MICROCHIP

PIC18(L)F25/26K83

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

Description

The PIC18(L)FXXK83 is a full-featured CAN product family that can be used in automotive and industrial applications.
The multitude of communication peripherals found on the product family, such as CAN, SPI, two I2Cs, two UARTS, LIN,
DMX, and DALI can handle a wide range of wired and wireless (using external modules) communication protocols for
intelligent applications. This family includes a 12-bit ADC with Computation (ADC?) extensions for automated signal
analysis to reduce the complexity of the application. This, combined with the Core Independent Peripherals integration
capabilities, enables functions for motor control, power supply, sensor, signal and user interface applications.

Core Features

» C Compiler Optimized RISC Architecture
» Operating Speed:
- Up to 64 MHz clock operation
- 62.5 ns minimum instruction cycle
* Two Direct Memory Access (DMA) Controllers:
- Data transfers to SFR/GPR spaces from
either Program Flash Memory, Data
EEPROM or SFR/GPR spaces
- User-programmable source and destination
sizes
- Hardware and software-triggered data
transfers
» System Bus Arbiter with User-Configurable
Priorities for Scanner and DMA1/DMA2 with
respect to the main line and interrupt execution
* Vectored Interrupt Capability:
- Selectable high/low priority
- Fixed interrupt latency
- Programmable vector table base address
* 31-Level Deep Hardware Stack
* Low-Current Power-on Reset (POR)
+ Configurable Power-up Timer (PWRT)
» Brown-Out Reset (BOR)
* Low-Power BOR (LPBOR) Option
» Windowed Watchdog Timer (WWDT):
- Variable prescaler selection
- Variable window size selection
- Configurable in hardware or software

Memory

» Up to 64 KB Flash Program Memory
* Up to 4 KB Data SRAM Memory
* Up to 1 KB Data EEPROM
* Memory Access Partition (MAP):
- Configurable boot and app region sizes with
individual write-protections
* Programmable Code Protection
* Device Information Area (DIA) stores:
- Unique IDs and Device IDs
- Temp Sensor factory-calibrated data
- Fixed Voltage Reference calibrated data
+ Device Configuration Information (DCI) stores:
- Erase row size
- Number of write latches per row
- Number of user rows
- Data EEPROM memory size
- Pin count

Operating Characteristics

» Operating Voltage Range:
- 1.8V to 3.6V (PIC18LF25/26K83)
- 2.3V to 5.5V (PIC18F25/26K83)
» Temperature Range:
- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

Power-Saving Functionality

* DOZE mode: Ability to run CPU core slower than
the system clock

» IDLE mode: Ability to halt CPU core while internal
peripherals continue operating

* SLEEP mode: Lowest power consumption

» Peripheral Module Disable (PMD):
- Ability to disable unused peripherals to

minimize power consumption
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eXtreme Low-Power (XLP) Features

» Sleep mode: 60 nA @ 1.8V, typical

* Windowed Watchdog Timer: 720 nA @ 1.8V,
typical

» Secondary Oscillator: 580 nA @ 32 kHz

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

Digital Peripherals

» Three 8-Bit Timers (TMR2/4/6) with Hardware
Limit Timer (HLT):
- Hardware monitoring and Fault detection
* Four 16-Bit Timers (TMRO0/1/3/5)
» Four Configurable Logic Cell (CLC):

- Integrated combinational and sequential logic
» Three Complementary Waveform Generators

(CWGs):

- Rising and falling edge dead-band control

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

- Multiple signal sources

- Programmable dead band

- Fault-shutdown input

* Four Capture/Compare/PWM (CCP) modules
* Four 10-bit Pulse-Width Modulators (PWMs)
* Numerically Controlled Oscillator (NCO):

- Generates true linear frequency control

- High resolution using 20-bit accumulator and
20-bit increment values

» DSM: Data Signal Modulator:

- Multiplex two carrier clocks, with glitch pre-
vention feature

- Multiple sources for each carrier

* Programmable CRC with Memory Scan:

- Reliable data/program memory monitoring for
fail-safe operation (e.g., Class B)

- Calculate CRC over any portion of program
memory

» Two UART Modules:

- Modules are Asynchronous, RS-232, RS-485
compatibility.

- One of the UART modules supports LIN
Master and Slave, DMX mode, DALI Gear
and Device protocols

- Automatic and user-timed BREAK period
generation

- DMA Compatible

- Automatic checksums

- Programmable 1, 1.5, and two Stop bits

- Wake-up on BREAK reception

* One SPI module:

Configurable length bytes

Configurable length data packets
Receive-without-transmit option
Transmit-without-receive option

Transfer byte counter

Separate Transmit and Receive Buffers with
2-byte FIFO and DMA capabilities

* CAN module:

Conforms to CAN 2.0B Active Specification
Three operating modes: Legacy (compatible
with existing PIC18CXX8/FXX8 CAN modules),
Enhanced mode, and FIFO mode.

Message bit rates up to 1 Mbps

DeviceNet™ data byte filter support

Six programmable receive/transmit buffers
Three dedicated transmit buffers

Two dedicated receive buffers

16 Full, 29-bit acceptance filters with dynamic
association

Three full, 29-bit acceptance masks
Automatic remote frame handling
Advanced error management features.

« Two I2C modules, SMBus, PMBus™ compatible:

Dedicated Address, Transmit and Receive
buffers

Bus Collision Detection with arbitration

Bus time-out detection and handling
Multi-Master mode

Separate Transmit and Receive Buffers with
2-byte FIFO and DMA capabilities

I°C, SMBus 2.0 and SMBus 3.0, and 1.8V
input level selections

» Device I/O Port Features:

25 1/0 pins (PIC18(L)F25K83)

One input-only pin

Individually programmable 1/O direction,
open-drain, slew rate, weak pull-up control
Interrupt-on-change

Three External Interrupt Pins

» Peripheral Pin Select (PPS):

Enables pin mapping of digital 1/0

» Two Signal Measurement Timer (SMT):

24-bit timer/counter with prescaler
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Analog Peripherals

* Analog-to-Digital Converter with Computation
(ADC?):
- 12-bit with up to 24 external channels
- Automated post-processing
- Automated math functions on input signals:
averaging, filter calculations, oversampling
and threshold comparison
- Operates in Sleep
- Integrated charge pump for improved low-
voltage operation
» Hardware Capacitive Voltage Divider (CVD):

- Automates touch sampling and reduces soft-

ware size and CPU usage when touch or
proximity sensing is required
- Adjustable sample and hold capacitor array
- Two guard ring output drives
» Temperature Sensor:
- Internal connection to ADC
- Can be calibrated for improved accuracy
* Two Comparators:
- Low-Power/High-Speed mode
- Fixed Voltage Reference at noninverting
input(s)
- Comparator outputs externally accessible
+ 5-Bit Digital-to-Analog Converter (DAC):
- 5-bit resolution, rail-to-rail
- Positive Reference Selection
- Unbuffered 1/O pin output
- Internal connections to ADCs and
comparators
* Voltage Reference:

- Fixed Voltage Reference with 1.024V, 2.048V

and 4.096V output levels

Flexible Oscillator Structure

 High-Precision Internal Oscillator:
- Selectable frequency range up to 64 MHz
- %1% at calibration (nominal)
* Low-Power Internal 32 kHz Oscillator
(LFINTOSC)
» External 32 kHz Crystal Oscillator (SOCS)
+ External Oscillator Block with:
- x4 PLL with external sources
- Three crystal/resonator modes up to 20 MHz
- Three external clock modes up to 20 MHz
+ Fail-Safe Clock Monitor
 Oscillator Start-up Timer (OST):
- Ensures stability of crystal oscillator sources

© 2017 Microchip Technology Inc.
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TABLE 1: PIC18(L)FXXK83 FAMILY TYPES
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Note 1: | - Debugging integrated on chip.
Data Sheet Index:
A:DS40001943 PIC18(L)F25/26K83 Data Sheet, 28-Pin
Note: For other small form-factor package availability and marking information, visit

http://www.microchip.com/packaging or contact your local sales office.
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TABLE 2: PACKAGES

Device SPDIP solc SSOP UQFN QFN
PIC18(L)F25K83 . . . . .
PIC18(L)F26K83 . . . . .

Note 1: Pin details are subject to change.

Pin Diagrams

28-pin SPDIP, SOIC, SSOP

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

0
RA4[ 6 = 23] RB2
RA5 [|7 [y 22 RB1
vss[|g 5 21[] RBO
RA7 |9 0 20[] Voo
o
RA6 [ 10 19[] Vss
RCO [ 11 18] ] RC7
Rc1[]12 17]] RC6
RC2[]13 16 ] RC5
RC3 [ |14 15[ ] RC4
Note:  See Table 3 for location of all peripheral functions.
28-pin QFN (6x6x0.9mm), UQFN (4x4x0.5mm)
o
S5
355
ga¢
—O O RKOWS
<< WmMmMma™
roeereerowo
28 27 26 25 24 23 22
RA2| 1 @ 21 | RB3
RA3] 2 20 | RB2
RA4] 3 19 | RB1
RA5| 4 PIC18(L)F26K83 45 [ RBO
Vss| 5 17 | Vob
RAT ] 6 16 | Vss
RAB) 7 15 | RC7
891011121314

Note 1: See Table 3 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 3: 28-PIN ALLOCATION TABLE (PIC18(L)F25/26K83)
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RAO 2 | 27 ANAO — — C1INO- | — — — — — — — — CLCINO™M | — — — IOCAOQ —
C2INO-
RA1 3 | 28 ANA1 — — C1IN1- | — — — — — — — — CLCINT™M | — — — IOCA1 —
C2IN1-
RA2 4 | 1 ANA2 VREF- | DAC1OUT1 | C1INO+ | — — — — — — — — — — — — IOCA2 —
C2INO+
RA3 5 | 2 ANA3 VREF+ — CUN1+ | — — — — MD1CARL(") — — — — — — — IOCA3 —
RA4 6 | 3 ANA4 — — — — — — — MD1CARH(") ToCKIM — — — — — — IOCA4 —
RA5 7| 4 ANA5 — — — — — $51(1:3) — MD1SRC™) — — — — — — — IOCA5 —
RA6 | 10 | 7 ANA6 — — — — — — — — — — — — — — — IOCA6 | 0SC2
CLKOUT
RA7 9| 6 ANA7 — — — — — — — — — — — — — — — IOCA7 | 0OSC1
CLKIN
RBO | 21 | 18 ANBO = = C2IN1+ | zCD — — = — = ccpa cwa1M = — — = I0CBO —
INTO™)
RB1 22 | 19 ANB1 — — C1IN3- | — | scL2(34) — — — — — cwa2 — — — — I0CB1 —
C2IN3- INT1(D
RB2 | 23 | 20 ANB2 = = — — | spa2(1:34) — = — = = cwa3™ = — — = 10CB2 —
INT2()
RB3 | 24 | 21 ANB3 — — C1IN2- | — — — — — — — — — — — | cANRX( | 10CB3 —
C2IN2- N
RB4 | 25 | 22 ANB4 = = = = = = = = 1561 = = cLeingM | — = = 10CB4 =
ADACT™ SMT2WIN()
RB5 | 26 | 23 ANB5 — — — — — — — — T1cMM ccprat) — CLCIN3™ | — — — I0CB5 —
sMT2sIG™
RB6 | 27 | 24 ANB6 — — — — — — cTs2() — — — — — — — — IOCB6 | ICSPCLK
RB7 | 28 | 25 ANB7 — DAC10UT2 — — — — Rx2(1) — TeIN() — — — — — — IOCB7 | ICSPDAT
RCO | 11| 8 ANCO = = — = — — = — T1cKIM = = = — — = 10CCO | SOSCO
T3CKIM
136"
SMTAWIN)
RC1 12 9 ANCH1 — — — — — — — — SMT1SIG™) ccp2t) — — — — — locc1 | soscl
RC2 | 13 | 10 ANC2 = = — = — — = — T5CKIM ccp1 = = — — = 10CC2 —
RC3 | 14 | M ANC3 — — — — scL1M | sck1(3) — — T2IN( — — — — — — l0cc3 —
Note 1: This is a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx pins.
2: All output signals shown in this row are PPS remappable.
3: This is a bidirectional signal. For normal module operation, the firmware should map this signal to the same pin in both the PPS input and PPS output registers.
4: These pins can be configured for 12C and SMBTM 3.0/2.0 logic levels; the SCLx/SDAXx signals may be assigned to any of the RB1/RB2/RC3/RC4 pins. PPS assignments to the other pins (e.g., RA5) will operate, but input logic levels

will be standard TTL/ST as selected by the INLVL register, instead of the 12C specific or SMBUS input buffer thresholds.
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TABLE 3: 28-PIN ALLOCATION TABLE (PIC18(L)F25/26K83) (CONTINUED)
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RC4 | 15 [ 12 | ANC4 = = — = SDA1M spi1® = — = = = = — — = 10CC4 —
RC5 | 16 | 13 | ANCS5 — — — — — — — — T4IND — — — — — — 10CC5 —
RC6 | 17 | 14 | ANC6 — — — — — — cTs1 — — — — — — — — 10CC6 —
RC7 | 18 | 15 | ANCT7 — — — — — — RX1(M — — — — — — — — locc7 —
RE3 1|26 — — — = — = = — = — — — — = = — IOCE3 | MCLR
VPP
VDD 20 | 17 — — — — — — — — — — — — — — — — — —
vss | 8 | 5 — — — = — = = — = — — — — = = — = =
19 | 16
out® | — | — | ADGRDA | — — clouT | — SDA1 SS1 DTR1 DSM TMRO ccP1 CWG1A | CLC10OUT | NCO | CLKR | CANTX | — —
ADGRDB c20uUT SCL1 SCK1 RTS1 ccP2 CWG1B | CLC20UT
SDA2 SDO1 ™1 cCcP3 CWG1C | CLC30UT
scL2 DTR2 CCP4 CWG1D | CLC40UT
RTS2 PWM50UT | CWG2A
™2 PWMBOUT | CWG2B
PWM7OUT | CWG2C
PWMBOUT | CWG2D
CWG3A
CWG3B
CWG3C
CWG3D

Note

This is a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx pins.

All output signals shown in this row are PPS remappable.

This is a bidirectional signal. For normal module operation, the firmware should map this signal to the same pin in both the PPS input and PPS output registers.
These pins can be configured for 12C and SMBTM 3.0/2.0 logic levels; the SCLx/SDAXx signals may be assigned to any of the RB1/RB2/RC3/RC4 pins. PPS assignments to the other pins (e.g., RA5) will operate, but input logic levels

will be standard TTL/ST as selected by the INLVL register, instead of the 12C 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.
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1.0 DEVICE OVERVIEW

This document contains device specific information for

the following devices:

+ PIC18F25K83 + PIC18LF25K83
+ PIC18F26K83 + PIC18LF26K83

This family offers the advantages of all PIC18
microcontrollers — namely, high computational
performance at an economical price — with the addition
of high-endurance Program Flash Memory, Universal
Asynchronous Receiver Transmitter (UART), Serial
Peripheral Interface (SPI), Inter-integrated Circuit
(12C), Direct Memory Access (DMA), Configurable
Logic Cells (CLC), Signal Measurement Timer (SMT),
Numerically Controlled Oscillator (NCO), and
Analog-to-Digital Converter with Computation (ADC?).

1.1 New Features

» Direct Memory Access Controller: The Direct
Memory Access (DMA) Controller is designed to
service data transfers between different memory
regions directly without intervention from the
CPU. By eliminating the need for CPU-intensive
management of handling interrupts intended for
data transfers, the CPU now can spend more time
on other tasks.

» Vectored Interrupt Controller: The Vectored
Interrupt Controller module reduces the numerous
peripheral interrupt request signals to a single
interrupt request signal to the CPU. It assembles
all of the interrupt request signals and resolves
the interrupts based on both a fixed natural order
priority and a user-assigned priority, thereby
eliminating scanning of interrupt sources.

* Universal Asynchronous Receiver
Transmitter: The Universal Asynchronous
Receiver Transmitter (UART) module is a serial
1/0 communications peripheral. It contains all the
clock generators, shift registers and data buffers
necessary to perform an input or output serial
data transfer, independent of device program
execution. The UART, also known as a Serial
Communications Interface (SCI), can be
configured as a full-duplex asynchronous system
or one of several automated protocols.
Full-Duplex mode is useful for communications
with peripheral systems, with DMA/DALI/LIN
support.

» Serial Peripheral Interface: The Serial Periph-
eral Interface (SPI) module is a synchronous
serial data communication bus that operates in
Full-Duplex mode. Devices communicate in a
master/slave environment where the master
device initiates the communication. A slave
device is controlled through a Chip Select known
as Slave Select. Example slave devices include
serial EEPROMSs, shift registers, display drivers,
A/D converters, or another PIC.

« 12C Module: The 12C module provides a synchro-
nous interface between the microcontroller and
other IZC-compatibIe devices using the two-wire
I2C serial bus. Devices communicate in a mas-
ter/slave environment. The I°C bus specifies two
signal connections — Serial Clock (SCL) and
Serial Data (SDA). Both the SCL and SDA con-
nections are bidirectional open-drain lines, each
requiring pull-up resistors to the supply voltage.

* 12-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.

1.2 Details on Individual Family
Members

Devices in the PIC18(L)F25/26K83 family are available
in 28-pin packages. The block diagram for this device
is shown in Figure 3-1.

The similarities and differences among the devices are
listed in the PIC18(L)F25/26K83 Family Types Table
(page 4). The pinouts for all devices are listed in
Table 3.
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TABLE 1-1: DEVICE FEATURES

Features PIC18(L)F25K83 PIC18(L)F26K83

Program Memory (Bytes) 32768 65536

Program Memory (Instructions) 16384 32768

Data Memory (Bytes) 2048 4096

Data EEPROM Memory (Bytes) 1024 1024
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

/O Ports AB,CEM AB,CEM

12-Bit Analog-to-Digital Conversion Module (ADC?) with 5 internal 5 internal

Computation Accelerator 24 external 24 external

Capture/Compare/PWM Modules (CCP) 4

10-Bit Pulse-Width Modulator (PWM) 4

Timers (16-/8-bit) 4/3

Serial Communications 2 UARTs with DMX/DALI/LIN, 2 I2C, 1 SPI

Complementary Waveform Generator (CWG) 3

Zero-Cross Detect (ZCD) 1

Data Signal Modulator (DSM) 1

Signal Measurement Timer (SMT) 2

5-bit Digital to Analog Converter (DAC) 1

Numerically Controlled Oscillator (NCO) 1

Comparator Module 2

Direct Memory Access (DMA) 2

Configurable Logic Cell (CLC) 4

Control Area Network (CAN) Yes

Peripheral Module Disable (PMD) Yes

16-bit CRC with Scanner Yes

Programmable High/Low-Voltage Detect (HLVD) Yes

Resets (and Delays)

POR, Programmable BOR,
RESET Instruction,
Stack Overflow,
Stack Underflow
(PWRT, OST),
MCLR, WDT, MEMV

Instruction Set

81 Instructions;
87 with Extended Instruction Set enabled

Maximum Operating Frequency

64 MHz

Note 1: PORTE contains the single RE3 input-only pin.
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1.3 Register and Bit naming
conventions

1.3.1 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.

1.3.2 BIT NAMES
There are two variants for bit names:

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

1.3.2.1 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 TOCONO register
can be set in C programs with the instruction
TOCONObi 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.

1.3.2.2 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 Timer0 enable
bit is the Timer0 prefix, TO, appended with the enable
bit short name, EN, resulting in the unique bit name
TOEN.

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

1.3.2.3 Bit Fields

Bit fields are two or more adjacent bits in the same
register. For example, the four Least Significant bits of
the TOCONO register contain the output prescaler
select bits. The short name for this field is OUTPS and
the long name is TOOUTPS. Bit field access is only
possible in C programs. The following example
demonstrates a C program instruction for setting the
Timer0 output prescaler to the 1:6 Postscaler:

TOCONObi ts. QUTPS = 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 OUTPS3. The following two exam-
ples demonstrate assembly program sequences for
setting the TimerO output prescaler to 1:6 Postscaler:

Example 1:

MOVLW  ~(1<<QUTPS3 | 1<<QUTPS1)
ANDWF  TOCONO, F

MOVLW  1<<QUTPS2 | 1<<QUTPSO

| ORWF  TOCONO, F

Example 2:

BCF TOCONO, QUTPS3
BSF TOCONO, QUTPS2
BCF TOCONO, QUTPS1
BSF TOCONO, QUTPSO

1.3.3 REGISTER AND BIT NAMING
EXCEPTIONS

1.3.3.1 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.

© 2017 Microchip Technology Inc.
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2.0 GUIDELINES FOR GETTING
STARTED WITH PIC18(L)F25/
26K83 MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC18(L)F25/26K83 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:

» Al 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:

* ICSPCLK/ICSPDAT 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

VDD ﬁ<:2w

912015
4

R2 > >

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.

© 2017 Microchip Technology Inc.
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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 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)F25/26K83

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 ICSPCLK and ICSPDAT pins are used for In-Cir-
cuit 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 recommended, 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
ICSPCLK and ICSPDAT pins are not recommended as
they will interfere with the programmer/debugger com-
munications to the device. If such discrete components
are an application requirement, they should be
removed from the circuit during programming and
debugging. Alternatively, refer to the AC/DC character-
istics 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., ICSPCLK/ICSPDAT 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 44.0 “Development Support”.

© 2017 Microchip Technology Inc.
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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
7.0 “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, 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”

« ANO943, “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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3.0 PIC18CPU

This family of devices contains a PIC18 8-bit CPU core
based on the modified Harvard architecture. The PIC18
CPU supports:

» System Arbitration which decides memory access
allocation depending on user priorities

» Vectored Interrupt capability with automatic two
level deep context saving

» 31-level deep hardware stack with overflow and
underflow reset capabilities

» Support Direct, Indirect, and Relative Addressing
modes

* 8x8 Hardware Multiplier

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 16
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FIGURE 3-1: PIC18(L)F25/26K83 FAMILY BLOCK DIAGRAM

Data Bus<8>

4 v

Table Pointer<21

8 8 Data Latch
inc/dec logic
Data Memory
PCLATU PCLATHl
Address Latch =) Ports
Program Counter 12
Data Address<12>

[ 31-Level Stack |

Address Latch
Program Memory ﬁ{—STKPTR
(8/16/32/64 Kbytes)
Data Latch

—> Peripherals

Table Latch

Address
Decode

v

ROM Latch

Instruction Bus <16>

Data

» EEPROM

Instruction W State machine
Decode and control signals

Control
) > Internal
0sc1 Oscillator Power-up
Block Timer
0SC2(2) —p 4| _ Oscillator
LFINTOSC Start-up Timer,|
SOSCl —P Oscillator Power-on
Reset
64 MHz
SOSCO — ||| Oscillator WWT
Precision
MOLR™ —»{ [Single-Supply Brown-out | 4g | Band Gap
Programming Reset Reference v
In-Circuit Fail-Safe
Debugger Clock Monitor

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 I/O.
Refer to Section 7.0 “Oscillator Module (with Fail-Safe Clock Monitor)” for additional information.
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3.1 System Arbitration

The System Arbiter resolves memory access between
the System Level Selections (i.e., Main, Interrupt Ser-
vice Routine) and Peripheral Selection (i.e., DMA and
Scanner) based on user-assigned priorities. Each of
the system level and peripheral selections has its own
priority selection registers. Memory access priority is
resolved using the number written to the corresponding
Priority registers, 0 being the highest priority and 4 the
lowest. The default priorities are listed in Table 3-1.

In case the user wants to change priorities, ensure
each Priority register is written with a unique value from
0to 4.

TABLE 3-1: DEFAULT PRIORITIES

Selection Priority register
Reset value
System Level ISR 0
MAIN 1
Peripheral DMA1 2
DMA2 3
SCANNER 4

© 2017 Microchip Technology Inc. Preliminary
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3.1.1 PRIORITY LOCK

The System arbiter grants memory access to the
peripheral selections (DMAXx, Scanner) when the
PRLOCKED bit (PRLOCK Register) is set.

Priority selections are locked by setting the
PRLOCKED bit of the PRLOCK register. Setting and
clearing this bit requires a special sequence as an extra
precaution against inadvertent changes. Examples of
setting and clearing the PRLOCKED bit are shown in
Example 3-1 and Example 3-2.

EXAMPLE 3-1: PRIORITY LOCK
SEQUENCE

; Disable interrupts

BCF | NTCONO, G E

; Bank to PRLOCK register
BANKSEL PRLOCK
MOVLW 55h

; Required sequence, next 4

i nstructions

MOWAF PRLOCK

MOVLW AAh

MOWAF PRLOCK

; Set PRLOCKED bit to grant nenory
access to peripherals

BSF PRLOCK, 0

; Enable Interrupts
BSF | NTCONO, G E

EXAMPLE 3-2: PRIORITY UNLOCK
SEQUENCE
; Disable interrupts

BCF | NTCONO, G E

; Bank to PRLOCK register
BANKSEL PRLOCK
MOVLW 55h

; Required sequence, next 4

i nstructions

MOWWAF PRLOCK

MOVLW AAh

MOVWF PRLOCK

; Cear PRLOCKED bit to all ow changi ng
priority settings

BCF PRLOCK, 0

; Enable Interrupts
BSF | NTCONO, G E

3.2 Memory Access Scheme

The user can assign priorities to both system level and
peripheral selections based on which the system
arbiter grants memory access. Let us consider the
following priority scenarios between ISR, MAIN, and
Peripherals.

Note: It is always required that the ISR priority
be higher than Main priority.

3.2.1 ISR PRIORITY > MAIN PRIORITY >
PERIPHERAL PRIORITY

When the Peripheral Priority (DMAX, Scanner) is lower
than ISR and MAIN Priority, and the peripheral
requires:

1. Access to the Program Flash Memory, then the
peripheral waits for an instruction cycle in which
the CPU does not need to access the PFM
(such as a branch instruction) and uses that
cycle to do its own Program Flash Memory
access, unless a PFM Read/Write operation is
in progress.

2. Access to the SFR/GPR, then the peripheral
waits for an instruction cycle in which the CPU
does not need to access the SFR/GPR (such as
MOVLW CALL, NOP) and uses that cycle to do its
own SFR/GPR access.

3. Access to the Data EEPROM, then the
peripheral has access to Data EEPROM unless
a Data EEPROM Read/Write operation is being
performed.

This results in the lowest throughput for the peripheral
to access the memory, and does so without any impact
on execution times.

3.2.2 PERIPHERAL PRIORITY > ISR
PRIORITY > MAIN PRIORITY

When the Peripheral Priority (DMAX, Scanner) is higher
than ISR and MAIN Priority, the CPU operation is
stalled when the peripheral requests memory.

The CPU is held in its current state until the peripheral
completes its operation. Since the peripheral requests
access to the bus, the peripheral cannot be disabled
until it completes its operation.

This results in the highest throughput for the peripheral
to access the memory, but has the cost of stalling other
execution while it occurs.

© 2017 Microchip Technology Inc.
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3.2.3 ISR PRIORITY > PERIPHERAL
PRIORITY > MAIN PRIORITY

In this case, interrupt routines and peripheral operation
(DMAX, Scanner) will stall the CPU. Interrupt will
preempt peripheral operation. This results in lowest
interrupt latency and highest throughput for the
peripheral to access the memory.

3.24 PERIPHERAL 1 PRIORITY > ISR
PRIORITY > MAIN PRIORITY >
PERIPHERAL 2 PRIORITY

In this case, the Peripheral 1 will stall the execution of

the CPU. However, Peripheral 2 can access the
memory in cycles unused by Peripheral 1.

The operation of the System Arbiter is controlled
through the following registers:

REGISTER 3-1: ISRPR: INTERRUPT SERVICE ROUTINE PRIORITY REGISTER
u-0 uU-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — ISRPR<2:0>
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 = bit is set 0 = bit is cleared HS = Hardware set
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 ISRPR<2:0>: Interrupt Service Routine Priority Selection bits

REGISTER 3-2:

MAINPR: MAIN ROUTINE PRIORITY REGISTER

u-0 uU-0 u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-1/1
— — — — — MAINPR<2:0>
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 = bit is set 0 = bit is cleared HS = Hardware set
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 MAINPR<2:0>: Main Routine Priority Selection bits
REGISTER 3-3: DMA1PR: DMA1 PRIORITY REGISTER
U-0 U-0 uU-0 u-0 uU-0 R/W-0/0 R/W-1/1 R/W-0/0
— — — — — DMA1PR<2:0>
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 = bit is set 0 = bit is cleared HS = Hardware set
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 DMA1PR<2:0>: DMA1 Priority Selection bits
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REGISTER 3-4: DMA2PR: DMA2 PRIORITY REGISTER

uU-0 u-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-1/1 R/W-1/1
— — — — — DMA2PR<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 HS = Hardware set
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 DMA2PR<2:0>: DMA2 Priority Selection bits

REGISTER 3-5: SCANPR: SCANNER PRIORITY REGISTER

uU-0 u-0 uU-0 uU-0 uU-0 R/W-1/1 R/W-0/0 R/W-0/0
_ — — — — SCANPR<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 HS = Hardware set
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 SCANPR<2:0>: Scanner Priority Selection bits

REGISTER 3-6: PRLOCK: PRIORITY LOCK REGISTER

u-0 uU-0 u-0 uU-0 u-0 u-0 u-0 R/W-0/0
— — — — — — — PRLOCKED
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 HS = Hardware set
bit 7-1 Unimplemented: Read as ‘0’
bit O PRLOCKED: PR Register Lock bit(12)
0 = Priority Registers can be modified by write operations; Peripherals do not have access to the
memory
1 = Priority Registers are locked and cannot be written; Peripherals do not have access to the
memory

Note 1: The PRLOCKED bit can only be set or cleared after the unlock sequence.

2: If PR1IWAY = 1, the PRLOCKED bit cannot be cleared after it has been set. A system Reset will clear the
bit and allow one more set.
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TABLE 3-2: SUMMARY OF REGISTERS ASSOCIATED WITH CPU

Name Bit7 Bit6 Bit 5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Reg;z;e; on
ISRPR — — — — — ISRPR2 ISRPR1 ISRPRO 20
MAINPR — — — — — MAINPR2 MAINPR1 MAINPRO 20
DMA1PR — — — — — DMA1PR2 DMA1PR1 DMA1PRO 20
DMA2PR — — — — — DMA2PR2 DMA2PR1 DMA2PRO 21
SCANPR — — — — — SCANPR2 SCANPR1 SCANPRO 21
PRLOCK — — — — — — — PRLOCKED 21
Legend: — = Unimplemented location, read as ‘0’.
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4.0 MEMORY ORGANIZATION

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

* Program Flash Memory
+ Data RAM
» Data EEPROM

The Program Memory Flash and data RAM share the
same bus, while data EEPROM uses a separate bus.
This allows for concurrent access of the memory
spaces.

Additional detailed information on the operation of the
Program Flash Memory and Data EEPROM Memory is
provided in Section 13.0 “Nonvolatile Memory
(NVM) Control”.

4.1 Program Flash Memory
Organization

PIC18 microcontrollers implement a 21-bit Program
Counter, which is capable of addressing a 2 Mbyte
program memory space. Accessing any
unimplemented memory will return all ‘O’s (a NOP
instruction).

These devices contains the following:
» PIC18(L)F25K83: 32 Kbytes of Flash memory, up

to 16,384 single-word instructions
» PIC18(L)F26K83: 64 Kbytes of Flash memory, up

to 32,768 single-word instructions
The Reset vector for the device is at address 000000h.
PIC18(L)F25/26K83 devices feature a vectored inter-
rupt controller with a dedicated interrupt vector table in

the program memory, see Section 9.0 “Interrupt Con-
troller”.

Note:  For memory information on this family of
devices, see Table 4-1 and Table 4-3.

4.2 Memory Access Partition (MAP)

Program Flash Memory is partitioned into:
* Application Block

» Boot Block, and

» Storage Area Flash (SAF) Block

4.2.1 APPLICATION BLOCK

Application Block is where the user’s program resides
by default. Default settings of the Configuration bits
(BBEN =1 and SAFEN = 1) assign all memory in the
Program Flash Memory area to the Application Block.
The WRTAPP Configuration bit is used to protect the
Application Block.

422 BOOT BLOCK

Boot Block is an area in program memory that is ideal
for storing bootloader code. Code placed in this area
can be executed by the CPU. The Boot Block can be
write-protected, independent of the main Application
Block. The Boot Block is enabled by the BBEN bit and
size is based on the value of the BBSIZE bits of
Configuration word (Register 5-7), see Table 5-1 for
Boot Block sizes.

The WRTB Configuration bit is used to write-protect
the Boot Block.

423 STORAGE AREA FLASH

Storage Area Flash (SAF) is the area in program
memory that can be used as data storage. SAF is
enabled by the SAFEN bit of the Configuration word in
Register 5-7. If enabled, the code placed in this area
cannot be executed by the CPU. The SAF block is
placed at the end of memory and spans 256 bytes.
The WRTSAF Configuration bit is used to write-protect
the Storage Area Flash.

Note: If write-protected locations are written
from NVMCON registers, memory is not
changed and the WRERR bit defined in
Register 13-1 is set.
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TABLE 4-1: PROGRAM AND DATA EEPROM MEMORY MAP
PIC18(L)F25K83 PIC18(L)F26K83
| PC<21:0> PC<21:0> |
Note 1 | Stack (31 levels) Stack (31 levels) | Note 1
00 0000h Reset Vector Reset Vector 00 0000h
00 0008h Interrupt Vector High(? Interrupt Vector High() 00 0008h
00 0018h Interrupt Vector Low(® Interrupt Vector Low(® 00 0018h
00 001Ah 00 001Ah
. Program Flash Memory (16 KW)(®) .
00 7FFFh 3 00 7FFFh
Program Flash Memory (32 KW)©)
00 8000h 00 8000h
00 FFFFh @) 00 FFFFh
01 0000h e iz 01 0000h
Not present(4)
1F FFFFh 1F FFFFh
20 0000h 20 0000h
cee User IDs (8 Words)(5) cee
20 000Fh 20 000Fh
20 0010h 20 0010h
cee Reserved (KX
2F FFFFh 2F FFFFh
30 0000h 30 0000h
() Configuration Words (5 Words)(5) (XX
30 0009h 30 0009h
30 000Ah 30 000Ah
see Reserved see
30 FFFFh 30 FFFFh
31 0000h 31 0000h
31 00FFh Data EEPROM (1024 Bytes) 31 00FFh
310100h 310100h
31 03FFh 31 03FFh
31 0400h 31 0400h
see Reserved see
3E FFFFh 3E FFFFh
3F 0000h 3F 0000h
cee Device Information Area(3)(?) (KX
3F 003Fh 3F 003Fh
3F0040h 3F0040h
ces Reserved ees
3F FEFFh 3F FEFFh
3F FFOOh 3F FFOOh
see Device Configuration Information (5 Words)(s)’(s)’m soe
3F FF09h 3F FF09h
3F FFOAh 3F FFOAh
cee Reserved eee
3F FFFBh 3F FFFBh
3F FFFCh 3F FFFCh
cee Revision ID (1 Word)®H6:(7) cee
3F FFFDh 3F FFFDh
3F FFFEh 3F FFFEh
I Device ID (1 Word)S»(6)(7) X
3F FFFFh 3F FFFFh
Note 1: The stack is a separate SRAM panel, apart from all user memory panels.
2: 00 0008h location is used as the reset default for the IVTBASE register, the vector table can be relocated in the memory by programming the
IVTBASE register.
3: Storage Area Flash is implemented as the last 128 Words of User Flash, if present.
4: The addresses do not roll over. The region is read as ‘0’.
5: Not code-protected.
6: Hard-coded in silicon.
7: This region cannot be written by the user and it is not affected by a Bulk Erase.
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TABLE 4-2: PROGRAM FLASH MEMORY PARTITION
Partition(®)
Region Address BBEN =1 BBEN = 1 BBEN = 0 BBEN =0
SAFEN =1 SAFEN =0 SAFEN =1 SAFEN =0
00 0000h
LR BOOT BOOT
Last Boot Block Memory BLOCK BLOCK
Address
APPLICATION
Last Boot Block Memory BLOCK
(1)
Program |A\ddress’ + 1 APPLICATION
Flash LR APPLICATION BLOCK
Memo Last Program Memory BLOCK
Y | Address® - 100h APPLICATION
Last Program Memory BLOCK
Address®? - FEn® STORAGE STORAGE
o o AREA AREA
Last Program Memory FLASH FLASH
Address®
Note 1: Last Boot Block Memory Address is based on BBSIZE<2:0>, see Table 5-1.

