP: TimerO Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 IOCIP: Interrupt-on-Change Priority bit
1 = High priority
0 = Low priority
bit 3 Unimplemented: Read as ‘0’
bit 2 INT2IP: External Interrupt 2 Priority bit
1 = High priority
0 = Low priority
bit 1 INT1IP: External Interrupt 1 Priority bit
1 = High priority
0 = Low priority
bit 0 INTOIP: External Interrupt O Priority bit

1 = High priority
0 = Low priority
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REGISTER 14-19: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1

R/W-1/1 R/W-1/1 U-0 uU-0 uU-0 uU-0 R/W-1/1 R/W-1/1
OSCFIP CSWIP — — — — ADTIP ADIP
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 CSWIP: Clock-Switch Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5-2 Unimplemented: Read as ‘0’
bit 1 ADTIP: ADC Threshold Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 ADIP: ADC Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 14-20: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1/1 R/W-1/1 u-0 u-0 U-0 U-0 R/W-1/1 R/W-1/1
HLVDIP ZCDIP — — — — C2IP C1IP
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 HLVDIP: HLVD Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 ZCDIP: Zero-Cross Detect Interrupt Priority bit
1 = High priority
0 = Low priority

bit 5-2 Unimplemented: Read as ‘0’

bit 1 C2IP: Comparator 2 Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 C1IP: Comparator 1 Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 14-21: IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

U-0 uU-0 R/W-1/1 R/W-1/1 U-0 uU-0 R/W-1/1 R/W-1/1
— — RC1IP TX1IP — — BCL1IP SSP1IP
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

bit 4

bit 3-2
bit 1

bit 0

Unimplemented: Read as ‘0’

RC1IP: EUSART1 Receive Interrupt Priority bit

1 = High priority

0 = Low priority

TX1IP: EUSART1 Transmit Interrupt Priority bit

1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

BCL1IP: MSSP1 Bus Collision Interrupt Priority bit
1 = High priority

0 = Low priority

SSP1IP: Synchronous Serial Port 1 Interrupt Priority bit
1 = High priority

0 = Low priority
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REGISTER 14-22:

IPR4: PERIPHERAL INTERRUPT PRIORITY REGISTER 4

uU-0 uU-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — TMRG6IP TMR5IP TMRA4IP TMR3IP 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 7-6
bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Unimplemented: Read as ‘0’

TMRG6IP: TMRG6 to PR6 Match Interrupt Priority bit
1 = High priority

0 = Low priority

TMRS5IP: TMR5 Overflow Interrupt Priority bit

1 = High priority

0 = Low priority

TMRA4IP: TMR4 to PR4 Match Interrupt Priority bit
1 = High priority

0 = Low priority

TMR3IP: TMR3 Overflow Interrupt Priority bit

1 = High priority

0 = Low priority

TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority

0 = Low priority

TMR1IP: TMR1 Overflow Interrupt Priority bit

1 = High priority

0 = Low priority
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REGISTER 14-23: IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER §

u-0 U-0 U-0 u-0 U-0 R/W-1/1 R/W-1/1 R/W-1/1
— — — — — TMR5GIP TMR3GIP TMR1GIP
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 7-3 Unimplemented: Read as ‘0’
bit 2 TMR5GIP: TMR5 Gate Interrupt Priority bit

1 = High priority
0 = Low priority

bit 1 TMR3GIP: TMR3 Gate Interrupt Priority bit
1 = High priority
0 = Low priority

bit 0 TMR1GIP: TMR1 Gate Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 14-24: IPR6: PERIPHERAL INTERRUPT PRIORITY REGISTER 6

U-0 U-0 uU-0 u-0 uU-0 uU-0 R/W-1/1 R/W-1/1
— — — — — — 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 7-2 Unimplemented: Read as ‘0’
bit 1 CCP2IP: ECCP2 Interrupt Priority bit

1 = High priority
0 = Low priority
bit 0 CCP1IP: ECCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 14-25: IPR7: PERIPHERAL INTERRUPT PRIORITY REGISTER 7

R/W-1/1 R/W-1/1 R/W-1/1 U-0 uU-0 uU-0 u-0 R/W-1/1
SCANIP CRCIP NVMIP — — — — CWG1IP
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 SCANIP: SCAN Interrupt Priority bit

1 = High priority
0 = Low priority

bit 6 CRCIP: CRC Interrupt Priority bit
1 = High priority
0 = Low priority

bit 5 NVMIP: NVM Interrupt Priority bit
1 = High priority
0 = Low priority

bit 4-1 Unimplemented: Read as ‘0’

bit 0 CWGH1IP: CWG Interrupt Priority bit
1 = High priority
0 = Low priority
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14.9 INTn Pin Interrupts

PIC18(L)F2x/4xK40 devices have three external inter-
rupt sources which can be assigned to any pin on
PORTA and PORTB using PPS. The external interrupt
sources are edge-triggered. If the corresponding
INTXEDG bit in the INTCONO register is set (= 1), the
interrupt is triggered by a rising edge. It the bit is clear,
the trigger is on the falling edge.

All external interrupts (INTO, INT1 and INT2) can wake-
up the processor from Idle or Sleep modes if bit INTXE
was set prior to going into those modes. If the Global
Interrupt Enable bit, GIE/GIEH, is set, the processor
will branch to the interrupt vector following wake-up.

Interrupt priority is determined by the value contained
in the interrupt priority bits, INTOIP, INT1IP and INT2IP
of the IPRO register.

14.10 TMRO Interrupt

In 8-bit mode (which is 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 regis-
ter pair (FFFFh — 0000h) will set TMROIF. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TMROIE of the PIEO register. Interrupt priority for
Timer0O is determined by the value contained in the
interrupt priority bit, TMROIP of the IPRO register. See
Section 18.0 “Timer0 Module” for further details on
the Timer0 module.

14.11 Interrupt-on-Change

An input change on any port pins that support IOC sets
Flag bit, IOCIF of the PIRO register. The interrupt can
be enabled/disabled by setting/clearing the enable bit,
IOCIE of the PIEO register. Pins must also be
individually enabled in the IOCxP and IOCxN register.
IOCIF is a read-only bit and the flag can be cleared by
clearing the corresponding IOCxF registers. For more
information refer to Section 16.0 “Interrupt-on-
Change”.

14.12 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the fast return stack. If a fast
return from interrupt is not used (see Section
10.2.2 “Fast Register Stack”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user’s application, other registers may also need to be
saved. Example 14-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

MOVWF W TEMP
MOVFF STATUS, STATUS_TEMWP
MOVFF BSR, BSR_TEMWP

USER | SR CODE

MOVFF BSR _TEMP, BSR

MOVF WTEMP, W
MOVFF STATUS_TEMP, STATUS

EXAMPLE 14-1:  SAVING STATUS, WREG AND BSR REGISTERS IN RAM

; WTEMP is in virtual bank
STATUS_TEMP | ocat ed anywhere
BSR_TEMP | ocat ed anywhere

Rest ore BSR
Rest ore WREG
Rest ore STATUS
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TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esggzt;;
INTCON GIE/GIEH PEIE/GIEL IPEN — — INT2EDG INT1EDG INTOEDG 165
PIEO — — TMROIE IOCIE — INT2IE INT1IE INTOIE 174
PIE1 OSCFIE CSWIE — — — — ADTIE ADIE 175
PIE2 HLVDIE ZCDIE — — — — C2IE C1IE 176
PIE3 — — RC1IE TX1IE — — BCL1IE SSP1IE 177
PIE4 — — TMRGIE TMRSIE TMR4IE TMR3IE TMR2IE TMR1IE 178
PIES — — — — — TMR5GIE TMR3GIE TMR1GIE 179
PIE6 — — — — — — CCP2IE CCP1IE 180
PIE7 SCANIE CRCIE NVMIE — — — — CWG1IE 181
PIRO — — TMROIF IOCIF — INT2IF INT1IF INTOIF 166
PIR1 OSCFIF CSWIF — — — — ADTIF ADIF 167
PIR2 HLVDIF ZCDIF — — — — C2IF C1IF 168
PIR3 — — RC1IF TX1IF — — BCL1IF SSP1IF 169
PIR4 — — TMRG6IF TMRS5IF TMR4IF TMR3IF TMR2IF TMR1IF 170
PIR5 — — — — — TMR5GIF TMR3GIF TMR1GIF 171
PIR6 — — — — — — CCP2IF CCP1IF 172
PIR7 SCANIF CRCIF NVMIF — — — — CWGH1IF 173
IPRO — — TMROIP I0CIP — INT2IP INT1IP INTOIP 182
IPR1 OSCFIP CSWIP — — — — ADTIP ADIP 183
IPR2 HLVDIP ZCDIP — — — — C2IP C1IP 184
IPR3 — — RC1IP TX1IP — — BCL1IP SSP1IP 185
IPR4 — — TMRG6IP TMRS5IP TMR4IP TMR3IP TMR2IP TMR1IP 186
IPR5 — — — — — TMR5GIP TMR3GIP TMR1GIP 187
IPR6 — — — — — — CCP2IP CCP1IP 188
IPR7 SCANIP CRCIP NVMIP — — — — CWG1IP 189
Legend: — = unimplemented locations, read as ‘0’. Shaded bits are not used for Interrupts.
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15.0 1/0 PORTS

TABLE 15-1: PORT AVAILABILITY PER

DEVICE
w
- AAFAAY-
Device o) o] o) o] o)
o | o | a o | o
PIC18(L)F24/25K40 ° ° ° °

Each port has eight registers to control the operation.
These registers are:

» PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

» TRISx registers (data direction)

* ANSELXx registers (analog select)

* WPUXx registers (weak pull-up)

* INLVLx (input level control)

» SLRCONX registers (slew rate control)
» ODCONX registers (open-drain control)

Most port pins share functions with device peripherals,
both analog and digital. In general, when a peripheral
is enabled on a port pin, that pin cannot be used as a
general purpose output; however, the pin can still be
read.

The Data Latch (LATx registers) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATx register has the same
effect as a write to the corresponding PORTXx register.
A read of the LATx register reads of the values held in
the 1/0 PORT latches, while a read of the PORTx
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELXx register. When an ANSELx bit is set, the
digital input buffer associated with that bit is disabled.

Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic /O port, without the
interfaces to other peripherals, is shown in Figure 15-1.

FIGURE 15-1: GENERIC 1/0 PORT

OPERATION

Read LATx TRISX

L D Q
Write LATX
Write PORTX| KA VoD
Data Register
Data Bus
1/0 pin
Read PORTx

To digital peripherals €¢—————

ANSELXx vss

To analog peripherals <
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15.1 /O Priorities

Each pin defaults to the PORT data latch after Reset.
Other functions are selected with the peripheral pin
select logic. See Section 17.0 “Peripheral Pin Select
(PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for
Analog mode using the ANSELX register. Digital output
functions may continue to control the pin when it is in
Analog mode.

Analog outputs, when enabled, take priority over digital
outputs and force the digital output driver into a
high-impedance state.

The pin function priorities are as follows:

1. Configuration bits

2. Analog outputs (disable the input buffers)
3. Analog inputs

4. Port inputs and outputs from PPS

15.2 PORTXx Registers

In this section the generic names such as PORTX,
LATx, TRISx, etc. can be associated with PORTA,
PORTB, PORTC and PORTD. For availability of
PORTD refer to Table 15-1. The functionality of
PORTE is different compared to other ports and is
explained in a separate section.

15.2.1 DATA REGISTER

PORTx is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISx
(Register 15-2). Setting a TRISx bit (‘1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISx bit (‘0’) will make the
corresponding PORTx pin an output (i.e., it enables
output driver and puts the contents of the output latch
on the selected pin). Example 15-1 shows how to
initialize PORTXx.

Reading the PORTXx register (Register 15-1) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch (LATX).

The PORT data latch LATx (Register 15-3) holds the
output port data and contains the latest value of a LATx
or PORTx write.

EXAMPLE 15-1:  INITIALIZING PORTA

; This code exanple illustrates
initializing the PORTA register. The
other ports are initialized in the sane
menner .

BANKSEL PORTA

CLRF PORTA

BANKSEL LATA

CLRF LATA

BANKSEL ANSELA

CLRF ANSELA ;digital 1/0

BANKSEL TRI SA ;

MOVLW  B' 11111000' ; Set RA<7:3> as inputs

MOVWF TRI SA ;and set RA<2: 0> as
;out put's

;lnit PORTA
;Data Latch

15.2.2 DIRECTION CONTROL

The TRISx register (Register 15-2) controls the PORTx
pin output drivers, even when they are being used as
analog inputs. The user should ensure the bits in the
TRISx register are maintained set when using them as
analog inputs. 1/0 pins configured as analog inputs
always read ‘0’

15.2.3 ANALOG CONTROL

The ANSELXx register (Register 15-4) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELXx bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELXx bits has no effect on digital
output functions. A pin with TRIS clear and ANSEL set
will still operate as a digital output, but the Input mode
will be analog. This can cause unexpected behavior
when executing read-modify-write instructions on the
affected port.

Note: The ANSELXx bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

15.2.4 OPEN-DRAIN CONTROL

The ODCONX register (Register 15-6) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONXx bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONXx bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

Note: It is not necessary to set open-drain
control when using the pin for I2C; the 12C
module controls the pin and makes the pin
open-drain.
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15.2.5 SLEW RATE CONTROL

The SLRCONXx register (Register 15-7) controls the
slew rate option for each port pin. Slew rate for each
port pin can be controlled independently. When an
SLRCONX bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONXx bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

15.2.6 INPUT THRESHOLD CONTROL

The INLVLx register (Register 15-8) controls the input
voltage threshold for each of the available PORTx input
pins. A selection between the Schmitt Trigger CMOS or
the TTL compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTXx register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 37-8 for more information on threshold
levels.

Note:  Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on

that pin.

15.2.7 WEAK PULL-UP CONTROL

The WPUx register (Register 15-5) controls the
individual weak pull-ups for each port pin.

15.2.8 EDGE SELECTABLE
INTERRUPT-ON-CHANGE

An interrupt can be generated by detecting a signal at
the port pin that has either a rising edge or a falling
edge. Any individual pin can be configured to generate
an interrupt. The interrupt-on-change module is pres-
ent on all the pins that are common between 28-pin and
40/44-pin devices. For further details about the 10C
module refer to Section 16.0 “Interrupt-on-Change”.

15.3 PORTE Registers

EXAMPLE 15-2:  INITIALIZING PORTE

CLRF PORTE Initialize PORTE by
cl earing out put

; data | atches

; Alternate method

; to clear output

; data | atches

CLRF ANSELE ; Configure anal og pins

; for digital only

; Value used to
initialize data
direction
Set RE<0> as i nput
RE<1> as out put
RE<2> as i nput

CLRF LATE

MOVLW  05h

MOVWWF  TRI SE

15.3.1 PORTE ON 28-PIN DEVICES

For PIC18(L)F2xK40 devices, PORTE is only available
when Master Clear functionality is disabled
(MCLRE = 0). In this case, PORTE is a single bit, input-
only port comprised of RE3 only. The pin operates as
previously described. RE3 in PORTE register is a read-
only bit and will read ‘1’ when MCLRE =1 (i.e., Master
Clear enabled).

15.3.2 RE3 WEAK PULL-UP

The port RE3 pin has an individually controlled weak
internal pull-up. When set, the WPUE3 bit enables the
RE3 pin pull-up. When the RE3 port pin is configured
as MCLR, (CONFIG2L, MCLRE =1 and CONFIG4H,
LVP = 0), or configured for Low-Voltage Programming,
(MCLRE =x and LVP=1), the pull-up is always
enabled and the WPUES3 bit has no effect.

15.3.3 INTERRUPT-ON-CHANGE

The interrupt-on-change feature is available only on the
RE3 pin for all devices. For further details refer to
Section 14.11 “Interrupt-on-Change”.
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15.4 Register Definitions: Port Control
REGISTER 15-1: PORTx: PORTx REGISTER(!

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
R | R6 | Ré | R4 | RS Rx2 Rx1 Rx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 Rx<7:0>: Rx7:Rx0 Port I/O Value bits
1 = Port pin is > VIH
0 = Port pinis < VIL

Note 1: Writes to PORTX are actually written to the corresponding LATX register.
Reads from PORTXx register return actual 1/0 pin values.

TABLE 15-2: PORT REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
PORTB rRB7(" RB6(" RB5 RB4 RB3 RB2 RB1 RBO
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
PORTE = = = = RE3(@ = = =

Note 1: Bits RB6 and RB7 read ‘1’ while in Debug mode.
2: Bit PORTES is read-only, and will read ‘1’ when MCLRE = 1 (Master Clear enabled).
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REGISTER 15-2:

TRISx: TRI-STATE CONTROL REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TRISX7 TRISx6 TRISX5 TRISx4 TRISx3 TRISx2 TRISx1 TRISx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 TRISx<7:0>: TRISx Port I/O Tri-state Control bits
1= Port output driver is disabled
0 = Port output driver is enabled
TABLE 15-3: TRIS REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TRISA TRISA7 TRISA6 TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
TRISB TRISB7(W | TRISB6! TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
TRISC TRISC7 TRISC6 TRISCS TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
TRISE = = = = —@ = = =
Note 1: Bits RB6 and RB7 read ‘1’ while in Debug mode.

2: TRISES bit is read-only, and will read ‘1’
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REGISTER 15-3:

LATx: LATx REGISTER(")

1’ = Bit is set

‘0’ = Bit is cleared

x = Bit is unknown

-n/n = Value at POR and BOR/Value at all other Resets

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LATx7 LATx6 LATx5 LATx4 LATx3 LATx2 LATx1 LATx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

bit 7-0

LATx<7:0>: Rx7:Rx0 Output Latch Value bits

Note 1: Writes to LATx are equivalent with writes to the corresponding PORTX register. Reads from LATX register

return register values, not 1/O pin values.

TABLE 15-4: LAT REGISTERS
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
LATA LATA7 LATAG LATAS LATA4 LATA3 LATA2 LATA1 LATAO
LATB LATB7 LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO
LATC LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
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REGISTER 15-4: ANSELx: ANALOG SELECT REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
ANSELX7 ANSELXx6 ANSELXx5 ANSELx4 ANSELx3 ANSELx2 ANSELXx1 ANSELx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 ANSELXx<7:0>: Analog Select on Pins Rx<7:0>
1 = Digital Input buffers are disabled.
0= ST and TTL input devices are enabled
TABLE 15-5: ANALOG SELECT PORT REGISTERS
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ANSELA ANSELA7 ANSELA6 ANSELA5 ANSELA4 ANSELA3 ANSELA2 ANSELA1 ANSELAOQ
ANSELB ANSELB7 ANSELB6 ANSELB5 ANSELB4 ANSELB3 ANSELB2 ANSELB1 ANSELBO
ANSELC ANSELC7 ANSELC6 ANSELC5 ANSELC4 ANSELC3 ANSELC2 ANSELC1 ANSELCO
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REGISTER 15-5:

WPUx: WEAK PULL-UP REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
WPUx7 WPUx6 WPUx5 WPUx4 WPUx3 WPUx2 WPUx1 WPUx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 WPUx<7:0>: Weak Pull-up PORTx Control bits
1= Weak Pull-up enabled
0 = Weak Pull-up disabled
TABLE 15-6: WEAK PULL-UP PORT REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WPUA WPUA7 WPUAG WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAQ
WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
WPUC WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO
WPUE — — — — wpPUE3™ — — —
Note 1: If MCLRE = 1, the weak pull-up in RE3 is always enabled; bit WPUE3 is not affected.
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REGISTER 15-6: ODCONx: OPEN-DRAIN CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ODCx7 ODCx6 ODCx5 ODCx4 ODCx3 ODCx2 ODCx1 ODCx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 ODCx<7:0>: Open-Drain Configuration on Pins Rx<7:0>
1 = Output drives only low-going signals (sink current only)
0 = Output drives both high-going and low-going signals (source and sink current)
TABLE 15-7: OPEN-DRAIN CONTROL REGISTERS
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODCONA ODCA7 ODCA6 ODCA5 ODCA4 ODCA3 ODCA2 ODCA1 ODCAO0
ODCONB ODCB7 ODCB6 ODCB5 ODCB4 ODCB3 ODCB2 ODCB1 ODCBO
ODCONC OoDCC7 ODCC6 ODCC5 ODCC4 ODCC3 oDCC2 ODCC1 ODCCO

© 2016 Microchip Technology Inc. Preliminary DS40001843B-page 200



PIC18(L)F24/25K40

REGISTER 15-7:

SLRCONXx: SLEW RATE CONTROL REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
SLRx7 SLRx6 SLRx5 SLRx4 SLRx3 SLRx2 SLRx1 SLRx0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 SLRx<7:0>: Slew Rate Control on Pins Rx<7:0>, respectively
1= Port pin slew rate is limited
0 = Port pin slews at maximum rate
TABLE 15-8: SLEW RATE CONTROL REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SLRCONA SLRA7 SLRA6 SLRA5 SLRA4 SLRA3 SLRA2 SLRA1 SLRAO
SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 SLRB2 SLRB1 SLRBO
SLRCONC SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO
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REGISTER 15-8:

INLVLx: INPUT LEVEL CONTROL REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
INLVLX7 INLVLX6 INLVLX5 INLVLx4 INLVLX3 INLVLX2 INLVLx1 INLVLXO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
-n/n = Value at POR and BOR/Value at all other Resets
bit 7-0 INLVLx<7:0>: Input Level Select on Pins Rx<7:0>, respectively
1= ST input used for port reads and interrupt-on-change
0 = TTL input used for port reads and interrupt-on-change
TABLE 15-9: INPUT LEVEL PORT REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INLVLA INLVLA7 INLVLAG INLVLA5 INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO
INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 INLVLB2() | INLVLB1(D INLVLBO
INLVLC INLVLC7 INLVLC6 INLVLC5 INLVLC4™ | INLVLC3(™ INLVLC2 INLVLC1 INLVLCO
INLVLE — — — — INLVLE3 — — —

Note 1: Pins read the I2C ST inputs when MSSP inputs select these pins, and I2C mode is enabled.
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16.0 INTERRUPT-ON-CHANGE

PORTA, PORTB, PORTC and pin RE3 of PORTE can
be configured to operate as Interrupt-on-Change (I0C)
pins on PIC18(L)F2x/4xK40 family devices. An interrupt
can be generated by detecting a signal that has either a
rising edge or a falling edge. Any individual port pin, or
combination of port pins, can be configured to generate
an interrupt. The interrupt-on-change module has the
following features:

* Interrupt-on-Change enable (Master Switch)
* Individual pin configuration

* Rising and falling edge detection

* Individual pin interrupt flags

Figure 16-1 is a block diagram of the IOC module.

16.1 Enabling the Module

To allow individual port pins to generate an interrupt, the
IOCIE bit of the PIEO register must be set. If the IOCIE
bit is disabled, the edge detection on the pin will still
occur, but an interrupt will not be generated.

16.2 Individual Pin Configuration

For each port pin, a rising edge detector and a falling
edge detector are present. To enable a pin to detect a
rising edge, the associated bit of the IOCxP register is
set. To enable a pin to detect a falling edge, the
associated bit of the IOCxN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting both associated bits of
the IOCxP and IOCxN registers, respectively.

16.3 Interrupt Flags

The IOCAFx, IOCBFx, IOCCFx and IOCEF3 bits located
in the IOCAF, IOCBF, IOCCF and IOCEF registers
respectively, are status flags that correspond to the
interrupt-on-change pins of the associated port. If an
expected edge is detected on an appropriately enabled
pin, then the status flag for that pin will be set, and an
interrupt will be generated if the IOCIE bit is set. The
IOCIF bit of the PIRO register reflects the status of all
IOCAFx, IOCBFx, IOCCFx and IOCEF3 bits.

16.4 Clearing Interrupt Flags

The individual status flags, (IOCAFx, IOCBFx, IOCCFx
and IOCEF3 bits), can be cleared by resetting them to
zero. If another edge is detected during this clearing
operation, the associated status flag will be set at the
end of the sequence, regardless of the value actually
being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 16-1: CLEARING INTERRUPT
FLAGS
(PORTA EXAMPLE)

MOVLW  Oxf f
XORWF | OCAF, W
ANDWF | OCAF, F

16.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the IOCxF
register will be updated prior to the first instruction
executed out of Sleep.
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FIGURE 16-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)
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16.6 Register Definitions: Interrupt-on-Change Control

REGISTER 16-1: I0CxP: INTERRUPT-ON-CHANGE POSITIVE EDGE REGISTER EXAMPLE

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
locxP7 | 10CxP6 | 10CxP5 | locxP4 | 10CxP3 | 10CxP2 | 10CxP1 | 10CxPO

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 10CxP<7:0>: Interrupt-on-Change Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the |OCx pin for a positive-going edge. Associated Status bit and interrupt flag
will be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 16-2: IOCxN: INTERRUPT-ON-CHANGE NEGATIVE EDGE REGISTER EXAMPLE

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
locxN7 | 1ocxNe | 1ocxNs | 1ocxN4 | 10CxN3 [ 10CxN2 | IOCxN1 IOCxNO

bit 7 bit 0

Legend:

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

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-0 IOCxN<7:0>: Interrupt-on-Change Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the I0Cx pin for a negative-going edge. Associated Status bit and interrupt
flag will be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin

REGISTER 16-3: 10CxF: INTERRUPT-ON-CHANGE FLAG REGISTER EXAMPLE

R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0  R/W/HS-0/0  R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
locxF7 | locxF6 | 10CxF5 | locxF4 | 10CxF3 | 10CxF2 | 10CxF1 |  lOCxFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS - Bit is set in hardware
bit 7-0 I0CxF<7:0>: Interrupt-on-Change Flag bits

1 = A enabled change was detected on the associated pin. Set when IOCP[n] = 1 and a positive edge was detected
on the IOCn pin, or when IOCN[n] = 1 and a negative edge was detected on the I0Cn pin
0 = No change was detected, or the user cleared the detected change
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TABLE 16-1: 10C REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IOCAP IOCAP7 IOCAP6 IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO
IOCAN IOCAN7 IOCANG6 IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO
IOCAF IOCAF7 IOCAF6 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO
I0CBP IOCBP7 IOCBP6 IOCBP5 IOCBP4 IOCBP3 I0OCBP2 IOCBP1 IOCBPO
IOCBN IOCBN7 IOCBN6 IOCBN5 IOCBN4 IOCBN3 IOCBN2 IOCBN1 IOCBNO
IOCBF IOCBF7 IOCBF6 IOCBF5 IOCBF4 IOCBF3 IOCBF2 IOCBF1 IOCBFO
I0CCP IOCCP7 I0CCP6 I0CCP5 I0CCP4 I0CCP3 I0CCP2 I0CCP1 I0CCPO
IOCCN IOCCN7 IOCCNG6 IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO
IOCCF IOCCF7 IOCCF6 IOCCF5 IOCCF4 IOCCF3 IOCCF2 IOCCF1 IOCCFO0
IOCEP — — — — I0cep3(M = = =
IOCEN — — — — IOCEN3(1) = = =
IOCEF — — — — I0CEF3() — — —
Note1: If MCLRE =1 or LVP =1, RE3 port functionality is disabled and IOC on RE3 is not available.
TABLE 16-2: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 sﬁgpizg’;
INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG | INT1EDG | INTOEDG 165
I0CxF IOCxF7 IOCxF6 IOCxF5 IOCxF4 I0CxF3 IOCxF2 I0OCxF1 IOCxFO 205
I0OCxN IOCxN7 IOCxN6 IOCxN5 I0CxN4 IOCxN3 IOCxN2 IOCxN1 IOCxNO 205
10CxP 10CxP7 IOCxP6 I0CxP5 I0CxP4 I0CxP3 I0CxP2 10CxP1 10CxPO 205
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by interrupt-on-change.
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17.0 PERIPHERAL PIN SELECT
(PPS) MODULE

The Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O pins. Only
digital signals are included in the selections. All analog
inputs and outputs remain fixed to their assigned pins.
Input and output selections are independent as shown in
the simplified block diagram Figure 17-1.

The peripheral input is selected with the peripheral
xxxPPS register (Register 17-1), and the peripheral
output is selected with the PORT RxyPPS register
(Register 17-2). For example, to select PORTC<7> as
the EUSART RX input, set RXxPPS to 5" b1 0111,
and to select PORTC<6> as the EUSART TX output
set RC6PPS to 5' b0 1001.

17.1  PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

Multiple peripherals can operate from the same source
simultaneously. Port reads always return the pin level
regardless of peripheral PPS selection. If a pin also has
analog functions associated, the ANSEL bit for that pin
must be cleared to enable the digital input buffer.

Although every peripheral has its own PPS input selec-
tion register, the selections are identical for every
peripheral as shown in Register 17-1.

Note:  The notation “xxx” in the register name is
a place holder for the peripheral identifier.
For example, INTOPPS.

17.2 PPS Outputs

Each 1/0O pin has a PPS register with which the pin
output source is selected. With few exceptions, the port
TRIS control associated with that pin retains control
over the pin output driver. Peripherals that control the
pin output driver as part of the peripheral operation will
override the TRIS control as needed. These
peripherals include:

* EUSART (synchronous operation)
« MSSP (I%C)
Although every pin has its own PPS peripheral

selection register, the selections are identical for every
pin as shown in Register 17-2.

Note:  The notation “Rxy” is a place holder for the
pin identifier. For example, RAOPPS.
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FIGURE 17-1: SIMPLIFIED PPS BLOCK DIAGRAM
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17.3 Bidirectional Pins

PPS selections for peripherals with bidirectional
signals on a single pin must be made so that the PPS
input and PPS output select the same pin. Peripherals
that have bidirectional signals include:

* EUSART (synchronous operation)

« MSSP (I%C)

* CCP module

Note: The I2C default input pins are 12C and
SMBus compatible. RB1 and RB2 are
additional pins. RC4 and RC3 are default
MMP1 pins and are SMBus compatible.
Clock and data signals can be routed to
any pin, however pins without 12c
compatibility will operate at standard
TTL/ST logic levels as selected by the
INVLYV register.

17.4 PPS Lock

The PPS includes a mode in which all input and output
selections can be locked to prevent inadvertent
changes. PPS selections are locked by setting the
PPSLOCKED bit of the PPSLOCK register. Setting and
clearing this bit requires a special sequence as an extra
precaution against inadvertent changes. Examples of
setting and clearing the PPSLOCKED bit are shown in
Example 17-1.

EXAMPLE 17-1: PPS LOCK SEQUENCE

; Disable interrupts:
BCF I NTCON, d E

; Bank to PPSLOCK register
BANKSEL PPSLOCK
MOVLB PPSLOCK
MOVLW  55h

; Required sequence, next 4 instructions
MOVWF PPSLOCK
MOVLW  AAh
MOVWF PPSLOCK

; Set PPSLOCKED bit to disable wites
; Only a BSF instruction will work
BSF PPSLOCK, 0O

; Enable Interrupts
BSF I NTCON, G E

EXAMPLE 17-2: PPS UNLOCK SEQUENCE

Di sabl e interrupts:
BCF I NTCON, G E

Bank to PPSLOCK register
BANKSEL PPSLOCK
MOVLB PPSLOCK
MOVLW  55h

; Required sequence, next 4 instructions
MOVWF PPSLOCK
MOVLW  AAh
MOVWF PPSLOCK

; Clear PPSLOCKED bit to enable wites
; Only a BCF instruction will work
BCF PPSLOCK, 0

; Enable Interrupts
BSF I NTCON, d E

17.5 PPS One-Way Lock

Using the PPS1WAY Configuration bit, the PPS
settings can be locked in. When this bit is set, the
PPSLOCKED bit can only be cleared and set one time
after a device Reset. This allows for clearing the
PPSLOCKED bit so that the input and output selections
can be made during initialization. When the
PPSLOCKED bit is set after all selections have been
made, it will remain set and cannot be cleared until after
the next device Reset event.

17.6 Operation During Sleep

PPS input and output selections are unaffected by
Sleep.