2: For Last Program Memory Address, see Table 5-1.
3: Refer to Register 5-7: Configuration Word 4L for BBEN and SAFEN definitions.

4: Storage Area Flash is implemented as the last 128 Words of User Flash, if present.
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424 PROGRAM COUNTER

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21-bit 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
any operation that reads PCL. This is useful for com-
puted offsets to the PC (see Section
4.3.2.1 “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.

425 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. 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, CALLW or RCALL 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 has overflowed or underflowed.

4251 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,
holds the contents of the stack location pointed to by the
STKPTR register (Figure 4-1). 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 4-1: 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
- 7 00011 4_#2
~——» Top-of-Stack | 001A34h | 00010
000D58h | 00001
00000
4252 Return Stack Pointer (STKPTR) If STVREN is set (default) and the stack has been

The STKPTR register (Register 4-4) 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 mainte-
nance. 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 5.1 “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 5.1 “Configuration Words” for a
description of the device Configuration bits).

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.

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.

4253 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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4.3 Register Definitions: Stack Pointer

REGISTER 4-1: TOSU: TOP-OF-STACK UPPER BYTE
uU-0 uU-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
- | = 1T =] TOS<20:16>
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 TOS<20:16>: Top-of-Stack Location bits

REGISTER 4-2: TOSH: TOP-OF-STACK HIGH BYTE

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

TOS<15:8>

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 7-0 TOS<15:8>: Top-of-Stack Location bits
REGISTER 4-3: TOSL: TOP-OF-STACK LOW BYTE
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
TOS<7:0>

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 7-0

TOS<7:0>: Top-of-Stack Location bits
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REGISTER 4-4: 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’ = Bit is 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

4.3.1 FAST REGISTER STACK

There are three levels of fast stack registers available -
one for CALL type instructions and two for interrupts. A
fast register stack is provided for the Status, WREG
and BSR registers, to provide a “fast return” option for
interrupts. It is loaded with the current value of the cor-
responding register when the processor vectors for an
interrupt. All interrupt sources will push values into the
stack registers. The values in the registers are then
loaded back into their associated registers if the
RETFI E, FAST instruction is used to return from the
interrupt. Refer to Section 4.5.6 “Call Shadow Regis-
ter” for interrupt call shadow registers.

Example 4-1 shows a source code example that uses
the fast register stack during a subroutine call and
return.

EXAMPLE 4-1: FAST REGISTER STACK
CODE EXAMPLE

CALL SUB1, FAST ; STATUS, WREG, BSR
; SAVED | N FAST REG STER
; STACK
L]
L]
SUB1 .
L]
RETURN, FAST ; RESTORE VALUES SAVED
;I N FAST REG STER STACK
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432 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

4.3.2.1 Computed GOTO

A computed GOTOis accomplished by adding an offset
to the Program Counter. An example is shown in
Example 4-2.

A look-up table can be formed with an ADDW- 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 4-2: COMPUTED GOTOUSING
AN OFFSET VALUE

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

4.3.2.2 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.

Table read and table write operations are discussed
further in Section 13.1.1 “Table Reads and Table
Writes”.
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4.4 PIC18 Instruction Cycle

4.4.1 CLOCKING SCHEME

The microcontroller clock input, whether from an
internal or external source, is internally divided by four
to generate four 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 4-2.

4.4.2 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 4-3).

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

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

FIGURE 4-2: CLOCKI/INSTRUCTION CYCLE
Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | @4 1 Q1 | Q2 | Q3 | Q4 !
OSC1 M/ \_/ \/ I/ /7 /4
Q1 I\ I\ |
Q2 / | /N | / \ || Internal
Q3 | | /—\—| Phase
EE———— | / \ | Clock
Q4 o\ /) [} / |
PC { PC X PC+2 X PC+4 |
OSC2/CLKOUT e N s W e
(RC mode)
I
! Execute INST (PC - 2) | |
i Fetch INST (PC) Execute INST (PC) |
Fetch INST (PC + 2) Execute INST (PC + 2)
Fetch INST (PC + 4)
EXAMPLE 4-3: INSTRUCTION PIPELINE FLOW
TcyO Tcy1 Tcy2 Tcy3 Tcy4 Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOWAF PORTB Fetch 2 Execute 2
3. BRA SUB 1 Fetch 3 Execute 3
4. BSF PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NOP)
5. Instruction @address SUB 1 Fetch SUB_1| Execute SUB_1
Note:  There are some instructions that take multiple cycles to execute. Refer to Section 42.0 “Instruction Set
Summary” for details.
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443 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 4.2.4 “Program Counter”).

Figure 4-3 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 4-3 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 42.0 “Instruction Set Summary”
provides further details of the instruction set.

FIGURE 4-3:

444 MULTI-WORD INSTRUCTIONS

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

The use of ‘1111’ in the four 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 or third
word is executed by itself, a NOP is executed instead.
This is necessary for cases when the multi-word
instruction is preceded by a conditional instruction that
changes the PC. Example 4-4 shows how this works.

INSTRUCTIONS IN PROGRAM MEMORY

Program Memory
Byte Locations —>

Instruction 1: MOVLW 055h

Instruction 2:  GOTO 0006h
Instruction 3: MOVFF 123h, 456h
Instruction 4: MOVFFL 123h, 456h

Word /-lddress

LSB=1 LSB=0
000000h
000002h
000004h
000006h
OFh 55h 000008h
EFh 03h 00000Ah
FOh 00h 00000Ch
C1h 23h 00000Eh
F4h 56h 000010h
00h 60h 000012h
F4h 8Ch 000014h
F4h 56h 000016h
000018h
00001Ah
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EXAMPLE 4-4: TWO-WORD INSTRUCTIONS
CASE 1:
Object Code Source Code

0110 0110 0000
1100 0001 0010
1111 0100 0101
0010 0100 0000

0000 | TSTFSZ REGL ;
0011 | MOVFF REGL, RER ;
0110 ;
0000 | ADDWF REG3 ;

is RAM | ocation 0?

Yes, skip this word
Execute this word as a NOP
conti nue code

CASE 2:

Object Code

Source Code

0110 0110 0000
1100 0001 0010
1111 0100 0101
0010 0100 0000

0000 | TSTFSZ REGL ;
0011 MOVFF REGlL, REXR ;
0110 ;
0000 | ADDWF REG3 ;

is RAM | ocation 0?

No, execute this word
2nd word of instruction
conti nue code

EXAMPLE 4-5: THREE-WORD INSTRUCTIONS
CASE 1:
Object Code Source Code

0110 0110 0000
0000 0000 0110
1111 0100 1000
1111 0100 0101
0010 0100 0000

0000 | TSTFSZ REGL ;
0000 | MOVFFL REGL, RE® ;
1100 ]
0110 ;
0000 | ADDWF REG3 ;

is RAM | ocation 0?

Yes, skip this word
Execute this word as a NOP
Execute this word as a NOP
conti nue code

CASE 2:

Object Code

Source Code

0110 0110 0000
0000 0000 0110
1111 0100 1000
1111 0100 0101
0010 0100 0000

0000 | TSTFSZ REGL ;
0000 | MOVFFL REGL, RE@ ;
1100 ;
0110 ;
0000 | ADDWF REG3 ;

is RAM | ocation 0?

No, execute this word
2nd word of instruction
3rd word of instruction

conti nue code
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4.5 Data Memory Organization

Data memory in PIC18(L)F25/26K83 devices is
implemented as static RAM. Each register in the data
memory has a 14-bit address, allowing up to 16384
bytes of data memory. The memory space is divided
into 64 banks that contain 256 bytes each. Figure 4-5
shows the data memory organization for the
PIC18(L)F25/26K83 devices in this data sheet.

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 (select SFRs
and 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 some SFRs
and the lower portion of GPR Bank 0 without using the
Bank Select Register (BSR). Section 4.5.4 “Access
Bank” provides a detailed description of the Access
RAM.

4.5.1 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 64 contiguous banks of 256 bytes.
Depending on the instruction, each location can be
addressed directly by its full 14-bit address, or an 8-bit
low-order address and a 6-bit Bank Select Register.

This SFR holds the six Most Significant bits of a loca-
tion address; the instruction itself includes the
eight Least Significant bits. Only the six lower bits of the
BSR are implemented (BSR<5:0>). The upper two 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 4-5.

Since up to 64 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 3Fh will end up corrupting 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 ‘O’s. Even
so, the STATUS register will still be affected as if the
operation was successful. The data memory maps in
Figure 4-5 indicate which banks are implemented.

© 2017 Microchip Technology Inc.
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Virtual Bank

Access RAM

SFR

FIGURE 4-4: DATA MEMORY MAP FOR PIC18(L)F25/26K83 DEVICES
Bank BSR<5:0> | addr<7:0> Add
an addr PIC18(L)F25K83 | PIC18(L)F26K83 ress
addr<13:0>
00h Access RAM Access RAM 0000h
005Fh
Bank 0 00 0000
GPR GPR 0060h
FFh 00FFh
00h 0100h
Bank 1 00 0001
FFh
00h )
Bank 2 00 0010 GPR GPR .
FFh .
00h
Bank 3 00 0011
FFh 03FFh
00h 0400h
Banks | 000100 ) )
407 — GPR GPR
© 00 0111
FFh 07FFh
00 1000 00h 0800h
sors | T : R
00 1111
FFh OFFFh
01 0000 00h 1000h
Banks _ . .
16 to 31 011111 . Unimplemented .
FFh 1FFFh
00h Unimplemented 2000
10 0000 . .
Banks .
32 to 53
110111 . .
FFh 37FF
00h 3600h
Bank 54 d54 . CAN Test CAN Test .
FFh 36FFh
00h 3700h
Bank 55 d55 . CAN SFR CAN SFR .
FFh 37FFh
- 111000 00h 3800h
anks . .
— FR FR
setoe2 | . S S .
FFh 3EFFh
00h 3F00h
3F5Fh
Bank 63 11111 SFR SFR
3F60h
FFh 3FFFh
Note 1: Depends on the number of SFRs. Refer subsequent SFR tables.

00h
5Fh
60h

© 2017 Microchip Technology Inc.
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FIGURE 4-5: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)

U Data Memory From Opcode(®
7 BSR 0 0000h 0oh 7 P
[o]ofo]ofofofa]0] Bank0 e (] 2[r[2]1f1]0]1]

0100h

Bank 1 0oh
Bank Select(? i FFh e

0200h 00h
Bank 2

0300h FFh <

00h
Bank 3
through NN
A Bank61
FFh

3E00h 00h
Bank 62 FFh

3F00h 00h
Bank 63

3FFFh FFh

Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<5:0>) to the registers of the Access Bank.
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PIC18(L)F25/26K83

452 GENERAL PURPOSE REGISTER
FILE

General Purpose RAM is available starting Bank 0 of
data memory. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.

453 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 (3FFFh) and extend downward to occupy
Bank 56 through 63 (3800h to 3FFFh). A list of these
registers is given in Table 4-3 to Table 4-10. A bitwise
summary of these registers can be found in
Section 43.0 “Register Summary”.

454 ACCESS BANK

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of
memory (00h-5Fh) in Bank 0 and the last 160 bytes of
memory (60h-FFh) in Bank 63. The lower half is known
as the “Access RAM” and is composed of GPRs. This
upper half is also where some of the SFRs of the device
are mapped. These two areas are mapped
contiguously in the Access Bank and can be addressed
linearly by an 8-bit address (Figure 4-5).

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 uses the Access Bank address
map; the current value of the BSR is ignored.

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 and
switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
Configuration bit = 1). This is discussed in more detail
in Section 4.8.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.

© 2017 Microchip Technology Inc.

Preliminary

DS40001943A-page 37



"ou| ABojouyoa] diyoouoly /102 @

Areuiwijaig

g¢ obed-yey61000¥SA

TABLE 4-3:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 63

3FFFh TOSU 3FDFh INDF2 3FBFh — 3F9Fh| T4PR 3F7Fh  CCP1CAP 3F5Fh| CCPTMRSH1 3F3Fh| NCO1CLK 3F1Fh| SMT1CON1
3FFEh| TOSH 3FDEh| POSTINC2 3FBEh — 3F9Eh T4TMR 3F7EH CCP1CON 3F5EH CCPTMRSO |3F3Eh, NCO1CON 3F1Eh, SMT1CONO
3FFDh TOSL 3FDDh| POSTDEC2 |3FBDHh — 3F9Dh| T5CLK 3F7Dh CCPR1H 3F5Dh| — 3F3Dh|  NCO1INCU 3F1Dh| SMT1PRU
3FFCh STKPTR 3FDCh PRECIN2 3FBCh LATC 3F9Ch| T5GATE 3F7Ch CCPR1L 3F5Ch| — 3F3Ch| NCO1INCH 3F1Ch| SMT1PRH
3FFBh| PCLATU 3FDBHh PLUSW2 3FBBHh LATB 3F9Bh T5GCON 3F7BhH  CCP2CAP 3F5Bh — 3F3Bh  NCO1INCL 3F1Bh SMT1PRL
3FFAR PCLATH 3FDAh FSR2H 3FBAh LATA 3F9AR T5CON 3F7Ah  CCP2CON 3F5Ah  CWG1STR 3F3Ah NCO1ACCU |3F1Ah SMT1CPWU
3FF9h PCL 3FDYh| FSR2L 3FB9h TOCON1 3F99h TMR5H 3F79h CCPR2H 3F59h CWG1AS1 3F39h NCO1ACCH 3F19h SMT1CPWH
3FF8h TBLPRTU 3FD8h| STATUS 3FB8h TOCONO 3F98h TMR5L 3F78h CCPR2L 3F58h CWG1ASO 3F38h NCO1ACCL 3F18h SMT1CPWL
3FF7h TBLPTRH 3FD7h  IVTBASEU 3FB7h TMROH 3F97h T6RST 3F77h  CCP3CAP 3F57h, CWG1CON1 3F37h — 3F17h, SMT1CPRU
3FF6h TBLPTRL 3FD6h  IVTBASEH 3FB6h TMROL 3F96h T6CLK 3F76h, CCP3CON 3F56h CWG1CONO | 3F36h — 3F16h SMT1CPRH
3FF5h TABLAT 3FD5h  IVTBASEL 3FB5Hh T1CLK 3F95h T6HLT 3F75h CCPR3H 3F55h CWG1DBF 3F35h — 3F15h SMT1CPRL
3FF4h PRODH 3FD4h| IVTLOCK 3FB4h T1GATE 3F94h T6CON 3F74h CCPR3L 3F54h  CWG1DBR 3F34h — 3F14h| SMT1TMRU
3FF3h PRODL 3FD3h| INTCON1 3FB3h T1GCON 3F93h T6PR 3F73h  CCP4CAP 3F53h CWG1ISM 3F33h — 3F13h SMT1TMRH
3FF2h — 3FD2h| INTCONO 3FB2h T1CON 3F92h T6TMR 3F72h  CCP4CON 3F52h CWG1CLK 3F32h — 3F12h, SMT1TMRL
3FF1h PCON1 3FD1h| — 3FB1h TMR1H 3F91hl ECANCON 3F71h CCPR4H 3F51h CWG2STR 3F31h — 3F11h SMT2WIN
3FFOh PCONO 3FDOh| — 3FBOh TMR1L 3F90h COMSTAT 3F70h CCPRA4L 3F50h CWG2AS1 3F30h — 3F10h SMT2SIG
3FEFh| INDFO 3FCFh — 3FAFh T2RST 3F8Fh| CANCON 3F6Fh — 3F4Fh| CWG2AS0 3F2Fh| — 3FOFh SMT2CLK
3FEEh| POSTINCO 3FCEh PORTE 3FAEh T2CLK 3F8Eh CANSTAT 3F6EH PWM5CON 3F4Eh CWG2CON1 | 3F2Eh — 3FOEh SMT2STAT
3FEDh| POSTDECO |3FCDh| — 3FADh T2HLT 3F8Dh| RXBOD7 3F6Dh PWMS5DCH 3F4Dh| CWG2CONO | 3F2Dh| — 3FODh| SMT2CON1
3FECh PRECINO 3FCCh| PORTC 3FACH T2CON 3F8Ch RXB0OD6 3F6Ch  PWM5DCL 3F4Ch  CWG2DBF 3F2Ch| — 3FOCh| SMT2CONO
3FEBh| PLUSWO 3FCBHh PORTB 3FABh T2PR 3F8Bh RXBOD5 3F6Bh — 3F4Bh CWG2DBR 3F2BHh — 3F0Bh, SMT2PRU
3FEAN FSROH 3FCAh PORTA 3FAAh T2TMR 3F8AR RXB0D4 3F6AH  PWM6CON 3F4Ah  CWG2ISM 3F2Ah — 3FO0Ah SMT2PRH
3FE9h FSROL 3FC9h| — 3FA9h T3CLK 3F89h RXB0D3 3F69h PWM6DCH 3F49h CWG2CLK 3F29h — 3FO09h SMT2PRL
3FES8h WREG 3FC8h| — 3FA8h T3GATE 3F88h RXB0D2 3F68H PWM6DCL 3F48h CWG3STR 3F28h — 3F08h| SMT2CPWU
3FE7h INDF1 3FC7h| — 3FA7h T3GCON 3F87h RXBOD1 3F67h — 3F47h CWGB3AS1 3F27h — 3F07h SMT2CPWH
3FE6h| POSTINC1 3FC6h| — 3FABh T3CON 3F86h RXB0ODO 3F66H PWM7CON 3F46h, CWG3AS0 3F26h — 3F06h| SMT2CPWL
3FE5h, POSTDEC1 3FC5h| — 3FA5h TMR3H 3F85h RXBODLC 3F65h PWM7DCH 3F45h CWG3CON1 3F25h — 3F05h, SMT2CPRU
3FE4h PRECIN1 3FC4h| TRISC 3FA4h TMR3L 3F84h RXBOEIDL 3F64h PWM7DCL 3F44h, CWG3CONO | 3F24h — 3F04h| SMT2CPRH
3FE3h PLUSW1 3FC3h| TRISB 3FA3h T4RST 3F83h RXBOEIDH 3F63h — 3F43h CWG3DBF 3F23h SMT1WIN 3F03h SMT2CPRL
3FE2h FSR1H 3FC2h| TRISA 3FA2h T4CLK 3F82h RXBOSIDL 3F62hH PWM8CON 3F42h CWG3DBR 3F22h SMT1SIG 3F02h SMT2TMRU
3FE1h FSR1L 3FC1h| — 3FA1h T4HLT 3F81h RXBOSIDH 3F61H PWM8DCH 3F41h CWG3ISM 3F21h SMT1CLK 3F01h SMT2TMRH
3FEOh BSR 3FCOh| — 3FAOh T4CON 3F80h RXBOCON 3F60h PWM8DCL 3F40h CWG3CLK 3F20h SMT1STAT 3F00h, SMT2TMRL
Legend: Unimplemented data memory locations and registers, read as ‘0’.
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TABLE 4-4:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 62

3EFFh| ADCLK 3EDFh ADLTHH 3EBFh CM1PCH 3E9Fh — 3E7Fh 3ES5Fh 3E3Fh 3E1Fh
3EFEh ADACT 3EDEN ADLTHL 3EBEh CM1NCH 3E9Eh DAC1CONO [ 3E7Eh 3ES5Eh| 3E3Eh| 3E1Eh|
3EFDh ADREF 3EDDh| — 3EBDh___ CM1CON1 3E9Dh - 3E7Dh 3ES5Dh 3E3Dh 3E1Dh|
3EFCh ADSTAT 3EDCh| — 3EBCh___ CM1CONO 3E9Ch__ DAC1CON1 3E7CHh 3E5CHh 3E3Ch 3E1Ch|
3EFBh ADCON3 3EDBH| _ 3EBBh CM2PCH 3E9Bh| _ 3E7Bh 3E5Bh| 3E3Bh| 3E1Bh|
3EFAR ADCON2 3EDANR — 3EBAh CM2NCH 3E9Ah| —- 3E7Ah 3E5Ah| 3E3Ah| 3E1AN
3EF9h ADCON1 3ED9h — 3EB9h__ CM2CON1 3E99h| —- 3E79h 3E59h| 3E39h| 3E19h
3EF8h ADCONO 3ED8h| — 3EB8h_ CM2CONO 3E98h| —- 3E78h 3E58h| 3E38h| 3E18h
3EF7h ADPREH 3ED7h ADCP 3EB7h — 3E97h| - 3E77h 3E57h| 3E37h| 3E17h
3EF6h ADPREL 3EDG6h — 3EB6h — 3E96h| - 3E76h 3E56h| 3E36h| 3E16h
3EF5h ADCAP 3ED5h — 3EB5h — 3E95h| - 3E75h 3E55h| 3E35h| 3E15h
3EF4h ADACQH 3ED4h _ 3EB4h _ 3E94h _ 3E74h 3E54h 3E34h| 3E14h
3EF3h ADACQL 3ED3h - 3EB3h - 3E93h - 3E73h 3E53h 3E33h| 3E13h
2EF2h - 3ED2h — 3EB2h — 3E92h| —- 3E72h 3E52h| 3E32h| 3E12h
3EF1h ADPCH 3ED1h — 3EB1h — 3E91h| —- 3E71h 3E51h| 3E31h| 3E11h
3EFOh ADRESH 3EDOh — 3EBON — 3E90h| - 3E70h 3E50h| 3E30h| 3E10h
3EEFh ADRESL 3ECFh — 3EAFh — 3E8Fh - 3E6Fh 3E4Fh 3E2Fh 3EOFHh
3EEEh __ ADPREVH 3ECEN — 3EAEh — 3E8Eh| - 3E6EN 3E4Eh| 3E2Eh| 3EOQEh|
3EEDh __ ADPREVL 3ECDh| _ 3EADH _ 3E8Dh _ 3E6Dh 3E4Dh 3E2Dh| 3EO0Dh|
3EECH ADRPT 3ECCh| — 3EACH — 3E8CHh —- 3E6CHh 3E4Ch 3E2Ch| 3EOCh|
3EEBh ADCNT 3ECBH — 3EABh — 3E8Bh| —- 3E6Bh 3E4Bh| 3E2Bh| 3EOBh|
3EEAh ADACCU 3ECAh__ HLVDCON1 |3EAAh — 3E8Ah| —- 3EBAN 3E4Ah| 3E2Ah| 3EOAh|
3EE9N ADACCH 3EC9h  HLVDCONO | 3EASh — 3E89h| — 3E69h 3E49h| 3E29h| 3E09h
3EES8h| ADACCL 3EC8h — 3EA8h — 3E88h| - 3E68h 3E48h| 3E28h| 3EO08h
3EET7h| ADFLTRH 3ECT7h — 3EA7h — 3E87h| - 3E67h 3E47h| 3E27h| 3E07h
3EE6h| ADFLTRL 3EC6h — 3EA6h — 3E86h| — 3E66h 3E46h| 3E26h| 3EO06h|
3EE5h _ ADSTPTH 3EC5h — 3EA5h — 3E85h| —- 3E65h 3E45h| 3E25h| 3EO05h|
3EE4h| ADSTPTL 3EC4h — 3EA4h — 3E84h| —- 3E64h 3E44h| 3E24h| 3E04h
3EE3h| ADERRH 3EC3h ZCDCON 3EA3h — 3E83h| —- 3E63h 3E43h| 3E23h| 3EO3h
3EE2h| ADERRL 3EC2h — 3EA2h — 3E82h| — 3E62h 3E42h| 3E22h| 3E02h
3EE1h| ADUTHH 3ECH1h FVRCON 3EA1h — 3E81h| - 3E61h 3E41h| 3E21h| 3EO1h
3EEOh| ADUTHL 3ECOh| CMOUT 3EAOQN| — 3E80h| - 3E60h 3E40h| 3E20h| 3EOQOh|
Legend: Unimplemented data memory locations and registers, read as ‘0.
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TABLE 4-5:

3DFFh — 3DDFh U2FIFO 3DBFh —
3DFEh| — 3DDEh  U2BRGH 3DBEN —
3DFDh| — 3DDDh  U2BRGL 3DBDh —
3DFCh| — 3DDCh  U2CON2 3DBCh —
3DFBh| — 3DDBH  U2CON1 3DBBHh —
3DFAh U1ERRIE 3DDAh  U2CONO 3DBAR —
3DF9h U1ERRIR 3DD9h U2P3H 3DB9h —
3DF8h  U1UIR 3DD8h U2P3L 3DB8h —
3DF7h| U1FIFO 3DD7h U2P2H 3DB7h —
3DF6h| U1BRGH 3DD6h U2P2L 3DB6h —
3DF5h U1BRGL 3DD5h U2P1H 3DB5h —
3DF4h| U1CON2 3DD4h U2P1L 3DB4h —
3DF3h| U1CON1 3DD3h U2TXCHK 3DB3h —
3DF2h| U1CONO 3DD2h U2TXB 3DB2h —
3DF1h|  U1P3H 3DD1h| U2RXCHK 3DB1h —
3DFOh  U1P3L 3DDO0h U2RXB 3DBOh —
3DEFh U1P2H 3DCFh — 3DAFh —
3DEEh  U1P2L 3DCENh| — 3DAER —
3DEDh| U1P1H 3DCDh| — 3DADh —
3DECh| U1P1L 3DCCHh — 3DACh —
3DEBh| U1TXCHK | 3DCBHh| — 3DABHh —
3DEAh U1TXB 3DCAh| — 3DAAR —
3DE9h U1RXCHK | 3DCO9h| — 3DA9h —
3DE8h U1RXB 3DC8h — 3DA8h —
3DE7h — 3DC7h — 3DAT7h —
3DEG6h| — 3DC6h — 3DAG6h —
3DES5h| — 3DC5h — 3DA5h —
3DE4h — 3DC4h — 3DA4h —
3DE3h| — 3DC3h — 3DA3h —
3DE2h| U2ERRIE 3DC2h — 3DA2h —
3DE1h| U2ERRIR 3DC1h — 3DA1h —
3DEOh  U2UIR 3DCOh — 3DAOh —
Legend: Unimplemented data memory locations and registers, read as ‘0’.

3D9Fh|

3D9Eh

3D9Dh|

3D9Ch|

3D9Bh

3D9Ah

3D99h

3D98h

3D97h

3D96h

3D95h

3D94h

3D93h

3D92h

3D91h

3D90h

3D8Fh|

3D8Eh

3D8Dh|

3D8Ch

3D8Bh

3D8Ah

3D89h

3D88h

3D87h

3D86h

3D85h

3D84h

3D83h

3D82h

3D81h

3D80h

3D7Fh| =
3D7Eh —
3D7Dh =
3D7Ch|  12C1BTO
3D7Bh  12C1CLK
3D7AR 12C1PIE
3D79h 12C1PIR
3D78h 12C1STAT1
3D77h  12C1STATO
3D76h  12C1ERR
3D75h 12C1CON2
3D74h 12C1CON1
3D73h 12C1CONO
3D72h 12C1ADR3
3D71h  12C1ADR2
3D70h I2C1ADRH1
3D6Fh  12C1ADRO
3D6Eh  12C1ADB1
3D6Dh  12C1ADBO
3D6Ch  12C1CNT
3D6Bh  12C1TXB
3D6Ah  I2C1RXB
3D69h —
3D68h =
3D67h —
3D66h  12C2BTO
3D65h  12C2CLK
3D64h 12C2PIE
3D63h 12C2PIR
3D62h 12C2STAT1
3D61h  12C2STATO
3D60h  12C2ERR

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 61

3D5Fh  12C2CON2 3D3Fh| 3D1Fh =
3D5ER  12C2CON1 3D3Eh 3D1Eh —
3D5Dh  12C2CONO 3D3Dh 3D1Dh =
3D5Ch  12C2ADR3 3D3Ch 3D1Ch SPI1CLK
3D5Bh  12C2ADR2 3D3Bh 3D1Bh  SPHMINTE
3D5Ah  12C2ADR1 3D3Ah 3D1Ah  SPHINTF
3D59h  12C2ADRO 3D39h 3D19h  SPI1BAUD
3D58h  12C2ADB1 3D38h 3D18h SPIMTWIDTH
3D57h  12C2ADBO 3D37h 3D17h SPISTATUS
3D56h 12C2CNT 3D36h 3D16h  SPI1CON2
3D55h 12C2TXB 3D35h 3D15h  SPI1CON1
3D54h I12C2RXB 3D34h 3D14h  SPI1CONO
3D53h — 3D33h 3D13h SPIMTCNTH
3D52h = 3D32h 3D12h  SPIMTCNTL
3D51h — 3D31h 3D11h SPI1TXB
3D50h = 3D30h 3D10N SPI1RXB
3DA4Fh| — 3D2Fh| 3DOFh —
3DA4Eh = 3D2Eh 3DOEh =
3D4Dh — 3D2Dh 3D0Dh —
3D4Ch| = 3D2Ch| 3DOCHh =
3D4Bh — 3D2Bh 3D0BHh —
3D4AR = 3D2Ah 3D0Ah =
3D49h — 3D29h 3D09h —
3D48h = 3D28h 3D08h =
3D47h — 3D27h 3D07h —
3D46h = 3D26h 3D06h =
3D45h — 3D25h 3D05h —
3D44h = 3D24h 3D04h =
3D43h — 3D23h 3D03h —
3D42h = 3D22h 3D02h =
3D41h — 3D21h 3D01h —
3D40h = 3D20h 3D00N =
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TABLE 4-6:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 60

3CFFh — 3CDFh| 3CBFh 3C9Fh| 3C7Fh — 3C5Fh CLCA4GLS3 3C3Fh| 3C1Fh|
3CFEh| MD1CARH 3CDEnh| 3CBEN 3C9Eh 3C7EN CLCDATAO0 3C5EH  CLC4GLS2 3C3EN| 3C1Eh|
3CFDh  MD1CARL 3CDDNh| 3CBDh 3C9Dh 3C7Dh CLC1GLS3 3C5Dh  CLCA4GLS1 3C3Dh| 3C1Dh
3CFCh MD1SRC 3CDCHh| 3CBCh 3C9Ch 3C7Ch| CLC1GLS2 3C5Ch| CLC4GLS0 3C3Ch| 3C1Ch
3CFBh| MD1CON1 3CDBh| 3CBBHh 3C9Bh 3C7Bh CLC1GLS1 3C5Bh  CLC4SEL3 3C3Bh| 3C1Bh|
3CFAh,  MD1CONO 3CDAN| 3CBAN 3C9Ah 3C7Ah  CLC1GLSO 3C5Ah  CLC4SEL2 3C3Ah| 3C1Ah
3CF9h| — 3CD9%h 3CB9h 3C99h 3C79h CLC1SEL3 3C59h  CLC4SEL1 3C39h 3C19h
3CF8h| — 3CD8h 3CB8h 3C98h 3C78h CLC1SEL2 3C58h CLC4SELO 3C38h 3C18h
3CF7h — 3CD7h 3CB7h 3C97h 3C77h  CLC1SEL1 3C57h CLC4POL 3C37h 3C17h
3CF6h| — 3CD6h 3CB6h 3C96h 3C76h  CLC1SELO 3C56hf CLC4CON 3C36h 3C16h
3CF5h| — 3CD5h 3CB5h 3C95h 3C75h CLC1POL 3C55h — 3C35h 3C15h
3CF4h| — 3CD4h 3CB4h 3C94h 3C74h  CLC1CON 3C54h — 3C34h 3C14h
3CF3h| — 3CD3h 3CB3h 3C93h 3C73h CLC2GLS3 3C53h — 3C33h 3C13h
3CF2h — 3CD2h 3CB2h 3C92h 3C72h  CLC2GLS2 3C52h — 3C32h 3C12h
3CF1h| — 3CD1h 3CB1h 3C91h 3C71h  CLC2GLS1 3C51h — 3C31h 3C11h
3CFOh| — 3CDOh 3CBOh 3C90h 3C70h CLC2GLSO0 3C50h — 3C30h 3C10h
3CEFh — 3CCFh| 3CAFh 3C8Fh| 3C6Fh  CLC2SEL3 3CA4Fh| — 3C2Fh| 3COFh|
3CEEN — 3CCEnh| 3CAEN 3C8Eh 3C6Eh  CLC2SEL2 3CA4Eh — 3C2Eh| 3COEh|
3CEDh — 3CCDh| 3CADh 3C8Dh 3C6Dh  CLC2SEL1 3C4Dh — 3C2Dh| 3C0Dh
3CECh — 3CCCh| 3CACh 3C8Ch 3C6Ch  CLC2SELO 3C4Ch — 3C2Ch| 3C0Ch
3CEBH| — 3CCBh| 3CABHh 3C8Bh 3C6BHh CLC2POL 3C4Bh — 3C2Bh| 3COBh|
3CEAR — 3CCAh| 3CAAN 3C8Ah 3C6Ah  CLC2CON 3C4AR — 3C2Ah 3COAh|
3CE9h — 3CC9h 3CA9h 3C89h 3C69h CLC3GLS3 3C49h — 3C29h 3C09h
3CES8h| — 3CC8h 3CA8h 3C88h 3C68h CLC3GLS2 3C48h — 3C28h 3C08h
3CE7h — 3CC7h 3CAT7h 3C87h 3C67hH CLC3GLS1 3C47h — 3C27h 3CO07h
3CE6h| CLKRCLK 3CC6h 3CAG6h 3C86h 3C66h CLC3GLSO0 3C46h — 3C26h 3CO06h
3CE5h CLKRCON 3CC5h 3CA5h 3C85h 3C65h CLC3SEL3 3C45h — 3C25h 3CO05h
3CE4h — 3CC4h 3CA4h 3C84h 3C64h  CLC3SEL2 3C44h — 3C24h 3C04h
3CE3h| — 3CC3h 3CA3h 3C83h 3C63h CLC3SEL1 3C43h — 3C23h 3CO03h
3CE2h| — 3CC2h 3CA2h 3C82h 3C62h  CLC3SELO 3C42h — 3C22h 3C02h
3CE1h| — 3CC1h 3CA1h 3C81h 3C61h CLC3POL 3C41h — 3C21h 3CO01h
3CEOh| — 3CCOh 3CAOh 3C80h 3C60h  CLC3CON 3C40h — 3C20h 3CO00h
Legend: Unimplemented data memory locations and registers, read as ‘0’.
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TABLE 4-7:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 59