17.7 Effects of a Reset

A device Power-on-Reset (POR) clears all PPS input
and output selections to their default values. All other
Resets leave the selections unchanged. Default input
selections are shown in the Section “Pin Allocation
Tables”.The PPS one-way is also removed.
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17.8 Register Definitions: PPS Input Selection
REGISTER 17-1: xxxPPS: PERIPHERAL xxx INPUT SELECTION

u-0 u-0 u-0 RW-miu™  RW-mu™®  RW-mu®  RW-mu®  RW-m/u
— | — ‘ — | xxxPPS<4:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit -n/n = Value at POR and BOR/Value at all other Resets

u = Bit is unchanged x = Bit is unknown q = value depends on peripheral

‘1’ = Bit is set U = Unimplemented bit, m = value depends on default location for that input

‘0’ = Bitiis cleared read as ‘0’

bit 7-5 Unimplemented: Read as ‘0’

bit 4-3 xxxPPS<4:3>: Peripheral xxx Input PORTx Pin Selection bits

See Table 17-1 for the list of available ports and default pin locations.
11 = Reserved
10 = PORTC
01 = PORTB
00 = PORTA
bit 2-0 xxxPPS<2:0>: Peripheral xxx Input PORTx Pin Selection bits
111 = Peripheral input is from PORTx Pin 7 (Rx7)
110 = Peripheral input is from PORTx Pin 6 (Rx6)
101 = Peripheral input is from PORTx Pin 5 (Rx5)
100 = Peripheral input is from PORTx Pin 4 (Rx4)
011 = Peripheral input is from PORTx Pin 3 (Rx3)
010 = Peripheral input is from PORTx Pin 2 (Rx2)
001 = Peripheral input is from PORTx Pin 1 (Rx1)
000 = Peripheral input is from PORTx Pin 0 (Rx0)

Note 1: The Reset value ‘m’ of this register is determined by device default locations for that input.
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TABLE 17-1:  PPS INPUT REGISTER DETAILS

Periphera PRSIt | Ciection | Naluo | "nout Avallale from
at POR at POR

Interrupt 0 INTOPPS RBO 5" b0 1000 A B —
Interrupt 1 INT1PPS RB1 5' b0 1001 A B —
Interrupt 2 INT2PPS RB2 5" b0 1010 A B —
Timer0 Clock TOCKIPPS RA4 5" b0 0100 A B —
Timer1 Clock T1CKIPPS RCO 5' b1 0000 A — Cc
Timer1 Gate T1GPPS RB5 5" b0 1101 — B C
Timer3 Clock T3CKIPPS RCO 5' b1 0000 — B c
Timer3 Gate T3GPPS RCO 5" b1 0000 A — c
Timer5 Clock T5CKIPPS RC2 5' bl 0010 A — c
Timer5 Gate T5GPPS RB4 5 b0 1100 — B C
Timer2 Clock T2INPPS RC3 5' bl 0011 A — c
Timer4 Clock T4INPPS RC5 5' bl 0101 — B c
Timer6 Clock T6INPPS RB7 5 b0 1111 — B C
CCP1 CCP1PPS RC2 5" bl 0010 — B C
CCP2 CCP2PPS RC1 5' bl 0001 — B Cc
CWG CWG1PPS RBO 5’ b0 1000 — B Cc
DSM Carrier Low MDCARLPPS RA3 5' b0 0011 A — c
DSM Carrier High MDCARHPPS RA4 5" b0 0100 A — c
DSM Source MDSRCPPS RA5 5' b0 0101 A — c
ADC Conversion Trigger |ADACTPPS RB4 5 b0 1100 — B C
MSSP1 Clock SSP1CLKPPS RC3 5" bl 0011 — B C
MSSP1 Data SSP1DATPPS RC4 5' bl 0100 — B C
MSSP1 Slave Select SSP1SSPPS RA5 5" b0 0101 A — C
EUSART1 Receive RX1PPS RC7 5" bl 0111 — C
EUSART1 Transmit TX1PPS RC6 5' bl 0110 — C
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REGISTER 17-2:

RxyPPS: PIN Rxy OUTPUT SOURCE SELECTION REGISTER

uU-0 u-0 uU-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — — RxyPPS<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 RxyPPS<4:0>: Pin Rxy Output Source Selection bits

RxyPPS<4:0>

Pin Rxy Output Source

Device Configuration

PIC18(L)F24/25K40

5 bl 0111 ADGRDB A — C
5 bl 0110 ADGRDA A — c
5 b1l 0101 DSM A — c
5 b1 0100 CLKR — B c
5 b1l 0011 TMRO — B c
5 b1 0000 MSSP1 (SDO/SDA) — B c
5 b0 1111 MSSP1 (SCK/SCL) — B c
5 b0 1110 CMP2 A — c
5 b0 1101 CMP1 A — c
5 b0 1010 EUSART1 (RX) — B c
5 b0 1001 EUSART1 (TX) — B c
5 b0 1000 PWM4 A — c
5 b0 0111 PWM3 A — c
5 b0 0110 CCP2 — B c
5' b0 0101 CCP1 — B c
5 b0 0100 CWG1D — B c
5' b0 0011 CWGIC — B c
5' b0 0010 CWG1B — B c
5' b0 0001 CWG1A — B c
5' b0 0000 LATxy A B c
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REGISTER 17-3: PPSLOCK: PPS LOCK REGISTER

u-0 uU-0 uU-0 u-0 u-0 u-0 u-0 R/W-0/0
— — — — — — — PPSLOCKED
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-1 Unimplemented: Read as ‘0’
bit 0 PPSLOCKED: PPS Locked bit

1 =PPSis locked. PPS selections can not be changed.
0 =PPS is not locked. PPS selections can be changed.

TABLE 17-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register

on page
PPSLOCK — — — — — — — PPSLOCKED | 213
INTOPPS — — — INTOPPS<4:0> 210
INT1PPS _ — — INT1PPS<4:0> 210
INT2PPS — — — INT2PPS<4:0> 210
TOCKIPPS — — — TOCKIPPS<4:0> 210
T1CKIPPS — — — T1CKIPPS<4:0> 210
T1GPPS — — — T1GPPS<4:0> 210
T3CKIPPS — — — T3CKIPPS<4:0> 210
T3GPPS — — — T3GPPS<4:0> 210
T5CKIPPS — — — T5CKIPPS<4:0> 210
T5GPPS — — — T5GPPS<4:0> 210
T2INPPS _ — — T2INPPS<4:0> 210
T4INPPS — — — T4INPPS<4:0> 210
T6INPPS — — — T6INPPS<4:0> 210
CCP1PPS — — — CCP1PPS<4:0> 210
CCP2PPS — — — CCP2PPS<4:0> 210
CWG1PPS — — — CWG1PPS<4:0> 210
MDCARLPPS — — — MDCARLPPS<4:0> 210
MDCARHPPS — — — MDCARHPPS<4:0> 210
MDSRCPPS — — — MDSRCPPS<4:0> 210
ADACTPPS _ — _ ADACTPPS<4:0> 210
SSP1CLKPPS — — — SSP1CLKPPS<4:0> 210
SSP1DATPPS — — — SSP1DATPPS<4:0> 210
SSP1SSPPS — — — SSP1SSPPS<4:0> 210
RX1PPS — — — RX1PPS<4:0> 212
TX1PPS _ — — TX1PPS<4:0> 210
RxyPPS — — — RxyPPS<4:0> 212
Legend: — =unimplemented, read as ‘0O’. Shaded cells are unused by the PPS module.
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18.0 TIMERO MODULE

Timer0 module is an 8/16-bit timer/counter with the
following features:

» 16-bit timer/counter

+ 8-bit timer/counter with programmable period

» Synchronous or asynchronous operation

+ Selectable clock sources

* Programmable prescaler

* Programmable postscaler

» Operation during Sleep mode

* Interrupt on match or overflow

+ Output on I/O pin (via PPS) or to other peripherals

FIGURE 18-1: BLOCK DIAGRAM OF TIMERO
Reserved — 111
Reserved —— 110 TO match ]
= Peripherals
SOSC  — 101 | T0cKPS<3:0> TMRO
LFINTOSC  —— 100 body TOOUTPS<3:0> TOIF
Prescaler
HFINTOSC — 011 IN ouT TO_out
Fosc/4 — 010 ‘
001 TO16BIT
TOASYNC
000
TOCKIPPS
ey
3
TOCS<2:0>
8-bit TMRO Body Diagram (T016BIT = 0) 16-bit TMRO Body Diagram (T016BIT = 1)
N> TMROL R N> TMROL TMESteH'gh U
<5 :
Read TMROL
COMPARATOR » OUT — Write TMROL
{} TO_match 8 v
8 TMROH
TMRO High
Byte
{ } Latch Hg
Enable
TMROH < >
8
Internal Data Bus
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18.1 Timer0 Operation

TimerQ can operate as either an 8-bit timer/counter or
a 16-bit timer/counter. The mode is selected with the
TO16BIT bit of the TOCON register.

18.1.1 16-BIT MODE

The register pair TMROH:TMROL, increments on the
rising edge of the clock source. A 15-bit prescaler on
the clock input gives several prescale options (see
prescaler control bits, TOCKPS<3:0> in the TOCON1
register).

18.1.1.1 TimerO Reads and Writes in 16-Bit
Mode

In 16-bit mode, to avoid rollover between reading high
and low registers, the TMROH register is a buffered
copy of the actual high byte of Timer0, which is neither
directly readable nor writable (see Figure 18-1).
TMROH is updated with the contents of the high byte of
Timer0 during a read of TMROL. This provides the
ability to read all 16 bits of TimerO without having to
verify that the read of the high and low byte was valid,
due to a rollover between successive reads of the high
and low byte.

Similarly, a write to the high byte of Timer0 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 Timer0
to be updated at once.

18.1.2 8-BIT MODE

In normal operation, TMRO increments on the rising
edge of the clock source. A 15-bit prescaler on the
clock input gives several prescale options (see
prescaler control bits, TOCKPS<3:0> in the TOCON1
register).

In 8-bit mode, the value of TMROL is compared to that
of the Period buffer, a copy of TMROH, on each clock
cycle. When the two values match, the following events
happen:

* TMRO_out goes high for one prescaled clock
period

* TMROL is reset

» The contents of TMROH are copied to the period
buffer

In 8-bit mode, the TMROL and TMROH registers are
both directly readable and writable. The TMROL
register is cleared on any device Reset, while the
TMROH register initializes at FFh.

Both the prescaler and postscaler counters are cleared
on the following events:

* A write to the TMROL register

» A write to either the TOCONO or TOCON1
registers

* Any device Reset — Power-on Reset (POR),
MCLR Reset, Watchdog Timer Reset (WDTR) or

* Brown-out Reset (BOR)

18.1.3 COUNTER MODE

In Counter mode, the prescaler is normally disabled by
setting the TOCKPS bits of the TOCON1 register to
‘0000’. Each rising edge of the clock input (or the
output of the prescaler if the prescaler is used)
increments the counter by ‘1’.

18.1.4 TIMER MODE

In Timer mode, the Timer0 module will increment every
instruction cycle as long as there is a valid clock signal
and the TOCKPS bits of the TOCON1 register
(Register 18-2) are set to ‘0000’. When a prescaler is
added, the timer will increment at the rate based on the
prescaler value.

18.1.5  ASYNCHRONOUS MODE

When the TOASYNC bit of the TOCON1 register is set
(TOASYNC = ‘1’), the counter increments with each
rising edge of the input source (or output of the
prescaler, if used). Asynchronous mode allows the
counter to continue operation during Sleep mode
provided that the clock also continues to operate during
Sleep.

18.1.6 SYNCHRONOUS MODE

When the TOASYNC bit of the TOCON1 register is clear
(TOASYNC = 0), the counter clock is synchronized to
the system clock (Fosc/4). When operating in
Synchronous mode, the counter clock frequency
cannot exceed Fosc/4.

18.2 Clock Source Selection

The TOCS<2:0> bits of the TOCON1 register are used
to select the clock source for TimerQ. Register 18-2
displays the clock source selections.

18.2.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected, TimerQ
operates as a timer and will increment on multiples of
the clock source, as determined by the TimerO
prescaler.

18.2.2 EXTERNAL CLOCK SOURCE

When an external clock source is selected, Timer0O can
operate as either a timer or a counter. Timer0 will
increment on multiples of the rising edge of the external
clock source, as determined by the TimerO prescaler.
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18.3 Programmable Prescaler

A software programmable prescaler is available for
exclusive use with TimerQ. There are 16 prescaler
options for Timer0 ranging in powers of two from 1:1 to
1:32768. The prescaler values are selected using the
TOCKPS<3:0> bits of the TOCON1 register.

The prescaler is not directly readable or writable.
Clearing the prescaler register can be done by writing
to the TMROL register or the TOCONO, TOCON1
registers or by any Reset.

18.4 Programmable Postscaler

A software programmable postscaler (output divider) is
available for exclusive use with Timer0. There are 16
postscaler options for Timer0 ranging from 1:1 to 1:16.
The postscaler values are selected using the
TOOUTPS<3:0> bits of the TOCONO register.

The postscaler is not directly readable or writable.
Clearing the postscaler register can be done by writing
to the TMROL register or the TOCONO, TOCON1 regis-
ters or by any Reset.

18.5 Operation During Sleep

When operating synchronously, Timer0 will halt. When
operating asynchronously, Timer0 will continue to
increment and wake the device from Sleep (if Timer0
interrupts are enabled) provided that the input clock
source is active.

18.6 TimerO0 Interrupts

The TimerO interrupt flag bit (TMROIF) is set when
either of the following conditions occur:

» 8-bit TMROL matches the TMROH value
* 16-bit TMRO rolls over from ‘FFFFh’

When the postscaler bits (TOOUTPS<3:0>) are set to
1:1 operation (no division), the TOIF flag bit will be set
with every TMRO match or rollover. In general, the
TMROIF flag bit will be set every TOOUTPS +1 matches
or rollovers.

If TimerO interrupts are enabled (TMROIE bit of the
PIEO register = ‘1’), the CPU will be interrupted and the
device may wake from Sleep (see Section
18.2 “Clock Source Selection” for more details).

18.7 Timer0 Output

The Timer0 output can be routed to any I/O pin via the
RxyPPS output selection register (see Section
17.0 “Peripheral Pin Select (PPS) Module” for addi-
tional information). The TimerO output can also be used
by other peripherals, such as the auto-conversion trig-
ger of the Analog-to-Digital Converter. Finally, the
Timer0 output can be monitored through software via
the Timer0 output bit (TOOUT) of the TOCONO register
(Register 18-1).

TMRO_out will be a pulse of one postscaled clock
period when a match occurs between TMROL and PRO
(Period register for TMRO) in 8-bit mode, or when
TMRO rolls over in 16-bit mode. The Timer0 output is a
50% duty cycle that toggles on each TMRO_out rising
clock edge.
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18.8 Register Definitions: Timer0 Control

REGISTER 18-1: TOCONO: TIMERO CONTROL REGISTER 0

R/W-0/0 uU-0 R-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TOEN — TOOUT TO16BIT TOOUTPS<3:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 TOEN:TMRO Enable bit

1 = The module is enabled and operating
0 = The module is disabled and in the lowest power mode

bit 6 Unimplemented: Read as ‘0’
bit 5 TOOUT:TMRO Output bit (read-only)
TMRO output bit
bit 4 T016BIT: TMRO Operating as 16-Bit Timer Select bit

1 =TMRO is a 16-bit timer
0 =TMRO is an 8-bit timer

bit 3-0 TOOUTPS<3:0>: TMRO Output Postscaler (Divider) Select bits
1111 = 1:16 Postscaler
1110 = 1:15 Postscaler
1101 = 1:14 Postscaler
1100 = 1:13 Postscaler
1011 = 1:12 Postscaler
1010 = 1:11 Postscaler
1001 = 1:10 Postscaler
1000 = 1:9 Postscaler
0111 = 1:8 Postscaler
0110 = 1:7 Postscaler
0101 = 1:6 Postscaler
0100 = 1:5 Postscaler
0011 = 1:4 Postscaler
0010 = 1:3 Postscaler
0001 = 1:2 Postscaler
0000 = 1:1 Postscaler
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REGISTER 18-2: TOCON1: TIMERO CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TOCS<2:0> TOASYNC TOCKPS<3:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-5 T0CS<2:0>:Timer0 Clock Source Select bits

111 = Reserved

110 = Reserved

101 = SOSC

100 = LFINTOSC

011 = HFINTOSC

010 = Fosc/4

001 = Pin selected by TOCKIPPS (Inverted)
000 = Pin selected by TOCKIPPS (Non-inverted)

bit 4 TOASYNC: TMRO Input Asynchronization Enable bit
1 = The input to the TMRO counter is not synchronized to system clocks
0 = The input to the TMRO counter is synchronized to Fosc/4

bit 3-0 TOCKPS<3:0>: Prescaler Rate Select bit
1111 =1:32768
1110 = 1:16384
1101 =1:8192
1100 = 1:4096
1011 = 1:2048
1010 = 1:1024
1001 =1:512
1000 = 1:256
0111 =1:128
0110 =1:64
0101 =1:32
0100 = 1:16
0011 =1:8
0010 =14
0001 =1:2
0000 = 1:1
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REGISTER 18-3:

TMROL: TIMERO COUNT REGISTER

1’ = Bit is set

u = Bit is unchanged

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMRO<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘0’ = Bit is cleared

bit 7-0

REGISTER 18-4:

TMRO0<7:0>:TMRO Counter bits <7:0>

TMROH: TIMERO PERIOD REGISTER

u = Bit is unchanged

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TMRO0<15:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 When TO16BIT =0

PR0<7:0>:TMRO Period Register Bits <7:0>

When TO16BIT =1

TMRO0<15:8>: TMRO Counter bits <15:8>
TABLE 18-1: SUMMARY OF REGISTERS ASSOCIATED WITH TIMERO

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':r‘:g;zt;:

TMROL TMRO<7:0> 219
TMROH TMRO0<15:8> 219
TOCONO TOEN — TOOUT TO16BIT TOOUTPS<3:0> 217
TOCON1 TOCS<2:0> TOASYNC TOCKPS<3:0> 218
TOCKIPPS — — — TOCKIPPS<4:0> 210
TMROPPS = = = TMROPPS<4:0> 210
INTCON GIE/GIEH |PEIE/GIEL| IPEN — — INT2EDG | INT1EDG | INTOEDG | 165
PIRO — — TMROIF IOCIF — INT2IF INT1IF INTOIF 166
PIEO — — TMROIE IOCIE — INT2IE INT1IE INTOIE 174
IPRO — — TMROIP I0CIP — INT2IP INT1IP INTOIP 182
PMD1 — TMR6MD | TMR5MD | TMR4MD TMR3MD TMR2MD | TMR1MD | TMROMD 64
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the Timer0O module.
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19.0 TIMER1/3/5 MODULE WITH
GATE CONTROL

Timer1/3/5 module is a 16-bit timer/counter with the
following features:

* 16-bit timer/counter register pair (TMRxH: TMRXxL)

* Programmabile internal or external clock source

« 2-bit prescaler

» Dedicated Secondary 32 kHz oscillator circuit

» Optionally synchronized comparator out

» Multiple Timer1/3/5 gate (count enable) sources

* Interrupt on overflow

» Wake-up on overflow (external clock, Asynchronous
mode only)

* 16-Bit Read/Write Operation

» Time base for the Capture/Compare function with
the CCP modules

» Special Event Trigger (with CCP)
» Selectable Gate Source Polarity
» Gate Toggle mode

+ Gate Single-pulse mode

+ Gate Value Status

» Gate Event Interrupt

Figure 19-1 is a block diagram of the Timer1/3/5
module.
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FIGURE 19-1:

TIMER1/3/5 BLOCK DIAGRAM

TMRxGATE<3:0>

Rev. 10-000018G

?4

0000

TxGSPM

G

D Single Pulse D a—TxGVAL
Acq. Control
= Q1
D Q
TxGPOL A TxGGO/DONE
CK Q
TMRXON——— _ Interrupt set bit
R [ [
TXGTM Met TMRXGIF
o—
—— TMRxGE
set flag bit
TMRxIF L TMRxON
EN o
. p TMRx® »To Comparators (6)
x_overflow i
— TMRxH ‘ TMRxL 4 a ol 0 Synchronized Clock Input
1
_ TxCLK i
TxSYNC
TMRxCLK<3:0>
Prescaler Synchronize®
1,248 (I
det
2 | ‘
Fosc/2
TxCKPS<1:0>  |nternal Sleep
Clock Input
Note 1: ST Buffer is high speed type when using TxCKIPPS.

TMRXx register increments on rising edge.

Synchronize does not operate while in Sleep.

See Register 19-3 for clock source selections.

See Register 19-4 for gate source selection.

Synchronized comparator output should not be used in conjunction with synchronized input clock.
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19.1 Register Definitions: Timer1/3/5

Long bit name prefixes for the Timer1/3/5 are shown in
Table 20-1. Refer to Section 1.4.2.2 “Long Bit
Names” for more information.

TABLE 19-1:
Peripheral Bit Name Prefix
Timer1 ™
Timer3 T3
Timer5 T5

REGISTER 19-1: TxCON: TIMERx CONTROL REGISTER

U-0 uU-0 R/W-0/u R/W-0/u uU-0 R/W-0/u R/W-0/0 R/W-0/u
- — CKPS<1:0> - SYNC RD16 ON

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared u = unchanged

bit 7-6 Unimplemented: Read as ‘0’

bit 5-4 CKPS<1:0>: Timerx Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 Unimplemented: Read as ‘0’
bit 2 SYNC: Timerx External Clock Input Synchronization Control bit
TMRxCLK = Fosc/4 or Fosc:

This bit is ignored. Timer1 uses the incoming clock as is.
Else:

1 = Do not synchronize external clock input
0 = Synchronize external clock input with system clock
bit 1 RD16: 16-Bit Read/Write Mode Enable bit
1= All 16 bits of Timer1 can be read simultaneously (TMR1H is buffered)
0 = 16-bit reads of Timer1 are disabled (TMR1H not buffered)
bit 0 ON: Timerx On bit

1= Enables Timerx
0 = Disables Timerx
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REGISTER 19-2: TxGCON: TIMERx GATE CONTROL REGISTER

R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R-x U-0 U-0
GE GPOL GTM GSPM GGO/DONE GVAL — —
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 GE: Timerx Gate Enable bit
If TMRXON =1:

1= Timerx counting is controlled by the Timerx gate function
0 = Timerx is always counting
If TMRXON = 0:
This bit is ignored
bit 6 GPOL: Timerx Gate Polarity bit
1= Timerx gate is active-high (Timerx counts when gate is high)
0 = Timerx gate is active-low (Timerx counts when gate is low)
bit 5 GTM: Timerx Gate Toggle Mode bit
1= Timerx Gate Toggle mode is enabled
0 = Timerx Gate Toggle mode is disabled and Toggle flip-flop is cleared
Timerx Gate Flip Flop Toggles on every rising edge
bit 4 GSPM: Timerx Gate Single Pulse Mode bit
1= Timerx Gate Single Pulse mode is enabled and is controlling Timerx gate)
0 = Timerx Gate Single Pulse mode is disabled
bit 3 GGO/DONE: Timerx Gate Single Pulse Acquisition Status bit
1 = Timerx Gate Single Pulse Acquisition is ready, waiting for an edge
0 = Timerx Gate Single Pulse Acquisition has completed or has not been started.
This bit is automatically cleared when TxGSPM is cleared.
bit 2 GVAL: Timerx Gate Current State bit
Indicates the current state of the Timerx gate that could be provided to TMRxH: TMRxL
Unaffected by Timerx Gate Enable (TMRxGE)

bit 1-0 Unimplemented: Read as ‘0’
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REGISTER 19-3:

TMRxCLK: TIMERx CLOCK REGISTER

u-0 u-0 U-0 u-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — — — CS<3:0>
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 u = unchanged

bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CS<3:0>: Timerx Clock Source Selection bits
Timer1 Timer3 Timer5
Cs
Clock Source Clock Source Clock Source
1111-1100 |Reserved Reserved Reserved
1011 TMRS5 overflow TMRS5 overflow Reserved
1010 TMR3 overflow Reserved TMRS overflow
1001 Reserved TMR1 overflow TMR1 overflow
1000 TMRO overflow TMRO overflow TMRO overflow
0111 CLKREF CLKREF CLKREF
0110 SOSC SOSC SOSC
0101 MFINTOSC (500 kHz) MFINTOSC (500 kHz) MFINTOSC (500 kHz)
0100 LFINTOSC LFINTOSC LFINTOSC
0011 HFINTOSC HFINTOSC HFINTOSC
0010 Fosc Fosc Fosc
0001 Fosc/4 Fosc/4 Fosc/4
0000 T1CKIPPS T3CKIPPS T5CKIPPS
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REGISTER 19-4:

TMRxGATE: TIMERx GATE ISM REGISTER

u-0 uU-0 u-0 u-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u
_ — — — GSS<3:0>
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 u = unchanged
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 GSS<3:0>: Timerx Gate Source Selection bits
Timer1 Timer3 Timer5
GSS
Gate Source Gate Source Gate Source
1111 Reserved Reserved Reserved
1110 ZCDOUT ZCDOUT ZCDOUT
1101 CMP20OUT CMP20OUT CMP20OUT
1100 CMP10UT CMP10UT CMP10UT
1011 PWM40OUT PWM40OUT PWM40OUT
1010 PWM3OUT PWM3OUT PWM3OUT
1001 CCP20OUT CCP20OUT CCP20OUT
1000 CCP10OUT CCP10OUT CCP10OUT
0111 TMR60OUT (post-scaled) TMR60OUT (post-scaled) TMR60OUT (post-scaled)
0110 TMRS5 overflow TMRS5 overflow Reserved
0101 TMR4OUT (post-scaled) TMR4OUT (post-scaled) TMR4OUT (post-scaled)
0100 TMR3 overflow Reserved TMR3 overflow
0011 TMR20OUT (post-scaled) TMR2OUT (post-scaled) TMR20OUT (post-scaled)
0010 Reserved TMR1 overflow TMR1 overflow
0001 TMRO overflow TMRO overflow TMRO overflow
0000 Pin selected by T1GPPS Pin selected by T3GPPS Pin selected by TSGPPS
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REGISTER 19-5:

TMRxL: TIMERx LOW BYTE REGISTER

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
TMRxL<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 TMRxXL<7:0>:Timerx Low Byte bits

REGISTER 19-6:

TMRxH: TIMERx HIGH BYTE REGISTER

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
TMRxH<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

TMRxH<7:0>:Timerx High Byte bits
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19.2 Timer1/3/5 Operation

The Timer1/3/5 module is a 16-bit incrementing
counter which is accessed through the TMRxH: TMRxL
register pair. Writes to TMRxH or TMRxL directly
update the counter.

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 and incre-
ments on every selected edge of the external source.

Timer1/3/5 is enabled by configuring the ON and GE
bits in the TXCON and TxGCON registers, respectively.
Table 19-2 displays the Timer1/3/5 enable selections.

TABLE 19-2: TIMER1/3/5 ENABLE

SELECTIONS
oN GE | Gperation
1 1 Count Enabled
1 0 Always On
0 1 Off
0 0 Off

19.3 Clock Source Selection

The CS<3:0> bits of the TMRxCLK register
(Register 19-3) are used to select the clock source for
Timer1/3/5. The four TMRXCLK bits allow the selection
of several possible synchronous and asynchronous
clock sources. Register 19-3 displays the clock source
selections.

19.3.1 INTERNAL CLOCK SOURCE

When the internal clock source is selected the
TMRxH:TMRXxL register pair will increment on multiples
of Fosc as determined by the Timer1/3/5 prescaler.

When the Fosc internal clock source is selected, the
Timer1/3/5 register value will increment by four counts
every instruction clock cycle. Due to this condition, a
2 LSB error in resolution will occur when reading the
Timer1/3/5 value. To utilize the full resolution of Tim-
er1/3/5, an asynchronous input signal must be used to
gate the Timer1/3/5 clock input.

The following asynchronous sources may be used at
the Timer1/3/5 gate:

» Asynchronous event on the TXxGPPS pin

+ TMROOUT

* TMR1/3/50UT (excluding the TMR for which it is
being used)

* TMR 2/4/60UT (post-scaled)

« CCP1/20UT

*+ PWM3/40UT

+ CMP1/20UT

« ZCDOUT

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:

* Timer1/3/5 enabled after POR
* Write to TMRxH or TMRxL
* Timer1/3/5 is disabled

+ Timer1/3/5 is disabled (TMRxON = 0)
when TxCKl is high then Timer1/3/5
is enabled (TMRxXON = 1) when
TxCKl is low.

19.3.2 EXTERNAL CLOCK SOURCE

When the external clock source is selected, the
Timer1/3/5 module may work as a timer or a counter.

When enabled to count, Timer1/3/5 is incremented on
the rising edge of the external clock input of the
TxCKIPPS pin. This external clock source can be
synchronized to the microcontroller system clock or it
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 secondary internal oscillator circuit.
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19.4 Timer1/3/5 Prescaler

Timer1/3/5 has four prescaler options allowing 1, 2, 4 or
8 divisions of the clock input. The CKPS bits of the
TxCON register control the prescale counter. The
prescale counter is not directly readable or writable;
however, the prescaler counter is cleared upon a write to
TMRxH or TMRXxL.

19.5 Secondary Oscillator

A secondary low-power 32.768 kHz oscillator circuit is
built-in between pins SOSCI (input) and SOSCO
(amplifier output). This internal circuit is to be used in
conjunction with an external 32.768 kHz crystal. The
secondary oscillator is not dedicated only to
Timer1/3/5; it can also be used by other modules.

The oscillator circuit is enabled by setting the SOSCEN
bit of the OSCEN register (Register 4-7). This can be
used as the clock source to the Timer using the
TMRXxCLK bits.The oscillator will continue to run during
Sleep.

19.6 Timer1/3/5 Operation in
Asynchronous Counter Mode

If control bit SYNC of the TXxCON register is set, the
external clock input is not synchronized. The timer
increments asynchronously to the internal phase
clocks. If external clock source is selected then the
timer will continue to run during Sleep and can
generate an interrupt on overflow, which will wake-up
the processor. However, special precautions in
software are needed to read/write the timer (see
Section 19.6.1 “Reading and Writing Timer1/3/5 in
Asynchronous Counter Mode”).

Note: When switching from synchronous to
asynchronous operation, it is possible to
skip an increment. When switching from
asynchronous to synchronous operation,
it is possible to produce an additional
increment.

Note: The oscillator requires a start-up and
stabilization time before use. Thus, the
SOSCEN bit of the OSCEN register
should be set and a suitable delay
observed prior to enabling Timer1/3/5. A
software check can be performed to
confirm if the secondary oscillator is
enabled and ready to use. This is done by
polling the SOR bit of the OSCSTAT

(Register 4-4).

19.6.1 READING AND WRITING
TIMER1/3/5 IN ASYNCHRONOUS
COUNTER MODE

Reading TMRxH or TMRxL while the timer is running
from an external asynchronous clock will ensure a valid
read (taken care of in hardware). However, the user
should keep in mind that reading the 16-bit timer in two
8-bit values itself, poses certain problems, since the
timer may overflow between the reads. For writes, it is
recommended that the user simply stop the timer and
write the desired values. A write contention may occur
by writing to the timer registers, while the register is
incrementing. This may produce an unpredictable
value in the TMRxH: TMRXL register pair.
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19.7 Timer1/3/5 16-Bit Read/Write Mode

Timer1/3/5 can be configured to read and write all 16
bits of data, to and from, the 8-bit TMRxL and TMRxH
registers, simultaneously. The 16-bit read and write
operations are enabled by setting the RD16 bit of the
TxCON register.

To accomplish this function, the TMRxH register value
is mapped to a buffer register called the TMRxH buffer
register. While in 16-Bit mode, the TMRxH register is
not directly readable or writable and all read and write
operations take place through the use of this TMRxH
buffer register.

When a read from the TMRXL register is requested, the
value of the TMRxH register is simultaneously loaded
into the TMRxH buffer register. When a read from the
TMRxH register is requested, the value is provided
from the TMRxH buffer register instead. This provides
the user with the ability to accurately read all 16 bits of
the Timer1/3/5 value from a single instance in time.
Reference the block diagram in Figure 19-2 for more
details.

In contrast, when not in 16-Bit mode, the user must
read each register separately and determine if the
values have become invalid due to a rollover that may
have occurred between the read operations.

When a write request of the TMRxL register is
requested, the TMRxH buffer register is simultaneously
updated with the contents of the TMRxH register. The
value of TMRxH must be preloaded into the TMRxH
buffer register prior to the write request for the TMRxL
register. This provides the user with the ability to write
all 16 bits to the TMRxL:TMRxH register pair at the
same time.

Any requests to write to the TMRxH directly does not
clear the Timer1/3/5 prescaler value. The prescaler
value is only cleared through write requests to the
TMRXL register.

FIGURE 19-2: TIMER1/3/5 16-BIT

READ/WRITE MODE
BLOCK DIAGRAM

From

Timer1

+ Circuitry
TMR1 Set

‘ TMRI1L | - TMR1IF
High Byte
9 y\ ) on Overflow

lj—x K;LRead TMR1L

Write TMR1L

8
N8 AV

TMR1H

< > Internal Data Bus

Block Diagram of Timer1 Example of TIMER1/3/5

19.8 Timer1/3/5 Gate

Timer1/3/5 can be configured to count freely or the
count can be enabled and disabled using Timer1/3/5
gate circuitry. This is also referred to as Timer1/3/5 gate
enable.

Timer1/3/5 gate can also be driven by multiple
selectable sources.

19.8.1 TIMER1/3/5 GATE ENABLE

The Timer1/3/5 Gate Enable mode is enabled by
setting the TMRxGE bit of the TxGCON register. The
polarity of the Timer1/3/5 Gate Enable mode is
configured using the TxGPOL bit of the TxGCON
register.

When Timer1/3/5 Gate Enable mode is enabled,
Timer1/3/5 will increment on the rising edge of the
Timer1/3/5 clock source. When Timer1/3/5 Gate signal
is inactive, the timer will not increment and hold the
current count. Enable mode is disabled, no
incrementing will occur and Timer1/3/5 will hold the
current count. See Figure 19-4 for timing details.

TABLE 19-3: TIMER1/3/5 GATE ENABLE

SELECTIONS
TMRXCLK | TXGPOL | TxG g:eer:t/ii/:
T 1 1 Counts
T 1 0 Holds Count
T 0 1 Holds Count
T 0 0 Counts
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19.8.2 TIMER1/3/5 GATE SOURCE
SELECTION

The gate source for Timer1/3/5 can be selected using
the GSS<3:0> bits of the TMRxGATE register
(Register 19-4). The polarity selection for the gate
source is controlled by the TxGPOL bit of the TxGCON
register (Register 19-2).

Any of the above mentioned signals can be used to
trigger the gate. The output of the CMPx can be
synchronized to the Timer1/3/5 clock or left
asynchronous. For more information see Section
32.5.1 “Comparator Output Synchronization”.

19.8.3 TIMER1/3/5 GATE TOGGLE MODE

When Timer1/3/5 Gate Toggle mode is enabled, it is
possible to measure the full-cycle length of a
Timer1/3/5 gate signal, as opposed to the duration of a
single level pulse.

The Timer1/3/5 gate source is routed through a flip-flop
that changes state on every incrementing edge of the
signal. See Figure 19-5 for timing details.

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

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

19.8.4 TIMER1/3/5 GATE SINGLE-PULSE
MODE

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

Clearing the TXGSPM bit of the TxGCON register will
also clear the GGO/DONE bit. See Figure 19-6 for tim-
ing details.