3BFFh| DMA1SIRQ |3BDFh| DMA2SIRQ 3BBFh 3B9Fh| 3B7Fh 3B5Fh| 3B3Fh 3B1Fh
3BFEh DMA1AIRQ |3BDEh, DMA2AIRQ |3BBEN 3B9Eh 3B7Eh 3B5Eh 3B3Eh| 3B1Eh|
3BFDh| DMA1CON1 |3BDDh| DMA2CON1 |3BBDHh 3B9Dh 3B7Dh 3B5Dh 3B3Dh| 3B1Dh|
3BFCh| DMA1CONO |3BDCh| DMA2CONO |3BBCH 3B9Ch 3B7Ch 3B5Ch 3B3Ch| 3B1Ch|
3BFBh, DMA1SSAU |3BDBh| DMA2SSAU |3BBBHh 3B9Bh| 3B7Bh 3B5Bh| 3B3Bh| 3B1Bh|
3BFAh| DMA1SSAH |3BDAh| DMA2SSAH |3BBAh 3B9AhN| 3B7Ah 3B5AhN| 3B3Ah| 3B1AhN|
3BF9h, DMA1SSAL |3BD9h DMA2SSAL |3BB9h 3B99h| 3B79h 3B59h| 3B39h| 3B19h
3BF8h, DMA1SSZH |3BD8h| DMA2SSZH |3BB8h 3B98h| 3B78h 3B58h| 3B38h| 3B18h
3BF7h, DMA1SSZL |3BD7h DMA2SSZL 3BB7h 3B97h| 3B77h 3B57h| 3B37h| 3B17h
3BF6h, DMA1SPTRU |3BD6h| DMA2SPTRU |3BB6Hh 3B96h| 3B76h 3B56h| 3B36h| 3B16h
3BF5h, DMA1SPTRH |3BD5h DMA2SPTRH |3BB5Hh 3B95h| 3B75h 3B55h| 3B35h| 3B15h
3BF4h DMA1SPTRL |3BD4h| DMA2SPTRL |3BB4h 3B94h| 3B74h 3B54h| 3B34h| 3B14h
3BF3h, DMA1SCNTH |3BD3h DMA2SCNTH |3BB3h 3B93h| 3B73h 3B53h| 3B33h| 3B13h
3BF2h, DMA1SCNTL |3BD2h| DMA2SCNTL |3BB2h 3B92h| 3B72h 3B52h| 3B32h| 3B12h
3BF1h, DMA1DSAH |3BD1h, DMA2DSAH |3BB1h 3B91h| 3B71h 3B51h| 3B31h| 3B11h|
3BFOh, DMA1DSAL |3BDOh| DMA2DSAL |3BBOh 3B90h| 3B70h 3B50h| 3B30h| 3B10h
3BEFh, DMA1DSZH |3BCFhl DMA2DSZH |3BAFHh 3B8Fh 3B6FHh 3B4Fh 3B2Fh 3BOFh
3BEEh| DMA1DSZL |3BCEh| DMA2DSZL |3BAEh 3B8Eh| 3B6Eh 3B4Eh| 3B2Eh| 3BOEh|
3BEDh DMA1DPTRH (3BCDh DMA2DPTRH [3BADh 3B8Dh 3B6Dh 3B4Dh 3B2Dh| 3BODh|
3BECh DMA1DPTRL (3BCCh| DMA2DPTRL ([3BACh 3B8Ch 3B6CHh 3B4Ch 3B2Ch| 3BOCh|
3BEBh| DMA1DCNTH |3BCBh| DMA2DCNTH |3BABh 3B8Bh| 3B6Bh 3B4Bh| 3B2Bh| 3BOBh|
3BEAh| DMA1DCNTL |3BCAh| DMA2DCNTL |3BAAh 3B8Ah| 3B6ANh 3B4Ah| 3B2Ah| 3BOAh|
3BE9h DMA1BUF 3BC9h DMA2BUF 3BA9h 3B89h| 3B69h 3B49h| 3B29h| 3B09h
3BES8h| — 3BC8h| — 3BA8h 3B88h| 3B68h 3B48h| 3B28h| 3B08h|
3BE7h| — 3BC7h — 3BA7h 3B87h| 3B67h 3B47h| 3B27h| 3BO07h
3BE6h| — 3BC6h| — 3BAGh 3B86h| 3B66h 3B46h| 3B26h| 3B06h|
3BE5h| — 3BC5h| — 3BA5h 3B85h| 3B65h 3B45h| 3B25h| 3B05h|
3BE4h| — 3BC4h — 3BA4h 3B84h| 3B64h 3B44h| 3B24h| 3B04h
3BE3h| — 3BC3h| — 3BA3h 3B83h| 3B63h 3B43h| 3B23h| 3B03h|
3BE2h| — 3BC2h — 3BA2h 3B82h| 3B62h 3B42h| 3B22h| 3B02h
3BE1h| — 3BC1h — 3BA1h 3B81h| 3B61h 3B41h| 3B21h| 3BO1h
3BEOh| — 3BCOh — 3BAOh 3B80h| 3B60h 3B40h| 3B20h| 3B00h|
Legend: Unimplemented data memory locations and registers, read as ‘0’.
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TABLE 4-8:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 58

3AFFh — 3ADFh ADACTPPS |[3ABFh PPSLOCK 3A9FH — 3AT7Fh — 3A5Fh — 3A3Fh 3A1Fh —
3AFEh — 3ADEh CLCIN3PPS |3ABE — 3A9Eh| — 3A7Eh — 3A5Eh — 3A3Eh| 3A1Eh| —
3AFDh — 3ADDh| CLCIN2PPS |3ABDNh| — 3A9Dh — 3A7Dh — 3A5Dh — 3A3Dh 3A1Dh —
3AFCh — 3ADCh| CLCIN1PPS |3ABCHh| — 3A9CHh — 3A7CHh — 3A5CHh — 3A3Ch 3A1Ch —
3AFBh — 3ADBh CLCINOPPS |3ABBH — 3A9Bh| — 3A7Bh — 3A5Bh RB212C 3A3Bh| 3A1Bh| —
3AFAh| — 3ADAh MD1SRCPPS |3ABAR — 3A9AN — 3A7Ah — 3A5AN RB112C 3A3Ah| 3A1AN —
3AF9h — 3AD9h MD1CARHPPS | 3AB9h — 3A99h| — 3A79h — 3A59h| — 3A39h| 3A19h —
3AF8h — 3AD8h MD1CARLPPS | 3ABS8h — 3A98h| — 3A78h — 3A58h| — 3A38h| 3A18h —
3AF7h — 3AD7h CWG3INPPS | 3ABT7h — 3A97h| — 3A77h — 3A57h| IOCBF 3A37h| 3A17h RC7PPS
3AF6h — 3AD6h CWG2INPPS | 3ABG6Hh — 3A96h| — 3A76h — 3A56h| I0CBN 3A36h| 3A16h RC6PPS
3AF5h — 3AD5h CWG1INPPS | 3AB5h — 3A95h| — 3A75h — 3A55h| I0CBP 3A35h| 3A15h RC5PPS
3AF4h — 3AD4h| SMT2SIGPPS | 3AB4h — 3A94h| — 3A74h — 3A54h| INLVLB 3A34h| 3A14h RC4PPS
3AF3h — 3AD3h SMT2WINPPS | 3AB3h — 3A93h| — 3A73h — 3A53h SLRCONB 3A33h| 3A13h RC3PPS
3AF2h — 3AD2h SMT1SIGPPS |3AB2h — 3A92h| — 3A72h — 3A52h| ODCONB 3A32h| 3A12h RC2PPS
3AF1h — 3AD1h SMT1WINPPS |3AB1h — 3A91h| — 3A71h — 3A51h| WPUB 3A31h| 3A11h| RC1PPS
3AFOh — 3ADOh CCP4PPS 3ABOh| — 3A90h| — 3A70h — 3A50h| ANSELB 3A30h| 3A10h RCOPPS
3AEFh — 3ACFh CCP3PPS 3AAFh — 3A8Fh — 3A6Fh — 3A4Fh — 3A2Fh 3A0Fh RB7PPS
3AEEh — 3ACEN| CCP2PPS 3AAEh — 3A8Eh| — 3ABEh — 3A4Eh — 3A2Eh| 3A0QEh| RB6PPS
3AEDh CANRXPPS [3ACDHh CCP1PPS 3AADN| — 3A8Dh — 3A6Dh — 3A4Dh — 3A2DHh 3A0Dh| RB5PPS
3AECH — 3ACCh| T6INPPS 3AACH — 3A8Ch — 3A6CHh — 3A4Ch — 3A2Ch 3A0Ch| RB4PPS
3AEBh| U2CTSPPS |3ACBh| T4INPPS 3AABh — 3A8Bh| — 3A6Bh RC412C 3A4Bh — 3A2Bh| 3A0Bh| RB3PPS
3AEAh U2RXPPS 3ACAh T2INPPS 3AAAh — 3A8Ah| — 3ABANh RC3I12C 3A4ANh — 3A2Ah| 3A0Ah| RB2PPS
3AE9N — 3AC9h T5GPPS 3AA9N — 3A89h| — 3A69h — 3A49h| — 3A29h| 3A09h RB1PPS
3AE8h U1CTSPPS |3AC8h|  T5CKIPPS 3AA8h| — 3A88h| — 3A68h — 3A48h| — 3A28h| 3A08h RBOPPS
3AET7h U1RXPPS 3ACT7h T3GPPS 3AATh — 3A87h| IOCEF 3A67h I0CCF 3A47h| IOCAF 3A27h| 3A07h RA7PPS
3AE6h| 12C2SDAPPS |3AC6h|  T3CKIPPS 3AAGh| — 3A86h| I0CEN 3A66h IOCCN 3A46h| I0CAN 3A26h| 3A06h RABPPS
3AE5h| 12C2SCLPPS |3AC5h| T1GPPS 3AA5h| — 3A85h| IOCEP 3A65h I0CCP 3A45h| IOCAP 3A25h| 3A05h RA5PPS
3AE4h| 12C1SDAPPS |3AC4h| T1CKIPPS 3AA4h — 3A84h| INLVLE 3A64h INLVLC 3A44h| INLVLA 3A24h| 3A04h RA4PPS
3AE3h| 12C1SCLPPS |3AC3h| TOCKIPPS 3AA3N — 3A83h| — 3A63h  SLRCONC 3A43h SLRCONA 3A23h| 3A03h RA3PPS
3AE2h| SPI1SSPPS |3AC2h| INT2PPS 3AA2h — 3A82h| — 3A62h ODCONC 3A42h| ODCONA 3A22h| 3A02h RA2PPS
3AE1h| SPI1SDIPPS |3AC1h| INT1PPS 3AA1h — 3A81h| WPUE 3A61h WPUC 3A41h| WPUA 3A21h| 3A01h RA1PPS
3AEOh SPI1SCKPPS |3ACOh| INTOPPS 3AAO| — 3A80h| — 3A60h ANSELC 3A40h| ANSELA 3A20h| 3A00h RAOPPS
Legend: Unimplemented data memory locations and registers, read as ‘0’.
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TABLE 4-9:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 57

39FFh — 39DFh OSCFRQ 39BFhi — 399Fh| — 397Fh — 395Fh| WDTU 393Fh| 391Fh
39FERh| — 39DEh OSCTUNE 39BEh| — 399Eh| — 397Eh — 395Eh| WDTH 393Eh| 391Eh
39FDh| — 39DDh OSCEN 39BDh| — 399Dh — 397Dh  SCANTRIG 395Dh WDTL 393Dh 391Dh
39FCh| — 39DCh OSCSTAT 39BCh| — 399Ch — 397ChH SCANCONO |395Ch  WDTCON1 393Ch 391Ch
39FBh — 39DBh| OSCCON3 39BBh| — 399Bh| — 397Bhl SCANHADRU | 395Bh WDTCONO 393Bh| 391Bh
39FAh — 39DAh  OSCCON2 39BAh — 399Ah| — 397Ah  SCANHADRH | 395Ah — 393Ah| 391Ah
39F9h — 39D9h  OSCCON1 39B%h — 3999h| PIE9 3979h SCANHADRL | 3959h — 3939h| 3919h
39F8h — 39D8h CPUDOZE 39B8h — 3998h| PIE8 3978n SCANLADRU | 3958h — 3938h| 3918h
39F7h SCANPR 39D7h — 39B7h — 3997h| PIE7 3977h  SCANLADRH | 3957h — 3937h| 3917h
39F6h — 39D6h — 39B6h — 3996h| PIE6 3976h SCANLADRL | 3956h — 3936h| 3916h
39F5h — 39D5h — 39B5h — 3995h| PIE5 3975h — 3955h| — 3935h| 3915h
39F4h DMA2PR 39D4h — 39B4h — 3994h| PIE4 3974h — 3954h| — 3934h| 3914h
39F3h DMA1PR 39D3h — 39B3h — 3993h| PIE3 3973h — 3953h| — 3933h| 3913h
39F2h MAINPR 39D2h — 39B2h — 3992h| PIE2 3972h — 3952h| — 3932h| 3912h
39F1h ISRPR 39D1h VREGCON™ | 39B1h — 3991h| PIE1 3971h — 3951h| — 3931h| 3911h|
39F0h — 39D0h BORCON 39B0h — 3990h| PIEO 3970h — 3950h| — 3930h| 3910h
39EFh PRLOCK 39CFh| — 39AFh — 398Fh — 396Fh — 394Fh — 392Fh 390Fh
39EEh| — 39CEh| — 39AEh| — 398Eh| — 396Eh — 394Eh| — 392Eh| 390Eh|
39EDHh — 39CDh — 39ADh| — 398DHh — 396Dh — 394Dh — 392Dh 390Dh
39ECH — 39CCh — 39ACh| — 398Ch — 396Ch — 394Ch — 392Ch 390Ch|
39EBh| — 39CBh| — 39ABh| — 398Bh| — 396Bh — 394Bh| — 392Bh| 390Bh|
39EAh| — 39CAh — 39AAN — 398Ah| — 396Ah — 394Ah| — 392Ah| 390Ah
39E9h — 39C9h — 39A%h PIR9 3989h| IPR9 3969h CRCCON1 3949h| — 3929h| 3909h
39E8h| — 39C8h — 39A8h PIR8 3988h| IPR8 3968n CRCCONO 3948h| — 3928h| 3908h
39E7h — 39C7h PMD7 39A7h PIR7 3987h| IPR7 3967h CRCXORH 3947h| — 3927h| 3907h
39E6h| NVMCON2 39C6h PMD6 39A6h PIR6 3986h| IPR6 3966h CRCXORL 3946h| — 3926h| 3906h
39E5h|  NVMCON1 39C5h PMD5 39A5h PIR5 3985h| IPR5 3965h CRCSHIFTH 3945h| — 3925h| 3905h
39E4h — 39C4h PMD4 39A4h PIR4 3984h| IPR4 3964h CRCSHIFTL 3944h| — 3924h| 3904h
39E3h| NVMDAT 39C3h PMD3 39A3h PIR3 3983h| IPR3 3963h CRCACCH 3943h| — 3923h| 3903h
39E2h — 39C2h PMD2 39A2h PIR2 3982h| IPR2 3962h CRCACCL 3942h| — 3922h| 3902h
39E1h — 39C1h PMD1 39A1h PIR1 3981h| IPR1 3961h CRCDATH 3941h| — 3921h| 3901h
39EOh NVMADRL 39CO0h PMDO 39A0h PIRO 3980h| IPRO 3960h CRCDATL 3940h| — 3920h| 3900h
Legend: Unimplemented data memory locations and registers, read as ‘0’.
Note 1: Unimplemented in LF devices.
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TABLE 4-10:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 56

38FFh — 38DFh| 38BFh 389Fh IVTADU 387Fh 385Fh 383Fh 381Fh
38FEh — 38DEh| 38BEh| 389Eh| IVTADH 387Eh 385Eh| 383Eh| 381Eh
38FDh| — 38DDh 38BDh| 389Dh IVTADL 387Dh 385Dh 383Dh 381Dh
38FCh| — 38DCh 38BCh| 389CHh — 387Ch 385Ch| 383Ch 381Ch
38FBHh| — 38DBHh| 38BBh| 389Bh| — 387Bh 385Bh| 383Bh| 381Bh|
38FAh — 38DAN| 38BAh| 389Ah| — 387Ah 385Ah| 383Ah| 381Ah
38F9h — 38D9h 38B%h 3899h| — 3879h 3859h| 3839h| 3819h
38F8h — 38D8h 38B8h 3898h| — 3878h 3858h| 3838h| 3818h
38F7h — 38D7h 38B7h 3897h| — 3877h 3857h| 3837h| 3817h
38F6h — 38D6h 38B6h 3896h| — 3876h 3856h| 3836h| 3816h
38F5h — 38D5h 38B5h 3895h| — 3875h 3855h| 3835h| 3815h
38F4h — 38D4h 38B4h 3894h| — 3874h 3854h| 3834h| 3814h
38F3h — 38D3h 38B3h 3893h| — 3873h 3853h| 3833h| 3813h
38F2h — 38D2h 38B2h 3892h| — 3872h 3852h| 3832h| 3812h
38F1h — 38D1h 38B1h 3891h| — 3871h 3851h| 3831h| 3811h|
38FO0h — 38DO0h 38B0h 3890h PRODH_SHAD | 3870h 3850h| 3830h| 3810h
38EFHh — 38CFh| 38AFh 388Fh| PRODL_SHAD | 386Fh 384Fh 382Fh 380FHh
38EENh| — 38CEh| 38AEh| 388Eh| FSR2H_SHAD | 386Eh 384Eh| 382Eh| 380Eh|
38EDHh — 38CDh 38ADh| 388DH FSR2L_SHAD | 386Dh 384Dh 382Dh 380Dh|
38ECH — 38CCh 38ACh| 388CH FSR1H_SHAD | 386CHh 384Ch 382Ch 380Ch|
38EBh| — 38CBh| 38ABh| 388Bh| FSR1L_SHAD | 386Bh 384Bh| 382Bh| 380Bh|
38EAh| — 38CAh| 38AAN| 388Ah FSROH_SHAD | 386Ah 384Ah| 382Ah| 380Ah
38E9h — 38C9h 38A%h 3889h FSROL_SHAD | 3869h 3849h| 3829h| 3809h
38E8h| — 38C8h 38A8h 3888h PCLATU_SHAD | 3868h 3848h| 3828h| 3808h
38E7h — 38C7h 38A7h 3887h| PCLATH_SHAD | 3867h 3847h| 3827h| 3807h
38E6h| — 38C6h 38A6h 3886h| BSR_SHAD 3866h 3846h| 3826h| 3806h
38E5h| — 38C5h 38A5h 3885n WREG_SHAD | 3865h 3845h| 3825h| 3805h
38E4h — 38C4h 38A4h 3884h| STATUS_SHAD | 3864h 3844h| 3824h| 3804h
38E3h| — 38C3h 38A3h 3883h SHADCON 3863h 3843h| 3823h| 3803h
38E2h — 38C2h 38A2h 3882h| BSR_CSHAD | 3862h 3842h| 3822h| 3802h
38E1h — 38C1h 38A1h 3881h| WREG_CSHAD | 3861h 3841h| 3821h| 3801h
38E0h| — 38C0h 38A0h 3880h| STATUS_CSHAD | 3860h 3840h| 3820h| 3800h
Legend: Unimplemented data memory locations and registers, read as ‘0’.
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TABLE 4-11:

SPECIAL FUNCTION REGISTER MAP FOR PIC18(L)F25/26K83 DEVICES BANK 55

37FFh| CANCON_ROO |37DFh| CANCON_RO2 |37BFhj RXM1EIDL 379Fhl CANCON_RO4 | 377Fh CANCON_RO6 | 375Fhf CANCON_RO8 | 373FHh TXBIE 371Fh  RXF11EIDL
37FEh| CANSTAT_ROO |37DEh CANSTAT_RO2 |37BEh RXM1EIDH 379Eh| CANSTAT_RO4 | 377Eh| CANSTAT_RO6 | 375Eh CANSTAT_RO8 | 373Eh| BIEO 371Eh| RXF11EIDH
37FDh| RXB1D7 37DDh TXB1D7 37BDh| RXM1SIDL 379Dh B5D7 377Dh B3D7 375Dh B1D7 373Dh BSELO 371Dh  RXF11SIDL
37FCh| RXB1D6 37DCh TXB1D6 37BCh RXM1SIDH 379Ch B5D6 377Ch B3D6 375Ch| B1D6 373Ch MSEL3 371Ch| RXF11SIDH
37FBHh RXB1D5 37DBh| TXB1D5 37BBh| RXMOEIDL 379Bh| B5D5 377Bh B3D5 375Bh| B1D5 373Bh MSEL2 371Bh| RXF10EIDL
37FAh RXB1D4 37DAh TXB1D4 37BAh|  RXMOEIDH 379Ah| B5D4 377Ah B3D4 375Ah| B1D4 373Ah| MSEL1 371Ah  RXF10EIDH
37F9h RXB1D3 37D9h TXB1D3 37B9h  RXMOSIDL 3799h| B5D3 3779h B3D3 3759h| B1D3 373%h MSELO 3719h RXF10SIDL
37F8h RXB1D2 37D8h TXB1D2 37B8h  RXMOSIDH 3798h| B5D2 3778h B3D2 3758h| B1D2 3738h RXFBCON7 3718h RXF10SIDH
37F7h RXB1D1 37D7h TXB1D1 37B7h  RXF5EIDL 3797h| B5D1 3777h B3D1 3757h| B1D1 3737h| RXFBCON6 3717h  RXF9EIDL
37F6h RXB1D0 37D6h TXB1D0 37B6h  RXF5EIDH 3796h| B5D0 3776h B3D0 3756h| B1D0O 3736h RXFBCON5 3716h  RXF9EIDH
37F5h RXB1DLC 37D5h TXB1DLC 37B5h  RXF5SIDL 3795h| B5DLC 3775h B3DLC 3755h| B1DLC 3735h RXFBCON4 3715h  RXF9SIDL
37F4h  RXB1EIDL 37D4h|  TXB1EIDL 37B4h  RXF5SIDH 3794h| B5EIDL 3774h B3EIDL 3754h| B1EIDL 3734h|  RXFBCON3 3714h  RXF9SIDH
37F3h  RXB1EIDH 37D3h  TXB1EIDH 37B3h  RXF4EIDL 3793h| B5EIDH 3773h B3EIDH 3753h| B1EIDH 3733h| RXFBCON2 3713h  RXF8EIDL
37F2h  RXB1SIDL 37D2h  TXB1SIDL 37B2h  RXF4EIDH 3792h| B5SIDL 3772h B3SIDL 3752h| B1SIDL 3732h| RXFBCON1 3712h  RXF8EIDH
37F1h  RXB1SIDH 37D1h  TXB1SIDH 37B1h  RXF4SIDL 3791h| B5SIDH 3771h B3SIDH 3751h| B1SIDH 3731h| RXFBCONO 3711h|  RXF8SIDL
37FOh  RXB1CON 37D0Oh  TXB1CON 37B0Oh  RXF4SIDH 3790h| B5CON 3770h B3CON 3750h| B1CON 3730h SDFLC 3710h  RXF8SIDH
37EFh| CANCON_RO1 |37CFh CANCON_RO3 | 37AFh  RXF3EIDL 378Fhl CANCON_RO5 | 376Fh CANCON_RO7 | 374Fhl CANCON_RO9 | 372Fh RXF15EIDL 370Fh  RXF7EIDL
37EEh| CANSTAT_RO1 |37CEh| CANSTAT_RO3 |37AEh| RXF3EIDH 378Eh| CANSTAT_ROS5 | 376Eh| CANSTAT_RO7 | 374Eh| CANSTAT_RO9 | 372Eh| RXF15EIDH 370Eh|  RXF7EIDH
37EDHh TXBOD7 37CDh TXB2D7 37ADh|  RXF3SIDL 378Dh B4D7 376Dh B2D7 374Dh BOD7 372Dh| RXF15SIDL 370Dh| RXF7SIDL
37ECH TXB0OD6 37CCh TXB2D6 37ACh| RXF3SIDH 378Ch B4D6 376Ch B2D6 374Ch BOD6 372Ch| RXF15SIDH 370Ch| RXF7SIDH
37EBh| TXBOD5 37CBh| TXB2D5 37ABh  RXF2EIDL 378Bh| B4D5 376Bh B2D5 374Bh| BOD5 372Bh| RXF14EIDL 370Bh| RXFBEIDL
37EAN TXB0OD4 37CAh TXB2D4 37AAh  RXF2EIDH 378Ah| B4D4 376Ah B2D4 374Ah| BOD4 372Ah  RXF14EIDH 370Ah  RXF6EIDH
37E9h TXB0OD3 37C9h TXB2D3 37A9h  RXF2SIDL 3789h| B4D3 3769h B2D3 3749h| BOD3 3729h RXF14SIDL 3709h  RXF6SIDL
37E8h TXB0OD2 37C8h TXB2D2 37A8h  RXF2SIDH 3788h| B4D2 3768h B2D2 3748h| BOD2 3728h RXF14SIDH 3708h  RXF6SIDH
37E7h TXBOD1 37C7h TXB2D1 37A7h  RXF1EIDL 3787h| B4D1 3767h B2D1 3747h| BOD1 3727h| RXF13EIDL 3707h| RXFCON1
37E6h TXBODO 37C6h TXB2D0 37A6h  RXF1EIDH 3786h| B4D0O 3766h B2D0 3746h| BODO 3726h RXF13EIDH 3706h  RXFCONO
37E5h TXBODLC 37C5h TXB2DLC 37A5h  RXF1SIDL 3785h| B4DLC 3765h B2DLC 3745h| BODLC 3725h RXF13SIDL 3705h BRGCONS3
37E4h|  TXBOEIDL 37C4h|  TXB2EIDL 37A4h  RXF1SIDH 3784h| B4EIDL 3764h B2EIDL 3744h| BOEIDL 3724h RXF13SIDH 3704h  BRGCON2
37E3h TXBOEIDH 37C3h  TXB2EIDH 37A3h  RXFOEIDL 3783h| B4EIDH 3763h B2EIDH 3743h| BOEIDH 3723h| RXF12EIDL 3703h BRGCON!1
37E2h|  TXBOSIDL 37C2h|  TXB2SIDL 37A2h|  RXFOEIDH 3782h| B4SIDL 3762h B2SIDL 3742h| BOSIDL 3722h| RXF12EIDH 3702h  TXERRCNT
37E1h|  TXBOSIDH 37C1h|  TXB2SIDH 37A1h  RXFOSIDL 3781h| B4SIDH 3761h B2SIDH 3741h| BOSIDH 3721h| RXF12SIDL 3701h RXERRCNT
37EOh  TXBOCON 37C0h  TXB2CON 37A0h  RXFOSIDH 3780h| B4CON 3760h B2CON 3740h| BOCON 3720h RXF12SIDH 3700h CIOCON

Legend: Unimplemented data memory locations and registers, read as ‘0’.

egM9z/sz4(1)8Lold
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455 STATUS REGISTER

The STATUS register, shown in Register 4-2, 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
instruction 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 performed. 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 (‘Ouuu uluu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF,
MOWWF and MOVFFL 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
42.2 “Extended Instruction Set” and Table 42-3.

Note: The C and DC bits operate as the borrow
and digit borrow bits, respectively, in
subtraction.

4.5.6 CALL SHADOW REGISTER

When CALL, CALLW RCALL instructions are used, the
WREG, BSR and STATUS are automatically saved in
hardware and can be accessed using the WREG_C-
SHAD, BSR_CSHAD and STATUS_CSHAD registers.
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4.6 Register Definitions: Status Registers
REGISTER 4-2: STATUS: STATUS REGISTER

U-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 CLRWDT 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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4.7 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 4.8 “Data Memory
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 detail in Section 4.8.1 “Indexed
Addressing with Literal Offset”.

4.71 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any
argument at all; they either perform an operation that
globally affects the device or they operate implicitly on
one register. This addressing mode is known as
Inherent Addressing. Examples 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 GOTQO, which include a 20-bit
program memory address.

© 2017 Microchip Technology Inc.
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4.7.2 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 4.5.2 “General
Purpose Register File”) or a location in the Access
Bank (Section 4.5.4 “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 4.5.1 “Bank Select Register (BSR)”) are
used with the address to determine the complete 14-bit
address of the register. When ‘@’ is ‘0’, the address is
interpreted as being a register in the Access Bank.
Addressing that uses the Access RAM is sometimes
also known as Direct Forced Addressing mode.

A few instructions, such as MOVFFL, include the entire
14-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.

4.7.3 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 4-6.

EXAMPLE 4-6: HOW TO CLEAR RAM
(BANK 1) USING

INDIRECT ADDRESSING

LFSR FSRO, 100h ;
NEXT CLRF  POSTI NCO Cl ear | NDF
; register then
; inc pointer
BTFSS FSROH, 1 ; Al done with
; Bank1?
BRA NEXT ; NO, clear next
CONTI NUE YES, continue

4.7.3.1 FSR Registers and the INDF
Operand

At the core of indirect addressing are three sets of
registers: FSRO, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. Each FSR
pair holds a 14-bit value, therefore, the two upper bits
of the FSRnH register are not used. The 14-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 the data addressed by 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 14-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.

© 2017 Microchip Technology Inc.
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4.7.3.2 FSR Registers, 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

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

read or written. Accessing these registers actually operation. ‘Accessing the other virtual registers
" . . changes the value of the FSR register.
accesses the location to which the associated FSR 9 val g
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 1,
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.
FIGURE 4-6: INDIRECT ADDRESSING
0000h
Using an instruction with one of the ADDWF, | NDF1, 1 Bank 0
indirect addressing registers as the 0100h
operand.... Bank 1
0200h
Bank 2
] 0300h
...uses the 14-bit address stored in FSR1H:FSRIL
the FSR pair associated with that
register.... 7 o 7 0 Bank 3
[x[x[1[s]2[1]1]o] [1]1]o]o[1]]olo] througn
N2 N
“ J “n Bank 61 -
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains 3EO00h
3ECCh. This means the contents of > Bank 62
location 3ECCh will be added to that 3F00h
of the W register and stored back in Bank 63
3ECCh. 3FFFh
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.

4.7.3.3 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
3FE7h, 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.

4.8 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.

4.8.1 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.

4.8.2 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 4-7.

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
42.2.1 “Extended Instruction Syntax”.

© 2017 Microchip Technology Inc.
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FIGURE 4-7: COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND
BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

EXAMPLE INSTRUCTION: ADDWF, f, d, a (Opcode: 0010 Olda ffff ffff)

When ‘@’ = 0 and f > 60h: 0000h
The instruction executes in 0060h
Direct Forced mode. ‘f is inter- Bank 0
preted as a location in the 0100h
Access RAM between 060h 00h
and OFFh. This is the same as tEa”k 1
X NN rough 60h
locations 3F60h to 3FFFh <~ Bank62 )
(Bank 63) of data memory. Va"g)rr?fr,'ge
Locations below 60h are not EFh
available in this Addressing 3F00h Access RAM
mode. Bank 63
3F60hf — = — — — — — -
SFRs
3FFFh
Data Memory
When ‘@’ =0 and f < 5Fh: 0000h
The instruction executes in
Indexed Literal Offset mode. ‘f 0060h .
is interpreted as an offset to the ank 0
address value in FSR2. The 0100n [001001da [fFFFFFff |
two are added together to Bank 1
obtain the address of the target J~ through U5
“ Bank 62 M

register for the instruction. The
address can be anywhere in | FSRaH | FSRaL |
the data memory space.

3F00h

Note that in this mode, the Bank 63
correct syntax is now: 3F60hf — — — — — — — |
ADDWF [k], d SFRs
where ‘K’ is the same as f’. 3FFFh
Data Memory
BSR
When ‘a’ =1 (all values of f): 0000h
The instruction executes in 00500 - e
Direct mode (also known as Bank 0
Direct Long mode). ‘f is inter- 0100h D
preted as a location in one of
the 63 banks of the data Bank 1 [001001da [fFFFFFFf |
memory space. The bank is 2 tBlgr?ll(JgGg N
designated by the Bank Select
Register (BSR). The address
can be in any implemented 3F00h
bank in the data memory Bank 63
space. 3FE0N| — — — — — — —
SFRs
3FFFh

Data Memory
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4.8.3 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 4.5.4 “Access
Bank”). An example of Access Bank remapping in this
addressing mode is shown in Figure 4-8.

Remapping of the Access Bank applies only to
operations using the Indexed Literal Offset mode.
Operations that use the BSR (Access RAM bitis ‘1) will
continue to use direct addressing as before.

4.9 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 42.2 “Extended Instruction Set”.

FIGURE 4-8: REMAPPING THE ACCESS BANK WITH INDEXED LITERAL OFFSET
ADDRESSING
Example Situation:
ADDWF f, d, a 0000h
FSR2H:FSR2L = 120h
Bank 0
Locations in the region
from the FSR2 pointer 400n
(0120h) to the pointer plus  g4o0n1- — B__a”'ﬂ _
05Fh (017Fh) are mapped  47gp Window } ooh
to the bottom of the T _Ba;( 1_ - 7 \
Access RAM (000h-05Fh).  0200h Bank 1 “Window”
Special File Registers a8 | (  F — — — — — 7 252
3F60h through 3FFFh are J
mapped to 60h through b Bank 2 NN
FFh, as usual. through SFRs
Bank 0 addresses below Bank 62
5Fh can still be addressed FFh
by using the BSR. Access Bank
3F00h
Bank 63
3F60h| — — — — — 4
SFRs
3FFFh
Data Memory
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5.0 DEVICE CONFIGURATION

Device configuration consists of the Configuration
Words, User ID, Device ID, Rev ID, Device Information
Area (DIA), (see Section 5.7 “Device Information
Area”), and the Device Configuration Information
(DCI) regions, (see Section 5.8 “Device Configura-
tion Information”).

5.1 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
300008h.
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5.2 Register Definitions: Configuration Words

REGISTER 5-1: CONFIGURATION WORD 1L (30 0000h)

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
111 = EXTOSC operating per FEXTOSC<2:0> bits
110 = HFINTOSC with HFFRQ = 4 MHz and CDIV = 4:1
101 = LFINTOSC
100 =SOSC
011 = Reserved
010 = EXTOSC with 4x PLL, with EXTOSC operating per FEXTOSC<2:0> bits
001 = Reserved
000 = HFINTOSC with HFFRQ = 64 MHz and CDIV = 1:1; 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

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 is 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 5-2: CONFIGURATION WORD 1H (30 0001h)

U-1 U-1 R/W-1 U-1 R/W-1 U-1 R/W-1 R/W-1
= = FCMEN | — | cswen | — PRIWAY | 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 is enabled
0 = FSCM timer is 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 Unimplemented: Read as ‘1’
bit 1 PR1WAY: PRLOCKED One-Way Set Enable bit
1 = PRLOCKED bit can be cleared and set only once; Priority registers remain locked after one
clear/set cycle
0 = PRLOCKED bit can be set and cleared repeatedly (subject to the unlock sequence)
bit 0 CLKOUTEN: Clock Out Enable bit

If FEXTOSC<2:0> = EC (high, mid or low) or Not Enabled:
1 = CLKOUT function is disabled; I/O or oscillator function on OSC2
0 = CLKOUT function is enabled; Fosc/4 clock appears at OSC2

Otherwise:
This bit is ignored.
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REGISTER 5-3: CONFIGURATION WORD 2L (30 0002h)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
BOREN<1:0> LPBOREN IVT1WAY MVECEN PWRTS<1:0> 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 the BORV bit.

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

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

00 = Brown-out Reset is disabled

bit 5 LPBOREN: Low-Power BOR Enable bit

1 = Low-Power BOR is disabled
0 = Low-Power BOR is enabled

bit 4 IVT1WAY: I[VTLOCK bit One-Way Set Enable bit
1 = IVTLOCKED bit can be cleared and set only once; IVT registers remain locked after one clear/set
cycle
0 = IVTLOCK ED bit can be set and cleared repeatedly (subject to the unlock sequence)
bit 3 MVECEN: Multi-vector Enable bit

1 = Multi-vector enabled; Vector table used for interrupts
0 = Legacy interrupt behavior

bit 2-1 PWRTS<1:0>: Power-up Timer Selection bits

11 = PWRT is disabled
10 = PWRT set at 64 ms
01 = PWRT set at 16 ms
00 = PWRT set at 1 ms

bit 0 MCLRE: Master Clear (MCLR) Enable bit
If LVP =1:
RE3 pin function is MCLR
If LVP = 0:
1= MCLR pin is MCLR
0 = MCLR pin function is a port defined function
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REGISTER 5-4: CONFIGURATION WORD 2H (30 0003h)

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 PPS1WAY 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 are disabled (Legacy mode)
0 = Extended instruction set and Indexed Addressing mode are enabled

bit 6 Unimplemented: Read as ‘1’

bit 5 DEBUG: Debugger Enable bit
1 = Background debugger is disabled
0 = Background debugger is 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 One-Way Set Enable bit
1 = PPSLOCKED bit can be cleared and set only once; PPS registers remain locked after one clear/set
cycle
0 = PPSLOCKED bit can be set and cleared repeatedly (subject to the unlock sequence)
bit 2 ZCD: Zero-Cross Detect Enable bit

1 = ZCD is disabled; ZCD can be enabled by setting the bit SEN of the ZCDCON register
0 = ZCD is always enabled
bit 1-0 BORV<1:0>: Brown-out Reset Voltage Selection bits(")

PIC18F25/26K83 Devices:
11 = Brown-out Reset Voltage (VBOR) is set to 2.45V
10 = Brown-out Reset Voltage (VBOR) is set to 2.45V
)
)

01 = Brown-out Reset Voltage (VBOR) is set to 2.7V
00 = Brown-out Reset Voltage (VBOR) is set to 2.85V

PIC18LF25/26K83 Device:

11 = Brown-out Reset Voltage (VBOR) is set to 1.90V
10 = Brown-out Reset Voltage (VBOR) is set to 2.45V
01 = Brown-out Reset Voltage (VBOR) is set to 2.7V
00 = Brown-out Reset Voltage (VBOR) is set to 2.85V

Note 1: The higher voltage setting is recommended for operation at or above 16 MHz.
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REGISTER 5-5: CONFIGURATION WORD 3L (30 0004h)

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

00 = WDT is disabled, SWDTEN is ignored

01 = WDT is enabled/disabled by the SWDTEN bit in WDTCONO

10 = WDT is enabled while Sleep = 0, suspended when Sleep = 1; SWDTEN is ignored
11 = WDT is enabled regardless of Sleep; SWDTEN is ignored

bit 4-0 WDTCPS<4:0>: WDT Period Select bits
WDTPS at POR Soft Control
oftware contro
WDTCPS<4:0> Value Divider Ratio T‘&E;;i’ ;"I‘(‘::)“t of WDTPS?