Enabling the Toggle mode and the Single-Pulse mode
simultaneously will permit both sections to work
together. This allows the cycle times on the Timer1/3/5
gate source to be measured. See Figure 19-7 for timing
details.

19.8.5 TIMER1/3/5 GATE VALUE STATUS

When Timer1/3/5 Gate Value Status is utilized, it is
possible to read the most current level of the gate
control value. The value is stored in the GVAL bit in the
TxGCON register. The GVAL bit is valid even when the
Timer1/3/5 gate is not enabled (GE bit is cleared).

19.8.6 TIMER1/3/5 GATE EVENT
INTERRUPT

When Timer1/3/5 Gate Event Interrupt is enabled, it is
possible to generate an interrupt upon the completion
of a gate event. When the falling edge of GVAL occurs,
the TMRxGIF flag bit in the PIRS5 register will be set. If
the TMRXGIE bit in the PIE5 register is set, then an
interrupt will be recognized.

The TMRxGIF flag bit operates even when the
Timer1/3/5 gate is not enabled (GE bit is cleared).

For more information on selecting high or low priority
status for the Timer1/3/5 Gate Event Interrupt see Sec-
tion 14.0 “Interrupts”.
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19.9 Timer1/3/5 Interrupt

The Timer1/3/5 register pair (TMRxH:TMRXxL)
increments to FFFFh and rolls over to 0000h. When
Timer1/3/5 rolls over, the Timer1/3/5 interrupt flag bit of
the PIR4 register is set. To enable the
interrupt-on-rollover, you must set these bits:

* TMRxON bit of the TxCON register

* TMRXIE bits of the PIE4 register

» PEIE/GIEL bit of the INTCON register
* GIE/GIEH bit of the INTCON register

The interrupt is cleared by clearing the TMRXxIF bit in
the Interrupt Service Routine.

For more information on selecting high or low priority
status for the Timer1/3/5 Overflow Interrupt, see
Section 14.0 “Interrupts”.

Note: The TMRxH:TMRXxL register pair and the
TMRXxIF bit should be cleared before
enabling interrupts.

19.10 Timer1/3/5 Operation During Sleep

Timer1/3/5 can only operate during Sleep when set up
in Asynchronous Counter mode. In this mode, an
external crystal or clock source can be used to
increment the counter. To set up the timer to wake the
device:

* TMRxON bit of the TxCON register must be set

* TMRXIE bit of the PIE4 register must be set

* PEIE/GIEL bit of the INTCON register must be set

* TxSYNC bit of the TXCON register must be set

» Configure the TMRxCLK register for using
secondary oscillator as the clock source

» Enable the SOSCEN bit of the OSCEN register
(Register 4-7)

The device will wake-up on an overflow and execute

the next instruction. If the GIE/GIEH bit of the INTCON

register is set, the device will call the Interrupt Service

Routine.

The secondary oscillator will continue to operate in
Sleep regardless of the TxSYNC bit setting.

19.11 CCP Capture/Compare Time Base

The CCP modules use the TMRxH:TMRXL register pair
as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMRxH:TMRxL
register pair is copied into the CCPRxH:CCPRxL
register pair on a configured event.

In Compare mode, an event is triggered when the value
in the CCPRxH:CCPRxL register pair matches the
value in the TMRxH:TMRXL register pair. This event
can be a Special Event Trigger.

For more information, see Section
21.0 “Capture/Compare/PWM Module”.

19.12 CCP Special Event Trigger

When any of the CCP’s are configured to trigger a
special event, the trigger will clear the TMRxH: TMRxL
register pair. This special event does not cause a
Timer1/3/5 interrupt. The CCP module may still be
configured to generate a CCP interrupt.

In this mode of operation, the CCPRxH:CCPRxL
register pair becomes the period register for
Timer1/3/5.

Timer1/3/5 should be synchronized and Fosc/4 should
be selected as the clock source in order to utilize the
Special Event Trigger. Asynchronous operation of
Timer1/3/5 can cause a Special Event Trigger to be
missed.

In the event that a write to TMRxH or TMRXL coincides
with a Special Event Trigger from the CCP, the write will
take precedence.
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FIGURE 19-3: TIMER1/3/5 INCREMENTING EDGE

TxCKl =1
when TMRx

Enabled * * * * *

TxCKI =0
when TMRx

Enabled A A A A

Note 1: Arrows indicate counter increments.

2: In Counter mode, a falling edge must be registered by the counter prior to the first incrementing rising edge of the clock.

FIGURE 19-4: TIMER1/3/5 GATE ENABLE MODE

TMRxGE

TxGPOL

B B i Hin B B B Bl

TXGVAL | T

Timer1/3/5 N XN+1X N+2 N+3X N+4
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FIGURE 19-5: TIMER1/3/5 GATE TOGGLE MODE

TMRxGE
TxGPOL

TXGTM

TXCKI | ! l !
TXGVAL | Z 1 Co | : ! I

TIMER1/3/5 N N+ 1N+ 2XN+3X N+4 XN+ XN+ eXN+ 7YX N+8
FIGURE 19-6: TIMER1/3/5 GATE SINGLE-PULSE MODE

TMRxGE
TxGPOL
TxGSPM

Cleared by hardware on
TxGGO/ |<7 Set by software ‘ ¢ falling edge of TXxGVAL
DONE

Counting enabled on
rising edge of TxG

L B —

CinlnlninSnlninEnEnlnl

TxGVAL :

TIMER1/3/5 N XNe1y | Ne2

i Cleared by
TMRXGN Cleared by software ‘4— Set by hardware on 4— software

falling edge of TxGVAL
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FIGURE 19-7: TIMER1/3/5 GATE SINGLE-PULSE AND TOGGLE COMBINED MODE

TMRxGE
TxGPOL
TxGSPM

TxGTM

Cleared by hardware on
TxGGO/ F Set by software ‘ ¢ falling edge of TXGVAL
DONE

Counting enabled on
rising edge of TxG

o] i B B B B B B e M

TXGVAL | ; |

TIMER1/3/5 N N+1>< N+2>< N+3I>< N+4I

Set by hardware on Cleared by
TMRxGIF [¢— Cleared by software falling edge of TGVAL —»] [+ software

19.13 Peripheral Module Disable

When a peripheral module is not used or inactive, the
module can be disabled by setting the Module Disable
bit in the PMD registers. This will reduce power
consumption to an absolute minimum. Setting the PMD
bits holds the module in Reset and disconnects the
module’s clock source. The Module Disable bits for
Timer1 (TMR1MD), Timer3 (TMR3MD) and Timer5
(TMR5MD) are in the PMD1 register. See Section
7.0 “Peripheral Module Disable (PMD)” for more
information.
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TABLE 19-4: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER1/3/5 AS A TIMER/COUNTER

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Va(';es
Page
INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG | INT1EDG | INTOEDG 165
PIE4 = = TMR6IE | TMRS5IE TMRA4IE TMR3IE TMR2IE | TMR1IE 178
PIE5 — — — — — TMR5GIE | TMR3GIE | TMR1GIE 179
PIR4 = = TMR6IF | TMRSIF TMR4IF TMR3IF TMR2IF | TMR1IF 169
PIR5 = = = — — TMR5GIF | TMR3GIF | TMR1GIF 170
IPR4 — — TMR6IP | TMRS5IP TMRA4IP TMR3IP | TMR2IP | TMR1IP 186
IPR5 = = = = = TMR5GIP | TMR3GIP | TMR1GIP 187
PMD1 — TMR6MD | TMR5MD | TMR4MD TMR3MD TMR2MD | TMR1MD | TMROMD 64
T1CON — — CKPS<1:0> — SYNC RD16 ON 222
T1GCON GE GPOL GTM ‘ GSPM GO/DONE GVAL — — 223
T3CON — — CKPS<1:0> — SYNC RD16 ON 222
T3GCON GE GPOL GTM ‘ GSPM GO/DONE GVAL — — 223
T5CON — — CKPS<1:0> — SYNC RD16 ON 222
T5GCON GE GPOL oM | esPM | GO/DONE GVAL — — 223
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 226
TMR1L Least Significant Byte of the 16-bit TMR1 Register 226
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register 226
TMR3L Least Significant Byte of the 16-bit TMR3 Register 226
TMR5H Holding Register for the Most Significant Byte of the 16-bit TMR5 Register 226
TMR5L Least Significant Byte of the 16-bit TMR5 Register 226
T1CKIPPS — — — T1CKIPPS<4:0> 210
T1GPPS — — — T1GPPS<4:0> 210
T3CKIPPS — — — T3CKIPPS<4:0> 210
T3GPPS — — — T3GPPS<4:0> 210
T5CKIPPS — — — T5CKIPPS<4:0> 210
T5GPPS — — — T5GPPS<4:0> 210
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by TIMER1/3/5.
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20.0 TIMER2/4/6 MODULE

The Timer2/4/6 modules are 8-bit timers that
incorporate the following features:

» 8-bit Timer and Period registers (TMR2 and PR2,
respectively)

» Readable and writable (both registers)

+ Software programmable prescaler (1:1 to 1:128)

+ Software programmable postscaler (1:1 to 1:16)

* Interrupt on TMR2 match with PR2

* One-shot operation

* Full asynchronous operation

* Includes Hardware Limit Timer (HLT)

+ Alternate clock sources

+ External Timer Reset signal sources

» Configurable Timer Reset operation

See Figure 20-1 for Timer2 clock sources. See
Figure 20-2 for a block diagram of Timer2 with HLT.

Note: Three identical Timer2 modules are
implemented on this device. The timers are
named Timer2, Timer4 and Timer6. All
references to Timer2 apply as well to
Timer4 and Timer6. All references to PR2
apply as well to PR4 and PR6.

FIGURE 20-1: TIMER2 CLOCK SOURCE
BLOCK DIAGRAM
TxCLK <3:0>
TXINPPS
TXIN 0000
See Y —» TMRx_clk
TxCLKCON
Register .
* 1111
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TIMER2 WITH HARDWARE LIMIT TIMER (HLT) BLOCK DIAGRAM

FIGURE 20-2:

TxRSEL <3:0>—— Rou 1oz
TxINPPS

TxIN [ TxMODE<4:0>

e ( MODE<3>
External Edge Detector | reset LT\

TMRx_ers Level Detector CCP_pset"
Reset (2) Mode Control
Sources (2 clock Sync)
. 4
L]

MODE<4:3>=01
enable D Clear ON
MODE<4:1>=1011 D Q
TxCPOL 4
TMRx_clk J>Z>77 Prescaler

R
3 TMRx Set flag bit
Sync TMRXxIF

\
TxCKPS<2:0> Fosc/4 TxPSYNC

TMRXx_postscaled
Comparator —— Postscaler »

a 4%
TXOUTPS<3:0>

TxON Sync
(2 Clocks)

TxCSYNC

Note 1: Signal to the CCP to trigger the PWM pulse.
2: See TxRST Register 20-6 for external Reset sources.
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20.1 Register Definitions: Timer2/4/6

Control

Long bit name prefixes for the Timer2/4/6 peripherals
are shown in Table20-1. Refer to Section
1.4.2.2 “Long Bit Names” for more information.

TABLE 20-1:

Peripheral Bit Name Prefix
Timer2 T2
Timer4 T4
Timer6 T6

REGISTER 20-1:

TMRx: TIMERx COUNTER REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TXTMR<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-0 TxTMR<7:0>: Timerx Counter bits

REGISTER 20-2:

TxPR: TIMERx PERIOD REGISTER

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
TxPR<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 TxPR<7:0>: Timerx Period Register bits
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REGISTER 20-3:

TxCON: TIMERx CONTROL REGISTER

R/W/HC-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TxON CKPS<2:0> OUTPS<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets
HC = Bit is cleared by hardware

bit 7

bit 6-4

bit 3-0

Note 1:

ON: Timerx On bit("

1 = Timerx is on
0 = Timerx is off: all counters and state machines are reset

CKPS<2:0>: Timerx-type Clock Prescale Select bits

111 =
110 =
101 =
100 =
011 =
010 =
001 =
000 =

OUTPS<3:0>: Timerx Output Postscaler Select bits

1111 =
1110 =
1101 =
1100 =
1011 =
1010 =
1001 =
1000 =
0111 =
0110 =
0101 =
0100 =
0011 =
0010 =
0001 =
0000 =

1:128 Prescaler
1:64 Prescaler
1:32 Prescaler
1:16 Prescaler
1:8 Prescaler
1:4 Prescaler
1:2 Prescaler
1:1 Prescaler

1:16 Postscaler
1:15 Postscaler
1:14 Postscaler
1:13 Postscaler
1:12 Postscaler
1:11 Postscaler
1:10 Postscaler
1:9 Postscaler
1:8 Postscaler
1.7 Postscaler
1:6 Postscaler
1:5 Postscaler
1:4 Postscaler
1:3 Postscaler
1:2 Postscaler
1:1 Postscaler

In certain modes, the TxON bit will be auto-cleared by hardware. See Section 20.5.1 “One-Shot Mode”.
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REGISTER 20-4:

TxHLT: TIMERx HARDWARE LIMIT CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PSYNC CPOL CSYNC MODE<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 PSYNC: Timerx Prescaler Synchronization Enable bit(!: 2)
1 = TMRXx Prescaler Output is synchronized to Fosc/4
0 = TMRXx Prescaler Output is not synchronized to Fosc/4
bit 6 CPOL: Timerx Clock Polarity Selection bit(3)
1 = Falling edge of input clock clocks timer/prescaler
0 = Rising edge of input clock clocks timer/prescaler
bit 5 CSYNC: Timerx Clock Synchronization Enable bit(4: 5)
1 = ON register bit is synchronized to TMR2_clk input
0 = ON register bit is not synchronized to TMR2_clk input
bit 4-0 MODE<4:0>: Timerx Control Mode Selection bits(6: 7)

See Table 20-2 for all operating modes.

Note 1: Setting this bit ensures that reading TMRXx will return a valid data value.
2: When this bit is ‘1’, Timer2 cannot operate in Sleep mode.

CKPOL should not be changed while ON = 1.
Setting this bit ensures glitch-free operation when the ON is enabled or disabled.

When this bit is set then the timer operation will be delayed by two TMRXx input clocks after the ON bit is set.
Unless otherwise indicated, all modes start upon ON =1 and stop upon ON =0 (stops occur without

affecting the value of TMRXx).

7: When TMRx = PRYX, the next clock clears TMRX, regardless of the operating mode.
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TABLE 20-2: TxMODE CONFIGURATION OPTIONS(26)
MODE<4:0> Timer Control
Output Operation Operation
<4:3> | <2:0> | <4:0> Start Reset(! Stop
11 XXX | 24-31 | Reserved
10 000 16 Reserved
001 17 Monostable Input rising edge start timer | TMRx_ers RE — TXON =0 or
edge-triggered and TXON =1 Next clock after
3 - 5
010 18 |start® Input falling edge start timer | TMRx_ers FE — TMRx = PR2(®)
and TXON =1
011 19 Input either edge start timer | TMRx_ers edge —
and TXON =1
100 20 |Reserved
101 21 Reserved
110 22 One-shot level Input high start timer, Input TMRx_ers=1 TMRx_ers=0 | TxON =0 or held
triggered start with | active-low Reset timer and TXON =1 in Reset(®
111 23 | HLT action Input low start timer, Input TMRx_ers=0 |TMRx ers=1
active-high Reset timer and TxON =1
01 000 08 | One-shot SW start | SW start (no HW control) TxON=1 — TxON =0 or
001 09 | One-shot Input rising edge start timer | TMRx_ers RE — Next clock af}%r
edge-triggered and TXON =1 TMRx = PR2
3
010 10 start® Input falling edge start timer | TMRx_ers FE —
and TXON =1
011 11 Input either edge start timer | TMRx_ers edge —
and TXON =1
100 12 One-shot Input rising edge start timer; | TMRx_ers RE TMRx_ers RE
edge-triggered Input rising edge Reset timer | and TXON =1
101 13 |start V‘z':,})h HLT Input falling edge start timer, | TMRx_ers FE | TMRx_ers FE
action Input falling edge Reset timer | and TXxON = 1
110 14 Input rising edge start timer, TMRx_ers RE TMRx_ers =0
Input active-low Reset timer |and TxON =1
111 15 Input falling edge start timer, | TMRx_ers FE TMRx_ers =1
Input active-high Reset timer | and TxON =1
00 000 00 Roll-over pulse SW gate (no HW control) TxON=1 — TxON =0
001 01 HW gate, active-high TMRx_ers=1 — TXON =0 or
and TXON =1 TMRx_ers =0
010 02 HW gate, active-low TMRx_ers =0 — TxON =0 or
and TXON =1 TMRx_ers =1
011 03 Roll-over pulse Input either edge Reset timer | TXON =1 TMRx_ers edge | TXON =0
100 04 |with HLT action Input rising edge Reset timer TMRx_ers RE
101 05 Input falling edge Reset timer TMRx_ers FE
110 06 Input active-low Reset timer TMRx_ers=0 | TxON =0 or
111 07 Input active-high Reset timer TMRx_ers=1 | heldin Reset
Note

1:  When TMRx = PRY, the next clock clears TMRYX, regardless of the operating mode.

In all operating modes, TxON = 0 stops the counter without affecting the value of TMRx
3: In edge-triggered one-shot and monostable modes (not “SW Start” mode), the triggered-start mechanism is reset and
rearmed (prepared for next start) if TXON becomes ‘0’ (zero); the counter will not restart until an input edge occurs.
4: When TMRXx = PRXx, the next clock clears TxON.

L

When TMRx = PRx, TxON is not cleared.

6: Both TxON and TMRXx_ers are subject to clock sync delays.
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REGISTER 20-5:

TxCLKCON: TIMERx CLOCK SELECTION REGISTER

u = Bit is unchanged

x = Bit is unknown

U-0 U-0 U-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
_ — — — CS<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CS<3:0>: Timerx Clock Selection bits

TMR2 TMR4 TMR6
CS<3:0>
Clock Source Clock Source Clock Source
1111-1001 |Reserved Reserved Reserved

1000 ZCD_OuUT ZCDh_OUT ZCDh_OUT
0111 CLKREF_OUT CLKREF_OUT CLKREF_OUT
0110 SOSC SOSC SOSC
0101 MFINTOSC (31 kHz) MFINTOSC (31 kHz) MFINTOSC (31 kHz)
0100 LFINTOSC LFINTOSC LFINTOSC
0011 HFINTOSC HFINTOSC HFINTOSC
0010 Fosc Fosc Fosc
0001 Fosc/4 Fosc/4 Fosc/4
0000 Pin selected by T2INPPS | Pin selected by T4INPPS | Pin selected by T6INPPS
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REGISTER 20-6:

TxRST: TIMER2 EXTERNAL RESET SIGNAL SELECTION REGISTER

u = Bit is unchanged

x = Bit is unknown

U-0 U-0 U-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — RSEL<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 RSEL<3:0>: Timer2 External Reset Signal Source Selection bits

TMR2 TMR4 TMR6
RSEL<3:0>
Reset Source Reset Source Reset Source

1011-1111 Reserved Reserved Reserved

1010 ZCD_OuT ZCD_OUT ZCD_OuUT

1001 CMP20OUT CMP20OUT CMP20OUT

1000 CMP10OUT CMP10OUT CMP10OUT

0111 PWM40UT PWM40UT PWM40UT

0110 PWM3OUT PWM3OUT PWM3OUT

0101 CCP20UT CCP20OUT CCP20UT

0100 CCP10OUT CCP10OUT CCP10OUT

0011 TMRG6 post-scaled TMRG6 post-scaled Reserved

0010 TMR4 post-scaled Reserved TMR4 post-scaled

0001 Reserved TMR2 post-scaled TMR2 post-scaled

0000 Pin selected by T2INPPS | Pin selected by T4INPPS | Pin selected by T6INPPS
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20.2 Timer2 Operation

The 3-bit prescaler on the clock input allows for several
prescaler options, from direct input to divide-by-128.
These options are selected by the prescaler control bits
CKPS<2:0> of the T2CON register.

The value of TMR2 is compared to that of the Period
register, PR2, on each clock cycle. When the two values
match, the comparator resets the value of TMR2 to 00h
on the next cycle and drives the 4-bit output
counter/postscaler (see  Section  20.3 “Timer2
Interrupt”). In addition, the Timer can be Reset through
the use of an external Reset signal as outlined in
Section 20.5 “External Reset Sources”.

The TMR2 and PR2 registers are both directly readable

and writable. The TMR2 register is cleared on any

device Reset, whereas the PR2 register initializes to

FFh. Both the prescaler and postscaler counters are

cleared on the following events:

* awrite to the TMR2 register

» a write to the T2CON register

* Power-on Reset (POR)

» Brown-out Reset (BOR)

+ MCLR Reset

* Windowed Watchdog Timer (WWDT) Reset

» Stack Overflow Reset

» Stack Underflow Reset

* RESET Instruction

» External Reset Source events, which resets the
timer.

Note: TMR2 is not cleared when T2CON is
written.

20.3 Timer2 Interrupt

Timer2 can also generate a device interrupt. The
interrupt is generated when the postscaler counter
matches one of 16 postscale options (from 1:1 through
1:16), which is selected with the postscaler control bits,
OUTPS<3:0> of the T2CON register. The interrupt is
enabled by setting the TMR2 Interrupt Enable bit,
TMR2IE, of the PIE4 register. The interrupt timing is
illustrated in Figure 20-3.

FIGURE 20-3: TIMER2 PRESCALER, POSTSCALER, AND INTERRUPT TIMING DIAGRAM
CKPS‘ 0b010 \
PRX‘ 1 ‘
OUTPS‘ 0b0001 \

TMRx_clk

2: Cleared by software.

TMRx< 0 >< 1 >< 0 1 >< 0 >< 1 >< 0 >
TMRXx_postscaled ﬂ ﬂ
TMRxIF U] ‘ ‘ @ a

Note 1:  Setting the interrupt flag is synchronized with the instruction clock.
Synchronization may take as many as 2 instruction cycles
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20.4 Timer2 Output

The Timer2 module’s primary output is TMR2_posts-
caled, which pulses for a single TMR2_clk period upon
each match of the postscaler counter and the
OUTPS<3:0> bits of the T2CON register. The PR2
postscaler is incremented each time the TMR2 value
matches the PR2 value. This signal can be selected as
an input to several other input modules:

* The CRC memory scanner, as a trigger for
triggered mode

* The ADC module, as an auto-conversion trigger
» Gate source for Timer1/3/5

* CWG, as an auto-shutdown source

» Alternate SPI clock

* Reset signals for other instances of itself
(Timer2/4/6)

In addition, the Timer2 is also used by the CCP module
for pulse generation in PWM mode. Both the actual
TMR2 value as well as other internal signals are sent to
the CCP module to properly clock both the period and
pulse width of the PWM signal. See Section
21.5 “PWM Overview” and Section
22.0 “Pulse-Width Modulation (PWM )” for more
details on setting up Timer2 for use with the CCP and
PWM.

20.5 External Reset Sources

In addition to the clock source, Timer2 also takes in an
external Reset source. This external Reset source is
selected for Timer2, Timer4 and Timer6 with the
T2RST, T4RST and T6RST registers, respectively.
This source can control the starting and stopping of the
timer, as well as resetting the timer, depending on
which mode the timer is in. The mode of the timer is
controlled by the MODE<4:0> bits of the TxHLT
register.

20.5.1 ONE-SHOT MODE

The MODE<3> bit of the TxHLT register controls
whether the timer is in either the One-Shot mode or the
original Normal Period mode. When this bit is set, the
timer acts in the One-Shot mode, meaning that upon
the timer register matching the PRx period register, the
timer will stop incrementing until the timer is manually
started again.

20.6 Operation Examples

Unless otherwise specified, the following notes apply to
the following timing diagrams:

- Both the prescaler and postscaler are set to
1:1 (both the CKPS and OUTPS bits in the
TxCON register are cleared).

- The diagrams illustrate any clock except
Fosc/4 and show clock-sync delays of at
least two full cycles for both ON and
Timer2_ers. When using Fosc/4, the
clock-sync delay is at least one instruction
period for Timer2_ers; ON applies in the next
instruction period.

- ON and Timer2_ers are somewhat general-
ized, and clock-sync delays may produce
results that are slightly different than illus-
trated.

- The PWM Duty Cycle and PWM output are
illustrated assuming that the timer is used for
the PWM function of the CCP module as
described in Section 21.5 “PWM Overview”
and Section 22.0 “Pulse-Width Modula-
tion (PWM )”. The signals are not a part of
the Timer2 module.
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20.6.1 SOFTWARE GATE MODE

The Software Gate mode corresponds to legacy Timer2
operation. The timer increments with each clock input
when ON =1 and does not increment when ON = 0.
When the TMRx count equals the PRx period count the
timer resets on the next clock and continues counting
from 0. Operation with the ON bit software controlled is
illustrated in Figure 20-4. With PRx =15, the counter
advances until TMRx = 5, and goes to zero with the next
clock.

FIGURE 20-4: SOFTWARE GATE MODE TIMING DIAGRAM

Rev. 10-0001958
5130/2014

MODE \ 0b00000 \
Instruction" BSF BCF BSF

TMRXx_postscaled ﬂ ﬂ l

PWM Duty
Cycle

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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20.6.2 HARDWARE GATE MODE

The Hardware Gate modes operate the same as the
Software Gate mode except the TMRx_ers external
signal can also gate the timer. When used with the CCP
the gating extends the PWM period. If the timer is
stopped when the PWM output is high then the duty
cycle is also extended.

When MODE<4:0> = 00001 then the timer is stopped
when the external signal is high. When
MODE<4:0> = 00010, the timer is stopped when the
external signal is low.

Figure 20-5 illustrates the Hardware Gating mode for
MODE<4:0> = 00001 in which a high input level stops
the counter.

FIGURE 20-5: HARDWARE GATE MODE TIMING DIAGRAM

Rev. 10-000 1968
513012014

MODE | 0b00001 |

TMRx_clk

TMRx_postscaled |—|

PWM Duty
Cycle

PWM Output / \ /
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20.6.3 EDGE-TRIGGERED HARDWARE
LIMIT MODE

In Edge-Triggered Hardware Limit mode the timer can
be reset by the TMRx_ers external signal before the
timer reaches the period count. Three types of Resets
are possible:

» Reset on rising or falling edge
(MODE<4:0>=00011)

* Reset on rising edge (MODE<4:0> = 00100)

* Reset on falling edge (MODE<4:0> = 00101)

When the timer is used in conjunction with the CCP in

PWM mode then an early Reset shortens the period

and restarts the PWM pulse after a two clock delay.
Refer to Figure 20-6.

FIGURE 20-6: EDGE-TRIGGERED HARDWARE LIMIT MODE TIMING DIAGRAM

Rev. 10-000 1978
5/30/2014

MODE | 0b00100 |
PRx| 5 |
Instruction”——{esr} rorHesn
on_| N
TMRx_ers—l—I |

TMRx_postscaled |_|

PWM Duty
Cycle

P utput TN N

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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20.6.4 LEVEL-TRIGGERED HARDWARE
LIMIT MODE

In the Level-Triggered Hardware Limit Timer modes the
counter is reset by high or low levels of the external sig-
nal TMRx_ers, as shown in Figure 20-7. Selecting
MODE<4:0> = 00110 will cause the timer to reset on a
low level external signal. Selecting
MODE<4:0> = 00111 will cause the timer to reset on a
high level external signal. In the example, the counter is
reset while TMRx_ers = 1. ON is controlled by BSF and
BCF instructions. When ON =0 the external signal is
ignored.

When the CCP uses the timer as the PWM time base
then an external signal Reset will set the PWM output
high after a two clock synchronization delay or the timer
matches the PRx period value. The PWM output will
remain high until the external signal is released and the
timer counts up to match the CCPRx pulse-width value.

FIGURE 20-7: LEVEL-TRIGGERED HARDWARE LIMIT TIMING DIAGRAM
MODE | 0b00111 |
PRX‘ 5 \
; [asF)
Instruction‘™ {BsF| BCF BSF

TMRx_postscaled ﬂ m

PWM Duty
Cycle

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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20.6.5 ONE-SHOT MODE

In One-Shot mode, the timer resets and the ON bit is
cleared when the timer value matches the PRx period
value. The ON bit must be set by software to start
another timer cycle. Setting MODE<4:0>=01000
selects One-Shot mode which is illustrated in
Figure 20-8. In the example, ON is controlled by BSF
and BCF instructions. In the first case, a BSF instruc-
tion sets ON and the counter runs to completion and
clears ON. In the second case, a BSF instruction starts
the cycle, BCF/BSF instructions turn the counter off
and on during the cycle, and then it runs to completion.

FIGURE 20-8:

When One-Shot mode is used in conjunction with the
CCP/PWM operation the PWM pulse drive starts con-
current with setting the ON bit. Clearing the ON bit
while the PWM drive is active will extend the PWM
drive. The PWM drive will terminate when the timer
value matches the CCPRx pulse-width value. The
PWM drive will remain off until software sets the ON bit
to start another cycle. If software clears the ON bit after
the CCPRx match but before the PRx match then the
PWM drive will be extended by the length of time the
ON bit remains cleared. Another timing cycle can only
be initiated by setting the ON bit after it has been
cleared by a PRx period count match.

ONE-SHOT MODE TIMING DIAGRAM

Rev. 10-0001998
5/3012014

MODE

001000 \

TMRx_clk

PRX| 5 |
Instructiont" BSF [BsF} - BSF
il

TMRx_postscaled

PWM Duty
Cycle

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions
executed by the CPU to set or clear the ON bit of TXCON. CPU
execution is asynchronous to the timer clock input.
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20.6.6 EDGE-TRIGGERED ONE-SHOT
MODE

The Edge-Triggered One-Shot modes start the timer
on an edge from the external signal input, after the ON
bit is set, and clear the ON bit when the timer matches
the PRx period value. The following edges will start the
timer:

+ Rising edge (MODE<4:0> = 01001)

+ Falling edge (MODE<4:0>= 01010)

* Rising or Falling edge (MODE<4:0> = 01011)

FIGURE 20-9:

If the timer is halted by clearing the ON bit then another
TMRx_ers edge is required after the ON bit is set to
resume counting. Figure 20-9 illustrates operation in
the rising edge One-Shot mode.

When this mode is used in conjunction with the CCP
then the edge-trigger will activate the PWM drive and
the PWM drive will deactivate when the timer matches
the CCPRx pulse-width value and stay deactivated
when the timer halts at the PRx period count match.

EDGE-TRIGGERED ONE-SHOT MODE TIMING DIAGRAM

Rev. 10-0002008
5/30/2014

MODE‘

0b01001 \

TMRx_clk

PRX‘

5 |

Instruction‘® BSF

ON |

I
TMRx_ers 4,—\—‘ \—‘

BSF BCF,

TMRx_out [ ]

TMRx_postscaled m

PWM Duty
Cycle

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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20.6.7 EDGE-TRIGGERED HARDWARE
LIMIT ONE-SHOT MODE

In Edge-Triggered Hardware Limit One-Shot modes
the timer starts on the first external signal edge after
the ON bit is set and resets on all subsequent edges.
Only the first edge after the ON bit is set is needed to
start the timer. The counter will resume counting
automatically two clocks after all subsequent external
Reset edges. Edge triggers are as follows:
* Rising edge Start and Reset

(MODE<4:0> = 01100)
+ Falling edge Start and Reset

(MODE<4:0> =01101)

The timer resets and clears the ON bit when the timer
value matches the PRx period value. External signal
edges will have no effect until after software sets the
ON bit. Figure 20-10 illustrates the rising edge hard-
ware limit one-shot operation.

When this mode is used in conjunction with the CCP
then the first starting edge trigger, and all subsequent
Reset edges, will activate the PWM drive. The PWM
drive will deactivate when the timer matches the
CCPRXx pulse-width value and stay deactivated until
the timer halts at the PRx period match unless an exter-
nal signal edge resets the timer before the match
occurs.
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FIGURE 20-10: EDGE-TRIGGERED HARDWARE LIMIT ONE-SHOT TIMING DIAGRAM

Rev. 10-000 2018
5/30/2014

MODE | 0601100 |
TMRx_clk
PRx| 5 |
Instruction BSF @
L

ON J
TMRx_ers
™R 0 f1)2f3)4)5) 0 2 ho frRefskalsi_o )

TMRx_postscaled |_|

]

PWM Duty
Cycle

PWM Output / \ / \

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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20.6.8 LEVEL TRIGGERED HARDWARE
LIMIT ONE-SHOT MODES

In Level Triggered One-Shot mode the timer count is
reset on the external signal level and starts counting

when the external signal level relinquishes the Reset.
Reset levels are selected as follows:

» High Reset level (MODE<4:0> = 01110)

* Low Reset level (MODE<4:0>=01111)

When the timer count matches the PRx period count
then the timer is reset and the ON bit is cleared. When
the ON bit is cleared by either a PRx match or by soft-
ware control a new external signal edge is required
after the ON bit is set to start the counter.

When Level Triggered Reset One-Shot mode is used in
conjunction with the CCP PWM operation the PWM
drive goes active with the external signal edge that
starts the timer. The PWM drive goes inactive when the
timer count equals the CCPRx pulse-width count. The
PWM drive does not go active when the timer count
clears at the PRx period count match.

20.7 Timer2 Operation During Sleep

When TxPSYNC = 1, Timer2 cannot be operated while
the processor is in Sleep mode. The contents of the
TMR2 and PR2 registers will remain unchanged while
processor is in Sleep mode.