00000 00000 1:32| 2° 1 ms
00001 00001 1:64| 2° 2 ms
00010 00010 1:128| 27 4 ms
00011 00011 1:256 | 28 8 ms
00100 00100 1:512| 29 16 ms
00101 00101 1:1024| 210 32 ms
00110 00110 1:2048| 2™ 64 ms
00111 00111 1:4006 | 212 128 ms
01000 01000 1:8192| 213 256 ms
01001 01001 1:116384 | 2% 512 ms No
01010 01010 1:32768| 2 1s
01011 01011 1:65536 | 26 2s
01100 01100 1:131072| 27 4s
01101 01101 1:262144 | 218 8s
01110 01110 1:524299 | 219 16s
01111 01111 1:1048576 | 220 32s
10000 10000 1:2097152| 221 64s
10001 10001 1:4194304 | 222 128s
10010 10010 1:8388608 | 223 2565
10011 10011

1:32| 2° 1ms No
11110 11110
11111 01011 1:65536| 216 2s Yes
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REGISTER 5-6: CONFIGURATION WORD 3H (30 0005h)
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
bit 5-3

bit 2-0

Unimplemented: Read as ‘1’

WDTCCS<2:0>: WDT Input Clock Selector bits

If WDTE<1:0> Fuses = 2’ b00:

These bits are ignored.

Otherwise:

000 = WDT reference clock is the 31.0 kHz LFINTOSC
001 = WDT reference clock is the 31.25 kHz MFINTOSC
010 = WDT reference clock is SOSC

011 = Reserved (default to LFINTOSC)

110 = Reserved (default to LFINTOSC)
111 = Software control

WDTCWS<2:0>: WDT Window Select bits

Window at POR Software Keyed
WDTCWS<2:0> Window Delay | Window Opening Control of Access
Value Percent of Time | Percent of Time | Window | Required?

000 000 87.5 12.5

001 001 75 25

010 010 62.5 37.5

011 011 50 50 No Yes

100 100 375 62.5

101 101 25 75

110 111 n/a 100

111 111 n/a 100 Yes No
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REGISTER 5-7: CONFIGURATION WORD 4L (30 0006h)
R/W-1 uU-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
WRTAPP () — — SAFEN(™ | BBEN( BBSIZE<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 WRTAPP: Application Block Write Protection bit(1)
1 = Application Block is NOT write-protected
0 = Application Block is write-protected
bit 6-5 Unimplemented: Read as ‘1’
bit 4 SAFEN: Storage Area Flash Enable bit(")
1= SAF is disabled
0 = SAF is enabled
bit 3 BBEN: Boot Block Enable bit(")
1 = Boot Block disabled
0 = Boot Block enabled
bit 2-0 BBSIZE<2:0>: Boot Block Size Selection bits(?)
Refer to Table 5-1.
Note 1: Bits are implemented as sticky bits. Once protection is enabled through ICSP™ or a self-write, it can only be
reset through a Bulk Erase.
2: BBSIZE<2:0> bits can only be changed when BBEN = 1. Once BBEN = 0, BBSIZE<2:0> can only be
changed through a Bulk Erase.
TABLE 5-1: BOOT BLOCK SIZE BITS
- ; Device Size!")
BBEN BBSIZE[2:0] Boot Block Size | p\p ApprESs_BooT
(words) 16k 32k
1 XXX 0 — X X
0 111 512 00 03FFh X X
0 110 1024 00 07FFh X X
0 101 2048 00 OFFFh X X
0 100 4096 00 1FFFh X X
0 011 8192 00 3FFFh X X
0 010 16384 00 7FFFh — X
0 001 32768 00 FFFFh Note 2
0 000 32768 00 FFFFh — —
Note 1: For each device, the quoted device size specification is listed in Table 4-1.

2: The maximum Boot Block size is half the user program memory size. All selections higher than the maximum size default
to maximum Boot Block size of half PFM. For example, all settings of BBSIZE = 000 through BBSIZE = 010, default to a
Boot Block size of 16 kW on a 32 kW device.
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REGISTER 5-8: CONFIGURATION WORD 4H (30 0007h)

U-1 U-1 R/W-1 U-1 R/W-1 R/W-1 R/W-1 R/W-1
— — LvP(@ — WRTSAF (3| WRTD 14 | WRTC( | WRTB!-
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(2)
1= Low-voltage programming enabled. MCLR/VPP pin function is MCLR. MCLRE (Register 5-3) is
ignored.
0 = HV on MCLR/VPP must be used for programming.
bit 4 Unimplemented: Read as ‘1’
bit 3 WRTSAF: Storage Area Flash (SAF) Write Protection bit(!-3)
1= SAF is NOT write-protected
0 = SAF is write-protected
bit 2 WRTD: Data EEPROM Write Protection bit(!4)
1 = Data EEPROM NOT write-protected
0 = Data EEPROM write-protected
bit 1 WRTC: Configuration Register Write Protection bit(1)
1 = Configuration Register NOT write-protected
0 = Configuration Register write-protected
bit 0 WRTB: Boot Block Write Protection bit(1%)

1 = Boot Block NOT write-protected
0 = Boot Block write-protected

Note 1: Bits are implemented as sticky bits. Once protection is enabled through ICSP or a self write, it can only be

2:

R

reset through a Bulk Brase.

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.

Unimplemented if SAF is not present and only applicable if SAFEN = 0.
Unimplemented if data EEPROM is not present.
Only applicable if BBEN = 0.
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REGISTER 5-9: CONFIGURATION WORD 5L (30 0008h)
U-1 U-1 U-1 U-1 uU-1 U-1 U-1 R/W-1
— — — — — — — 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 7-1
bit 0

Unimplemented: Read as ‘1’
CP: User Program Flash Memory and Data EEPROM Code Protection bit

1 = User Program Flash Memory and Data EEPROM code protection is disabled
0 = User Program Flash Memory and Data EEPROM code protection is enabled

REGISTER 5-10:

CONFIGURATION WORD 5H (30 0009h)

U-1 U-1 U-1 U-1 U-1 U-1 U-1 U-1
- - [ - - - - ] - ] -

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 7-0 Unimplemented: Read as ‘1’
TABLE 5-2: SUMMARY OF CONFIGURATION WORDS

Default/
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed

Value
30 0000h | CONFIG1L — RSTOSC<2:0> — FEXTOSC<2:0> 1111 1111
30 0001h | CONFIG1H — — FCMEN — CSWEN — ‘ PR1WAY | CLKOUTEN 1111 1111
30 0002h | CONFIG2L BOREN<1:0> LPBOREN | IVT1WAY | MVECEN PWRTS<1:0> MCLRE 1111 1111
30 0003h | CONFIG2H XINST — DEBUG | STVREN | PPS1WAY | ZCD ‘ BORV<1:0> 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 | CONFIGAL | WRTAPP — — SAFEN BBEN BBSIZE<2:0> 1111 1111
30 0007h | CONFIG4H — — LVP — WRTSAF | WRTD WRTC WRTB 1111 1111
30 0008h | CONFIGS5L — — — — — — — cP 1111 1111
30 0009h | CONFIG5H — — — — — — — — 1111 1111

© 2017 Microchip Technology Inc.

Preliminary

DS40001943A-page 64




PIC18(L)F25/26K83

5.3 Code Protection

Code protection allows the device to be protected from
external access. Program memory protection and data
memory are controlled through the CP Configuration
bit. Internal access to the program memory is
unaffected by code protection setting.

The entire program memory space and Data
EEPROM is protected from external reads and writes
by the CP bit in Configuration Words. When CP = 0,
external reads and writes of memory are inhibited and
a read will return all ‘0’'s. The CPU can continue to
read program memory and data EEPROM, regardless
of the protection bit settings. Self-writing the program
memory or Data EEPROM is dependent upon the
write protection settings.

54 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 13.2 “Device
Information Area, Device Configuration Area, 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)F25/26K83 Memory
Programming Specification” (DS40000000).
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5.5 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 13.0
“Nonvolatile Memory (NVM) Control” for more
information on accessing these locations.

5.6 Register Definitions: Device ID and Revision ID

REGISTER 5-11: DEVICE ID: DEVICE ID REGISTER

R R R R R R R R
DEV<15:8>
bit 15 bit 8
R R R R R R R R
DEV<7:0>
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
PIC18F25K83 6EEONh
PIC18F26K83 6ECOh
PIC18LF25K83 6F20h
PIC18LF26K83 6F00h
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REGISTER 5-12:

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 revision (A0, B0, CO,
etc.
Rev)ision A =0b00 0000
bit 5-0 MNRREV<5:0>: Minor Revision ID bits

These bits are used to identify a minor revision.
Revision A0 = 0b00 0000
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5.7 Device Information Area

The Device Information Area (DIA) is a dedicated
region in the program memory space. The DIA contains
the calibration data for the internal temperature
indicator module, stores the Microchip Unique Identifier
words and the Fixed Voltage Reference voltage
readings measured in mV.

The complete DIA table is shown in Table 5-3: Device
Information Area, followed by a description of each
region and its functionality. The data is mapped from
3F0000h to 3F003Fh in the PIC18(L)F25/26K83 family.
These locations are read-only and cannot be erased or
modified by the user. The data is programmed into the
device during manufacturing.

TABLE 5-3: DEVICE INFORMATION AREA
Address Range Name of Region Standard Device Information
MUIO
MUl
MUI2
3F0000h-3F000Bh MUI3 Microchip Unique Identifier (6 Words)
MUI4
MUI5
3F000Ch-3F000Fh MUle Unassigned (2 Words)
MulI7
EUIO
EUNM
EUI2
EUI3
3F0010h-3F0023h Eﬂ:: Optional External Unique Identifier (10 Words)
EUI6
EUI7
EUI8
EUI9
3F0024h-3F0025h TSLR1 Unassigned (1 Word)
3F0026h-3F0027h TSLR2 Temperature Indicator ADC reading at @ 90°C (low range setting)
3F0028h-3F0029h TSLR3 Unassigned (1 word)
3F002Ah-3F002Bh TSHR1 Unassigned (1 Word)
3F002Ch-3F002Dh TSHR2 Temperature Indicator ADC reading at @ 90°C (high range setting)
3F002Eh-3F002Fh TSHR3 Unassigned (1 Word)
3F0030h-3F0031h FVRA1X ADC FVR1 Output voltage for 1x setting (in mV)
3F0032h-3F0033h FVRA2X ADC FVR1 Output Voltage for 2x setting (in mV)
3F0034h-3F0035h FVRA4X ADC FVR1 Output Voltage for 4x setting (in mV)
3F0036h-3F0037h FVRC1X Comparator FVR2 output voltage for 1x setting (in mV)
3F0038h-3F0039h FVRC2X Comparator FVR2 output voltage for 2x setting (in mV)
3F003Ah-3F003Bh FVRC4X Comparator FVR2 output voltage for 4x setting (in mV)
3F003Ch-3F003Fh Unassigned (2 Words)
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5.7.1 MICROCHIP UNIQUE IDENTIFIER
(MUI)

The PIC18(L)F25/26K83 devices are individually
encoded during final manufacturing with a Microchip
Unique ldentifier, or MUI. The MUI cannot be user-
erased. This feature allows for manufacturing
traceability of Microchip Technology devices in
applications where this is a required. It may also be
used by the application manufacturer for a number of
functions that require unverified unique identification,
such as:

» Tracking the device

* Unique serial number

The MUI consists of six program words. When read
together, these fields form a unique identifier. The MUI
is stored in nine read-only locations, located between

3F0000h to 3FO00Fh in the DIA space. Table 5-3 lists
the addresses of the identifier words.

Note: For applications that require verified
unique identification, contact your
Microchip Technology sales office to
create a Serialized Quick Turn

ProgrammingSM option.

5.7.2  EXTERNAL UNIQUE IDENTIFIER
(EUI)

The EUI data is stored at locations 3F0010h to
3F0023h in the Program Memory region. This region is
an optional space for placing application specific
information. The data is coded per customer
requirements during manufacturing.

Note: Data is stored in this address range on
receiving a request from the customer.
The customer may contact the local sales
representative, or Field Applications
Engineer, and provide them the unique
identifier information that is supposed to
be stored in this region.

5.7.3 ANALOG-TO-DIGITAL
CONVERSION DATA OF THE
TEMPERATURE SENSOR

The purpose of the Temperature Sensor module is to
provide a temperature-dependent voltage that can be
measured by an analog module, see Section
36.0 “Temperature Indicator Module”.

The DIA table contains the internal ADC measurement
values of the Temperature sensor for Low and High
range at fixed points of reference. The values are
measured during test and are unique to each device.
The measurement data is stored in the DIA memory
region as hexadecimal numbers corresponding to the
ADC conversion result. The calibration data can be
used to plot the approximate sensor output voltage,
VTSENSE vs. Temperature curve without having to
make calibration measurements in the application. For
more information on the operation of the Temperature
Sensor, refer to Section 36.0 “Temperature Indicator
Module”.

* TSLR1-TSLR3: Address 3F0024h to 3F0029h
store the measurements for the low-range setting
of the Temperature Sensor at VDD = 3V.

* TSHR1-TSHR3: Address 3F002Ah to 3F002Fh
store the measurements for the High Range set-
ting of the Temperature Sensor at VDD = 3V.

» The stored measurements are made by the
device ADC using the internal VREF = 2.048V.
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5.7.4 FIXED VOLTAGE REFERENCE
DATA

The DIA stores measured FVR voltages for this device
in mV for the different buffer settings of 1x, 2x or 4x at
Program Memory locations 3F0030h to 3F003Bh. For
more information on the FVR, refer to Section 35.0
“Fixed Voltage Reference (FVR)”.

* FVRA1X stores the value of ADC FVR1 Output
voltage for 1x setting (in mV)

* FVRA2X stores the value of ADC FVR1 Output
Voltage for 2x setting (in mV)

* FVRAA4X stores the value of ADC FVR1 Output
Voltage for 4x setting (in mV)

* FVRC1X stores the value of Comparator FVR2
output voltage for 2x setting (in mV)

* FVRC2X stores the value of Comparator FVR2
output voltage for 2x setting (in mV)

* FVRCA4X stores the value of Comparator FVR2
output voltage for 4x setting (in mV)

5.8 Device Configuration Information

The Device Configuration Information (DCI) is a
dedicated region in the program memory space
mapped from 3FFFO0h to 3FFF09h. The data stored in
these locations is read-only and cannot be erased.

Refer to Table 5-4: Device Configuration Information
for PIC18(L)F25/26K83 for the complete DCI table
address and description. The DCI holds information
about the device which is useful for programming and
bootloader applications.

The erase size is the minimum erasable unit in the
PFM, expressed as rows. The total device Flash
memory capacity is (Row Size * Number of rows)

TABLE 5-4: DEVICE CONFIGURATION INFORMATION FOR PIC18(L)F25/26K83
VALUE
ADDRESS Name DESCRIPTION UNITS
PIC18(L)F25K83 PIC18(L)F26K83

3F FFOOh-3F FFO1h ERSIZ Erase Row Size 64 64 Words
3F FF02h-3F FFO3h WLSIZ Number of write latches per row 128 128 Bytes
3F FF04h-3F FFO5h URSIZ Number of User Rows 256 512 Rows
3F FF06h-3F FFO7h EESIZ Data EEPROM memory size 1024 1024 Bytes
3F FF08h-3F FFO9h PCNT Pin Count 28 28 Pins
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6.0 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

* Memory Execution Violation Reset (MEMV)

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 6-1.

FIGURE 6-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
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FIGURE 6-2: LPBOR, BOR, POR RELATIONSHIP
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6.1 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.

6.2 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 6-1 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 45-11 for more information.

6.2.1 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.

6.2.2 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.

6.2.3 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.

6.2.4 BOR AND BULK ERASE

BOR is forced ON during PFM Bulk Erase operations
to make sure that a safe erase voltage is maintained for
a successful erase cycle.

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 6-1: 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 Begins immediatel
0 X Hibernate (BORRDY = 1) Y
00 X X Disabled Begins immediately
FIGURE 6-3: BROWN-OUT SITUATIONS
VbD
_____________ v_________________ VBOR
|
Internal L
Reset " Tpwrt(M
\/sls}
_____________W _____________ VBOR
1 N\_/|
! ! I
Internal | <ITPVIVRT'<—>|—
Reset " TpwrtM
\/sls}
_____ \_____________75_____________ VBOR
I
! |
Internal [P
Reset " Tpwrt(M
Note 1: TPWRT delay depends on PWRTS<1:0> Configuration bits.
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6.3 Register Definitions: BOR Control
REGISTER 6-1: BORCON: BROWN-OUT RESET CONTROL REGISTER

R/W-1/u U-0 uU-0 U-0 uU-0 uU-0 U-0 R-g/u
SBOREN | — | — [ — | = — — 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
If BOREN = 01:
SBOREN is read/write, but has no effect on the BOR.
If BOREN =01:

1= BOR Enabled
0 = BOR Disabled

bit 6-1 Unimplemented: Read as ‘0’
bit 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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6.4 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 6-2 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.

6.4.1 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.

6.4.1.1 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.

6.5 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 6-2). The RMCLR bit in the
PCONO register will be set to ‘0’ if a MCLR Reset has
occurred.

TABLE 6-2: MCLR CONFIGURATION
MCLRE LVP MCLR
1 Enabled
0 Enabled
0 Disabled

6.5.1 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
instruction, BOR, WWDT, POR stack),
does not drive the MCLR pin low.

6.5.2 MCLR DISABLED

When MCLR is disabled, the MCLR pin becomes input-
only and pin functions such as internal weak pull-ups
are under software control. See Section 16.2 “I/O
Priorities” for more information.

6.6 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
PCONO register are changed to indicate a WWDT
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 11.0 “Windowed
Watchdog Timer (WWDT)” for more information.

6.7 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCONO register will be set to ‘0’. See Table 6-
3 for default conditions after a RESET instruction has
occurred.

6.8 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 4.2.5 “Return
Address Stack” for more information.

6.9 Programming Mode Exit

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

6.10 Power-up Timer (PWRT)

The Power-up Timer provides a selected time-out
duration 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
selected by setting the PWRTS<1:0> Configuration
bits, appropriately.

The Power-up Timer starts after the release of the POR
and BOR/LPBOR if enabled, as shown in Figure 6-1.
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6.11  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 6-4:

RESET START-UP SEQUENCE

The total time out will vary based on oscillator
configuration and Power-up Timer configuration. See
Section 7.0 “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 6-4). This is useful for testing purposes or to
synchronize more than one device operating in parallel.

VDD

Internal POR

Power-up Timer

MCLR

Internal RESET

External Crystal
Oscillator Start-up Timer

Oscillator

» TMCLR

Oscillator Modes

Internal Oscillator

Oscillator

Fosc

External Clock (EC)

CLKIN

Fosc
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6.11.1 MEMORY EXECUTION VIOLATION

If the CPU executes outside the valid execution area, a
memory execution violation Reset occurs.

The invalid execution areas are:

1. Addresses outside implemented program mem-
ory (see Table 5-1).

2. Storage Area Flash (SAF) inside program
memory, if it is enabled.

When a memory execution violation is generated, flag
MEMV is cleared in PCON1 (Register 6-3) to signal the
cause of Reset. It needs to be set in the user code after
a memory execution violation Reset has occurred to
detect further violation Resets.

6.12 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 6-3 shows the Reset conditions of
these registers.

TABLE 6-3: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STATUS PCONO PCON1
Counter Register“'z) Register Register
Power-on Reset 0 -110 0000 |0011 110X | .---- --1-
Brown-out Reset 0 -110 0000 |0011 12u0 | --_-. _-_1-
MCLR Reset during normal operation 0 -uuu uuuu |uuuu Ouuu | ---- --u-
MCLR Reset during Sleep 0 -10u uuuu |uuuu Ouuu | ---- --u-
WDT Time-out Reset 0 -0uu uuuu [uuul uuuu | ... __y-
WWDT Window Violation Reset 0 -uuu uuuu [uuOu uuuu | - ... __y-
RESET Instruction Executed 0 -uuu uuuu |uuuu wouu | ...y
Stack Overflow Reset (STVREN = 1) 0 -uuu uuuu |luuu uuuu| oo Loy
Stack Underflow Reset (STVREN = 1) 0 -uuu uuuu |Uluu uuuu| oo Loy
Memory Violation Reset 0 -uuu uuuu |uuuu uuau - -2 Q-
Legend: u =unchanged, x =unknown, — unimplemented bit, reads as ‘0’.
Note 1: If a Status bit is not implemented, that bit will be read as ‘0.

2: Status bits Z, C, DC are reset by POR/BOR, but not defined by the Resets module (Register 4-2).
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6.13 Power Control (PCONO/PCON1)
Register

The Power Control (PCONO/PCON1) 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)

* Memory Violation Reset (MEMV)

The PCONO/1 register bits are shown in Register 6-2
and Register 6-3. 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 6-3).

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.
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6.14 Register Definitions: Power Control

REGISTER 6-2: PCONO: POWER CONTROL REGISTER 0

R/W/HS-0/q R/W/HS-0/q R/W/HC-1/q R/W/HC-1/q R/W/HC-1/qg R/W/HC-1/q R/W/HC-0/lu R/W/HC-g/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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REGISTER 6-3: PCON1: POWER CONTROL REGISTER 1
u-0 U-0 u-0 U-0 u-0 u-0 R/W/HC-1/u U-0
— — — — — — MEMV —
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 -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 7-2 Unimplemented: Read as ‘0’
bit 1 MEMV: Memory Violation Flag bit
1= No memory violation Reset occurred or set to ‘1’ by firmware
0= A memory violation Reset occurred (set to ‘0’ in hardware when a memory violation occurs)
bit 0 Unimplemented: Read as ‘0’
TABLE 6-4: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':::9;2‘;
BORCON | SBOREN — — — — — — BORRDY 75
PCONO STKOVF | STKUNF | WDTWV | RWDT | RMCLR RI POR BOR 80
PCON1 — — — — — MEMV — 81
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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7.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

71 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 7-1
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 5-
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> Configuration bits:

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 7-1).
Multiple device clock frequencies may be derived from
these clock sources.
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7.2 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 OSCFRAQ register (Register 7-
5). The Low-Frequency Internal Oscillator (LFINTOSC)
generates a fixed 31 kHz frequency.

A 4x PLL is provided that can be used with an external
clock. When used with the EXTOSC the 4x PLL has
input frequency limitations. See Section 7.2.1.4 “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 7.3 “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 5-2). If enabled,
the clock out signal is always at a frequency of FOsc/4.

7.21 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 7.3 “Clock Switching” for more
information.

7.2.1.1 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 /O or
CLKOUT. Figure 7-2 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 7-2: 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).

7212 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 7-3). 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 7-3 and Figure 7-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.
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FIGURE 7-3: 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 7-4:

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.

7213 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.

7.21.4 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 45-9.

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).
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7.21.5 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
7.3 “Clock Switching” for more information.

Two power modes are available for the secondary
oscillator. These modes are selected with the
SOSCPWR (OSCCON3<6>). Clearing this bit selects
the lower Crystal Gain mode which provides lowest
microcontroller power consumption. Setting this bit
enables a higher Gain mode to support faster crystal
start-up or crystals with higher ESR.

FIGURE 7-5: QUARTZ CRYSTAL
OPERATION
(SECONDARY
OSCILLATOR)
PIC® MCU
L. S_OSCI _________
I~ 0 \
C1 l .~ To Internal ,
. Logic
32.768 kHz
] Quartz
= T Crystal
L A d A
& 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.

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

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)
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7.2.2 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
7.3 “Clock Switching” for more information.

In INTOSC mode, OSC1/CLKIN is available for general
purpose /O, provided that FEXTOSC is configured to
‘oscillator is not enabled’. OSC2/CLKOUT is available
for general purpose 1/0 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.

7.2.2.1 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 7.3 “Clock
Switching” for more information.

The HFINTOSC frequency can be selected by setting
the FRQ<3:0> bits of the OSCFRAQ 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.

7222 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.
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7223 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 7-3).

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.

7224 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 7.3, Clock
Switching for more information.

7225 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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7.2.2.6 Oscillator Status and Manual Enable

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

7227 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.

7.3 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 OSCCON3 and the Clock
Switch Interrupt Flag (CSWIF) bit of the respective PIR
register are set. If Clock Switch Interrupts are enabled
(CSWIE = 1), an interrupt will be generated at that time.
The Oscillator Ready (ORDY) bit of OSCCON3 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.

7.3.1 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 Section7.3.2 “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.
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7.3.2 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 7-6: 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 7-7: 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 7-8: 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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7.4 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 7-9: 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

7.41 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 7-9. 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.

742 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 FRQ bits and the NDIV/CDIV bits.
The bit flag OSFIF of the respective PIR register is set.
Setting this flag will generate an interrupt if the OSFIE
bit of the respective PIR 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
OSCCONT1 register.

7.4.3 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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744 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 7-10: FSCM TIMING DIAGRAM
Sample Clock J—l—l—l—l—l—
System : . Oscillator :
Clock ! ' Failure ! X
Output , . | ) ]
Clock Monitor Output I
m 721 . . |
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.
TABLE 7-1: NOSC/COSC AND NDIV/CDIV BIT SETTINGS
NOSC<2:0> NDIV<3:0> ..
COSC<2:0> Clock Source CDIV<3:0> Clock Divider
111 exTosct 1111- 1010 Reserved
110 HFINTOSC?) 1001 512
101 LFINTOSC 1000 256
100 SOSC 0111 128
011 Reserved 0110 64
010 EXTOSC + 4x PLL®) 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 5-1).
2: HFINTOSC frequency is set with the FRQ bits of the OSCFRQ register (Register 7-5).

3: EXTOSC must meet the PLL specifications (Table 45-9).
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7.5 Register Definitions: Oscillator Control

REGISTER 7-1: OSCCON1: OSCILLATOR CONTROL REGISTER 1
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 Configuration bit 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 7-1.
POR value = RSTOSC (Register 5-1).

bit 3-0 NDIV<3:0>: New Divider Selection Request bits(2:3)
The setting determines the new postscaler division ratio per Table 7-1.

Note1: The default value (f/f) is determined by the RSTOSC Configuration bits. See Table 7-2 below.
2: If NOSC is written with a reserved value (Table 7-1), the operation is ignored and neither NOSC nor NDIV is

written.

3: When CSWEN = 0, this register is read-only and cannot be changed from the POR value.

TABLE 7-2: DEFAULT OSCILLATOR SETTINGS

SFR Reset Values
RSTOSC Initial Fosc Frequency
NOSC/COSC CDIvV 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("
001 Reserved
000 110 ‘ 1:1 ‘ 64 MHz ‘ Fosc = 64 MHz

Note 1: EXTOSC must meet the PLL specifications (Table 45-9).
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REGISTER 7-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

uU-0 R-f/f R-f/f R-f/f R-f/f R-f/f R-f/f R-f/f
— 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’ = Bitis set ‘0’ = Bitis cleared
bit 7 Unimplemented: Read as ‘0’
bit 6-4 COSC<2:0>: Current Oscillator Source Select bits (read-only)(!)
Indicates the current source oscillator and PLL combination per Table 7-1.
bit 3-0 CDIV<3:0>: Current Divider Select bits (read-only)(")

Indicates the current postscaler division ratio per Table 7-1.

Note 1: The POR value is the value present when user code execution begins.

REGISTER 7-3: OSCCON3: OSCILLATOR CONTROL REGISTER 3

R/W/HC-0/0 R/W-0/0 u-0 R-0/0 R-0/0 uU-0 U-0 U-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 7-4: 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 bit
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 7-5: 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
_ — | — | — \ FRQ<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 FRQ<3:0>: HFINTOSC Frequency Selection bits(")
FRQ<3:0> Nominal Freq (MHz)
1001
1010
1111
1110 Reserved
1101
1100
1011
1000 64
0111 48
0110 32
0101 16
0100 12
0011 8
0010 4
0001 2
0000 1

Note 1: Referto Table 7-2 for more information.
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REGISTER 7-6: 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
— — TUN<5:0>
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUN<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 7-7: 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 7-5)
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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TABLE 7-3: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Name Bit 7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit1 | Bit0 ':ﬁg;zt:;

OSCCON1 — NOSC<2:0> NDIV<3:0> 94
OSCCON2 — COSC<2:0> CDIV<3:0> 95
OSCCON3 | CSWHOLD | SOSCPWR — ORDY | NOSCR — — — 95
OSCSTAT EXTOR HFOR MFOR LFOR SOR ADOR — PLLR 96
OSCTUNE — — TUN<5:0> 98
OSCFRQ — — — — FRQ<3:0> 97
OSCEN EXTOEN HFOEN | MFOEN | LFOEN | SOSCEN | ADOEN ‘ — ‘ = 99
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
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8.0 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 8-1: CLOCK REFERENCE BLOCK DIAGRAM
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FIGURE 8-2: CLOCK REFERENCE TIMING
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8.1 Clock Source

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

8.1.1 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.

8.2 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
register (Register 8-1).

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).

8.3 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%.

8.4 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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8.5 Register Definitions: Reference Clock

Long bit name prefixes for the Reference Clock periph-
erals are shown below. Refer to Section 1.3.2.2 “Long
Bit Names” for more information.

Peripheral Bit Name Prefix

CLKR CLKR

REGISTER 8-1: 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 8-2: CLKRCLK: CLOCK REFERENCE CLOCK SELECTION MUX

uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — CLK<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 CLK<3:0>: CLKR Clock Selection bits

1111 = Reserved

°

°

°

1011 = Reserved

1010 = CLC4 Output

1001 = CLC3 Output

1000 = CLC2 Output

0111 = CLC1 Output

0110 = NCO1 Output

0101 =SOSC

0100 = MFINTOSC (31.25 kHz)
0011 = MFINTOSC (500 kHz)
0010 = LFINTOSC (31 kHz)
0001 = HFINTOSC

0000 = Fosc

TABLE 8-1: 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 §§9;Zt;
CLKRCON EN — — DC<1:0> DIV<2:0> 103
CLKRCLK — — — — — CLK<2:0> 104
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the CLKR module.
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9.0 INTERRUPT CONTROLLER

The vectored interrupt controller module reduces the
numerous peripheral interrupt request signals to a
single interrupt request signal to the CPU. This module
includes the following major features:

* Interrupt Vector Table (IVT) with a unique vector
for each interrupt source

» Fixed and ensured interrupt latency

* Programmable base address for Interrupt Vector
Table (IVT) with lock

» Two user-selectable priority levels — High priority
and Low priority

» Two levels of context saving

« Interrupt state Status bits to indicate the current
execution status of the CPU

The interrupt controller module assembles all of the
interrupt request signals and resolves the interrupts
based on both a fixed natural order priority (i.e., deter-
mined by the Interrupt Vector Table), and a user-
assigned priority (i.e., determined by the IPRx regis-
ters), thereby eliminating scanning of interrupt sources.

9.1 Interrupt Control and Status
Registers

The devices in this family implement the following
registers for the interrupt controller:

* INTCONO, INTCON1 Control Registers

* PIRx — Peripheral Interrupt Status Registers
* PIEx — Peripheral Interrupt Enable Registers
» IPRx — Peripheral Interrupt Priority Registers
* IVTBASE<20:0> Address Registers

* IVTLOCK Register

Global interrupt control functions and external
interrupts are controlled from the INTCONO register.
The INTCON1 register contains the status flags for the
Interrupt controller.

The PIRx registers contain all of the interrupt request
flags. Each source of interrupt has a Status bit, which is
set by the respective peripherals or an external signal
and is cleared via software.

The PIEXx registers contain all of the interrupt enable
bits. These control bits are used to individually enable
interrupts from the peripherals or external signals.

The IPRXx registers are used to set the Interrupt Priority
Level for each source of interrupt. Each user interrupt
source can be assigned to either a high or low priority.

The IVTBASE register is user programmable and is
used to determine the start address of the Interrupt
Vector Table and the IVTLOCK register is used to
prevent any unintended writes to the IVTBASE register.

There are two other Configuration bits that control the

way the interrupt controller can be configured.

* CONFIG2L<3>, MVECEN bit

* CONFIG2L<4>, IVT1WAY bit

The MVECEN bit in CONFIG2L determines whether

the Vector table is used to determine the interrupt

priorities.

* When the IVT1WAY determines the number of
times the IVTLOCKED bit can be cleared and set
after a device Reset. See Section

9.2.3 “Interrupt Vector Table (IVT) address cal-
culation” for details.
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9.2 Interrupt Vector Table (IVT)

The interrupt controller supports an Interrupt Vector
Table (IVT) that contains the vector address location for
each interrupt request source.

The Interrupt Vector Table (IVT) resides in program
memory, starting at address location determined by the
IVTBASE registers; refer to Registers 9-33 through 9-
35 for details. The IVT contains 68 vectors, one for
each source of interrupt. Each interrupt vector location
contains the starting address of the associated
Interrupt Service Routine (ISR).

The MVECEN bit in Configuration Word 2L controls the
availability of the vector table.

9.2.1 INTERRUPT VECTOR TABLE BASE
ADDRESS (IVTBASE)

The start address of the vector table is user
programmable through the IVTBASE registers. The
user must ensure the start address is such that it can
encompass the entire vector table inside the program
memory.

Each vector address is a 16-bit word (or two address
locations on PIC18 devices). So for n interrupt sources,
there are 2n address locations necessary to hold the
table starting from IVTBASE as the first location. So the
staring address of IVTBASE should be chosen such
that the address range form IVTBASE to (IVTBASE
+2n-1) can be encompassed inside the program flash
memory.

For example, the K42 devices have the highest vector
number: 81. So IVTBASE should be chosen such that
(IVTBASE + 0xA1) is less than the last memory loca-
tion in program flash memory.

A programmable vector table base address is useful in
situations to switch between different sets of vector
tables, depending on the application. It can also be
used when the application program needs to update
the existing vector table (vector address values).

Note: Itis required that the user assign an even
address to the IVTBASE register for
correct operation.

9.2.2 INTERRUPT VECTOR TABLE
CONTENTS

MVECEN =0

When MVECEN = 0, the address location pointed by
the IVTBASE registers has a GOTO instruction for a
high priority interrupt. Similarly, the corresponding low
priority vector location also has a GOTO instruction,
which is executed in case of a low priority interrupt.

MVECEN =1

When MVECEN = 1, the value in the vector table of
each interrupt, points to the address location of the first
instruction of the interrupt service routine.

ISR Location = Interrupt Vector Table entry << 2.

9.2.3 INTERRUPT VECTOR TABLE (IVT)
ADDRESS CALCULATION

MVECEN =0

When the MVECEN bit in Configuration Word 2L
(Register 5-3) is cleared, the address pointed by
IVTBASE registers is used as the high priority interrupt
vector address. The low priority interrupt vector
address is offset eight instruction words from the
address in IVTBASE registers.

For PIC18 devices the IVTBASE registers default to
00 0008h, the high priority interrupt vector address will
be 00 0008h and the low priority interrupt vector
address will be 00 0018h.

MVECEN =1

Each interrupt has a unique vector number associated
with it as defined in Table 9-2. This vector number is
used for calculating the location of the interrupt vector
for a particular interrupt source.

Interrupt Vector Address = IVTBASE + (2*Vector
Number).

This calculated Interrupt Vector Address value is stored
in the IVTAD<20:0> registers when an interrupt is
received (Registers 9-36 through 9-38).

User-assigned software priority assigned using the
IPRx registers does not affect address calculation and
is only used to resolve concurrent interrupts.

If for any reason the address of the ISR could not be
fetched from the vector table, it will cause the system
to reset and clear the memory execution violation flag
(MEMV bit) in PCON1 register (Register 6-3). This
occurs due to any one of the following:

» The entry for the interrupt in the vector table lies
outside the executable PFM area (SAF area is
non-executable when SAFEN = 1).