When TxPSYNC = 0, Timer2 will operate in Sleep as
long as the clock source selected is also still running.
Selecting the LFINTOSC, MFINTOSC, or HFINTOSC
oscillator as the timer clock source will keep the
selected oscillator running during Sleep.
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FIGURE 20-11:

LEVEL-TRIGGERED HARDWARE LIMIT ONE-SHOT MODE TIMING DIAGRAM

Rev. 10-000 202A
1212012013

MODE| 0b1110 |

TMRx_clk

PRx] 5 |

3

Instruction——BsF BS

oN |
TMRx_ers _|

ki

I

TMRx_postscaled |_| |_|

PWM Output / \ / \

PWM Duty
Cycle

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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TABLE 20-3: SUMMARY OF REGISTERS ASSOCIATED WITH TIMER2
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 xggzt;
CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0> 260
INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG | INT1EDG | INTOEDG 165
PIE4 — — TMRG6IE TMRS5IE TMR4IE TMRS3IE TMR2IE TMR1IE 178
PIR4 — — TMRG6IF TMRS5IF TMRA4IF TMR3IF TMR2IF TMR1IF 170
IPR4 — — TMR6IP TMR5IP TMRA4IP TMR3IP TMR2IP TMR1IP 186
PMD1 — TMR6MD | TMR5MD | TMR4MD | TMR3MD | TMR2MD | TMR1MD | TMROMD 64
PR2 Timer2 Module Period Register 244*
TMR2 Holding Register for the 8-bit TMR2 Register 244*
T2CON ON CKPS<2:0> OUTPS<3:0> 239
T2CLKCON — — — — — CS<2:0> 242
T2RST — — — — RSEL<3:0> 243
T2HLT PSYNC CPOL CSYNC MODE<4:0> 240
PR4 Timer4 Module Period Register 244*
TMR4 Holding Register for the 8-bit TMR4 Register 244*
T4CON ON CKPS<2:0> OUTPS<3:0> 239
T4CLKCON — — — — — CS<2:0> 242
T4RST — — — — RSEL<3:0> 243
T4HLT PSYNC CPOL CSYNC MODE<4:0> 240
PR6 Timer6 Module Period Register 244*
TMR6 Holding Register for the 8-bit TMR6 Register 244*
T6CON ON CKPS<2:0> OUTPS<3:0> 239
T6CLKCON — — — — — CS<2:0> 242
T6RST — — — — RSEL<3:0> 243
T6HLT PSYNC CPOL CSYNC MODE<4:0> 240
T2INPPS — — — T2INPPS<4:0> 210
T4INPPS — — — T4INPPS<4:0> 210
T6INPPS — — — T6INPPS<4:0> 210
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for Timer2 module.

*

Page provides register information.
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21.0 CAPTURE/COMPARE/PWM
MODULE

The Capture/Compare/PWM module is a peripheral
that allows the user to time and control different events,
and to generate Pulse-Width Modulation (PWM)
signals. In Capture mode, the peripheral allows the
timing of the duration of an event. The Compare mode
allows the user to trigger an external event when a
predetermined amount of time has expired. The PWM
mode can generate Pulse-Width Modulated signals of
varying frequency and duty cycle.

This family of devices contains two standard
Capture/Compare/PWM modules (CCP1 and CCP2).
Each individual CCP module can select the timer
source that controls the module. Each module has an
independent timer selection which can be accessed
using the CxTSEL bits in the CCPTMRS register
(Register 21-2). The default timer selection is TMR1
when using Capture/Compare mode and TMR2 when
using PWM mode in the CCPx module.

Please note that the Capture/Compare mode operation
is described with respect to TMR1 and the PWM mode
operation is described with respect to TMR2 in the
following sections.

The Capture and Compare functions are identical for all
CCP modules.

21.1 CCP Module Configuration

Each Capture/Compare/PWM module is associated
with a control register (CCPxCON), a capture input
selection register (CCPxCAP) and a data register
(CCPRXx). The data register, in turn, is comprised of two
8-bit registers: CCPRxL (low byte) and CCPRxH (high
byte).

21.1.1 CCP MODULES AND TIMER
RESOURCES

The CCP modules utilize Timers 1 through 6 that vary
with the selected mode. Various timers are available to
the CCP modules in Capture, Compare or PWM
modes, as shown in Table 21-1.

TABLE 21-1: CCP MODE - TIMER
RESOURCE

CCP Mode Timer Resource
Capture
Timer1, Timer3 or Timer5
Compare
PWM Timer2, Timer4 or Timer6

Note 1: In devices with more than one CCP
module, it is very important to pay close
attention to the register names used. A
number placed after the module acronym
is used to distinguish between separate
modules. For example, the CCP1CON
and CCP2CON control the same
operational aspects of two completely
different CCP modules.

2: Throughout this  section, generic
references to a CCP module in any of its
operating modes may be interpreted as
being equally applicable to CCPx module.
Register names, module signals, I/O pins,
and bit names may use the generic
designator ‘X’ to indicate the use of a
numeral to distinguish a particular module,
when required.

The assignment of a particular timer to a module is
determined by the timer to CCP enable bits in the
CCPTMRS register (see Register 21-2) 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.

21.1.2 OPEN-DRAIN OUTPUT OPTION

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.
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21.2 Register Definitions: CCP Control

Long bit name prefixes for the CCP peripherals are
shown in Table 21-2. Refer to Section 1.4.2.2 “Long
Bit Names” for more information.

TABLE 21-2:
Peripheral Bit Name Prefix
CCP1 CCP1
CCP2 CCP2

REGISTER 21-1: CCPxCON: CCPx CONTROL REGISTER

R/W-0/0 U-0 R-x R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
EN — ouT FMT MODE<3:0>
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 EN: CCP Module Enable bit

1= CCPis enabled
0 = CCP is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: CCPx Output Data bit (read-only)
bit 4 FMT: CCPW (pulse-width) Alignment bit
MODE = Capture mode:
Unused
MODE = Compare mode:
Unused
MODE = PWM mode:
1 = Left-aligned format
0 = Right-aligned format

Note 1: The set and clear operations of the Compare mode are reset by setting MODE = 4’ b0000 or EN = 0.

2: When MODE = 0001 or 1011, then the timer associated with the CCP module is cleared. TMR1 is the
default selection for the CCP module, so it is used for indication purpose only.
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REGISTER 21-1: CCPxCON: CCPx CONTROL REGISTER (CONTINUED)

bit 3-0 MODE<3:0>: CCPx Mode Select bits
MODE Operating Operation Set CCPxIF
Mode
11xx PWM PWM operation Yes
1011 Pulse output; clear TMR1 @ Yes
1010 Compare Pulse output Yes
1001 Clear output(1) Yes
1000 Set output(® Yes
0111 Every 16th rising edge of CCPx input Yes
0110 Every 4th rising edge of CCPx input Yes
0101 Capture Every rising edge of CCPx input Yes
0100 Every falling edge of CCPx input Yes
0011 Every edge of CCPx input Yes
0010 Toggle output Yes
0001 Compare I ogle output: clear TMR1® Yes
0000 Disabled —

Note 1: The set and clear operations of the Compare mode are reset by setting MODE = 4’ b0000 or EN = 0.

2: When MODE = 0001 or 1011, then the timer associated with the CCP module is cleared. TMR1 is the
default selection for the CCP module, so it is used for indication purpose only.
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REGISTER 21-2: CCPTMRS: CCP TIMERS CONTROL REGISTER

R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1
P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0>
bit 7 bit 0
Legend:

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 7-6

bit 5-4

bit 3-2

bit 1-0

P4TSEL<1:0>: PWM4 Timer Selection bits

11 = PWM4 based on TMR6

10 = PWM4 based on TMR4

01 = PWM4 based on TMR2

00 = Reserved

P3TSEL<1:0>: PWM3 Timer Selection bits

11 = PWMS3 based on TMR6

10 = PWM3 based on TMR4

01 = PWMS3 based on TMR2

00 = Reserved

C2TSEL<1:0>: CCP2 Timer Selection bits

11 = CCP2 is based off Timer5 in Capture/Compare mode and Timer6 in PWM mode
10 = CCP2 is based off Timer3 in Capture/Compare mode and Timer4 in PWM mode
01 = CCP2 is based off Timer1 in Capture/Compare mode and Timer2 in PWM mode
00 = Reserved

C1TSEL<1:0>: CCP1 Timer Selection bits

11 = CCP1 is based off Timer5 in Capture/Compare mode and Timer6 in PWM mode
10 = CCP1 is based off Timer3 in Capture/Compare mode and Timer4 in PWM mode
01 = CCP1 is based off Timer1 in Capture/Compare mode and Timer2 in PWM mode
00 = Reserved
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REGISTER 21-3: CCPxCAP: CAPTURE INPUT SELECTION MULTIPLEXER REGISTER

U-0 u-0 U-0 uU-0 uU-0 uU-0 R/W-0/x R/W-0/x
_ _ — — — — CTS<1:0>
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’ = Bitis cleared x = Bit is unknown
bit 7-2 Unimplemented: Read as ‘0’
bit 1-0 CTS<1:0>: Capture Trigger Input Selection bits
Connection
CTS<1:0>
CCP1 CCP2
11 I0C_Interrupt
10 CMP2_output
01 CMP1_output
00 Pin selected by CCP1PPS Pin selected by CCP2PPS

REGISTER 21-4: CCPRxL: CCPx REGISTER LOW BYTE

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
CCPRx<7:0>
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 MODE = Capture Mode:

CCPRXxL<7:0>: LSB of captured TMR1 value

MODE = Compare Mode:

CCPRxL<7:0>: LSB compared to TMR1 value
MODE = PWM Mode && FMT = 0:

CCPRxL<7:0>: CCPW<7:0> — Pulse-Width LS 8 bits
MODE = PWM Mode && FMT =1:

CCPRxL<7:6>: CCPW<1:0> — Pulse-Width LS 2 bits
CCPRxL<5:0>: Not used
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REGISTER 21-5: CCPRxH: CCPx REGISTER HIGH BYTE

R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
CCPRx<15:8>
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 MODE = Capture Mode:

CCPRxH<7:0>: MSB of captured TMR1 value

MODE = Compare Mode:

CCPRxH<7:0>: MSB compared to TMR1 value
MODE = PWM Mode && FMT = 0:

CCPRxH<7:2>: Not used

CCPRxH<1:0>: CCPW<9:8> — Pulse-Width MS 2 bits
MODE = PWM Mode && FMT =1:

CCPRxH<7:0>: CCPW<9:2> — Pulse-Width MS 8 bits
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21.3 Capture Mode

Capture mode makes use of the 16-bit Timer1
resource. When an event occurs on the capture
source, the 16-bit CCPRxH:CCPRxL register pair
captures and stores the 16-bit value of the
TMRxH:TMRXL register pair, respectively. An event is
defined as one of the following and is configured by the
MODE<3:0> bits of the CCPxCON register:

» Every falling edge of CCPx input

» Every rising edge of CCPx input

» Every 4th rising edge of CCPx input

» Every 16th rising edge of CCPx input

» Every edge of CCPx input (rising or falling)

When a capture is made, the Interrupt Request Flag bit
CCPXxIF of the PIRG6 register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPRxH:CCPRXL register pair

is read, the old captured value is overwritten by the new
captured value.

21.3.1 CAPTURE SOURCES

In Capture mode, the CCPx pin should be configured
as an input by setting the associated TRIS control bit.

Note: If the CCPx pin is configured as an output,
a write to the port can cause a capture
condition.

Note: If an event occurs during a 2-byte read,
the high and low-byte data will be from
different events. It is recommended while
reading the CCPRxH:CCPRXxL register
pair to either disable the module or read

the register pair twice for data integrity.

Figure 21-1 shows a simplified diagram of the capture
operation.

The capture source is selected by configuring the
CTS<1:0> bits of the CCPxCAP register. The following
sources can be selected:

* Pin selected by CCPxPPS
* C1_output

* C2_output

* |IOC_interrupt

21.3.2 TIMER1 MODE RESOURCE

Timer1 must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

» See Section 19.0 “Timer1/3/5 Module with Gate
Control” for more information on configuring
Timer1.

FIGURE 21-1: CAPTURE MODE OPERATION BLOCK DIAGRAM
RxyPPS
CCPx
X
TRIS Control
CCPxCTS<1:0>
| CCPRxH | CCPRAL |
I0C_interrupt — 11 F— - — — — — — — . 16
: t if
C20UT_sink — 10 | [Prescaler |S€ (j;_:pX' , l
C10UT_sink —| 01 | | 1.4,16 Edge Detect | | L
00 |_____|______| 16
CCPxMODE<3:0> TMR1H | TMR1L |
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21.3.3 SOFTWARE INTERRUPT MODE

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPXxIE Interrupt Priority bit of the PIE6 register clear
to avoid false interrupts. Additionally, the user should
clear the CCPxIF interrupt flag bit of the PIR6 register
following any change in Operating mode.

Note: Clocking Timer1 from the system clock
(Fosc) should not be used in Capture
mode. In order for Capture mode to
recognize the trigger event on the CCPx
pin, Timer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

2134 CCP PRESCALER

There are four prescaler settings specified by the
MODE<3:0> bits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the CCPxCON register before changing the
prescaler. Example 21-1 demonstrates the code to
perform this function.

EXAMPLE 21-1: CHANGING BETWEEN
CAPTURE PRESCALERS

; Set Bank bits to point
; to CCPxCON

CLRF CCPx CON ; Turn CCP nodul e of f
MOVLW NEW CAPT_PS; Load the Wreg with
;the new prescal er
;move val ue and CCP ON
; Load CCPxCON with this
;val ue

BANKSEL CCPxCON

MOVWF  CCPxCON

21.3.5 CAPTURE DURING SLEEP

Capture mode depends upon the Timer1 module for
proper operation. There are two options for driving the
Timer1 module in Capture mode. It can be driven by the
instruction clock (Fosc/4), or by an external clock source.

When Timer1 is clocked by Fosc/4, Timer1 will not
increment during Sleep. When the device wakes from
Sleep, Timer1 will continue from its previous state.

Capture mode will operate during Sleep when Timer1
is clocked by an external clock source.

21.4 Compare Mode

The Compare mode function described in this section
is available and identical for all CCP modules.

Compare mode makes use of the 16-bit Timer1
resource. The 16-bit value of the CCPRxH:CCPRxL
register pair is constantly compared against the 16-bit
value of the TMRxH:TMRxL register pair. When a
match occurs, one of the following events can occur:

» Toggle the CCPx output, clear TMRx

» Toggle the CCPx output

» Set the CCPx output

» Clear the CCPx output

* Pulse output

* Pulse output, clear TMRx

The action on the pin is based on the value of the
MODE<3:0> control bits of the CCPxCON register. At

the same time, the interrupt flag CCPxIF bit is set, and
an ADC conversion can be triggered, if selected.

All Compare modes can generate an interrupt and
trigger an ADC conversion. When MODE = 4' b0001
or4' b1011, the CCP resets the TMR register pair.
Figure 21-2 shows a simplified diagram of the compare
operation.
FIGURE 21-2: COMPARE MODE
OPERATION BLOCK
DIAGRAM

CCPxMODE<3:0>
Mode Select

Set CCPxIF Interrupt Flag

(PIR6)
V
A

|| Output
| | Logic Match

TRIS
Output Enable

Auto-conversion Trigger
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21.41 CCPx PIN CONFIGURATION

The software must configure the CCPx pin as an output
by clearing the associated TRIS bit and defining the
appropriate output pin through the RxyPPS registers.
See Section 17.0 “Peripheral Pin Select (PPS)
Module” for more details.

The CCP output can also be used as an input for other
peripherals.

Note:  Clearing the CCPxCON register will force
the CCPx compare output latch to the
default low level. This is not the PORT I/O
data latch.

2142 TIMER1 MODE RESOURCE

In Compare mode, Timer1 must be running in either
Timer mode or Synchronized Counter mode. The
compare operation may not work in Asynchronous
Counter mode.

See Section 19.0 “Timer1/3/5 Module with Gate
Control” for more information on configuring Timer1.

Note:  Clocking Timer1 from the system clock
(Fosc) should not be used in Compare
mode. In order for Compare mode to
recognize the trigger event on the CCPx
pin, TImer1 must be clocked from the
instruction clock (Fosc/4) or from an
external clock source.

2143 AUTO-CONVERSION TRIGGER

All CCPx modes set the CCP interrupt flag (CCPxIF).
When this flag is set and a match occurs, an
auto-conversion trigger can take place if the CCP
module is selected as the conversion trigger source.

Refer to Section 31.2.6 “Auto-Conversion Trigger”
for more information.

Note: Removing the match condition by
changing the contents of the CCPRxH
and CCPRXxL register pair, between the
clock edge that generates the
Auto-conversion Trigger and the clock
edge that generates the Timer1 Reset, will
preclude the Reset from occurring

21.5 PWM Overview

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the ON state and the low portion of the signal
is considered the OFF state. The high portion, also
known as the pulse width, can vary in time and is defined
in steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The PWM
period is defined as the duration of one complete cycle
or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the
pulse-width time and in turn the power that is applied to
the load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 21-3 shows a typical waveform of the PWM
signal.

21.5.1 STANDARD PWM OPERATION

The standard PWM function described in this section is
available and identical for all CCP modules.