* ISR pointed by the vector table lies outside the
executable PFM area (SAF area is non-execut-
able when SAFEN = 1).
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TABLE 9-1: IVT ADDRESS CALCULATION SUMMARY
Interrupt Priority
IVT Address Calculation INTCONO Register, IPEN bit
0 1
High Priority
i IVTBASE
Multi-Vector Enable 0 IVTBASE —
CONFIG 2L register Low Priority
MVECEN bit IVTBASE + 8 words

1

IVTBASE + 2*(Vector Number)

9.24 ACCESS CONTROL FOR IVTBASE
REGISTERS

The Interrupt controller has an IVTLOCKED bit which
can be set to avoid inadvertent changes to the IVT-
BASE registers contents. Setting and clearing this bit
requires a special sequence as an extra precaution
against inadvertent changes.

To allow writes to IVTBASE registers, the interrupts
must be disabled (GIEH = 0) and the IVTLOCKED bit
must be cleared. The user must follow the sequence
shown in Example 9-1 to clear the IVTLOCKED bit.

EXAMPLE 9-1: IVT UNLOCK SEQUENCE
Di sabl e Interrupts:
BCF I NTCONO, G E;
Bank to | VTLOCK register
BANKSEL | VTLOCK;
MOVLW 55h;

Requi red sequence, next 4 instructions

MOVWF I VTLOCK;
MOVLW AAh;
MOVWF I VTLOCK;

Clear | VTLOCKED bit to enable wites
BCF I VTLOCK, | VTLOCKED;

Enabl e Interrupts
BSF | NTCONO, G E;

The user must follow the sequence shown in
Example 9-2 to set the IVTLOCKED bit.

EXAMPLE 9-2: IVT LOCK SEQUENCE
Di sabl e Interrupts:
BCF I NTCONO, G E;
Bank to | VTLOCK register
BANKSEL | VTLOCK;
MOVLW 55h;

Requi red sequence, next 4 instructions

MOVWF I VTLOCK;
MOVLW AAh;
MOVWF I VTLOCK;

Set | VTLOCKED bit to enable writes
BSF | VTLOCK, | VTLOCKED;

Enabl e Interrupts
BSF I NTCONO, G E;

When the IVT1WAY Configuration bit is set, the
IVTLOCKED bit can be cleared and set only once after
a device Reset. The unlock operation in Example 9-1
will have no effect after the lock sequence in
Example 9-2 is used to set the IVTLOCK. Unlocking is
inhibited until a system Reset occurs.
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9.3 Interrupt Priority

The final priority level for any pending source of interrupt
is determined first by the user-assigned priority of that
source in the IPRx register, then by the natural order
priority within the IVT. The sections below detail the
operation of Interrupt priorities.

9.3.1 USER (SOFTWARE) PRIORITY

User-assigned interrupt priority is enabled by setting
the IPEN bit in the INTCONO register (Register 9-1).
Each peripheral interrupt source can be assigned a
high or low priority level by the user. The user-
assignable interrupt priority control bits for each
interrupt are located in the IPRx registers (Registers 9-
23 through 9-32).

The interrupts are serviced based on predefined
interrupt priority scheme defined below.

1. Interrupts set by the user as high-priority
interrupt have higher precedence of execution.
High-priority interrupts will override a low-priority
request when:

a) A low priority interrupt has been requested or its
request is already pending.

b) A low- and high-priority interrupt are triggered
concurrently, i.e., on the same instruction cycle“).

c) A low-priority interrupt was requested and the
corresponding Interrupt Service Routine is
currently executing. In this case, the lower
priority interrupt routine will complete executing
after the high-priority interrupt has been
serviced(®).

2. Interrupts set by the user as a low priority have
the lower priority of execution and are
preempted by any high-priority interrupt.

3. Interrupts defined with the same software priority
cannot preempt or interrupt each other.
Concurrent pending interrupts with the same user
priority are resolved using the natural order priority.
(when MVECEN = ON) or in the order the interrupt
flag bits are polled in the ISR (when MVECEN =
OFF).

Note 1: When a high priority interrupt preempts a

concurrent low priority interrupt, the GIEL
bit may be cleared in the high priority
Interrupt Service Routine. If the GIEL bit
is cleared, the low priority interrupt will
NOT be serviced even if it was originally
requested. The corresponding interrupt
flag needs to be cleared in user code.

2: When a high priority interrupt is
requested while a low priority Interrupt
Service Routine is executing, the GIEL bit
may be cleared in the high priority Inter-
rupt Service Routine. The pending low
priority interrupt will resume even if the
GIEL bit is cleared.
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9.3.2 NATURAL ORDER (HARDWARE)
PRIORITY

When more than one interrupt with the same user
specified priority level are requested, the priority
conflict is resolved by using a method called “Natural
Order Priority”. Natural order priority is a fixed priority
scheme that is based on the Interrupt Vector Table.
Table 9-2 shows the natural order priority and the
interrupt vector number assigned for each source.

The natural order priority scheme has vector interrupt 0
as the highest priority and vector interrupt 81 as the
lowest priority.

For example, when two concurrently occurring interrupt
sources that are both designated high priority using the
IPRx register will be resolved using the natural order
priority (i.e., the interrupt with a lower corresponding
vector number will preempt the interrupt with the higher
vector number).

The ability for the user to assign every interrupt source
to high or low priority levels means that the user
program can give an interrupt with a low natural order
priority a higher overall priority level.

9.4 Interrupt Operation

All pending interrupts are indicated by the flag bit being
equal to a ‘1’ in the PIRXx register. All pending interrupts
are resolved using the priority scheme explained in
Section 9.3 “Interrupt Priority”.

Once the interrupt source to be serviced is resolved,
the program execution vectors to the resolved interrupt
vector addresses, as explained in Section
9.2 “Interrupt Vector Table (IVT)”. The vector number
is also stored in the WREG register. Most of the flag bits
are required to be cleared by the application software,
but in some cases, device hardware clears the interrupt
automatically. Some flag bits are read-only in the PIRx
registers, these flags are a summary of the source
interrupts and the corresponding interrupt flags of the
source must be cleared.

A valid interrupt can be either a high or low priority
interrupt when in main routine or a high priority interrupt
when in low priority Interrupt Service Routine.
Depending on order of interrupt requests received and
their relative timing, the CPU will be in the state of
execution indicated by the STAT bits of the INTCON1
register (Register 9-2).

The State machine shown in Figure 9-1 and the
subsequent sections detail the execution of interrupts
when received in different orders.

Note: The state of GIEH/L is not changed by the
hardware when servicing an interrupt. The
internal state machine is used to keep
track of execution states. These bits can
be manipulated in the user code resulting
in transferring execution to the main

routine and ignoring existing interrupts.

TABLE 9-2: INTERRUPT VECTOR
PRIORITY TABLE
Vector Interrupt Vector Interrupt
Number Source Number Source

0 Software Interrupt 42 TXBOIF
1 HLVD 43 TXB1IF
2 OSF 44 TXB2IF/TXBnIF
3 CSwW 45 ERRIF
4 NVM 46 WAKIF
5 SCAN 47 IRXIF
6 CRC 48 Cc2
7 10C 49 SMT2
8 INTO 50 SMT2PRA
9 ZCD 51 SMT2PWA
10 AD 52 DMA2SCNT
11 ADT 53 DMA2DCNT
12 C1 54 DMA20R
13 SMT1 55 DMA2A
14 SMT1PRA 56 12C2RX
15 SMT1PWA 57 12C2TX
16 DMA1SCNT 58 12C2
17 DMA1DCNT 59 12C2E
18 DMA10R 60 U2RX
19 DMA1A 61 U2TX
20 SPIMRX 62 U2E
21 SPIMTX 63 u2
22 SPI1 64 TMR3
23 I2C1RX 65 TMR3G
24 12C1TX 66 TMR4
25 12C1 67 CCP2
26 I12C1E 68 CWG2
27 U1RX 69 CLC2
28 U1TX 70 INT2
29 U1E 71 TMR5
30 U1 72 TMR5G
31 TMRO 73 TMR6
32 TMR1 74 CCP3
33 TMR1G 75 CWG3
34 TMR2 76 CLC3
35 CCP1 77 CCP4
36 NCO 78 CLC4
37 CWG1 79 —
38 CLC1 80 —
39 INT1 81 —
40 RXBOIF/FIFOIF
41 RXB1IF/RXBnIF
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FIGURE 9-1: VECTORED INTERRUPTS STATE TRANSITION DIAGRAM
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9.41 SERVING A HIGH OR LOW PRIORITY INTERRUPT
WHEN MAIN ROUTINE CODE IS EXECUTING

When a high or low priority interrupt is requested when the main routine code
is executing, the main routine execution is halted and the ISR is addressed, see
Figure 9-2. Upon a return from the ISR (by executing the RETFI E instruction),
the main routine resumes execution.

FIGURE 9-2: INTERRUPT EXECUTION: HIGH/LOW PRIORITY INTERRUPT WHEN EXECUTING MAIN ROUTINE
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9.4.2 SERVING A HIGH PRIORITY INTERRUPT WHILE A LOW
PRIORITY INTERRUPT PENDING

A high priority interrupt request will always take precedence over any interrupt
of a lower priority. The high priority interrupt is acknowledged first, then the low-
priority interrupt is acknowledged. Upon a return from the high priority ISR (by
executing the RETFI E instruction), the low priority interrupt is serviced, see
Figure 9-3.

If any other high priority interrupts are pending and enabled, then they are
serviced before servicing the pending low priority interrupt. If no other high
priority interrupt requests are active, the low priority interrupt is serviced.

FIGURE 9-3: INTERRUPT EXECUTION: HIGH PRIORITY INTERRUPT WITH A LOW PRIORITY INTERRUPT PENDING
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943 PREEMPTING LOW PRIORITY INTERRUPTS

Low-priority interrupts can be preempted by high priority interrupts. While in the . : .

low priority ISR, if a high-priority interrupt arrives, the high priority interrupt Note 1 zlzzrre]ljg?o gr\lgirgyrelgltﬁg:ztinqz?mm; st be
request is generated and the low priority ISR is suspended, while the high pri- pts.
ority ISR is executed, see Figure 9-4. 2: If a low-priority ISR was already serviced
After the high priority ISR is complete and if any other high priority interrupt hﬁg\:{fylsbsfot:]eenr?ﬁ\ellr;gwOrliot:i)t alsgglz
requests are not active, the execution returns to the preempted low priority ISR. somplyetely 'serviced even pif us)ér code

clears GIEL.
FIGURE 9-4: INTERRUPT EXECUTION: HIGH PRIORITY INTERRUPT PREEMPTING LOW PRIORITY INTERRUPTS
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9.4.4 SIMULTANEOUS LOW AND HIGH PRIORITY

INTERRUPTS

When both high and low interrupts are active in the same instruction cycle (i.e.,
simultaneous interrupt events), both the high and the low priority requests are
generated. The high priority ISR is serviced first before servicing the low priority

interrupt see Figure 9-5.

FIGURE 9-5: INTERRUPT EXECUTION: SIMULTANEOUS LOW AND HIGH PRIORITY INTERRUPTS
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9.5 Context Saving

The Interrupt controller supports a two-level deep
context saving (Main routine context and Low ISR
context). Refer to state machine shown in Figure 9-6
for details.

The Program Counter (PC) is saved on the dedicated
device PC stack. CPU registers saved include STATUS,
WREG, BSR, FSR0/1/2, PRODL/H and PCLATH/U.

After WREG has been saved to the context registers,
the resolved vector number of the interrupt source to be
serviced is copied into WREG. Context save and
restore operation is completed by the interrupt
controller based on current state of the interrupts and
the order in which they were sent to the CPU.

Context save/restore works the same way in both
states of MVECEN. When IPEN = 0, there is only one
level interrupt active. Hence, only the main context is
saved when an interrupt is received.

9.5.1 ACCESSING SHADOW REGISTERS

The Interrupt controller automatically saves the context
information in the shadow registers available in Bank
56. Both the saved context values (i.e., main routine
and low ISR) can be accessed using the same set of
shadow registers. By clearing the SHADLO bit in the
SHADCON register (Register 9-40), the CPU register
values saved for main routine context can accessed,
and by setting the SHADLO bit of the CPU register,
values saved for low ISR context can accessed. Low
ISR context is automatically restored to the CPU
registers upon exiting the high ISR. Similarly, the main
context is automatically restored to the CPU registers
upon exiting the low ISR.

The Shadow registers in Bank 56 are readable and
writable, so if the user desires to modify the context
then the corresponding shadow register should be
modified and the value will be restored when exiting the
ISR. Depending on the user’'s application, other
registers may also need to be saved.
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FIGURE 9-6:

CONTEXT SAVE STATE MACHINE DIAGRAM
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9.6 Returning from Interrupt Service
Routine (ISR)

The “Return from Interrupt” instruction (RETFI E) is
used to mark the end of an ISR.

When RETFI E 1 instruction is executed, the PC is
loaded with the saved PC value from the top of the PC
stack. Saved context is also restored with the execution
of this instruction. Thus, execution returns to the previ-
ous state of operation that existed before the interrupt
occurred.

When RETFI E 0 instruction is executed, the saved
context is not restored back to the registers.

9.7 Interrupt Latency

By assigning each interrupt with a vector address/num-
ber (MVECEN = 1), scanning of all interrupts is not nec-
essary to determine the source of the interrupt.

When MVECEN = 1, Vectored interrupt controller
requires three clock cycles to vector to the ISR from
main routine, thereby removing dependency of
interrupt timing on compiled code.

There is a fixed latency of three instruction cycles
between the completion of the instruction active when
the interrupt occurred and the first instruction of the Inter-
rupt Service Routine. Figure 9-7, Figure 9-8 and
Figure 9-9 illustrates the sequence of events when a
peripheral interrupt is asserted when the last executed
instruction is one-cycle, two-cycle and three-cycle
respectively, when MVECEN = 1.

After the Interrupt Flag Status bit is set, the current
instruction completes executing. In the first latency
cycle, the contents of the PC, STATUS, WREG, BSR,
FSRO0/1/2, PRODL/H and PCLATH/U registers are
context saved and the IVTBASE+ Vector number is
calculated. In the second latency cycle, the PC is
loaded with the calculated vector table address for the
interrupt source and the starting address of the ISR is
fetched. In the third latency cycle, the PC is loaded with
the ISR address. All the latency cycles are executed as
a FNOPR instruction.

When MVECEN = 0, Vectored interrupt controller
requires two clock cycles to vector to the ISR from main
routine. There is a latency of two instruction cycles plus
the software latency between the completion of the
instruction active when the interrupt occurred and the
first instruction of the Interrupt Service Routine.

© 2017 Microchip Technology Inc. Preliminary
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FIGURE 9-7:

INTERRUPT TIMING DIAGRAM — ONE CYCLE INSTRUCTION

® ® ®

®

®

® ©) ®

System
Clock

'ngfr:?gr‘ ( X I oxe2 ) xe2 f ox82 [ o8 | ox2A | o2ic | x«2 [ x4 | x5 )
'r:;"g“igtgn ( | nst@x® | FnoP | FNOP | FNOP  [inst@Ox218)inst@ 0x21A]  FNOP | Inst@X+2 | Inst@ X+4 )
BCF RETFIE
Interrupt |

Routine  ( MAIN X FNOP X ISR 1 o K MAIN )

IVTBASE | 0x80 |

Nomber | 1 |

Progra(;:sl\élemory 0x86 |

Interrupt Location = Interrupt vector table entry << 2

= 0x86 << 2 = 0x218
Note 1: Instruction @ X is a one-cycle Instruction
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FIGURE 9-8: INTERRUPT TIMING DIAGRAM - TWO WORD INSTRUCTION

©) @ ©) ® ©) ©® @ ©) @
oo UUUTUUUULUUUUUUL U UTL v vr iy vuL
Clock

Pogam [ v [ ve2 | ve2  ve2 | o2 [ o8 | oea | oeic | ve2 | vea [ vse |
'rséggtgn( | nst@Y® inst@v®| FNOP | FNOP | FNOP [mst@owis|mst@owial FNOP |inst@ Y+2|Inst@ Y+4)
BCF RETFIE
Interrupt |

Routine  { MAIN X FNOP X ISR Y enoe MAIN )

IVTBASE | 0x80 |

Nomber | 1 |

PrograoT(sl\élemory 0x86 |

Interrupt Location = Interrupt vector table entry << 2
= 0x86 << 2 =0x218

Note 1: Instruction @ Y is a two-cycle instruction.
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FIGURE 9-9: INTERRUPT TIMING DIAGRAM - THREE CYCLE INSTRUCTION

©) ©) ©) ©) ©) ©® ©) ©) @ @
oo [JUUUUUTUUUUTT VU UUvrUiivrv iU UL
Clock

Fggl?r:?g:( z | z2 | z+2 | ze2 | z+2 | ox82 | ox218 | ox21A | ox2ic | z+#2 | zea | z+6 |
e | [ nst@zinst@ 2" [inst@ 2" Fnop | Fnop | Fnop | TSI@ T REI@ T eNop Jinst @ z+2inst @ Z+4)
BCF RETFIE
Interrupt |

Routine < MAIN >< FNOP >< ISR X FNOP X MAIN >

IVTBASE | 0x80 |

| | |

PrograoT(sl\élemory 0x86 |

Interrupt Location = Interrupt vector table entry << 2
= 0x86 << 2 =0x218

Note 1: Instruction @ Z is a three-cycle instruction.
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9.7.1 ABORTING INTERRUPTS

If the last instruction before the interrupt controller vectors to the ISR from main
routine clears the GIE, PIE or PIR bit associated with the interrupt, the controller
executes one force NOP cycle before it returns to the main routine.

Figure 9-10 illustrates the sequence of events when a peripheral interrupt is
asserted and then cleared on the last executed instruction cycle.

If the GIE, PIE or PIR bit associated with the interrupt is cleared prior to
vectoring to the ISR, then the controller continues executing the main routine.

FIGURE 9-10: INTERRUPT TIMING DIAGRAM - ABORTING INTERRUPTS

® @ ® O, ®
Clock
Program <
Counter

x | ox2 ) xe2 | xea [ xe6 )

Instruction ( X Inst@X“) X FNOP X Inst @ X+2 X Inst @ X+4 )

Register
Interrupt
Routine < MAIN X FNOP X MAIN

Note 1: Inst @ X clears the interrupt flag, Example BCF INTCONO, GIE.
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9.8 Interrupt Setup Procedure

1. When using interrupt priority levels, set the IPEN
bit in INTCONO register and then select the
user-assigned priority level for the interrupt
source by writing the control bits in the appropri-
ate IPRx Control register.

Note: At a device Reset, the IPRx registers are
initialized, such that all user interrupt
sources are assigned to high priority.

2. Clear the Interrupt Flag Status bit associated
with the peripheral in the associated PIRx Status
register.

3. Enable the interrupt source by setting the inter-
rupt enable control bit associated with the
source in the appropriate PIEx Control register.

4. If the vector table is used (MVECEN = 1), then
setup the start address for the Interrupt Vector
Table using the IVTBASE register. See Section
9.2.2 “Interrupt Vector Table Contents”.

5. Once the IVTBASE is written to, set the Interrupt
enable bits in INTCONO register.

6. An example of setting up interrupts and ISRs
using assembly and C can be found in
Examples 9-3 and 9-4.

9.9 External Interrupt Pins

The PIC18(L)F26/27/45/46/47/55/56/57K42 devices
have three external interrupt sources which can be
assigned to any pin on different ports based on the PPS
settings. Refer Section 17.0 “Peripheral Pin Select
(PPS) Module” for possible rerouting options. 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. If
the bit is clear, the trigger is on the falling edge.

When a valid edge appears on the INTx pin, the
corresponding flag bit, INTxF in the PIRXx registers, is
set. This interrupt can be disabled by clearing the
corresponding enable bit, INTXE. Flag bit, INTxF, must
be cleared by software in the Interrupt Service Routine
before re-enabling the interrupt.

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 IPRx registers.

9.10 Wake-up from Sleep

The interrupt controller provides a wake-up request to
the CPU whenever an interrupt event occurs, if the
interrupt event is enabled. This occurs regardless of
whether the part is in Run, Idle/Doze or Sleep modes.
The status of the GIEH/GIEL bits has no effect on the
wake-up request. The wake-up request will be asyn-
chronous to all clocks.

9.11 Interrupt Compatibility

When the MVECEN bit in Configuration Word 2L is
cleared (Register 5-3), the Interrupt Vector Table
feature is disabled and interrupts are compatible with
previous high performance 8-bit PIC18 microcontroller
devices. In this mode, the Interrupt Vector Table priority
has no effect.

When the IPEN bit is also cleared, the interrupt priority
feature is disabled and interrupts are compatible with
PIC®16  microcontroller mid-range devices. All
interrupts branch to address 0008h since the interrupt
priority is disabled.

© 2017 Microchip Technology Inc.
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EXAMPLE 9-3: SETTING UP VECTORED INTERRUPTS USING MPASM
I SR_ TMRO: CODE 0x8C0 ; ISR code at 0x08C0 in PFM
BANKSEL Pl RO ; Sel ect bank for PIRO
BCF PI R3, TMROIF ; Clear TMROIF
BTG LATC, 0, ACCESS ; Code to execute in ISR
RETFI E 1 ; Return fromI SR

Interruptlinit:

; TMRO vector at

MOVLW 0x30

MOVWF TABLAT, ACCESS
TBLWI™* +

MOVLW 0x02

MOVWF TABLAT, ACCESS
TBLWI™ +

; Wite to PFM now usi ng NVMCON

BANKSEL NVMCONL
MOVLW 0x84

MOVWF NVMCONL
MOVLW 0x55

MOVWF NVMCON2
MOVLW OxAA

MOVWF NVMCON2

BSF NVMCONL, WR
BTFSC NVMCONL, WR
GOro $-2

RETURN 1

BANKSEL | NTCONO ; Select bank for | NTCONO
BSF I NTCONO, G EH ; Enable high priority interrupts
BSF I NTCONO, G EL ; Enable low priority interrupts
BSF | NTCONO, | PEN_I NTCONO ; Enable interrupt priority
BANKSEL Pl EO ; Sel ect bank for PIEO
BSF PIE3, TMROIE ; Enable TMRO interrupt
BSF Pl E4, TMR1IE ; Enable TMRL interrupt
BCF I PR3, TMROIP ; Make TMRO interrupt low priority
RETURN 1

Vector Tabl el nit:
; Set | VIBASE (optional - default is 0x000008)
MOVLW 0x00 ; This is optional
MOVWF | VTBASEU, ACCESS ; If not included, then the
MOVLW 0x40 ; hardware default val ue of
MOVWF | VTBASEH, ACCESS ; 0x0008 will be taken.
MOVLW 0x08
MOVWF | VTBASEL, ACCESS

| VTBASE + 2*(TMRO vect or

MOVLW 0x00 ; Load TBLPTR with the
MOVWF TBLPTRU, ACCESS ; PFM nenory | ocation to be
MOVLW 0x40 ; written to.

MOVWF TBLPTRH, ACCESS

MOVLW 0x46

MOVWF TBLPTRL, ACCESS

; Wite the contents of TMRO vector |ocation

; I SR_TMRO_ADDRESS >> 2 = 0x08C0 >> 2 = 0x0230

nunber i.e. 31) = 0x4046

; Low byte first

; Wite to tenp table latch

; H gh byte next

; Wite to tenp table latch

; Sel ect bank for NVMCONL
; Setting to wite to PFM

; Required unl ock sequence

; Start witing to PFM

; Wait for wite to conplete

© 2017 Microchip Technology Inc.
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EXAMPLE 9-4: SETTING UP VECTORED INTERRUPTS USING XC8

/1 NOTE 1: |f IVTBASE is changed fromits default value of 0x000008, then the
/1 "base(...)" argument must be provided in the ISR Oherw se the vector
/] table will be placed at 0x0008 by default regardl ess of the |VIBASE val ue.

/1 NOTE 2: When MVECEN=0 and | PEN=1, a separate argument as "high_priority"
/1 or "low priority" can be used to distinguish between the two | SRs.

/1 If the argument is not provided, the ISR is considered high priority

/1 by default.

/1 NOTE 3: Multiple interrupts can be handled by the same ISR if they are
// specified in the "irqg(...)" argunent. Ex: irq(lRQTMRO0, |RQ CCP1)

void __interrupt(irqg(l RQ TMR0), base(0x4008)) TMRO_I SR(voi d)

{
PI R3bits. TMROI F = O; // Clear the interrupt flag
LATCbits.LCO A= 1; /1 1SR code goes here

}

void __interrupt(irqg(default), base(0x4008)) DEFAULT_| SR(voi d)

{
// Unhandl ed interrupts go here

}

void I NTERRUPT_ I nitialize (void)

{
| NTCONObi ts. G EH = 1; /1 Enable high priority interrupts
| NTCONObits. G EL = 1; /1 Enable low priority interrupts
| NTCONObi ts. | PEN = 1; // Enable interrupt priority
Pl E3bits. TMROIE = 1; /1 Enable TMRO interrupt
Pl E4bits. TMRLI E = 1; /1 Enable TMRL interrupt
| PR3bits. TMROIP = 0; /1 Make TMRO interrupt low priority
/1 Change | VIBASE if required
| VTBASEU = 0x00; /1 Optional
| VTBASEH = 0x40; // Default is 0x0008
| VTBASEL = 0x08;

}
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9.12 Register Definitions: Interrupt Control
REGISTER 9-1: INTCONO: INTERRUPT CONTROL REGISTER 0

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
GEGEH | GEL [ wEN | — [ - INT2EDG | INT1EDG | 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 bits
If IPEN =0:
GIE:

1 = Enables all unmasked interrupts
0 = Disables all interrupts

If IPEN = 1:

GIEH:

1 = Enables all unmasked high priority interrupts: bit also needs to be set for enabling low priority
interrupts
0 = Disables all interrupts

bit 6 GIEL: Global Low Priority Interrupt Enable bit
If IPEN =0:
Reserved, read as ‘0’
If IPEN = 1:

GIEL:

1 = Enables all unmasked low priority interrupts, GIEH also needs to be set for low priority interrupts
0 = Disables all low priority

bit 5 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts; all interrupts are treated as high priority interrupts

bit 4-3 Unimplemented: Read as ‘0’

bit 2 INT2EDG: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge of INT2 pin
0 = Interrupt on falling edge of INT2 pin

bit 1 INT1EDG: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge of INT1 pin
0 = Interrupt on falling edge of INT1 pin

bit 0 INTOEDG: External Interrupt 0 Edge Select bit

1 = Interrupt on rising edge of INTO pin
0 = Interrupt on falling edge of INTO pin
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REGISTER 9-2: INTCON1: INTERRUPT CONTROL REGISTER 1

R-0/0 R-0/0 u-0 uU-0 u-0 u-0 uU-0 uU-0
STAT<1:0> = = = = = =
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware
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 STAT<1:0>: Interrupt State Status bits
11 = High priority ISR executing, high priority interrupt was received while a low priority ISR was
executing

10 = High priority ISR executing, high priority interrupt was received in main routine
01 = Low priority ISR executing, low priority interrupt was received in main routine
00 = Main routine executing

bit 5-0 Unimplemented: Read as ‘0’
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REGISTER 9-3: PIRO: PERIPHERAL INTERRUPT REQUEST REGISTER 0

R-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
locIF® CRCIF SCANIF NVMIF | cswiF® | OsFIF HLVDIF SWIF
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 HS = Bit is set in hardware
bit 7 IOCIF: Interrupt-on-Change Interrupt Flag bit(2)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 6 CRCIF: CRC Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 5 SCANIF: Memory Scanner Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 4 NVMIF: NVM Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 3 CSWIF: Clock Switch Interrupt Flag bit(3)
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 2 OSFIF: Oscillator Fail Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 1 HLVDIF: HLVD Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 0 SWIF: Software Interrupt Flag bit

1 = Software Interrupt Flag Enable
0 = Software Interrupt Flag Disable

Note 1: Interrupt flag bits get 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.

2: 10CIF is a read-only bit. To clear the interrupt condition, all bits in the IOCxF registers must be cleared.
3: 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 9-4: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

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

SMT1PWAIF | SMT1PRAIF SMT1IF C1IF | ADTIF | ADIF ZCDIF INTOIF?)
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 HS = Bit is set in hardware

bit 7 SMT1PWAIF: SMT1 Pulse-Width Acquisition Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 SMT1PRAIF: SMT1 Period Acquisition Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5 SMT1IF: SMT1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 4 C1IF: CMP1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 3 ADTIF: ADC Threshold Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 2 ADIF: ADC Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 1 ZCDIF: ZCD Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 INTOIF: External Interrupt O Interrupt Flag bit(2)

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

2: The external interrupt GPIO pin is selected by the INTXPPS register.
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REGISTER 9-5: PIR2: PERIPHERAL INTERRUPT REGISTER 2(")

R-0/0 R-0/0 R-0/0 R-0/0 R/W/HS-0/0 R/MW/HS-0/0 R/W/HS-0/0  R/W/HS-0/0
12C1RXIF@ | spPMIF®) [SPITXIF@ | SPIMRXIF® | DMA1AIF DMA1ORIF | DMA1DCNTIF | DMA1SCNTIF
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 HS = Hardware set

bit 7 I2C1RXIF: 1°C1 Receive Interrupt Flag bit(®

1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 6 SPIIF: SPI1 Interrupt Flag bit(®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 5 SPITXIF: SPI1 Transmit Interrupt Flag bit(%)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 4 SPIMRXIF: SPI1 Receive Interrupt Flag bit(4)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 3 DMA1AIF: DMA1 Abort Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 2 DMA1ORIF: DMA1 Overrun Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 1 DMA1DCNTIF: DMA1 Destination Count Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 0 DMA1SCNTIF: DMA1 Source Count Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

2: 12CxTXIF and I2CxRXIF are read-only bits. To clear the interrupt condition, the CLRBF bit in I2CxSTAT1
register must be set.

3: SPIxIF is a read-only bit. To clear the interrupt condition, all bits in the SPIXINTF register must be cleared.
4: SPIXTXIF and SPIXRXIF are read-only bits and cannot be set/cleared by the software.
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REGISTER 9-6: PIR3: PERIPHERAL INTERRUPT REGISTER 3(")

R/W/HS-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0

TMROIF u1IF@ U1EIF®) | U1TXIF® | UIRXIF@ | 12C1EIF®) 12C1IF® | 12c1TXIFD

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 HS = Bit is set in hardware

bit 7 TMROIF: TMRO Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 U1IF: UART1 Interrupt Flag bit(2)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 5 U1EIF: UART1 Framing Error Interrupt Flag bit(®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 4 U1TXIF: UART1 Transmit Interrupt Flag bit(4)

1 = Interrupt has occurred
0 = Interrupt event has not occurred

bit 3 U1RXIF: UART1 Receive Interrupt Flag bit4)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 2 I2C1EIF: 12C1 Error Interrupt Flag bit(®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 1 I2C1IF: 12C1 Interrupt Flag bit(®)

1 = Interrupt has occurred
0 = Interrupt event has not occurred

bit 0 I2C1TXIF: 12C1 Transmit Interrupt Flag bit(?)

1 = Interrupt has occurred
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

UxIF is a read-only bit. To clear the interrupt condition, all bits in the UxUIR register must be cleared.
UXEIF is a read-only bit. To clear the interrupt condition, all bits in the UXERRIR register must be cleared.
UxTXIF and UxRXIF are read-only bits and cannot be set/cleared by the software.

I2CxEIF is a read-only bit. To clear the interrupt condition, all bits in the I2CxERR register must be cleared.
I2CxIF is a read-only bit. To clear the interrupt condition, all bits in the I2CxPIR register must be cleared.

12CxTXIF and I2CxRXIF are read-only bits. To clear the interrupt condition, the CLRBF bit in I2CxSTAT1
register must be set.

Noagahob
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REGISTER 9-7: PIR4: PERIPHERAL INTERRUPT REGISTER 4(1)
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

INT1IF(2) CLCH1IF CWGH1IF NCO1IF CCP1IF TMR2IF TMR1GIF TMR1IF
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 HS = Bit is set in hardware

bit 7 INT1IF: External Interrupt 1 Interrupt Flag bit(2)

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 CLC1IF: CLC1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5 CWGH1IF: CWGH1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 4 NCO1IF: NCO1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 3 CCP1IF: CCP1 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 2 TMR2IF: TMR2 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 1 TMR1GIF: TMR1 Gate Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 TMR1IF: TMR1 Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

2: The external interrupt GPIO pin is selected by the INTXPPS register.
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REGISTER 9-8: PIR5: PERIPHERAL INTERRUPT REGISTER 5(1)
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
IRXF | WAKIF | ERRIF [ TXB2FmxBnF | TXBIF |  TXBOF | RXBIIF/RXBnIF | RXBOIF/FIFOFIF
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 HS = Bit is set in hardware
bit 7 IRXIF: CAN Invalid Message Received Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 6 WAKIF: CAN Bus Wake-Up Activity Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 5 ERRIF: CAN Error Interrupt Flag bit (Multiple sources in the COMSTAT register)
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 4 TXB2IF/TXBnIF: CAN Transmit Buffer 2/Transmit Buffer n Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 3 TXB1IF: CAN Transmit Buffer 1 Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 2 TXBOIF: CAN Transmit Buffer 0 Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 1 RXB1IF/RXBnIF: CAN Receive Buffer 1/ Receive Buffer n Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
bit 0 RXBOIF/FIFOFIF: CAN Receive Buffer O/FIFO Full 1 Interrupt Flag bit
1 = |Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred
Note 1: Interrupt flag bits get 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.
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REGISTER 9-9: PIR6: PERIPHERAL INTERRUPT REGISTER 6"

R/W/HS-0/0  R/W/HS-0/0 R/W/IHS-0/0 R/W/HS-0/0 R/W/IHS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0

DMA2AIF | DMA20ORIF | DMA2DCNTIF | DMA2SCNTIF | SMT2PWAIF | SMT2PRAIF SMT2IF C2IF
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 HS = Bit is set in hardware
bit 7 DMAZ2AIF: DMA2 Abort Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 DMAZ2ORIF: DMA2 Overrun Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5 DMA2DCNTIF: DMA2 Destination Count Interrupt Flag bit
1 = Interrupt has occurred
0 = Interrupt event has not occurred

bit 4 DMA2SCNTIF: DMA2 Source Count Interrupt Flag bit
1= Interrupt has occurred
0 = Interrupt event has not occurred

bit 3 SMT2PWAIF: SMT2 Pulse-Width Acquisition Interrupt Flag bit
1 = Interrupt has occurred
0 = Interrupt event has not occurred

bit 2 SMT2PRAIF: SMT2 Period Acquisition Interrupt Flag bit
1= Interrupt has occurred
0 = Interrupt event has not occurred

bit 1 SMT2IF: SMT2 Interrupt Flag bit
1 = Interrupt has occurred
0 = Interrupt event has not occurred

bit 0 C2IF: C2 Interrupt Flag bit
1= Interrupt has occurred
0 = Interrupt event has not occurred

Note 1: |Interrupt flag bits get 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 inter-
rupt.
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REGISTER 9-10:  PIR7: PERIPHERAL INTERRUPT REGISTER 7(1)

R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
U2IF2 U2EIFG) U2TXIF@ | U2RXIF@ | 12C2EIF®) | 12c2IF® | 12c2TXIF() | 12C2RXIF(T)
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 HS = Bit is set in hardware
bit 7 U2IF: UART2 Interrupt Flag bit(2)

1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 6 U2EIF: UART2 Framing Error Interrupt Flag bit®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 5 U2TXIF: UART2 Transmit Interrupt Flag bit()
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 4 U2RXIF: UART2 Receive Interrupt Flag bit4)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 3 I2C2EIF: 12c2 Error Interrupt Flag bit(®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 2 I2C2IF: 12c2 Interrupt Flag bit(®)
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 1 [2C2TXIF: 12c2 Transmit Interrupt Flag bit(?
1 = Interrupt has occurred
0 = Interrupt event has not occurred
bit 0 I2C2RXIF: 12c2 Receive Interrupt Flag bit(?

1 = Interrupt has occurred
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

UxIF is a read-only bit. To clear the interrupt condition, all bits in the UxUIR register must be cleared.
UXEIF is a read-only bit. To clear the interrupt condition, all bits in the UXERRIR register must be cleared.
UxTXIF and UxRXIF are read-only bits and cannot be set/cleared by the software.

I2CxEIF is a read-only bit. To clear the interrupt condition, all bits in the I2CxERR register must be cleared.
I2CxIF is a read-only bit. To clear the interrupt condition, all bits in the I2CxPIR register must be cleared.

12CxTXIF and I2CxRXIF are read-only bits. To clear the interrupt condition, the CLRBF bit in I2CxSTAT1
register must be set.

Noagahob
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REGISTER 9-11:  PIR8: PERIPHERAL INTERRUPT REGISTER 8(!)

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
TMRSIF INT2IF(2) CLC2IF CWG2IF CCP2IF TMRA4IF TMR3GIF TMR3IF
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 HS = Bit is set in hardware

bit 7 TMRS5IF: TMRS Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 6 INT2IF: External Interrupt 2 Interrupt Flag bit(2)
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5 CLC2IF: CLC2 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 4 CWG2IF: CWG?2 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 3 CCP2IF: CCP2 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 2 TMRAIF: TMR4 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 1 TMR3GIF: TMR3G Gate Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 TMR3IF: TMR3 Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.

2: The external interrupt GPIO pin is selected by the INTXPPS register.
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REGISTER 9-12:  PIR9: PERIPHERAL INTERRUPT REGISTER 9(")

u-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
= CLC4IF CCP4IF CLC3IF CWG3IF CCP3IF TMRG6IF TMR5GIF
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 Unimplemented: Read as ‘0’
bit 6 CLCAIF: CLC4 Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 5 CCPA4IF: CCP4 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 4 CLC3IF: CLC3 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 3 CWGS3IF: CWGS3 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 2 CCP3IF: CCP3 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 1 TMRG6IF: TMRG6 Interrupt Flag bit
1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

bit 0 TMRS5GIF: TMR5 Gate Interrupt Flag bit

1 = Interrupt has occurred (must be cleared by software)
0 = Interrupt event has not occurred

Note 1: Interrupt flag bits get 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.
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REGISTER 9-13:

PIEO: PERIPHERAL INTERRUPT ENABLE 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
IOCIE CRCIE SCANIE NVMIE CSWIE OSFIE HLVDIE SWIE
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 IOCIE: Interrupt-on-Change Enable bit
1= Enabled
0 = Disabled
bit 6 CRCIE: CRC Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 SCANIE: Memory Scanner Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 NVMIE: NVM Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 CSWIE: Clock Switch Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 OSFIE: Oscillator Fail Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 HLVDIE: HLVD Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 SWIE: Software Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-14: PIE1: PERIPHERAL INTERRUPT ENABLE 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
SMT1PWAIE | SMT1PRAIE SMT1IE C1IE ADTIE ADIE ZCDIE INTOIE
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 SMT1PWAIE: SMT1 Pulse Width Acquisition Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 SMT1PRAIE: SMT1 Period Acquisition Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 SMT1IE: SMT1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 C1IE: C1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 ADTIE: ADC Threshold Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 ADIE: ADC Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 ZCDIE: ZCD Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 INTOIE: External Interrupt O Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-15:

PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

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
I2C1RXIE SPIIE SPIMTXIE | SPHMRXIE DMA1AIE DMA10ORIE | DMA1DCNTIE | DMA1SCNTIE
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 I2C1RXIE: 12C1 Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 SPIMIE: SPI1 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 SPITXIE: SPI1 Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 SPIMRXIE: SPI1 Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 DMA1AIE: DMA1 Abort Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 DMA1ORIE: DMA1 Overrun Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 DMA1TDCNTIE: DMA1 Destination Count Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 DMA1SCNTIE: DMA1 Source Count Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 9-16:

PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

u = Bit is unchanged

x = Bit is unknown

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
TMROIE U1IE U1EIE U1TXIE U1RXIE I2C1EIE 12C1IE 12C1TXIE
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 TMROIE: TMRO Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 U1IE: UART1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 U1EIE: UART1 Framing Error Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 U1TXIE: UART1 Transmit Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 U1RXIE: UART1 Receive Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 I2C1EIE: 1°C1 Error Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 I2C1IE: 12C1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 I2C1TXIE: 12C1 Transmit Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-17:

PIE4: PERIPHERAL INTERRUPT ENABLE REGISTER 4

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
INT1IE CLC1IE CWGH1IE NCO1IE CCP1IE TMR2IE TMR1GIE TMR1IE
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 INT1IE: External Interrupt 1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 CLCH1IE: CLC1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 CWGH1IE: CWG1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 NCO1IE: NCO1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 CCP1IE: CCP1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 TMR2IE: TMR2 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 TMR1GIE: TMR1 Gate Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 TMR1IE: TMR1 Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-18:

PIES: PERIPHERAL INTERRUPT ENABLE REGISTER 5

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
IRXE | WAKE | ERRE | TXB2EMXBnE | TXBIE | TXBOE | RXB1IE/RXBnE | RXBOIE/FIFOFIE
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 IRXIE: CAN Invalid Message Received Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 WAKIE: CAN Bus Wake-up Activity Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 ERRIE: CAN Error Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 TXB2IE/TXBnIE: CAN Transmit Buffer 2/Transmit Buffer n Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 TXB1IE: CAN Transmit Buffer 1 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 TXBOIE: CAN Transmit Buffer O Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 RXB1IE/RXBnIE: CAN Receive Buffer 1/ Receive Buffer n Interrupt Flag Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 RXBOIE/FIFOFIE: CAN Receive Buffer 0/FIFO Full Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-19: PIE6: PERIPHERAL INTERRUPT ENABLE REGISTER 6

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
DMA2AIE | DMA20ORIE | DMA2DCNTIE | DMA2SCNTIE | SMT2PWAIE | SMT2PRAIE SMT2IE C2IE
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 DMA2AIE: DMA Abort Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 DMA20ORIE: DMA2 Overrun Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 DMA2DCNTIE: DMA2 Destination Count Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 DMA2SCNTIE: DMA2 Source Count Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 SMT2PWAIE: SMT2 Pulse-Width Acquisition Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 SMT2PRAIE: SMT2 Period Acquisition Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 SMT2IE: SMT2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 C2IE: C2 Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-20:

PIE7: PERIPHERAL INTERRUPT ENABLE REGISTER 7

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
U2IE U2EIE U2TXIE U2RXIE I2C2EIE 12C2IE 12C2TXIE I2C2RXIE
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 U2IE: UART2 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 U2EIE: UART2 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 U2TXIE: UART2 Transmit Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 U2RXIE: UART2 Receive Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 12C2EIE: 12c2 Error Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 I12C2IE: 122 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 12C2TXIE: 12c2 Transmit Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 I2C2RXIE: 12Cc2 Receive Interrupt Enable bit
1= Enabled
0 = Disabled
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REGISTER 9-21:

PIES: PERIPHERAL INTERRUPT ENABLE REGISTER 8

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
TMRSIE INT2IE CLC2IE CWG2IE CCP2IE TMR4IE TMR3GIE TMR3IE
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 TMRS5IE: TMRS5 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 INT2IE: External Interrupt 2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 CLC2IE: CLC2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 4 CWG2IE: CWG2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 CCP2IE: CCP2 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 TMRAIE: TMR4 Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMR3GIE: TMR3 Gate Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 TMR3IE: TMR3 Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 9-22: PIE9: PERIPHERAL INTERRUPT ENABLE REGISTER 9

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
= CLC4IE CCP4IE CLC3IE CWGSIE CCP3IE TMRG6IE TMR5GIE
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 Unimplemented: Read as ‘0’
bit 6 CLCA4IE: CLC4 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 5 CCP4IE: CCP4 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 4 CLC3IE: CLC3 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 3 CWG3IE: CWG3 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 CCP3IE: CCP3 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 TMRG6IE: TMRG6 Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 TMRS5GIE: TMRS Interrupt Enable bit
1 = Enabled
0 = Disabled
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REGISTER 9-23:

IPRO: PERIPHERAL INTERRUPT PRIORITY REGISTER 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 R/W-1/1 R/W-1/1
IOCIP CRCIP SCANIP NVMIP CSWIP OSFIP HLVDIP SWIP
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 IOCIP: Interrupt-on-Change Priority bit
1 = High priority
0 = Low priority
bit 6 CRCIP: CRC Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 SCANIP: Memory Scanner Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 NVMIP: NVM Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 CSWIP: Clock Switch Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 OSFIP: Oscillator Fail Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 HLVDIP: HLVD Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 SWIP: Software Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-24: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 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 R/W-1/1
SMT1PWAIP | SMT1PRAIP | SMT1IP C1IP ADTIP ADIP ZCDIP INTOIP
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 SMT1PWAIP: SMT1 Pulse Width Acquisition Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 SMT1PRAIP: SMT1 Period Acquisition Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 SMT1IP: SMT1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 C1IP: C1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 ADTIP: ADC Threshold Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 ADIP: ADC Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 ZCDIP: ZCD Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 INTOIP: External Interrupt O Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 9-25:

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

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
I2C1RXIP SPIMIP SPHMTXIP | SPI1RXIP DMA1AIP DMA1ORIP | DMA1DCNTIP | DMA1SCNTIP
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 I2C1RXIP: 12C1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 SPIMIP: SPI1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 SPMTXIP: 1°C1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 SPIMRXIP: SPI1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 DMA1AIP: DMA1 Abort Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 DMA1ORIP: DMA1 Overrun Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 DMA1DCNTIP: DMA1 Destination Count Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 DMA1SCNTIP: DMA1 Source Count Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-26:

IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

u = Bit is unchanged

x = Bit is unknown

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
TMROIP u1IP U1EIP U1TXIP U1RXIP I2C1EIP 12C1IP 12C1TXIP
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 TMROIP: TMRO Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 U1IP: UART1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 U1EIP: UART1 Framing Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 U1TXIP: UART1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 U1RXIP: UART1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 I2C1EIP: 1°C1 Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 I2C1IP: 12C1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 [2C1TXIP: 12C1 Transmit Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-27:

IPR4: PERIPHERAL INTERRUPT PRIORITY REGISTER 4

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
INT1IP CLC1IP CWGI1IP NCO1IP CCP1IP TMR2IP TMR1GIP TMR1IP
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 INT1IP: External Interrupt 1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 CLC1IP: CLC1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 CWGH1IP: CWG1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 NCO1IP: NCO1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 CCP1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 TMR2IP: TMR2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR1GIP: TMR1 Gate Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-28: IPR5: PERIPHERAL INTERRUPT PRIORITY REGISTER 5

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

IRXIP | WAKIP | ERRP | TXB2PPXBnlP | TXB1IP | TXBOIP | RXB1IPIRXBnlP | RXBOIP/FIFOFIP
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 IRXIP: CAN Invalid Message Received Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 WAKIP: CAN Bus Wake-Up Activity Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 ERRIP: CAN Error Interrupt Priority bit (Multiple Sources in the COMSTAT Register)
1 = High priority
0 = Low priority
bit 4 TXB2IP/TXBnIP: CAN Transmit Buffer 2/Transmit Buffer n Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TXB1IP: CAN Transmit Buffer 1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 TXBOIP: CAN Transmit Buffer O Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 RXB1IP/RXBnIP: CAN Receive Buffer 1/Receive Buffer n Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 RXBOIP/FIFOFIP: CAN Receive Buffer 0/FIFO Full Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 9-29: IPR6: PERIPHERAL INTERRUPT PRIORITY REGISTER 6

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
DMA2AIP | DMA20ORIP | DMA2DCNTIP | DMA2SCNTIP | SMT2PWAIP | SMT2PRAIP | SMT2IP C2IP
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 DMAZ2AIP: DMA2 Abort Interrupt Priority bit

1 = High priority
0 = Low priority
bit 6 DMA20RIP: DMA2 Overrun Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 DMA2DCNTIP: DMA2 Destination Count Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 DMA2SCNTIP: DMA2 Source Count Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SMT2PWAIP: SMT2 Pulse-Width Acquisition Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 SMT2PRAIP: SMT2 Period Acquisition Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 SMT2IP: SMT2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 C2IP: C2 Interrupt Priority bit
1 = High priority
0 = Low priority
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REGISTER 9-30:

IPR7: PERIPHERAL INTERRUPT PRIORITY REGISTER 7

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
u2ipP U2EIP U2TXIP U2RXIP I12C2EIP 12C2IP 12C2TXIP 12C2RXIP
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 U2IP: UART2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 U2EIP: UART2 Framing Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 U2TXIP: UART2 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 U2RXIP: UART2 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 I2C2EIP: 12C2 Error Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 I2C2IP: 1°C2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 [2C2TXIP: 12C2 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 12C2RXIP: TMR4 Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-31:

IPR8: PERIPHERAL INTERRUPT PRIORITY REGISTER 8

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
TMRS5IP INT2IP CLC2IP CWG2IP CCP2IP TMRA4IP TMR3GIP TMR3IP
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 TMRS5IP: TMRS5 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 INT2IP: External Interrupt 2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 CLC2IP: CLC2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 CWG2IP: CWG2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 TMRA4IP: TMR4 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 TMR3IP: TMR3 Interrupt Priority bit

1 = High priority
0 = Low priority

© 2017 Microchip Technology Inc.

Preliminary DS40001943A-page 155



PIC18(L)F25/26K83

REGISTER 9-32:

IPR9: PERIPHERAL INTERRUPT PRIORITY REGISTER 9

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 R/W-1/1
= CLC4IP CCP4IP CLC3IP CWG3IP CCP3IP TMRG6IP TMR5GIP
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 Unimplemented: Read as ‘0’
bit 6 CLCA4IP: CLC4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 CCP4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 CLC3IP: CLC3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 CWG3IP: CWGS3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP3IP: CCP3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMRG6IP: TMRGIP Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMRS5GIP: TMRS5 Interrupt Priority bit

1 = High priority
0 = Low priority
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REGISTER 9-33:

IVTBASEU: INTERRUPT VECTOR TABLE BASE ADDRESS UPPER REGISTER

uU-0 U-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — BASE<20:16>
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 7-5 Unimplemented: Read as ‘0’
bit 4-0 BASE<20:16>: Interrupt Vector Table Base Address bits

REGISTER 9-34:

IVTBASEH: INTERRUPT VECTOR TABLE BASE ADDRESS HIGH 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
BASE<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 BASE<15:8>: Interrupt Vector Table Base Address bits

REGISTER 9-35:

IVTBASEL: INTERRUPT VECTOR TABLE BASE ADDRESS LOW REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-0/0 R/W-0/0
BASE<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 BASE<7:0>: Interrupt Vector Table Base Address bits

© 2017 Microchip Technology Inc.

Preliminary DS40001943A-page 157



PIC18(L)F25/26K83

REGISTER 9-36:

IVTADU: INTERRUPT VECTOR TABLE ADDRESS UPPER REGISTER

uU-0 U-0 uU-0 R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
_ — = AD<20:16>
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 7-5 Unimplemented: Read as ‘0’
bit 4-0 AD<20:16>: Interrupt Vector Table Address bits

REGISTER 9-37:

IVTADH: INTERRUPT VECTOR TABLE ADDRESS HIGH REGISTER

u = Bit is unchanged
‘1’ = Bit is set

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

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

bit 7-0

REGISTER 9-38:

AD<15:8>: Interrupt Vector Table Address bits

IVTADL: INTERRUPT VECTOR TABLE ADDRESS LOW REGISTER

u = Bit is unchanged
‘1’ = Bitis set

R-0/0 R-0/0 R-0/0 R-0/0 R-1/1 R-0/0 R-0/0 R-0/0
AD<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

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

bit 7-0

AD<7:0>: Interrupt Vector Table Address bits

© 2017 Microchip Technology Inc.

Preliminary DS40001943A-page 158



PIC18(L)F25/26K83

REGISTER 9-39: IVTLOCK: INTERRUPT VECTOR TABLE LOCK REGISTER

u-0 u-0 uU-0 u-0 u-0 u-0 uU-0 R/W-0/0
— — — — — — — IVTLOCKED!!: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 7-1 Unimplemented: Read as ‘0’
bit O IVTLOCKED: IVT Registers Lock bits(1:2)

1 = IVTBASE Registers are locked and cannot be written
0 = IVTBASE Registers can be modified by write operations

Note 1: The IVTLOCK bit can only be set or cleared after the unlock sequence in Example 9-1.
2: IfIVT1WAY =1, the IVTLOCK bit cannot be cleared after it has been set. See Register 5-3.

REGISTER 9-40: SHADCON: SHADOW CONTROL REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 u-0 R/W-0/0
— — — — — — — SHADLO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-1 Unimplemented: Read as ‘0’
bit 0 SHADLO: Interrupt Shadow Register Access Switch bit

0 = Access Main Context for Interrupt Shadow Registers
1 = Access Low-Priority Interrupt Context for Interrupt Shadow Registers
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TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 'zsg;:;e;
INTCONO | GIE/GIEH GIEL IPEN - - INT2EDG INT1EDG INTOEDG 125
INTCON1 STAT<1:0> - - — - - - 126
PIEO IOCIE CRCIE SCANIE NVMIE CSWIE OSFIE HLVDIE SWIE 137
PIE1 SMT1PWAIE | SMT1PRAIE SMT1IE C1IE ADTIE ADIE ZCDIE INTOIE 138
PIE2 [2C1RXIE SPHIE SPHTXIE SPIRXIE DMA1AIE DMA1ORIE | DMAIDCNTIE | DMA1SCNTIE 139
PIE3 TMROIE U1IE U1EIE U1TXIE U1RXIE 12C1EIE 12C1IE [2C1TXIE 140
PIE4 INT1IE CLC1IE CWGIIE NCO1IE CCP1IE TMR2IE TMRIGIE TMR1IFE 141
PIE5 IRXIE WAKIE ERRIE TXB2IE/TXBnIE TXB1IE TXBOIE | RXB1IE/RXBnIE | RXBOIE/FIFOFIE | 142
PIE6 DMA2AIE | DMA20RIE | DMA2DCNTIE | DMA2SCNTIE | SMT2PWAIE | SMT2PRAIE SMT2IE C2IE 143
PIE7 U2IE U2EIE U2TXIE U2RXIE 12C2EIE 12C2IE 12C2TXIE [2C2RXIE 144
PIES TMRSIE INT2IE CLC2IE CWG2IE CCP2IE TMRAIE TMR3GIE TMRS3IE 145
PIE9 — CLCAIE CCP4IE CLC3IE CWG3IE CCP3IE TMRSIE TMR5IE 146
PIRO IOCIF CRCIF SCANIF NVMIF CSWIF OSFIF HLVDIF SWIF 127
PIR1 SMT1PWAIF | SMT1PRAIF SMT1IF C1IF ADTIF ADIF ZCDIF INTOIF 128
PIR2 [2C1RXIF SPHIF SPITXIF SPIRXIF DMA1AIF DMA1ORIF | DMAIDCNTIF | DMA1SCNTIF 129
PIR3 TMROIF U1IF U1EIF UITXIF U1RXIF [2C1EIF 12C1IF [2C1TXIF 130
PIR4 INT1IF CLC1IF CWGH1IF NCO1IF CCP1IF TMR2IF TMR1GIF TMRI1IF 131
PIR5 IRXIF WAKIF ERRIF TXB2IF/TXBnIF TXB1IF TXBOIF RXB1IF/RXBnIF | RXBOIF/FIFOFIF | 132
PIR6 DMA2AIF | DMAZ20RIF | DMA2DCNTIF | DMA2SCNTIF | SMT2PWAIF | SMT2PRAIF SMT2IF C2IF 133
PIR7 U2IF U2EIF U2TXIF U2RXIF [2C2EIF 12C2IF [2C2TXIF [2C2RXIF 134
PIR8 TMRS5IF INT2IF CLC2IF CWG2IF CCP2IF TMRAIF TMR3GIF TMR3IF 135
PIR9 = CLCAIF CCPA4IF CLC3IF CWGS3IF CCP3IF TMRSIF TMRSIF 136
IPRO locIP CRCIP SCANIP NVMIP CSWIP OSFIP HLVDIP swiP 147
IPR1 SMT1PWAIP | SMT1PRAIP SMT1IP c1IP ADTIP ADIP ZCDIP INTOIP 148
IPR2 [2C1RIP SPI1IP SPHTIP SPIRIP DMA1AIP DMA1ORIP | DMAIDCNTIP | DMA1SCNTIP 149
IPR3 TMROIP u1IP U1EIP U1TXIP U1RXIP 12C1EIP 12C1IP [2C1TXIP 150
IPR4 INT1IP CLC1IP CWG1IP NCO1IP CCP1IP TMR2IP TMR1GIP TMR1IP 151
IPR5 IRXIP WAKIP ERRIP TXB2IP/TXBnIP TXB1IP TXBOIP | RXB1IP/RXBnIP | RXBOIP/FIFOFIP | 152
IPR6 DMA2AIP | DMA20RIP | DMA2DCNTIP | DMA2SCNTIP | SMT2PWAIP | SMT2PRAIP SMT2IP c2Ip 153
IPR7 u21p U2EIP U2TXIP U2RXIP 12C2EIP [2C2IP [2C2TXIP [2C2RXIP 154
IPR8 TMR5IP INT2IP cLcap CWG2IP ccP2IP TMRAIP TMR3GIP TMR3IP 155
IPRY = cLc4lP CCP4IP cLC3IP CWG3IP CCP3IP TMR6IP TMR5IP 156
IVTBASEU = = - BASE<20:16> 157
IVTBASEH BASE<15:8> 157
IVTBASEL BASE<7:0> 157
IVTADU = = —_ | AD<20:16> 158
IVTADH AD<15:8> 158
IVTADL AD<7:0> 158
IVTLOCK — 1 = — | _ _ _ — IVTLOCKED 159
Legend: — = unimplemented locations, read as ‘0’. Shaded bits are not used for interrupts.
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10.0 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

10.1

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.

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

Doze Mode

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.

10.1.1 DOZE OPERATION

The Doze operation is illustrated in Figure 10-1. 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 = 3'b001 (1:4) |
| | | |
|

|

Program Counter

FIGURE 10-1: DOZE MODE OPERATION EXAMPLE (DOZE<2:0> = 001, 1:4)

| | | | | | | | | | | | |

O I e v B A
I I I I I I I I I I I I [
I I I I I I I I I I I I
I I I I I I I I I I I I

CPU Clocks :1 2[3 4I : . 1]2]3 4I : :1|2|3|4i1|2|3|4i1|2|3|4i1|2|3|4i1|2|3|4||1|2|3|4|
| L
I I I

CPU Operation

|
| [ |
| | |
I (Note 1) I 1 | |
| | (Note 2) | | | |
Interrupt ! ! ! ! !
Here | | | | |
(RO'I =) I I I | !

Note 1:
2:

Multicycle instructions are executed to completion before fetching the interrupt vector.
If the prefetched instruction clears the interrupt enable or GIEx, ISR vectoring will not occur, but DOZEN is
cleared and the CPU will resume execution at full speed.
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10.1.2 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 10-1, 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 10-1: 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;
}
}

10.2 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 4-2)

3. The TO bit of the STATUS register is set
(Register 4-2)

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 1/0O 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 38.0 “5-Bit Digital-to-Analog
Converter (DAC) Module” and Section 35.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.
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10.2.1 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 6.13 “Power
Control (PCONO/PCON1) Register”.

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. 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)

10.2.2 WAKE-UP USING INTERRUPTS

When 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.

© 2017 Microchip Technology Inc.

Preliminary

DS40001943A-page 163



PIC18(L)F25/26K83

FIGURE 10-2:

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.

10.2.3 LOW-POWER SLEEP MODE

The PIC18F25/26K83 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 PIC18F25/26K83 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.

10.2.3.1

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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10.2.3.2 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 PIC18LF25/26K83 devices do not
have a configurable Low-Power Sleep
mode. PIC18LF25/26K83 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 voltage than
the PIC18F25/26K83 devices. See Sec-
tion 45.0 “Electrical Specifications” for
more information.

10.2.4 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.

10.2.4.1 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.

10.2.4.2  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.

10.3 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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10.4 Register Definitions: Voltage Regulator Control
REGISTER 10-1: VREGCON: VOLTAGE REGULATOR CONTROL REGISTER("

uU-0 uU-0 u-0 u-0 u-0 uU-0 R/W-0/0 R/W-1/1
- | -1 -1 =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: Not presentin LF parts.
2: See Section 45.0 “Electrical Specifications”.
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REGISTER 10-2: 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.

TABLE 10-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Reg;:‘;; on
VREGCON™ — — — — — — VREGPM Reserved 166
CPUDOZE IDLEN DOZEN ROI DOE = DOZE<2:0> 167
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used in Power-Down mode.

Note 1: Not present in LF parts.
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11.0 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
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WDTE<1:0> = 01 —

SEN —

WDTE<1:0> =11

WDTE<1:0> =10 —

Sleep —

D,

D,

FIGURE 11-1: WINDOWED WATCHDOG TIMER BLOCK DIAGRAM
WWDT
Armed
WDT
Window
Violation
Window Closed
Window
o
CLRWDT Sizes
WINDOW
RESET ;>
Reserved 111
Reserved 110
Reserved 101 R
Reserved 100 18-bit Prescale
Reserved 011 c Counter
SOSC—— 010
MFINTOSC 31.25 kHz 001
LFINTOSC—— 000
LT
Ps %

R

WDT Counter

5-bit

Overflow
Latch

—— WDT Time-out
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1.1 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 = 0b1x, then the clock source will be enabled
depending on the WDTCCS<2:0> Configuration bits.

If WDTE = 0b01, the SEN bit should be set by software
to enable WWDT, and the clock source is enabled by
the CS bits in the WDTCON1 register.

Time intervals in this chapter are based on a minimum
nominal interval of 1 ms. See Section 45.0 “Electrical
Specifications” for LFINTOSC and MFINTOSC
tolerances.

1.2 WWDT Operating Modes

The Windowed Watchdog Timer module has four
operating modes controlled by the WDTE<1:0> bits in
Configuration Words. See Table 11-1.

11.21 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.

11.2.2 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.

11.2.3 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 11-1 for more details.

TABLE 11-1: WWDT OPERATING MODES

Device WWDT
Mode Mode

WDTE<1:0> SEN

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

11.3 Time-out Period

If the WDTCPS<4:0> Configuration bits default to
0b11111, then the PS bits of the WDTCONO register
set the time-out period from 1 ms 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.

1.4 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 11-2 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.

11.5 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

11.5.1 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 11-2 for more information.
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11.6 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
7.2.1.3 “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 4.0 “Memory Organization” for
more information.

TABLE 11-2: WWDT CLEARING CONDITIONS

Conditions WWDT

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

CLRWDT Command Cleared

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 11-2: WINDOW PERIOD AND DELAY

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

CLRWDT Instruction
(or other WDT reset)
_ Window Period -

-t -

<l

/

Window Closed Window Open

A
Y

\

Window Delay Time-out Event

(window violation can occur)
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11.7 Register Definitions: Windowed Watchdog Timer Control

REGISTER 11-1: WDTCONO: WATCHDOG TIMER CONTROL REGISTER 0

u-0 u-0 RWEC.q/q@  RWE-gq@  RWE-qq@  RWE-giqg®  RWE)g/q? RW-0/0
- - PS<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 PS<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 (223
10001 = 1:4194304 (222
10000 = 1:2097152 (22") (Interval 64s nominal)

) (Interval 256s nominal)
)
)
01111 = 1:1048576 (220) (Interval 32s nominal)
(
(

(
(Interval 128s 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 PS<4:0> is 01011. Otherwise, the Reset value of

PS<4:0> is equal to WDTCPS<4:0> in CONFIG3L.

When WDTCPS <4:0> in CONFIG3L # 11111, these bits are read-only.

4: When the WWDT is configured to run using the SOSC as a clock source and the device is allowed to undergo a Reset,
as triggered by a WDT time-out, the SOSC would also undergo a Reset. That means the SOSC will execute its start-up
sequence which requires 1024 SOSC clock counts before it is made available for peripherals to use. So for example, if
the WDT is set for a 1 ms time-out and the device is allowed to undergo a WDT Reset, then the actual WDT Reset
period will be: WDT_PERIOD = (1/(SOSC_FREQUENCY) * 1024) + 1 ms.

@
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REGISTER 11-2: 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@
- CS<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 CS<2:0>: Watchdog Timer Clock Select bits
111 = Reserved

011 = Reserved

010 = SOSC
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<2.0> Window de!ay Window ope_ning
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 CS<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: |f WDTCWS<2:0> in CONFIG3H # 111, these bits are read-only.
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REGISTER 11-3: 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 not be read during
normal operation.

REGISTER 11-4: 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 not be read during
normal operation.
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REGISTER 11-5:
R-0/0

WDTTMR: WDT TIMER REGISTER (READ-ONLY)
R-0/0 R-0/0 R-0/0 R-0/0 R-0/0
WDTTMR<4:0> | sTATE |

R-0/0 R-0/0
PSCNT<17:16>

bit 7

bit 0

Legend:
R = Readable bit

u = Bit is unchanged

‘1’ = Bit is set

W = Writable bit

x = Bit is unknown
‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-3

WDTTMR<4:0>: Watchdog Window Value bits

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(?)

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 not be read during

normal operation.
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TABLE 11-3: SUMMARY OF REGISTERS ASSOCIATED WITH WINDOWED WATCHDOG TIMER

Name Bit7 | Bité | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit 0 §§g;z’;eer
WDTCONO — — PS<4:0> SEN 172
WDTCON1 — CS<2:0> | — ] WINDOW<2:0> 173
WDTPSL PSCNT<7:0> 174
WDTPSH PSCNT<15:8> 174
WDTTMR WDTTMR<4:0> ‘ STATE PSCNT<17:16> 175
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by

Windowed Watchdog Timer.
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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 ->
; 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 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 REG<1:0> bits of the
NVMCON{1 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 13-1: NVM ORGANIZATION AND ACCESS INFORMATION
PC<20:0> Execution User Access
Memory ICSP™ Addr<21:0>
TBLPTR<21:0> CPU. REG TABLAT NVMDAT
NVMADDR<9:0> Execution
Program Flash Memory 00 0000h Read/ 3)
(PFM) e Read 10 Write® -
01 FFFFh
20 0000h
User IDs(® cee No Access x1 w:ti/ -0
20 000Fh
20 0010h 3
Reserved No Access -0
2F FFFFh
30 0000h
Configuration s No Access x1 VCS::(I{) —@
30 0009h
30 000Ah 3
Reserved No Access -0
30 FFFFh
User Data Memory 31 0000h No Access 00 3) Read/
cee — )
(Data EEPROM) 31 03FFh Write
31 0400h 3
Reserved No Access -0
3E FFFFh
. ) 3F 0000h
Device In;cé)rbn:?tlon Area Ve No Access 1 Read G
3F 003Fh
3F 0040h 3
Reserved No Access —Q
3F FF09h
) ) . ) 3F FFOOh
Device Conﬂg(g?,}:;m Information Ve No Access 1 Read G
3F FF09h
3F FFOAh 3
Reserved No Access —@
3F FFFBh
. 3F FFFCh
RS:\;I(?;IIDD/ s No Access x1 Read —&)
3F FFFFh

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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13.1 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 5-4 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 5-4 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 8-bit wide data write
latches by means of 6 address lines. 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 13-2: FLASH MEMORY ORGANIZATION BY DEVICE

Device Row Erase Size Write Latches Program Flash Data Memory (Bytes)
(Words) (Bytes) Memory (Words) v By
PIC18(L)F25K83 64 128 16384 1024
PIC18(L)F26K83 64 128 32768 1024
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13.1.1 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 13-1 shows the operation of a
table read.

FIGURE 13-1: 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
13.1.6 “Writing to Program Flash Memory”.
Figure 13-2 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 13-2:

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 13.1.6 “Writing to Program Flash Memory”.
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13.1.2 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

13.1.2.1 NVMCON1 and NVMCON2
Registers

The NVMCONT1 register (Register 13-1) 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 REG<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 REG<1:0> = 00, any subsequent operations will
operate on the Data EEPROM Memory. When
REG<1:0> = 10, any subsequent operations will
operate on the program memory. When REG<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 is 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 REG<1:0> bits point to the Data EEPROM
Memory location, and it initiates a write operation when
the REG<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 is set when the write is
complete. The NVMIF flag stays set until cleared by
firmware.

13.1.2.2  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.

13.1.2.3 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.

13.1.24 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 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 13-3).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 memory at the
address determined by the MSbs of the TBLPTR. The
3, 4, or 5 LSBs are ignored during memory writes. For
more detail, see Section 13.1.6 “Writing to Program
Flash Memory”.

Figure 13-3 describes the relevant boundaries of
TBLPTR based on Program Flash Memory operations.
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TABLE 13-3: 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 13-3: 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 5-4 for the row size values.

© 2017 Microchip Technology Inc.

Preliminary DS40001943A-page 183




PIC18(L)F25/26K83

13.1.3 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.

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 13-4 shows the interface between the internal
program memory and the TABLAT.

FIGURE 13-4: READS FROM PROGRAM FLASH MEMORY

Program Memory

(Even Byte Address)

(Odd Byte Address)

(IR)

Instruction Register

—— FETCH

TBLPTR = xxxxx1

TBLPTR = xxxxx0

TABLAT

TBLRD Read Register

EXAMPLE 13-1: READING A PROGRAM FLASH MEMORY WORD

BCF
BSF
MOVLW
MOVWE
MOVLW
NOVVE
MOVLW
MOVWE

READ_\WORD
TBLRD* +
MOVF

TBLRD* +
MOVFW
MOVF

NVMCONL, REGD
NVMOONL, REGL
CODE_ADDR_UPPER
TBLPTRU
CODE_ADDR_HI GH
TBLPTRH
CODE_ADDR_LOW
TBLPTRL

TABLAT, W
WORD_EVEN

TABLAT, W
WORD_ODD

point to Program Fl ash Menory
access Program Fl ash Menory
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 13-5: 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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13.1.4 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 13-2: NVM UNLOCK SEQUENCE

FIGURE 13-6: 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 NTCONO, G E
BANKSEL NVMCONL

BSF NVMCONL, WREN
MOVLW 55h

MOVWF NVMCON2
MOVLW AAh

MOVWF NVMCON2

BSF I NTCONL, VR
BSF I NTCONO, G E

will not take place.

1

Recommended so sequence is not interrupted

Enable wite/erase
Load 55h

Step 1: Load 55h into NVMCON2

Step 2: Load Wwi th AAh

Step 3: Load AAh into NVMCON2

Step 4: Set WR bit to begin wite/erase

Re-enabl e 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

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

The minimum erase block is 64 words (refer to Table 5-
4). 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 program
memory array is not supported.

For example, when initiating an erase sequence from a
microcontroller with erase row size of 64 words, a block
of 64 words (128 bytes) of program memory is erased.
The Most Significant 16 bits of the TBLPTR<21:6>
point to the block being erased. The TBLPTR<5:0> bits
are ignored.

The NVMCON1 register commands the erase
operation. The REG<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
13.1.4 “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 program memory.
Instruction execution is halted during the long write
cycle. The long write is terminated by the internal
programming timer.

13.1.5.1 Program Flash Memory Erase
Sequence

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

1. REG 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 13.1.4 “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 13-1).
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EXAMPLE 13-3: ERASING A PROGRAM FLASH MEMORY BLOCK

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

BSF
BSF

NVMCONL

CODE_ADDR_UPPER

TBLPTRU

CODE_ADDR_HI GH

TBLPTRH

CODE_ADDR_LOW

TBLPTRL

NVMCONL,
NVMCONL,
NVMCONL,
NVMCONL,
I NTCONO,
55h

NVMCON2
AAh

NVMCON2
NVMCONL,
I NTCONO,

REGD
REGL
V\REN
FREE
G E

; This sanple row erase routine assunmes the follow ng:
1. Avalid address within the erase row is |oaded in variables TBLPTR regi ster

Setup PFM Access
| 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 13-7: 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 13-6)

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 )

13.1.6 WRITING TO PROGRAM FLASH
MEMORY

The programming write block size is described in
Table 5-4. Word or byte programming is not supported.
Table writes are used internally to load the holding
registers needed to program the memory. There are
only as many holding registers as there are bytes in a
write block. Refer to Table 5-4 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
program memory. 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 13-8: TABLE WRITES TO PROGRAM FLASH MEMORY

TABLAT
Write Register

TBLPTR = xxxx00 TBLPTR = xxxx01 TBLPTR = xxxx02

Holding Register | Holding Register | Holding Register |

Program Memory

Note 1: Refer to Table 5-4 for number of holding registers (e.g., YY = 3F for 64 holding registers).