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to
ten bits of resolution. The period, duty cycle, and
resolution are controlled by the following registers:

* PR2 registers

* T2CON registers

* CCPRxL and CCPRxH registers

* CCPxCON registers

It is required to have Fosc/4 as the clock input to

TMR2/4/6 for correct PWM operation. Figure 21-4
shows a simplified block diagram of PWM operation.

2144 COMPARE DURING SLEEP

Since FOSC is shut down during Sleep mode, the
Compare mode will not function properly during Sleep,
unless the timer is running. The device will wake on
interrupt (if enabled).

Note: The corresponding TRIS bit must be
cleared to enable the PWM output on the

CCPx pin.
FIGURE 21-3: CCP PWM OUTPUT SIGNAL
Period
] I LT

Pulse Width
- ~<—TMR2 = PR2

<+—TMR2 = CCPRxH:CCPRxL

<—TMR2=0
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FIGURE 21-4: SIMPLIFIED PWM BLOCK DIAGRAM
Duty cycle registers Rov om0 150
| cCPRxH | CGPRxL |
I CCPx_out
» ToPeripherals
set CCPIF

10-bit Latch®
(Not accessible by user) <

| Comparator I R Q CCPx

r— — — _— - — s

TMR2 Module - | TRIS Control

[ ™2 R[] |

|

| ERS logic — |

| | Comparator l— CCPx_pset
|

Notes: 1. 8-bit timer is concatenated with two bits generated by Fosc or two bits of the internal prescaler to
create 10-bit time-base.
2. The alignment of the 10 bits from the CCPR register is determined by the CCPxFMT bit.
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21.5.2 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for standard PWM operation:

1. Use the desired output pin RxyPPS control to
select CCPx as the source and disable the
CCPx pin output driver by setting the associated
TRIS bit.

2. Load the PR2 register with the PWM period
value.

3. Configure the CCP module for the PWM mode
by loading the CCPxCON register with the
appropriate values.

4. Load the CCPRxL register, and the CCPRxH
register with the PWM duty cycle value and
configure the FMT bit of the CCPxCON register
to set the proper register alignment.

5. Configure and start Timer2:

» Clear the TMR2IF interrupt flag bit of the
PIR4 register. See Note below.

« Select the timer clock source to be as
Fosc/4 using the TXCLKCON register. This
is required for correct operation of the
PWM module.

» Configure the T2CKPS bits of the T2CON
register with the Timer prescale value.

» Enable the Timer by setting the ON bit of
the T2CON register.

6. Enable PWM output pin:

* Wait until the Timer overflows and the
TMR2IF bit of the PIR4 register is set. See
Note below.

» Enable the CCPx pin output driver by
clearing the associated TRIS bit.

Note: Inorderto send a complete duty cycle and
period on the first PWM output, the above
steps must be included in the setup
sequence. If it is not critical to start with a
complete PWM signal on the first output,
then step 6 may be ignored.

2153 TIMER2 TIMER RESOURCE

The PWM standard mode makes use of the 8-bit

Timer2 timer resources to specify the PWM period.

2154 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 21-1.

EQUATION 21-1: PWM PERIOD

PWM Period = [(PR2)+ 1] e4eTOSCe
(TMR2 Prescale Value)

Note 1: Tosc = 1/Fosc

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared

» The CCPx pin is set. (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

+ The PWM duty cycle is transferred from the
CCPRXxL/H register pair into a 10-bit buffer.

Note: The Timer postscaler (see Section
20.3 “Timer2 Interrupt”) is not used in
the determination of the PWM frequency.
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21.5.5 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to the CCPRxH:CCPRxL register pair. The
alignment of the 10-bit value is determined by the FMT
bit of the CCPxCON register (see Figure 21-5). The
CCPRxH:CCPRXxL register pair can be written to at any
time; however the duty cycle value is not latched into
the 10-bit buffer until after a match between PR2 and
TMR2.

Equation 21-2 is used to calculate the PWM pulse
width.

Equation 21-3 is used to calculate the PWM duty cycle
ratio.

FIGURE 21-5: PWM 10-BIT ALIGNMENT

Rev. 10-000 160A
121912013

CCPRxH CCPRxL |
[TEBERE{TO | TEEEEEID] FMT =0

T T
CCPRxH ICCPRXL
7[6]51A13]2[1]0] |7|6l5|4|3|2|1|0|

T
|
Y. 10-bit Duty Cydle
\ 10-bit Duty Cycle ,
[ST8I7I6I51413]2][1]0]

FMT =1

EQUATION 21-2: PULSE WIDTH

Pulse Width = (CCPRxH:CCPRXL register pair) e
Tosc e (TMR2 Prescale Value)

EQUATION 21-3: DUTY CYCLE RATIO

0= (CCPRxH: CCPRXL register pair)

Duty Cycle Rati 2(PR2+ 1)

CCPRxH:CCPRXxL register pair are used to double
buffer the PWM duty cycle. This double buffering is
essential for glitchless PWM operation.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (FOSC), or two bits
of the prescaler, to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the
CCPRxH:CCPRXxL register pair, then the CCPx pin is
cleared (see Figure 21-4).

21.5.6 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 21-4.

EQUATION 21-4: PWM RESOLUTION

log[4(PR2 + 1)]

109(2) bits

Resolution =

Note: If the pulse-width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.
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TABLE 21-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescale 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 21-4: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)

PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 16 4 1 1 1 1
PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5

21.5.7 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the CCPx
pin is driving a value, it will continue to drive that value.
When the device wakes up, TMR2 will continue from its
previous state.

21.5.8 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See Sec-
tion 4.0 “Oscillator Module (with Fail-Safe Clock
Monitor)” for additional details.

21.5.9 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
CCP registers to their Reset states.
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TABLE 21-5: SUMMARY OF REGISTERS ASSOCIATED WITH CCPx
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 5§9Fi,§;e;

INTCON GIE/GIEH | PEIE/GIEL IPEN — — INT2EDG INT1EDG INTOEDG 165
PIE6 — — — — — — CCP2IE CCP1IE 180
PIR6 _ — — — — — CCP2IF CCP1IF 172
IPR6 = = = = = = CCP2IP CCP1IP 188
PMD3 — — — — PWM4MD PWM3MD CCP2MD CCP1MD 66
CCPXCON EN — ouT FMT MODE<3:0> 258
CCPXCAP — — — — — — | CTS<1:0> 261
CCPRxL CCPRXx<7:0> 261
CCPRxH CCPRx<15:8> 262
CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> | C1TSEL<1:0> 260
CCPxPPS — — — CCPxPPS<4:0> 210
RxyPPS — — — RxyPPS<4:0> 212
T1CON — — T1CKPS<1:0> — T1SYNC T1RD16 TMR1ON 222
T1GCON TMR1GE | T1GPOL T1GTM T1GSPM | T1GO/DONE T1GVAL — — 223
T1CLK — — — — CS<3:0> 224
T1GATE — — — — GSS<3:0> 225
TMR1L TMR1L7 TMR1L6 TMR1L5 TMR1L4 TMR1L3 TMR1L2 TMRAL1 TMR1LO 226
TMR1H TMR1H7 | TMR1H6 TMR1H5 | TMR1H4 TMR1H3 TMR1H2 TMR1H1 TMR1HO 226
TMR2 TMR2<7:0> 238
T2PR PR2<7:0> 238
T2CON ON CKPS<2:0> OUTPS<3:0> 239
T2HLT PSYNC CPOL CSYNC MODE<4:0> 240
T2CLKCON — — — — CS<3:0> 242
T2RST — — — — RSEL<3:0> 243
Legend: — = Unimplemented location, read as ‘0’. Shaded cells are not used by the CCP module.
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22.0 PULSE-WIDTH MODULATION
(PWM )
The PWM module generates a Pulse-Width Modulated

signal determined by the duty cycle, period, and
resolution that are configured by the following registers:

Each PWM module can select the timer source that
controls the module. Each module has an independent
timer selection which can be accessed using the
CCPTMRS register (Register 21-2). Please note that
the PWM mode operation is described with respect to
TMR2 in the following sections.

« PRx Figure 22-1 shows a simplified block diagram of PWM
« TxCON operation.
« PWMxDCH Figure 22-2 shows a typical waveform of the PWM
+ PWMxDCL signal.
* PWMxCON
Note: The corresponding TRIS bit must be
cleared to enable the PWM output on the
PWMx pin.
FIGURE 22-1: SIMPLIFIED PWM BLOCK DIAGRAM
Duty Cycle registers K PWMxDCL<7:6>
‘ PWMXDCH |
Latched PWMxOUT
(Not visible to user) .
{} to other peripherals
‘ Comparator i R Q 0
_— > [ PWMx
/S Q 1 RxyPPS
r— - — — = - — — |/ "1
| TMR2 Module |
| ‘ TMR2 ‘ ™ | |  Output Polarity (PWMxPOL)
| |
| Comparator |
| L B,
| latch BS’(I; g;cle |
| |
Lo - -
Note 1: 8-bit timer is concatenated with the two Least Significant bits of 1/Fosc adjusted by the Timer2 prescaler to
create a 10-bit time base.
FIGURE 22-2: PWM OUTPUT For a step-by-step procedure on how to set up this
module for PWM operation, refer to Section
- Period - 22.1.9 “Setup for PWM Operation using PWMx
J i |— Pins”.

Pulse Width
-~ ~<—TMR2 = PR2

«—TMR2 =
! PWMxDCH<7:0>:PWMxDCL<7:6>
<—TMR2=0
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221 PWMx Pin Configuration

All PWM outputs are multiplexed with the PORT data
latch. The user must configure the pins as outputs by
clearing the associated TRIS bits.

2211 FUNDAMENTAL OPERATION

The PWM module produces a 10-bit resolution output.
The PWM timer can be selected using the PxTSEL bits
in the CCPTMRS register. The default selection for
PWMx is TMR2. Please note that the PWM module
operation in the following sections is described with
respect to TMR2. Timer2 and PR2 set the period of the
PWM. The PWMxDCL and PWMxDCH registers con-
figure the duty cycle. The period is common to all PWM
modules, whereas the duty cycle is independently con-
trolled.

Note: The Timer2 postscaler is 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.

All PWM outputs associated with Timer2 are set when
TMR?2 is cleared. Each PWMx is cleared when TMR2
is equal to the value specified in the corresponding
PWMxDCH (8 MSb) and PWMxDCL<7:6> (2 LSb) reg-
isters. When the value is greater than or equal to PR2,
the PWM output is never cleared (100% duty cycle).

Note: The PWMxDCH and PWMxDCL registers
are double buffered. The buffers are updated
when Timer2 matches PR2. Care should be
taken to update both registers before the
timer match occurs.

22.1.2 PWM OUTPUT POLARITY

The output polarity is inverted by setting the PWMxPOL
bit of the PWMxCON register.

22.1.3 PWM PERIOD

The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 22-1. It is required to have Fosc/4
as the clock input to TMR2/4/6 for correct PWM
operation.

EQUATION 22-1: PWM PERIOD
PWM Period = [(PR2) + 1] e 4e TOSC e

(TMR2 Prescale Value)
Note:  Tosc = 1/Fosc

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared

* The PWM output is active. (Exception: When the
PWM duty cycle = 0%, the PWM output will
remain inactive.)

* The PWMxDCH and PWMxDCL register values
are latched into the buffers.

Note:  The Timer2 postscaler has no effect on the
PWM operation.

2214 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to the PWMxDCH and PWMxDCL register pair.
The PWMxDCH register contains the eight MSbs and
the PWMxDCL<7:6>, the two LSbs. The PWMxDCH
and PWMXxDCL registers can be written to at any time.

Equation 22-2 is used to calculate the PWM pulse
width.

Equation 22-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 22-2: PULSE WIDTH

Pulse Width = (PWMxDCH:PWMxDCL<7:6>) e

Tosc e (TMR2 Prescale Value)

Note: Tosc = 1/Fosc

EQUATION 22-3: DUTY CYCLE RATIO

. _ (PWMXDCH:PWMxDCL<7:6>)
Duty Cycle Ratio A(PR2+ 1)

The 8-bit timer TMR2 register is concatenated with the
two Least Significant bits of 1/Fosc, adjusted by the
Timer2 prescaler to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to 1:1.
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22.1.5 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit resolution
will result in 1024 discrete duty cycles, whereas an 8-bit
resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 22-4.

EQUATION 22-4: PWM RESOLUTION

log[4(PR2 + 1)]

Resolution = 109(2) bits
Note: If the pulse-width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.
TABLE 22-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)
PWM Frequency 0.31 kHz 4.88 kHz 19.53 kHz | 78.12kHz | 156.3 kHz | 208.3 kHz
Timer Prescale 64 4 1 1 1 1
PR2 Value OxFF OxFF OxFF 0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 22-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 0.31 kHz 4.90 kHz 19.61 kHz | 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 64 4 1 1 1 1
PR2 Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5

22.1.6 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the
PWNMXx pin is driving a value, it will continue to drive that
value. When the device wakes up, TMR2 will continue
from its previous state.

22.1.7 CHANGES IN SYSTEM CLOCK

FREQUENCY

The PWM frequency is derived from the system clock
frequency (Fosc). Any changes in the system clock
frequency will result in changes to the PWM frequency.
Refer to Section 4.0 “Oscillator Module (with
Fail-Safe Clock Monitor)” for additional details.

22.1.8 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
PWM registers to their Reset states.
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22.1.9 SETUP FOR PWM OPERATION
USING PWMx PINS

The following steps should be taken when configuring
the module for PWM operation using the PWMx pins:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Clear the PWMxCON register.

Load the PR2 register with the PWM period value.

4. Load the PWMxDCH register and bits <7:6> of
the PWMxDCL register with the PWM duty cycle
value.

5. Configure and start Timer2:

» Clear the TMR2IF interrupt flag bit of the
PIR4 register. See Note 1 below.

» Select the timer clock source to be as
Fosc/4 using the TXCLKCON register. This
is required for correct operation of the
PWM module.

+ Configure the T2CKPS bits of the T2CON
register with the Timer2 prescale value.

» Enable Timer2 by setting the T20N bit of the
T2CON register.

6. Enable PWM output pin and wait until Timer2
overflows, TMR2IF bit of the PIR4 register is set.
See note below.

7. Enable the PWMx pin output driver(s) by clear-
ing the associated TRIS bit(s) and setting the
desired pin PPS control bits.

8. Configure the PWM module by loading the
PWMxCON register with the appropriate values.

w

Note 1: In order to send a complete duty cycle
and period on the first PWM output, the
above steps must be followed in the order
given. If it is not critical to start with a
complete PWM signal, then move Step 8
to replace Step 4.

2: For operation with other peripherals only,

disable PWMx pin outputs.

22110 SETUP FOR PWM OPERATION TO
OTHER DEVICE PERIPHERALS

The following steps should be taken when configuring
the module for PWM operation to be used by other
device peripherals:
1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).
2. Clear the PWMxCON register.
Load the PR2 register with the PWM period value.
4. Load the PWMxDCH register and bits <7:6> of
the PWMXxDCL register with the PWM duty cycle
value.
5. Configure and start Timer2:
+ Clear the TMR2IF interrupt flag bit of the
PIR4 register. See Note 1 below.
+ Select the timer clock source to be as
Fosc/4 using the TXCLKCON register. This
is required for correct operation of the
PWM module.
» Configure the T2CKPS bits of the T2CON
register with the Timer2 prescale value.
» Enable Timer2 by setting the T20ON bit of the
T2CON register.
6. Enable PWM output pin:
« Wait until Timer2 overflows, TMR2IF bit of the
PIR4 register is set. See Note 1 below.
7. Configure the PWM module by loading the
PWMxCON register with the appropriate values.

w

Note 1: In order to send a complete duty cycle
and period on the first PWM output, the
above steps must be included in the
setup sequence. If it is not critical to start
with a complete PWM signal on the first
output, then step 6 may be ignored.
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22.2 Register Definitions: PWM Control

Long bit name prefixes for the PWM peripherals are
shown in Table 22-3. Refer to Section 1.4.2.2 “Long
Bit Names” for more information.

TABLE 22-3:
Peripheral Bit Name Prefix
PWM3 PWM3
PWM4 PWM4

REGISTER 22-1:

PWMxCON: PWM CONTROL REGISTER

R/W-0/0 u-0 R-0/0 R/W-0/0 uU-0 uU-0 uU-0 uU-0
EN — ouT POL — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EN: PWM Module Enable bit
1= PWM module is enabled
0 = PWM module is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 OUT: PWM Module Output Level When Bit is Read
bit 4 POL: PWM Output Polarity Select bit
1= PWM output is inverted
0 = PWM output is normal
bit 3-0 Unimplemented: Read as ‘0’
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REGISTER 22-2: CCPTMRS: CCP TIMERS CONTROL REGISTER

R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1
P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0> C1TSEL<1:0>
bit 7 bit 0
Legend:

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 7-6

bit 5-4

bit 3-2

bit 1-0

P4TSEL<1:0>: PWM4 Timer Selection bits

11 = PWM4 based on TMR6

10 = PWM4 based on TMR4

01 = PWM4 based on TMR2

00 = Reserved

P3TSEL<1:0>: PWM3 Timer Se