13.1.6.1 Program Flash Memory Write
Sequence

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

1. Read appropriate number of bytes into RAM.
Refer to Table 13-2 for Write latch size.
2. Update data values in RAM as necessary.

3. Load Table Pointer register with address being
erased.

4. Execute the block erase procedure.

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

6. Write the n-byte block into the holding registers
with auto-increment. Refer to Table 13-2 for
Write latch size.

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

8. Clear FREE bit and set WREN bit in NVMCON1
register.

9. Disable interrupts.

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

11. WR bit is set in NVMCON1 register.

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

13. Re-enable interrupts.

14. 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 13-4.

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.

© 2017 Microchip Technology Inc. Preliminary

DS40001943A-page 190



PIC18(L)F25/26K83

EXAMPLE 13-4:

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, REGD
NVMCONL, REGL
NVMCONL, WAREN
NVMCONL, FREE
| NTCONO, G E
55h

NVMCON2

AAh

NVMCON2
NVMCONL, WR

| NTCONO, 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 13-4: WRITING TO PROGRAM FLASH MEMORY (CONTINUED)

VRl TE_BYTE_TO_HREGS
MOVF PCSTI NCO, W ; get low byte of buffer data
MOVWF TABLAT ; present data to table latch
TBLWI+* ; wite data, performa short wite
; to internal TBLWI hol di ng register.
DECFSZ COUNTER ; loop until holding registers are full
BRA WRI TE_WORD_TO_HREGS
PROGRAM_MEMORY
BCF NVMCONL, REQD ; point to Program Flash Menory
BSF NVMCON1, REGL ; point to Program Fl ash Menory
BSF NVMCON1, WREN ; enable wite to nenory
BCF NVMCON1, FREE ; enable wite to nmenory
BCF I NTCONO, G E ; disable interrupts
MOVLW 55h
Requi red MOVWF NVMCON2 ; write 55h
Sequence MOVLW 0AAh
MOVWF NVMCON2 ; wite OAAh
BSF NVMCONL, WR ; start program (CPU stall)
DCFSz COUNTER2 ; repeat for remaining wite bl ocks
BRA WRI TE_BYTE_TO_HREGS
BSF I NTCONO, G E ; re-enable interrupts
BCF NVMCON1, WREN ; disable wite to nenory
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FIGURE 13-9: PROGRAM FLASH MEMORY (PFM) WRITE FLOWCHART

Rev. 10-0000498
120412015

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) A

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)
v Last word to
write ?
Select Row Address v
TBLPTR
Unlock Sequence'”
A
Disable Interrupts
Select Write Operation (GIE =0) ]
(FREE = 0)
CPU stalls while Write
\ operation completes
Y (2 ms typical)
(1)
Load Write Latches Only Unlock Sequence
\ A
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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13.1.6.2  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 13-10: PROGRAM FLASH
MEMORY VERIFY
FLOWCHART

Rev. 10-000518
12141201

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

i

~_
y

Read Operation”

NVMDAT =
RAM image ?

A

Fail
Verify Operation

End
Verify Operation

13.1.6.3 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.

13.1.6.4 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.

13.2 Device Information Area, Device
Configuration Area, User ID,
Device ID and Configuration Word
Access

When REG<1:0>=0x01 or 0x11 in the NVMCON1
register, the Device Information Area, the Device
Configuration Area, the User ID’s, Device ID/
Revision ID and Configuration Words can be
accessed. Different access may exist for reads and
writes (see Table 13-1).

13.2.1 Reading Access

The user can read from these blocks by setting the
REG bits to 0x01 or Ox11. The user needs to load the
address into the TBLPTR registers. Executing a
TBLRD after that moves the byte pointed to the
TABLAT register. The CPU operation is suspended
during the read and resumes after. When read access
is initiated on an address outside the parameters listed
in Table 13-1, the TABLAT register is cleared, reading
back ‘O’s.

13.2.2 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 13.1.4, NVM
Unlock Sequence). If WRTC = 0 or if TBLPTR points
an invalid address location (see Table 13-1), 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 13-4: DIA, DCI, USER ID, DEV/REV ID AND CONFIGURATION WORD ACCESS

(REG<1:0> = X1)

Address Function Read Access Write Access
20 0000h-20 000Fh User IDs Yes Yes
30 0000h-30 0009h Configuration Words Yes Yes
3F 0000h-3F 003Fh DIA Yes No
3F FFOOh-3F FFQO%h DCI Yes No
3F FFFCh-3F FFFFh Revision ID/Device ID Yes No
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13.3 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

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 holds the address
of the EEPROM location being accessed.

The EEPROM data memory is rated for high erase/write
cycle endurance. A byte write automatically erases the
location and writes the new data (erase-before-write).
The write time is controlled by an internal programming
timer; it will vary with voltage and temperature as well as
from chip-to-chip. Refer to the Data EEPROM Memory
parameters in Section 45.0 “Electrical
Specifications” for limits.

13.3.1 NVMADRL AND NVMADRH
REGISTERS

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

13.3.2 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 NVMCONT1 register (Register 13-1) is the control
register for data and program memory access. Control
bits REG<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 PIRO 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 (REG<1:0> = 0x10). Program memory is read
using table read instructions. See Section
13.1.1 “Table Reads and Table Writes” regarding
table reads.
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13.3.3 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 REG<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 13-5.

FIGURE 13-11: DATA EEPROM READ

FLOWCHART

< Start Read Operation )

v

| Select EEPROM Memory (REG) |

v

Select Word Address
(NVMADRH:NVMADRL)

v

Initiate Read Operation
(RD=1)

v

Data read now in
NVMDAT

v

( End Read Operation )

13.3.4 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 13-6 must be
followed to initiate the write cycle.

The write will not begin if NVM Unlock sequence,
described in  Section 13.1.4 “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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13.3.5  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 13-5: DATA EEPROM READ

Data Menory Address to read

CLRF NVMCONL Setup Data EEPROM Access
MOVF EE_ADDRL, W ;
MOVWF NVMADRL Set up Address
BSF NVMCONL, RD | ssue EE Read
MOVF NVMVDAT, W ; W= EE_DATA
EXAMPLE 13-6: DATA EEPROM WRITE

; Data Menory Address to wite

; Setup Data EEPROM Access

; Setup Address

CLRF NVMCON1
MOVF EE_ADDRL, W
MOVWF NVMADRL

; Data Menory Value to wite
MOVF EE_DATA, W

MOVWF NVNDAT ;
; Enable wites

BSF NVMCONL, WREN
; Disable interrupts
BCF INTCONO, G E ;

Requi red unl ock sequence
MOVLW 55h ;
MOVWF NVMCON2 ;
MOVLW AAh ;
MOVWF NVMCON2 ;
; Set WR bit to begin wite

BSF NVMCONL, WR
; Enabl e INT
BSF I NTCONO, G E ;
Wait for interrupt, wite done
SLEEP ;
; Disable wites
BCF NVMCON1, WREN

13.3.6 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.

13.3.7 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.
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13.3.8 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 13-7:

DATA EEPROM REFRESH ROUTINE

CLRF NVMADRL

BCF NVMCONL,

BCF NVMCONL,

BCF | NTCONO,

BSF NVMCONL,
Loop

BSF NVMCONL,

MOVLW 55h
MOVWF NVMCON2
MOVLW 0AAh
MOVWF NVMCOVR

BSF NVMCONL,
BTFSC NVMCONL,
BRA $-2

I NCFSZ NVMADRL,
BRA LOOP
BCF NVMCONL,
BSF I NTCONO,

CFGS
EEPGD
GE
VWREN

RD

33

VWREN
GE

Start at address 0O
Set for nmenory

Set for Data EEPROM
Di sabl e interrupts
Enable wites

Loop to refresh array
Read current address

Wite 55h
Wite OAAh
Set WR bit to begin wite
Wait for wite to conplete

I ncrenent address
Not zero, do it again

Di sable wites
Enabl e interrupts
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13.4 Register Definitions: Nonvolatile Memory
REGISTER 13-1: 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
REG<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 REG<1:0>: NVM Region Selection bit

10 =Access PFM Locations
x1 = Access User IDs, Configuration Bits, DIA, DCI, 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 4-1, Table 13-1)
or WR was written to 1’'b1 when REG<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 4-2).
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 REG points to a Data EEPROM Memory location:
1= Initiates an erase/program cycle at the corresponding Data EEPROM Memory location
When REG 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 REG 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 13.1.4 “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 13-2: 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 NVMCON2<7:0>:
Refer to Section 13.1.4 “NVM Unlock Sequence”.

Note 1: This register always reads zeros, regardless of data written.

Register 13-3: 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
ADR<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 ADR<7:0>: EEPROM Read Address bits

REGISTER 13-4: NVMADRH: DATA EEPROM MEMORY ADDRESS HIGH

uU-0 u-0 u-0 u-0 U-0 uU-0 R/W-x/u R/W-x/u
— — — — — — ADR<9:8>
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 7-2 Unimplemented: Read as ‘0’
bit 1-0 ADR<9:8>: EEPROM Read Address bits
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REGISTER 13-5: 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
DAT<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 DAT<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 13-5: SUMMARY OF REGISTERS ASSOCIATED WITH NONVOLATILE MEMORY

CONTROL
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 §§9;:;:

NVMCONA1 REG<1:0> — FREE WRERR WREN WR RD 200
NVMCON2 Unlock Pattern 201
NVMADRL NVMADR<7:0> 201
NVMADRH — — — — — — NVMADR<9:8> 201
NVMDAT NVMDAT<7:0> 202
Legend: — =unimplemented, read as ‘0’. Shaded bits are not used during EEPROM access.

*Page provides register information.
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14.0 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/Data EEPROM memory user data

» Software loadable data registers for
communication CRC’s

141 CRC Module Overview

The CRC module provides a means for calculating a
check value of program/Data EEPROM 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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14.2 CRC Functional Overview

The CRC module can be used to detect bit errors in the
program 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 14-1: CRC EXAMPLE

Rev. 10-000206A
11812014

CRC-16-ANSI
x'®+ x' + x% + 1 (17 bits)
Standard 16-bit representation = 0x8005

CRCXORH = 0b10000000
CRCXORL = 0b0000010- ™
Data Sequence:
0x55, 0x66, 0x77, 0x88
DLEN = 0b0111
PLEN = 0b1111

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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14.3 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 CRC-16-ANSI, the polynomial is
defined as X'6+X15+Xx2+1.

EXAMPLE 14-2: CRC LFSR EXAMPLE

The X' and X° = 1 terms are the MSb and LSb
controlled by hardware. The X' and X? terms are
specified by setting the 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 ‘O’.
Refer to Example 14-1.

Data in

Linear Feedback Shift Register for CRC-16-ANSI saz0ts

X16+X15+X2+1

Augmentation Mode ON

Rev. 10-000207A

Data in

14.4 CRC Data Sources

Data can be input to the CRC module in two ways:

- User data using the CRCDAT registers
(CRCDATH and CRCDATL)

- Program memory 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 CRCDAT registers up to DLEN will be used,
other data bits in CRCDAT 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.

14.4.1 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.

14.4.2 CRC FROM FLASH

To use the CRC module on data located in Program
memory, the user can initialize the Program Memory
Scanner as defined in Section 14.8, Scanner Module
Overview.
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14.5 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
CRCCONOQO 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 also 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 the 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 resullt.

14.6 CRC Interrupt

The CRC will generate an interrupt when the BUSY bit
transitions from 1 to 0. The CRCIF Interrupt Flag 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.

14.7 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
14.4 “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 14-1). 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 14-1).

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 GO bit of the CRCCONO register to
begin the shifting process.

9a. Ifmanual 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 load words into the CRCDATH/L
registers as needed, as long as the GO bit is set.

10a.If manual entry is used, monitor the CRCIF (and
BUSY bit to determine when the completed
CRC calculation can be read from CRCACCH/L
registers.

10b.If using the memory scanner, monitor the
SCANIF (or the GO bit) for the scanner to finish
pushing information into the CRCDAT registers.
After the scanner is completed, monitor 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 and the BUSY and GO bits are
cleared, the completed CRC calculation can be
read from the CRCACCHIL registers.
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14.8 Scanner Module Overview

The Scanner allows segments of the Program Flash
Memory or Data EEPROM, to be read out (scanned) to
the CRC Peripheral. The Scanner module interacts
with the CRC module and supplies it data one word at
a time. Data is fetched from the address range defined
by SCANLADR registers up to the SCANHADR
registers.

The Scanner begins operation when the SGO bit is set
(SCANCONO Register) and ends when either SGO is
cleared by the user or when SCANLADR increments
past SCANHADR. The SGO bit is also cleared by
clearing the EN bit (CRCCONO register).

14.9 Configuring the Scanner

The scanner module may be used in conjunction with
the CRC module to perform a CRC calculation over a
range of program memory or Data EEPROM
addresses. In order to set up the scanner to work with
the CRC, perform the following steps:

1. Set up the CRC module (See Section 14.7
“Configuring the CRC”) and enable the
Scanner module by setting the EN bit in the
SCANCONO register.

2. Choose which memory region the Scanner
module should operate on and set the MREG bit
of the SCANCONO register appropriately.

3. If trigger is used for scanner operation, set the
TRIGEN bit of the SCANCONO register and
select the trigger source using SCANTRIG
register. Select the trigger source using
SCANTRIG register and then set the TRIGEN
bit of the SCANCONO register. See Table 14-1
for Scanner Operation.

4. If Burst mode of operation is desired, set the
BURSTMD bit (SCANCONO register). See
Table 14-1 for Scanner Operation.

5. Setthe SCANLADRL/H/U and SCANHADRL/H/
U registers with the beginning and ending
locations in memory that are to be scanned.

6. Select the priority level for the Scanner module
(See Section 3.1 “System Arbitration”) and
lock the priorities (See Section 3.1.1 “Priority
Lock”).

7. Both CRCEN and CRCGO bits must be enabled
to use the scanner. Setting the SGO bit will start
the scanner operation.

14.10 Scanner Interrupt

The scanner will trigger an interrupt when the
SCANLADR increments past SCANHADR. The
SCANIF bit can only be cleared in software.

14.11 Scanning Modes

The interaction of the scanner with the system
operation is controlled by the priority selection in the
System Arbiter (see Section 3.2 “Memory Access
Scheme”). Additionally, BURSTMD and TRIGEN also
determine the operation of the Scanner.

14.11.1  TRIGEN =0, BURSTMD =0

In this case, the memory access request is granted to
the scanner if no other higher priority source is
requesting access.

All sources with lower priority than the scanner will get
the memory access cycles that are not utilized by the
scanner.

14.11.2 TRIGEN =1, BURSTMD =0

In this case, the memory access request is generated
when the CRC module is ready to accept.

The memory access request is granted to the scanner
if no other higher priority source is requesting access.
All sources with lower priority than the scanner will get
the memory access cycles that are not utilized by the

scanner.

The memory access request is granted to the scanner
if no other higher priority source is requesting access.
All sources with lower priority than the scanner will get
the memory access cycles that are not utilized by the

scanner.

14.11.3 TRIGEN = x, BURSTMD =1

In this case, the memory access is always requested
by the scanner.

The memory access request is granted to the scanner
if no other higher priority source is requesting access.
The memory access cycles will not be granted to lower
priority sources than the scanner until it completes
operation i.e., SGO = 0 (SCANCONO register)

Note: If TRIGEN = 1 and BURSTMD = 1, the
user should ensure that the trigger source
is active for the Scanner operation to

complete.
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14.12 Register Definitions: CRC and Scanner Control

Long bit name prefixes for the CRC and Scanner periph-
erals are shown below. Refer to Section 1.3.2.2 “Long
Bit Names” for more information.

Peripheral Bit Name Prefix
CRC CRC

REGISTER 14-1: CRCCONO: CRC CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R-0 R/W-0/0 u-0 U-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’ = Bitis set ‘0’ = Bitis cleared
bit 7 EN: CRC Enable bit

1 = CRC module is enabled

0 = CRC is disabled
bit 6 GO: CRC Go 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
bit 4 ACCM: Accumulator Mode bit

1 = Data is concatenated with zeros

0 = Data is not concatenated 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 = CRCDATHIL registers are full
0 = CRCDATHIL registers have shifted their data into the shifter

REGISTER 14-2: 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 14-1)
bit 3-0 PLEN<3:0>: Polynomial Length bits

Denotes the length of the polynomial -1 (See Example 14-1)
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REGISTER 14-3:

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
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

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

bit 7-0

REGISTER 14-4:

DATA<15:8>: CRC Input/Output Data bits

CRCDATL: CRC DATA LOW BYTE REGISTER

u = Bit is unchanged
‘1’ = Bitis set

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’

x = Bit is unknown
‘0’ = Bit is cleared

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

bit 7-0

DATA<7:0>: CRC Input/Output Data bits
Writing to this register fills the shifter.

REGISTER 14-5:

CRCACCH: CRC ACCUMULATOR HIGH BYTE REGISTER

u = Bit is unchanged
‘1’ = Bit is set

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’

x = Bit is unknown
‘0’ = Bit is cleared

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

bit 7-0

ACC<15:8>:

CRC Accumulator Register bits
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REGISTER 14-6:

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

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

REGISTER 14-7:

ACC<7:0>: CRC Accumulator Register bits

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 14-8: CRCSHIFTL: CRC SHIFT LOW BYTE REGISTER

R-0

R-0

R-0

R-0 R-0 R-0 R-0 R-0

SHIFT<7:0>

bit 7

bit 0

Legend:

R = Readable bit

u = Bit is unchanged
‘1’ = Bit is set

W = Writable bit
x = Bit is unknown
‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

SHIFT<7:0>: CRC Shifter Register bits

Reading from this register reads the CRC Shifter.
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REGISTER 14-9: 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 X" Enable bits

REGISTER 14-10: 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
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 7-1 X<7:1>: XOR of Polynomial Term X" Enable bits
bit 0 Unimplemented: Read as ‘1’
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REGISTER 14-11:

SCANCONO: SCANNER ACCESS CONTROL REGISTER 0

R/W-0/0 R/W-0/0 R/W/HC-0/0 u-0 u-0 R/W-0/0 R/W-0/0 R-0/0
EN TRIGEN SGO — — MREG BURSTMD BUSY
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

EN: Scanner Enable bit(")

1 = Scanner is enabled

0 = Scanner is disabled

TRIGEN: Scanner Trigger Enable bit(2)

1 = Scanner trigger is enabled

0 = Scanner trigger is disabled

Refer Table 14-1.

SGO: Scanner GO bit(3 4

1 =When the CRC is ready, the Memory region set by the MREG bit will be accessed and data is passed
to the CRC peripheral.

0 = Scanner operations will not occur

bit 7

bit 6

bit 5

bit 4-3
bit 2

Unimplemented: Read as ‘0’

MREG: Scanner Memory Region Select bit(2)

1 = Scanner address points to Data EEPROM

0 = Scanner address points to Program Flash Memory

BURSTMD: Scanner Burst Mode bit

1 = Memory access request to the CPU Arbiter is always true

0 = Memory access request to the CPU Arbiter is dependent on the CRC request and Trigger
Refer Table 14-1.

BUSY: Scanner Busy Indicator bit

1 = Scanner cycle is in process
0 = Scanner cycle is compete (or never started)

bit 1

bit 0

Note 1: Setting EN =1 (SCANCONO register) does not affect any other register content.
2: Scanner trigger selection can be set using the SCANTRIG register.
3: This bit can be cleared in software. It is cleared in hardware when LADR>HADR (and a data cycle is not
occurring) or when CRCGO = 0 (CRCCONOQO register).
4: CRCEN and CRCGO bits (CRCCONO register) must be set before setting the SGO bit.
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TABLE 14-1: SCANNER OPERATING MODES(!)

TRIGEN BURSTMD Scanner Operation

0 0 Memory access is requested when the CRC module is ready to accept data; the
request is granted if no other higher priority source request is pending.

1 0 Memory access is requested when the CRC module is ready to accept data and trigger
selection is true; the request is granted if no other higher priority source request is
pending.

X 1 Memory access is always requested, the request is granted if no other higher priority
source request is pending.

Note 1: See Section 3.1 “System Arbitration” for Priority selection and Section 3.2 “Memory Access
Scheme” for Memory Access Scheme.

REGISTER 14-12: SCANLADRU: SCAN LOW ADDRESS UPPER BYTE REGISTER

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
— — 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’ = Bit is 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 SGO = 0 (SCANCONO register).

2: While SGO =1 (SCANCONO register), writing to this register is ignored.

REGISTER 14-13: 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’ = Bit is 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 SGO = 0 (SCANCONO register).

2: While SGO =1 (SCANCONO register), writing to this register is ignored.
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REGISTER 14-14: 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 SGO = 0 (SCANCONO register).

2: While SGO =1 (SCANCONO register), writing to this register is ignored.

REGISTER 14-15: 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 SGO = 0 (SCANCONO register).

2: While SGO =1 (SCANCONO register), writing to this register is ignored.
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REGISTER 14-16: SCANHADRH: SCAN HIGH ADDRESS HIGH BYTE 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
HADR<15:8>(1:2)
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 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;

registers should only be read or written while SGO = 0 (SCANCONO register).
While SGO = 1 (SCANCONQO register), writing to this register is ignored.

REGISTER 14-17: SCANHADRL: SCAN HIGH ADDRESS LOW BYTE 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
HADR<7:0>(1-2)
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 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

2:

should only be read or written while SGO = 0 (SCANCONO register).
While SGO = 1 (SCANCONO register), writing to this register is ignored.
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REGISTER 14-18: 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 = Reserved

1010 = Reserved

1001 = SMT1_output
1000 = TMRG6_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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TABLE 14-2: SUMMARY OF REGISTERS ASSOCIATED WITH CRC
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':::9;2;
CRCACCH ACC<15:8> 209
CRCACCL ACC<7:0> 210
CRCCONO EN GO BUSY ACCM — — SHIFTM FULL 208
CRCCON1 DLEN<3:0> PLEN<3:0> 208
CRCDATH DATA<15:8> 209
CRCDATL DATA<7:0> 209
CRCSHIFTH SHIFT<15:8> 210
CRCSHIFTL SHIFT<7:0> 210
CRCXORH X<15:8> 211
CRCXORL X<7:1> — 211
SCANCONO EN TRIGEN SGO — — MREG |BURSTMD BUSY 212
SCANHADRU — — HADR<21:16> 214
SCANHADRH HADR<15:8> 215
SCANHADRL HADR<7:0> 215
SCANLADRU — ‘ — | LADR<21:16> 213
SCANLADRH LADR<15:8> 213
SCANLADRL LADR<7:0> 214
SCANTRIG - | = 1 = — TSEL<3:0> 216
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used for the CRC module.
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15.0 DIRECT MEMORY ACCESS
(DMA)

15.1 Introduction

The Direct Memory Access (DMA) module is designed
to service data transfers between different memory
regions directly without intervention from the CPU. By
eliminating the need for CPU-intensive management of
handling interrupts intended for data transfers, the CPU
now can spend more time on other tasks.

PIC18(L)F25/26K83 family has two DMA modules
which can be independently programmed to transfer
data between different memory locations, move differ-
ent data sizes, and use a wide range of hardware trig-
gers to initiate transfers. The two DMA registers can
even be programmed to work together, in order to carry
out more complex data transfers without CPU over-
head.

Key features of the DMA module include:

» Support access to the following memory regions:
- GPR and SFR space (R/W)
- Program Flash Memory (R only)
- Data EEPROM Memory (R only)

* Programmable priority between the DMA and
CPU Operations. Refer to Section 3.1 “System
Arbitration” for details.

* Programmable Source and Destination address
modes

- Fixed address
- Post-increment address
- Post-decrement address
* Programmable Source and Destination sizes

» Source and destination pointer register,
dynamically updated and reloadable

» Source and destination count register,
dynamically updated and reloadable

* Programmable auto-stop based on Source or
Destination counter

» Software triggered transfers

» Multiple user selectable sources for hardware
triggered transfers

» Multiple user selectable sources for aborting DMA
transfers

15.2 DMA Registers

The operation of the DMA module has the following
registers:

» Control registers (DMAxCONO, DMAxXCON1)

» Data buffer register (DMAxXBUF)

» Source Start Address Register (DMAXSSAU:H:L)

» Source Pointer Register (DMAXSPTRU:H:L)

» Source Message Size Register (DMAXSSZH:L)

» Source Count Register (DMAXSCNTH:L)

» Destination Start Address Register
(DMAXDSAH:L)

» Destination Pointer Register (DMAXDPTRH:L)

» Destination Message Size Register
(DMAXDSZH:L)

» Destination Count Register (DMAXDCNTH:L)

« Start Interrupt Request Source Register
(DMAXSIRQ)

» Abort Interrupt Request Source Register
(DMAXAIRQ)

These registers are detailed in Section 15.13 “Regis-
ter definitions: DMA”.
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15.3 DMA Organization

The DMA module on the K42 family of devices is
designed to move data by using the existing Instruction
Bus<16> and Data Bus<8> without the need for any
dual-porting of memory or peripheral systems
(Figure 15-1). The DMA accesses the required bus
when it has been granted to by the System Arbiter.

FIGURE 15-1: DMA FUNCTIONAL BLOCK DIAGRAM

Configure DMA
Module

DMA Source/
Destination Pointers/
Counters are loaded

SIRQEN =1 &
Trigger?

| DMAXBUF = &DMAXSPTR
|xp=1

| 8DMAXDPTR = DMABUF
|xiP=0

Reload
DMAXSCNT &
DMAXSPTR

DMAXSCNTIF
=1

Update
DMAXSSA,
DMAXSCNT

Reload
DMAXDCNT &
DMAXDPTR

DMAXDCNTIF

DMAXDCNT = 0 o

Update
DMAXDSA,
DMAXDCNT

End Process
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Depending on the priority of the DMA with respect to
CPU execution (Refer to Section 3.2 “Memory
Access Scheme” for more information), the DMA
Controller can move data through two methods:

« Stalling the CPU execution until it has completed
its transfers (DMA has higher priority over the
CPU in this mode of operation)

« Utilizing unused CPU cycles for DMA transfers
(CPU has higher priority over the DMA in this
mode of operation). Unused CPU cycles are
referred to as bubbles which are instruction cycles
available for use by the DMA to perform read and
write operations. In this way, the effective
bandwidth for handling data is increased; at the
same time, DMA operations can proceed without
causing a processor stall.

15.4 DMA Interface

The DMA module transfers data from the source to the
destination one byte at a time, this smallest data move-
ment is called a DMA data transaction. A DMA Mes-
sage refers to one or more DMA data transactions.

Each DMA data transaction consists of two separate

actions:

* Reading the Source Address Memory and storing
the value in the DMA Buffer register

» Writing the contents of the DMA Bulffer register to
the Destination Address Memory

Note: DMA data movement is a two-cycle
operation.

The XIP bit (DMAXCONO register) is a Status bit to
indicate whether or not the data in the DMAXxBUF
register has been written to the destination address. If
the bit is set then data is waiting to be written to the
destination. If clear it means that either data has been
written to the destination or that no source read has
occurred.

The DMA has read access to PFM, Data EEPROM,
and SFR/GPR space, and write access to SFR/GPR
space. Based on these memory access capabilities,
the DMA can support the following memory
transactions:

TABLE 15-1: DMA MEMORY ACCESS

Read Source Write Destination
Program Flash Memory GPR
Program Flash Memory SFR

Data EE GPR
Data EE SFR
GPR GPR
SFR GPR
GPR SFR
SFR SFR

Even though the DMA module has access to all
memory and peripherals that are also available to the
CPU, it is recommended that the DMA does not access
any register that is part of the System arbitration. The
DMA, as a system arbitration client should not be read
or written by itself or by another DMA instantiation.

The following sections discuss the various control
interfaces required for DMA data transfers.

15.4.1 DMA ADDRESSING

The start addresses for the source read and destination
write operations are set using the DMAxSSA <21:0>
and DMAXDSA <15:0> registers, respectively.

When the DMA Message transfers are in progress, the
DMAXSPTR <21:0> and DMAXDPTR <15:0> registers
contain the current address pointers for each source
read and destination write operation, these registers
are modified after each transaction based on the
Address mode selection bits.

The SMODE and DMODE bits in the DMAxCON1
control register determine the address modes of
operation by controlling how the DMAXSPTR <21:0>
and DMAXDPTR <15:0> bits are updated after every
DMA data transaction combination (Figure 15-2).

Each address can be separately configured to:

* Remain unchanged
* Increment by 1
» Decrement by 1
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FIGURE 15-2:

DMA POINTERS BLOCK DIAGRAM
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DMAXDSA[15:0]
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Y

DMAXSPTR[15:0]

DMODE<1:0>

The DMA can initiate data transfers from the PFM, Data
EEPROM or SFR/GPR Space. The SMR<1:0> bits in
the DMAxXCONH1 register are used to select the type of
memory being pointed to by the Source Address
Pointer. The SMR<1.0> bits are required because the
PFM and SFR/GPR spaces have overlapping
addresses that do not allow the specified address to
uniquely define the memory location to be accessed.

Note 1: For proper memory read access to occur,
the combination of address and space
selection must be valid.

2: The destination does not have space
selection bits because it can only write to

the SFR/GPR space.

15.4.2 DMA MESSAGE SIZE/COUNTERS

A transaction is the transfer of one byte. A message
consists of one or more transactions. A complete DMA
process consists of one or more messages. The size
registers determine how many transactions are in a
message. The DMAXxSSZ registers determine the
source size and DMAXDSZ registers determine the
destination size.

When a DMA transfer is initiated, the size registers are
copied to corresponding counter registers that control
the duration of the message. The DMAXSCNT registers
count the source transactions and the DMAXDCNT
registers count the destination transactions. Both are
simultaneously decremented by one after each
transaction.

A message is started by setting the DGO bit of the
DMAXxCONO register and terminates when the smaller
of the two counters reaches zero.

When either counter reaches zero the DGO bit is
cleared and the counter and pointer registers are
immediately reloaded with the corresponding size and
address data. If the other counter did not reach zero
then the next message will continue with the count and
address corresponding to that register.

When the source and destination size registers are not
equal then the ratio of the largest to the smallest size
determines how many messages are in the DMA
process. For example, when the destination size is 6
and the source size is 2 then each message will consist
of two transactions and the complete DMA process will
consist of three messages. When the larger size is not
an even integer of the smaller size then the last
message in the process will terminate early when the
larger count reaches zero. In that case, the larger
counter will reset and the smaller counter will have a
remainder skewing any subsequent messages by that
amount.

Note: Reading the DMAXSCNT or DMAXDCNT
registers will never return zero. When
either register is decremented from ‘1’ it is
immediately reloaded from the
corresponding size register.
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FIGURE 15-3:

DMA COUNTERS BLOCK DIAGRAM

DMAXSSIZ[11:0]
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DMAXSCNT[11:0]
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DMAXDCNT[11:0]

1 1
Table 15-2 has a few examples of configuring DMA
Message sizes.
TABLE 15-2: EXAMPLE MESSAGE SIZE TABLE
Operation Example SCNT | DCNT Comments
Read from single SFR U1RXB 1 N N equals the number of bytes desired in the
location to RAM destination buffer. N >= 1.
Write to single SFR location U1TXB N 1 N equals the number of bytes desired in the
from RAM source buffer. N >= 1.
ADRES[H:L] 5 2N N equgls the number Ef ADC results to be
stored in memory. N>= 1
Reaq from multiple SFR TMRA[H:L] 5 2*N N equals the numbgr of TMR1 AcquISItlon
location results to be stored in memory. N>= 1
SMT1CPR[U:H:L] 3 3*N N equals the number of Cap_ture Pulse Wldih
measurements to be stored in memory. N>= 1
. . N equals the number of PWM duty cycle val-
Write to Multiple SFR regis- PWMDCIH:L] N 2 ues to be loaded from a memory table. N>= 1
ters . . Using the DMA to transfer a complete ADC
Al ADC registers N"31 31 context from RAM to the ADC registers.N>= 1
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15.5 DMA Message Transfers

Once the Enable bit is set to start DMA message
transfers, the Source/Destination pointer and counter
registers are initialized to the conditions shown in
Table 15-3.

TABLE 15-3: DMA INITIAL CONDITIONS

Register

Value loaded

DMAxSPTR<21:0>

DMAxSSA<21:0>

DMAXSCNT<11:0>

DMAxSSZ<11:0>

DMAxDPTR<15:0>

DMAxDSA<15:0>

DMAXDCNT<11:0>

DMAxDSZ<11:0>

During the DMA Operation after each transaction,
Table 15-4 and Table 15-5 indicate how the Source/
Destination pointer and counter registers are modified

TABLE 15-4: DMA SOURCE POINTER/COUNTER DURING OPERATION

Register

Modified Source Counter/Pointer Value

DMAXSCNT<11:0> =1

DMAXSCNT = DMAXSCNT -1

SMODE = 00: DMAxSPTR = DMAXSPTR

SMODE =01: DMAxSPTR = DMAXSPTR + 1

SMODE = 10: DMAxSPTR = DMAXSPTR - 1

DMAXSCNT<11:0> ==

DMAXSCNT = DMAxSSZ

DMAXSPTR = DMAXSSA

TABLE 15-5: DMA DESTINATION POINTER/COUNTER DURING OPERATION

Register

Modified Destination Counter/Pointer Value

DMAXDCNT<11:0>!=1

DMAXDCNT = DMAXDCNT -1

DMODE = 00: DMAxDPTR = DMAxXDPTR

DMODE =01: DMAxDPTR = DMAXDPTR + 1

DMODE =10: DMAxDPTR = DMAXDPTR -1

DMAXDCNT<11:0> ==

DMAXDCNT = DMAxDSZ

DMAXDPTR = DMAXDSA

The following sections discuss how to initiate and
terminate DMA transfers.

15.5.1 STARTING DMA MESSAGE
TRANSFERS

The DMA can initiate data transactions by either of the
following two conditions:

1. User software control
2. Hardware trigger, SIRQ

15.5.1.1 User Software Control

Software starts or stops DMA transaction by setting/
clearing the DGO bit. The DGO bit is also used to
indicate whether a DMA hardware trigger has been
received and a message is in progress.

Note 1: Software start can only occur if the EN bit
(DMAXCONT1) is set.

2: Ifthe CPU writes to the DGO bit while it is
already set, there is no effect on the
system, the DMA will continue to operate
normally.
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15.5.1.2  Hardware Trigger, SIRQ

A Hardware trigger is an interrupt request from another
module sent to the DMA with the purpose of starting a
DMA message. The DMA start trigger source is user
selectable using the DMAXSIRQ register.

The SIRQEN bit (DMAXCONO register) is used to
enable sampling of external interrupt triggers by which
a DMA transfer can be started. When set the DMA will
sample the selected Interrupt source and when
cleared, the DMA will ignore the selected Interrupt
source. Clearing SIRQEN does not stop a DMA
transaction currently progress, it only stops more
hardware request signals from being received.

15.5.2 STOPPING DMA MESSAGE
TRANSFERS

The DMA controller can stop data transactions by

either of the following two conditions:

1. Clearing the DGO bit

Hardware trigger, AIRQ

Source Count reload

Destination Count reload

Clearing the Enable bit

Sl

15.5.2.1 User Software Control

If the user clears the DGO bit, the message will be
stopped and the DMA will remain in the current
configuration.

For example, if the user clears the DGO bit after source
data has been read but before it is written to the
destination, then the data in DMAXBUF will not reach its
destination.

This is also referred to as a soft-stop as the operation
can resume if desired by setting DGO bit again.

15.5.2.2  Hardware Trigger, AIRQ

The AIRQEN bit (DMAXCONO register) is used to
enable sampling of external interrupt triggers by which
a DMA transaction can be aborted.

Once an Abort interrupt request has been received, the
DMA will perform a soft-stop by clearing the DGO bit as
well as clearing the SIRQEN bit so overruns do not
occur. The AIRQEN bit is also cleared to prevent
additional abort signals from triggering false aborts.

If desired, the DGO bit can be set again and the DMA
will resume operation from where it left off after the soft-
stop had occurred as none of the DMA state
information is changed in the event of an abort.

15.5.2.3 Source Count Reload

A DMA message is considered to be complete when
the Source count register is decremented from 1 and
then reloaded (i.e., once the last byte from either the
source read or destination write has occurred). When
the SSTP bit is set (DMAXCON1 register) and the
source count register is reloaded then further message
transfer is stopped.

15.5.2.4 Destination Count Reload

A DMA message is considered to be complete when
the Destination count register is decremented from 1
and then reloaded (i.e., once the last byte from either
the source read or destination write has occurred).
When the DSTP bit is set (DMAXCON1) and the
destination count register is reloaded then further
message transfer is stopped.

Note: Reading the DMAXSCNT or DMAXDCNT
registers will never return zero. When
either register is decremented from ‘1’ it is
immediately reloaded from the
corresponding size register.

15.5.2.5 Clearing the Enable bit

If the User clears the EN bit, the message will be
stopped and the DMA will return to its default
configuration. This is also referred to as a hard-stop as
the DMA cannot resume operation from where it was
stopped.

Note: After the DMA message transfer is
stopped, it requires an extra instruction
cycle before the Stop condition takes
effect. Thus, after the Stop condition has
occurred, a Source read or a Destination
write can occur depending on the Source
or Destination Bus availability.

15.5.3 DISABLE DMA MESSAGES
TRANSFERS UPON COMPLETION

Once the DMA message is complete it may be

desirable to disable the trigger source to prevent

overrun or under run of data. This can be done by either

of the following methods:

1. Clearing the SIRQEN bit

2. Setting the SSTP bit

3. Setting the DSTP bit
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15.5.3.1 Clearing the SIRQEN bit

Clearing the SIRQEN bit (DMAXCON?1 register) stops
the sampling of external start interrupt triggers hence
preventing further DMA Message transfers.

An example would be a communications peripheral
with a level-triggered interrupt. The peripheral will
continue to request data (because its buffer is empty)
even though there is no more data to be moved.
Disabling the SIRQEN bit prevents the DMA from
processing these requests

15.5.3.2 Source/Destination Stop

The SSTP and DSTP bits (DMAXCONO register)
determine whether or not to disable the hardware
triggers (SIRQEN = 0) once a DMA message has
completed.

When the SSTP bit is set and the DMAXSCNT =0, then
the SIRQEN bit will be cleared. Similarly, when the
DSTP bit is set and the DMAXDCNT = 0, the SIRQEN
bit will be cleared.

Note: The SSTP and DSTP bits are
independent functions and do not depend
on each other. It is possible for a message
to be stopped by either counter at
message end or both counters at

message end.

15.6 Types of Hardware Triggers

The DMA has two different trigger inputs namely the
Source trigger and the abort trigger. Each of these trig-
ger sources is user configurable using the DMAXSIRQ
and DMAXAIRQ registers.

Based on the source selected for each trigger, there
are two types of requests that can be sent to the DMA.

» Edge triggers
* Level triggers

15.6.1 EDGE TRIGGER REQUESTS

An Edge request occurs only once when a given
module interrupt requirements are true.

15.6.2 LEVEL TRIGGER REQUESTS

A level request is asserted as long as the condition that
causes the interrupt is true.

15.7 Types of Data Transfers

Based on the memory access capabilities of the DMA
(See Table 15-1), the following sections discuss the
different types of data movement between the Source
and Destination Memory regions.

* N:1
This type of transfer is common when sending
predefined data packets (such as strings) through a

single interface point (such as communications
modules transmit registers).

* N:N
This type of transfer is useful for moving information out

of the Program Flash or Data EEPROM to SRAM for
manipulation by the CPU or other peripherals.

* 1:N
This type of transfer is common when bridging two

different modules data streams together
(communications bridge).

« 1:N
This type of transfer is useful for moving information

from a single data source into a memory buffer
(communications receive registers).

15.8 DMA Interrupts

Each DMA has its own set of four interrupt flags, used
to indicate a range of conditions during data transfers.
The interrupt flag bits can be accessed using the corre-
sponding PIR registers (Refer to the Interrupt Section).

15.8.1 DMA SOURCE COUNT INTERRUPT

The DMAXSCNTIF source count interrupt flag is set
every time the DMAXSCNT<11:0> reaches zero and is
reloaded to its starting value.

15.8.2 DMA DESTINATION COUNT
INTERRUPT

The DMAXDCNTIF destination count interrupt flag is
set every time the DMAXDCNT<11:0> reaches zero
and is reloaded to its starting value.

The DMA Source Count zero and Destination Count
zero interrupts are used in conjunction to determine
when to signal the CPU when the DMA Messages are
completed.

15.8.3  ABORT INTERRUPT

The DMAXAIF abort interrupt flag is used to signal that
the DMA has halted activity due to an abort signal from
one of the abort sources. This is used to indicate that
the transaction has been halted for some reason.
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15.8.4 OVERRUN INTERRUPT

When the DMA receives a trigger to start a new
message before the current message is completed,
then the DMAXORIF Overrun interrupt flag is set.

This condition indicates that the DMA is being
requested before its current transaction is finished.
This implies that the active DMA may not be able to
keep up with the demands from the peripheral module
being serviced, which may result in data loss.

The DMAXORIF flag being set does not cause the
current DMA transfer to terminate.

The Overrun interrupt is only available for trigger
sources that are edge based and not available for
sources that are level-based. Therefore a level-based
interrupt source does not trigger a DMA overrun error
due to the potential latency issues in the system.

An example of an interrupt that could use the overrun
interrupt would be a timer overflow (or period match)
interrupt. This event only happens every time the timer
rolls over and is not dependent on any other system
conditions.

An example of an interrupt that does not allow the
overrun interrupt would be the UARTTX buffer. The
UART will continue to assert the interrupt until the DMA
is able to process the MSG. Due to latency issues, the
DMA may not be able to service an empty buffer
immediately, but the UART continues to assert its
transmit interrupt until it is serviced. If overrun was
allowed in this case, the overrun would occur almost
immediately as the module samples the interrupt
sources every instruction cycle.

15.9 DMA Setup and Operation

The following steps illustrate how to configure the DMA
for data transfer:

1. Program the appropriate Source and
Destination addresses for the transaction into
the DMAXSSA and DMAXDSA registers

2. Select the source memory region that is being
addressed by DMAxSSA register, using the
SMR<1:0> bits.

3. Program the SMODE and DMODE bits to select
the addressing mode.

4. Program the Source size DMAxSSZ and
Destination size DMAXDSZ registers with the
number of bytes to be ftransferred. It is
recommended for proper operation that the size
registers be a multiple of each other.

5. Ifthe user desires to disable data transfers once
the message has completed, then the SSTP and
DSTP bits in DMAXCONO register need to be
set.(see Section 15.5.3.2 “Source/Destina-
tion Stop”).

6. If using hardware triggers for data transfer,
setup the hardware trigger interrupt sources for
the starting and aborting DMA transfers
(DMAXSIRQ and DMAXAIRQ), and set the
corresponding interrupt request enable bits
(SIRQEN and AIRQEN).

7. Select the priority level for the DMA (see
Section 3.1 “System Arbitration”) and lock
the priorities (see Section 3.1.1 “Priority
Lock™)

8. Enable the DMA (DMAxCON1bits. EN = 1)

9. If using software control for data transfer, set the
DGO bit, else this bit will be set by the hardware
trigger.

Once the DMA is set up, the following flow chart
describes the sequence of operation when the DMA
uses hardware triggers and utilizes the unused CPU
cycles (bubble) for DMA transfers.
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FIGURE 15-4:

DMA OPERATION WITH HARDWARE TRIGGER
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The following sections describe with visual reference
the sequence of events for different configurations of
the DMA module

15.9.1 SOURCE STOP

When the Source Stop bit is set (SSTP = 1) and the
DMAXSCNT register reloads, the DMA clears the
SIRQEN bit to stop receiving new start interrupt
request signals and sets the DMAXSCNTIF flag.

FIGURE 15-5: GPR-GPR TRANSACTIONS WITH HARDWARE TRIGGERS, SSTP =1
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Note 1: SR — Source Read
2: DW - Destination Write
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15.9.2 DESTINATION STOP

When the Destination Stop bit is set (DSTP = 1) and the
DMAXDCNT register reloads, the DMA clears the
SIRQEN bit to stop receiving new start interrupt
request signals and sets the DMAXDCNTIF flag.

FIGURE 15-6: GPR-GPR TRANSACTIONS WITH HARDWARE TRIGGERS, DSTP = 1
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Note 1: SR - Source Read
2: DW - Destination Write
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15.9.3 CONTINUOUS TRANSFER

When the Source or the Destination Stop bit is cleared
(SSTP, DSTP = 0), the transactions continue unless
cleared by the user. The DMAxXSCNTIF and
DMAXDCNTIF flags are set whenever the respective
counter registers are reloaded.

FIGURE 15-7: GPR-GPR TRANSACTIONS WITH HARDWARE TRIGGERS, SSTP, DSTP =0
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Note 1: SR — Source Read
2: DW - Destination Write
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15.94 TRANSFER FROM SFR TO GPR Hardware trigger, the Source address can be set to

The following visual reference describes the sequence
of events when copying ADC results to a GPR location.
The ADC Interrupt Flag can be chosen as the Source

point to the ADC Result registers at 3EEF, the
Destination address can be set to point to any GPR
location of our choice (Example 0x100).

FIGURE 15-8: SFR SPACE TO GPR SPACE TRANSFER
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Note 1: SR - Source Read
2: DW - Destination Write
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15.9.5 OVERRUN INTERRUPT

The Overrun Interrupt flag is set if the DMA receives a
trigger to start a new message before the current mes-
sage is completed.

FIGURE 15-9: OVERRUN INTERRUPT

Rev 10002758
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Note 1: SR — Source Read
2: DW - Destination Write
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15.9.6 ABORT TRIGGER, MESSAGE
COMPLETE

The AIRQEN needs to be set in order for the DMA to
sample Abort Interrupt sources. When an abort
interrupt is received the SIRQEN bit is cleared and the
AIRQEN bit is cleared to avoid receiving further abort
triggers.

FIGURE 15-10: ABORT AT THE END OF MESSAGE
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Note 1: SR — Source Read
2: DW - Destination Write
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15.9.7 ABORT TRIGGER, MESSAGE IN The SIREQEN bit is cleared to prevent any overrun and
PROGRESS the AIRQEN bit is cleared to prevent any false aborts.

When an abort interrupt request is received in the When the DGO bit is set again the DMA will resume

between a DMA transaction, the DMA will perform a operation from where it left off after the soft-stop.

soft-stop by clearing the DGO (i.e., if the DMA was

reading the source register, it will complete the read

operation and then clear the DGO bit)

FIGURE 15-11: ABORT DURING MESSAGE TRANSFER
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Note 1: SR — Source Read
2: DW - Destination Write

The following table contains some of the cases in which
the DMA module can be configured to.
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TABLE 15-6: EXAMPLE DMA USE CASE TABLE
Source Module Source Register(s) Destination Module |Destination Register(s) DCHxSIRQ Comment
Signal Measurement SMTxCPWI[U:H:L] GPR GPR[x,y,z] SMTxPWAIF Store Captured Pulse-width
Timer values
(SMT) SMTXCPR[U:H:L] SMTxPRAIF Store Captured Period values
GPR/SFR/Program MEMORY!/x,y] TMRO TMRO[H:L] TMROIF Use as a TimerO reload for
Flash/Data EEPROM custom 16-bit value
GPR/SFR/Program MEMORY/[x] TMRO PRO ANY Update TMRO frequency
Flash/Data EEPROM based on a specific trigger
GPR/SFR/Program MEMORY!/x,y] TMRA1 TMR1[H:L] TMR1IF Use as a Timer1 reload for
Flash/Data EEPROM custom 16-bit value
TMR1 TMRA1[H:L] GPR GPR[x,y] TMR1GIF Use TMR1 Gate interrupt flag
to read data out of TMR1
register
GPR/SFR/Program MEMORY/[x] TMR2 PR2 TMR2IF
Flash/Data EEPROM
GPR/SFR/Program MEMORY/[x,y,z] TMR2 PR2 ANY Frequency generator with 50%
Flash/Data EEPROM CCP or PWM CCPRI[H:L] or duty cycle look up table
PWMDCIH:L]
CCP CCPRI[H:L] GPR GPR[x,y] CCPxIF Move data from CCP 16b
Capture
GPR/SFR/Program MEMORY[x,y] CCP CCPRI[H:L] ANY Load Compare value or PWM
Flash/Data EEPROM values into the CCP
GPR/SFR/Program MEMORY [x,y,z,u,v,w] CCPx CCPxR[H:L] ANY Update multiple PWM values
Flash/Data EEPROM CCPy CCPyR[H:L] at the same time
CCPz CCPzR[H:L] (e.g., 3-phase motor control)
GPR/SFR/Program MEMORYI[x,y,z] NCO NCOXINC[U:H:L] ANY Frequency Generator look-up
Flash/Data EEPROM table
GPR/SFR/Program MEMORY/[x] DAC DACxCONO ANY Update DAC values
Flash/Data EEPROM
GPR/SFR/Program MEMORY/[x] OSCTUNE OSCTUNE ANY Automated Frequency

Flash/Data EEPROM

dithering

egM9z/sz4(1)8Lold
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15.10 Reset

The DMA registers are set to the default state on any
Reset. The registers are also reset to the default state
when the enable bit is cleared (DMA1CON1bits.EN=0).

15.11 Power Saving Mode Operation

The DMA utilizes system clocks and it is treated as a
peripheral when it comes to power-saving operations.
Like other peripherals, the DMA also uses Peripheral
Module Disable bits to further tailor its operation in low-
power states.

15.11.1  SLEEP MODE

When the device enters Sleep mode, the system clock
to the module is shut down, therefore no DMA
operation is supported in Sleep. Once the system clock
is disabled, the requisite read and write clocks are also
disabled without which the DMA cannot perform any of
its tasks.

Any transfers that may be in progress are resumed on
exiting from Sleep mode. Register contents are not
affected by the device entering or leaving Sleep mode.
Itis recommended that DMA transactions be allowed to
finish before entering Sleep mode.

15.11.2 IDLE MODE

In IDLE mode, all of the system clocks (including the
read and write clocks) are still operating but the CPU is
not using them to save power.

Therefore, every instruction cycle is available to the
system arbiter and if the bubble is granted to the DMA,
it may be utilized to move data.

15.11.3 DOZE MODE

Similar to the Idle mode, the CPU does not utilize all of
the available instruction cycles slots that are available
toitin order to save power. It only executes instructions
based on its settings from the Doze settings.

Therefore, every instruction not used by the CPU is
available for system arbitration and may be utilized by
the DMA if granted by the arbiter.

15.11.4 PERIPHERAL MODULE DISABLE

The Peripheral Module Disable (PMD) registers
provide a method to disable DMA by gating all clock
sources supplied to it. The respective DMAXMD bit
needs to be set in order to disable the DMA.

15.12 DMA Register Interfaces

The DMA can transfer data to any GPR or SFR
location. For better user accessibility some of the more
commonly used SFR spaces have their Mirror registers
placed in Bank 64 (0x4000-0x40FF), these Mirror
registers can be only accessed through the DMA
Source and Destination Address registers.
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EXAMPLE 15-1:

SETUP DMA1 TO MOVE DATA FROM PROGRAM FLASH MEMORY TO UART1

TRANSMIT BUFFER USING HARDWARE TRIGGERS

/1 This code exanple illustrates using DVAL to transfer
/110 bytes of data from 0x1000 in PFMto ULTXB Ox3DEA
void main() {
//SystemInitialize
initializeSysten();
/] Setup UART1
initializeUARTL();
/] Setup DVA1
// DVAICON1 - DPTR rensins,
DVALICONL = 0xO0B;
/] Source registers
/] Source size
DVA1SSZH = 0x00;
DVALSSZL = 0xO0A;
// Source start address, 0x1000
DVALSSAU = 0x00;
DMA1SSAH = 0x10;
DVALSSAL = 0x00;
/I Destination registers
// Destination size
DVA1DSZH = 0x00;
DVALDSZL = 0x01;
/I Destination start address, Ox3DEA
DVALDSAH = 0x3D;
DVALDSAL = OxEA;
//Start trigger source ULTX
DVALSI RQ = 0x1C;
//Enable & Start DMA transfer
DVALCONO = 0xCO;
while (1) {
doSonet hi ng();
}
}

Source Menory Region PFM SPTR increnents,

SSTP

15.13 Register definitions: DMA

Long bit name prefixes for the DMA peripherals are
shown in Table 15-7. Refer to Section 1.3 “Register

and Bit naming ¢

onventions” for more information.

TABLE 15-7: REGISTER AND BIT NAMING
Peripheral Bit Name Prefix
DMA 1 DMA1
DMA 2 DMA2

© 2017 Microchip Technology Inc.
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REGISTER 15-1: DMAxCONO: DMAx CONTROL REGISTER 0

R/W-0/0 R/W/HC-0/0 R/W/HS/HC-0/0 U-0 U-0 R/W/HC-0/0 u-0 R/HS/HC-0/0
EN SIRQEN DGO — — AIRQEN — XIP

bit 7 bit 0

Legend:

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

-n/n = Value at POR 0 = bit is cleared X = bit is unknown

and BOR/Value at all u = bit is unchanged

other Resets

bit 7 EN: DMA Module Enable bit
1= Enables module
0 = Disables module
bit 6 SIRQEN: Start of Transfer Interrupt Request Enable bits
1= Hardware triggers are allowed to start DMA transfers
0 = Hardware triggers are not allowed to start DMA transfers
bit 5 DGO: DMA transaction bit
1 = DMA transaction is in progress
0 = DMA transaction is not in progress
bit 4-3 Unimplemented: Read as ‘0’
bit 2 AIRQEN: Abort of Transfer Interrupt Request Enable bits
1= Hardware triggers are allowed to abort DMA transfers
0 = Hardware triggers are not allowed to abort DMA transfers
bit 1 Unimplemented: Read as ‘0’
bit 0 XIP: Transfer in Progress Status bit

1= The DMAXBUF register currently holds contents from a read operation and has not transferred data
to the destination.
0 = The DMAXBUF register is empty or has successfully transferred data to the destination address

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 238



PIC18(L)F25/26K83

REGISTER 15-2: DMAxCON1: DMAx CONTROL REGISTER1

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
DMODE<1:0> DSTP SMR<1:0> SMODE<1:0> SSTP
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
bit 7-6 DMODE<1:0>: Destination Address Mode Selection bits
11 = Reserved, Do not use
10 = DMAXDPTR<15:0> is decremented after each transfer completion
01 = DMAxDPTR<15:0> is incremented after each transfer completion
00 = DMAXDPTR<15:0> remains unchanged after each transfer completion
bit 5 DSTP: Destination Counter Reload Stop bit
1= SIRQEN bit is cleared when Destination Counter reloads
0 = SIRQEN bit is not cleared when Destination Counter reloads
bit 4-3 SMR[1:0]: Source Memory Region Select bits
1x = DMAxSSA<21:0> points to Data EEPROM
01 = DMAXxSSA<21:0> points to Program Flash Memory
00 = DMAXxSSA<21:0> points to SFR/GPR Data Space
bit 2-1 SMODE[1:0]: Source Address Mode Selection bits
11 = Reserved, Do not use
10 = DMAXxSPTR<21:0> is decremented after each transfer completion
01 = DMAxSPTR<21:0> is incremented after each transfer completion
00 = DMAXxSPTR<21:0> remains unchanged after each transfer completion
bit 0 SSTP: Source Counter Reload Stop bit

1 = SIRQEN bit is cleared when Source Counter reloads
0 = SIRQEN bit is not cleared when Source Counter reloads
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REGISTER 15-3: DMAxBUF: DMAx DATA BUFFER REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
BUF7 BUF6 BUF5 BUF4 BUF3 BUF2 BUF1 BUFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR 1 = bit is set 0 = bit is cleared X = bit is unknown
and BOR/Value at all u = bit is unchanged

other Resets

bit 7-0 BUF<7:0>: DMA Internal Data Buffer bits
DMABUF<7:0>

These bits reflect the content of the internal data buffer the DMA peripheral uses to hold the data being
moved from the source to destination.

REGISTER 15-4: DMAXSSAL: DMAx SOURCE START ADDRESS LOW 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
SSA<7:0>

bit 7 bit 0

Legend:

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

-n/n = Value at POR 1 = bit is set 0 = bit is cleared X = bit is unknown

and BOR/Value at all u = bit is unchanged

other Resets

bit 7-0 SSA<7:0>: Source Start Address bits

REGISTER 15-5: DMAxSSAH: DMAx SOURCE START ADDRESS HIGH 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
SSA<15:8>

bit 7 bit 0
Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared x = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets

bit 7-0 SSA<15:8>: Source Start Address bits
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REGISTER 15-6: DMAxSSAU: DMAx SOURCE START ADDRESS UPPER REGISTER

U-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
— — SSA<21:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR 1 = bit is set 0 = bit is cleared X = bit is unknown
and BOR/Value at all u = bit is unchanged

other Resets

bit 7-0 SSA<21:16>: Source Start Address bits

REGISTER 15-7: DMAXSPTRL: DMAx SOURCE POINTER LOW REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
SPTR<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 1 = bit is set 0 = bit is cleared x = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets

bit 15-0 SPTR<7:0>: Current Source Address Pointer

REGISTER 15-8: DMAXxSPTRH: DMAx SOURCE POINTER HIGH REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
SPTR<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared x = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 5-0 SPTR<15:8>: Current Source Address Pointer
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REGISTER 15-9: DMAxSPTRU: DMAx SOURCE POINTER UPPER REGISTER

uU-0 U-0 R-0 R-0 R-0 R-0 R-0 R-0

— — SPTR<21:16>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SPTR<21:16>: Current Source Address Pointer

REGISTER 15-10: DMAXSSZL: DMAx SOURCE SIZE LOW 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
SSZ<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 1 = bit is set 0 = bit is cleared x = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 S$S8Z<7:0>: Source Message Size bits

REGISTER 15-11: DMAXxSSZH: DMAx SOURCE SIZE HIGH 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
— — — — SSZ<11:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 S$8Z<11:8>: Source Message Size bits

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 242



PIC18(L)F25/26K83

REGISTER 15-12: DMAXSCNTL: DMAx SOURCE COUNT LOW REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
SCNT<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 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 SCNT<7:0>: Current Source Byte Count

REGISTER 15-13: DMAxXxSCNTH: DMAx SOURCE COUNT HIGH REGISTER

uU-0 uU-0 uU-0 U-0 R-0 R-0 R-0 R-0
— — — — SCNT<11:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR 1 = bit is set 0 = bit is cleared X = bit is unknown
and BOR/Value at all u = bit is unchanged

other Resets

bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 SCNT<11:8>: Current Source Byte Count

REGISTER 15-14: DMAXDSAL: DMAx DESTINATION START ADDRESS LOW 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
DSA<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 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 DSA<7:0>: Destination Start Address bits
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REGISTER 15-15: DMAxDSAH: DMAx DESTINATION START ADDRESS HIGH 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
DSA<15:8>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared x = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 DSA<15:8>: Destination Start Address bits

REGISTER 15-16: DMAxXDPTRL: DMAx DESTINATION POINTER LOW REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

DPTR<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 1 = bit is set 0 = bit is cleared x = bit is unknown

BOR/Value at all other u = bit is unchanged

Resets

bit 7-0 DPTR<7:0>: Current Destination Address Pointer

REGISTER 15-17: DMAxXxDPTRH: DMAx DESTINATION POINTER HIGH REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

DPTR<15:8>

bit 7 bit 0

Legend:

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

-n/n = Value at POR and 1 = bit is set 0 = bit is cleared x = bit is unknown

BOR/Value at all other u = bit is unchanged

Resets

bit 7-0 DPTR<15:8>: Current Destination Address Pointer
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REGISTER 15-18: DMAxDSZL: DMAx DESTINATION SIZE LOW 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
DSz<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 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 DSZ<7:0>: Destination Message Size bits

REGISTER 15-19: DMAxDSZH: DMAx DESTINATION SIZE HIGH REGISTER

uU-0 u-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — DSZ<11:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 DSZ<11:8>: Destination Message Size bits

REGISTER 15-20: DMAXDCNTL: DMAx DESTINATION COUNT LOW REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
DCNT<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 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-0 DCNT<7:0>: Current Destination Byte Count
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REGISTER 15-21: DMAXDCNTH: DMAx DESTINATION COUNT HIGH REGISTER

uU-0 uU-0 uU-0 U-0 R-0 R-0 R-0 R-0

— — — — DCNT<11:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR and 1 = bit is set 0 = bit is cleared X = bit is unknown
BOR/Value at all other u = bit is unchanged
Resets
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 DCNT<11:8>: Current Destination Byte Count

REGISTER 15-22: DMAXSIRQ: DMAx START INTERRUPT REQUEST SOURCE SELECTION

REGISTER
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
— SIRQ<6:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR 1 = bit is set 0 = bit is cleared x = bit is unknown
and BOR/Value at all u = bit is unchanged
other Resets
bit 7 Unimplemented: Read as ‘0’

bit 6-0 SIRQ<6:0>: DMAX Start Interrupt Request Source Selection bits
Please refer to Table 15-2 for more information.

REGISTER 15-23: DMAXAIRQ: DMAx ABORT INTERRUPT REQUEST SOURCE SELECTION

REGISTER
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
— AIRQ<6:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n/n = Value at POR 1 = bit is set 0 = bit is cleared X = bit is unknown
and BOR/Value at all u = bit is unchanged
other Resets
bit 7 Unimplemented: Read as ‘0’

bit 6-0 AIRQ<6:0>: DMAX Interrupt Request Source Selection bits
Please refer to Table 15-2 for more information.
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DMAXSIRQ AND DMAXAIRQ INTERRUPT SOURCES

DMAXSIRQ Trigger Level
DMAXAIRQ Source Triggered
42 DMA2SCNT No
43 DMA2DCNT No
44 DMA20R No
45 DMA2A No
46 12C2RX Yes
47 12C2TX Yes
48 12C2 Yes
49 12C2E Yes
50 U2RX Yes
51 u2TX Yes
52 U2E Yes
53 u2 No
54 TMR3 No
55 TMR3G No
56 TMR4 No
57 CCP2 No
58 Reserved
59 CWG2 No
60 CLC2 No
61 INT2 No
62 Reserved
63 Reserved
64 Reserved
65 Reserved
66 Reserved
67 Reserved
68 Reserved
69 Reserved
70 TMR5 No
71 TMR5G No
72 TMR6 No
73 CCP3 No
74 CWG3 No
75 CLC3 No
76 Reserved
77 Reserved
78 Reserved
79 Reserved
80 CCP4 No
81 CLC4 No
82 Reserved
127

TABLE 15-2:
DMAXSIRQ Trigger Level
DMAXAIRQ Source Triggered

0 Reserved

1 LVD No
2 OSF No
3 csw No
4 NVM No
5 SCAN No
6 CRC No
7 10C Yes
8 INTO No
9 ZCD No
10 AD No
11 ADT No
12 CMP1 No
13 SMT1 No
14 SMT1PRA No
15 SMT1PWA No
16 DMA1SCNT No
17 DMA1DCNT No
18 DMA10R No
19 DMA1A No
20 SPIM1RX Yes
21 SPIMTX Yes
22 SPI1 Yes
23 12C1RX Yes
24 12C1TX Yes
25 12C1 Yes
26 12C1E Yes
27 U1RX Yes
28 U1TX Yes
29 U1E Yes
30 U1 No
31 TMRO No
32 TMR1 No
33 TMR1G No
34 TMR2 No
35 CCP1 No
36 Reserved

37 NCO No
38 CWG1 No
39 CLC1 No
40 INT1 No
41 CMP2 No

Note 1:

All trigger sources that are not Level-triggered are Edge-triggered.
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TABLE 15-3: SUMMARY OF REGISTERS ASSOCIATED WITH DMA

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito | cgister

on Page
DMAXCONO EN | SIRQEN | DGO — — [ARQEN|[ — XIP 238
DMAXCON1 DMODE<1:0> DSTP SMR<1:0> SMODE<1:0> SSTP | 239
DMAXBUF DBUF7 | DBUF6 | DBUF5 | DBUF4 | DBUF3 | DBUF2 | DBUF1 | DBUFO | 240
DMAXSSAL SSA<7:0> 240
DMAXSSAH SSA<15:8> 240
DMAXSSAU — [ =] SSA<21:16> 241
DMAXSPTRL SPTR<7:0> 241
DMAXSPTRH SPTR<15:8> 241
DMAXSPTRU — [ =] SPTR<21:16> 242
DMAXSSZL SSZ<7:0> 242
DMAxXSSZH - | - 1 -1 = 1 SSZ<11:8> 242
DMAXSCNTL SCNT<7:0> 243
DMAXSCNTH | — | — | — | — | SCNT<11:8> 243
DMAXDSAL DSA<7:0> 243
DMAXDSAH DSA<15:8> 244
DMAXDPTRL DPTR<7:0> 244
DMAXDPTRH DPTR<15:8> 244
DMAXDSZL DSZ<7:0> 245
DMAXDSZH — - | = 1 = ] DSZ<11:8> 245
DMAXDCNTL DCNT<7:0> 245
DMAXDCNTH | — — | = 1T =1 DCNT<11:8> 246
DMAXSIRQ — SIRQ<6:0> 246
DMAXAIRQ _ AIRQ<6:0> 246
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by DMA.
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16.0 1/0 PORTS
The PIC18(L)F25/26K83 devices have four 1/0O ports,
allocated as shown in Table 16-1.

TABLE 16-1: PORT ALLOCATION TABLE
FOR PIC18(L)F25/26K83

DEVICES
wl
Devi : E E ke
evice o o) o) o]
o o o o
PIC18(L)F25K83 ° ° ° o)
PIC18(L)F26K83 ° ° ° o(1)

Note 1: Pin RE3 only.

Each port has ten 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)

Outside of registers to control bits of all the ports, the
two following registers are also present:

+ Rxyl2C (I°C pad 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 1/O port, without the
interfaces to other peripherals, is shown in Figure 16.1.

16.1 GENERIC I/O PORT OPERATION

Read LATx

TRISx
L D Q
Write LATx
Write PORTx CK_A VDD
Data Register
Data Bus
1/0 pin
Read PORTx

To digital peripherals €———

ANSELx vss

To analog peripherals <

16.2 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. Portinputs and outputs from PPS

16.3 PORTX Registers

In this section the generic names such as PORTX,
LATx, TRISx, etc. can be associated with PORTA,
PORTB, and PORTC ports. The functionality of
PORTE is different compared to other ports and is
explained in a separate section.
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16.3.1 DATA REGISTER

PORTx is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISx
(Register 16-2). 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 PORTXx pin an output (i.e., it enables
output driver and puts the contents of the output latch
on the selected pin). Example 16-1 shows how to
initialize PORTXx.

Reading the PORTXx register (Register 16-1) 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 16-3) holds the
output port data and contains the latest value of a LATx
or PORTx write.

EXAMPLE 16-1:  INITIALIZING PORTA

; This code exanple illustrates
initializing the PORTA register. The
other ports are initialized in the same
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
;outputs

;lnit PORTA
;Data Latch

16.3.2 DIRECTION CONTROL

The TRISx register (Register 16-2) 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’

16.3.3 ANALOG CONTROL

The ANSELXx register (Register 16-4) 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.

16.3.4 OPEN-DRAIN CONTROL

The ODCONX register (Register 16-6) 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 necessary to set open-drain controII

when using the pin for I°C.

16.3.5 SLEW RATE CONTROL

The SLRCONX register (Register 16-7) 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.
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16.3.6 INPUT THRESHOLD CONTROL

The INLVLx register (Register 16-8) 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 45-4 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.

16.3.7 WEAK PULL-UP CONTROL

The WPUx register (Register 16-5) controls the
individual weak pull-ups for each port pin.

16.3.8 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 of Ports B, C, E and on pin RG5. For
further details about the IOC module refer to Section
18.0 “Interrupt-on-Change”.

16.3.9 I°C PAD CONTROL

For the PIC18(L)F25/26K83 devices, the 12c specific
pads are available on RB1, RB2, RC3, RC4, RDO(")
and RD1(M pins. The I2C characteristics of each of
these pins is controlled by the Rxyl2C registers (see
Register 16-9). These characteristics include enabling
e specific slew rate (over standard GPIO slew rate),
selecting internal pull-ups for 12c pins, and selecting
appropriate  input threshold as per SMBus
specifications.

Note 1: RDO and RD1 I2C pads are not available
in PIC18(L)F25K83 parts.

2: Any peripheral using the I°C pins read
the I°C ST inputs when enabled via
Rxyl2C.

16.4 PORTE Registers

16.4.1 MASTER CLEAR INPUT (MCLR)

For PIC18(L)F2xK83 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).

16.4.2 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 WPUE3 bit has no effect.

16.4.3 INTERRUPT-ON-CHANGE

The interrupt-on-change feature is available only on the
RE3 pin of PORTE for all devices. If MCLRE = 1 or
LVP = 1, RE3 port functionality is disabled and
interrupt-on-change on RE3 is not available. For further
details refer to Section 18.0 “Interrupt-on-Change”.
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16.5 Register Definitions: Port Control
REGISTER 16-1: 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 PORTXx are actually written to the corresponding LATx register.
Reads from PORTXx register return actual 1/0 pin values.
TABLE 16-2: PORT REGISTERS
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTA RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO
PORTB re7(" R 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 16-2: 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 16-3: TRIS REGISTERS

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
TRISA TRISA7 TRISAG TRISA5 TRISA4 TRISA3 TRISA2 TRISA1 TRISAO
TRISB TRISB7(M TRISB6(") TRISB5 TRISB4 TRISB3 TRISB2 TRISB1 TRISBO
TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO

Note 1: Bits RB6 and RB7 read ‘1’ while in Debug mode.

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 253



PIC18(L)F25/26K83

REGISTER 16-3: LATx: LATx 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
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’
‘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

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 16-4: LAT REGISTERS
Name Bit7 Bit 6 Bit5 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 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO
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REGISTER 16-4:

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 16-5: ANALOG SELECT PORT REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ANSELA ANSELA7 | ANSELA6 | ANSELA5 | ANSELA4 | ANSELA3 | ANSELA2 ANSELA1 ANSELAO
ANSELB ANSELB7 ANSELB6 ANSELB5 ANSELB4 ANSELB3 ANSELB2 ANSELB1 ANSELBO
ANSELC ANSELC7 ANSELCG6 ANSELC5 ANSELC4 ANSELC3 ANSELC2 ANSELC1 ANSELCO
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REGISTER 16-5: 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 16-6: WEAK PULL-UP PORT REGISTERS
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WPUA WPUA7 WPUAG WPUAS5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAQ
WPUB WPUB7 WPUB6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO
WPUC WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO
WPUE — — — — WPUE3(" — — —

Note 1: If MCLRE = 1, the weak pull-up in RE3 is always enabled; bit WPUE3 is not affected.
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REGISTER 16-6:

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 16-7: OPEN-DRAIN CONTROL REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ODCONA ODCA7 ODCAG6 ODCA5 ODCA4 ODCA3 ODCA2 ODCA1 ODCAO
ODCONB ODCB7 ODCB6 ODCB5 ODCB4 ODCB3 ODCB2 OoDCB1 ODCBO
ODCONC OoDCC7 ODCC6 ODCC5 ODCC4 ODCC3 ODCC2 ODCC1 ODCCO
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REGISTER 16-7: SLRCONx: 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 16-8: SLEW RATE CONTROL REGISTERS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SLRCONA SLRA7 SLRAG6 SLRAS 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 16-8:

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 INLVLxX3 INLVLx2 INLVLX1 INLVLxXO
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 16-9: INPUT LEVEL PORT REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
INLVLA INLVLA7 INLVLAG INLVLAS INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO
INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 | INLVLB2( | INLVLB1(™) | INLVLBO
INLVLC INLVLC7 | INLVLC6 | INLVLC5 | INLVLCA™ | INLvLC3(™) | INLVLC2 | INLVLCT INLVLCO
INLVLE — — — — INLVLE3 — — —

Note 1: Any peripheral using the 12c pins read the I’C ST inputs when enabled via Rxyl2C.
2: Unimplemented in PIC18(L)F25K83.
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REGISTER 16-9:

Rxyl2C: I2C PAD Rxy CONTROL REGISTER

uU-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 uU-0 R/W-0/0 R/W-0/0
— SLEW PU<1:0> — — TH<1:0>
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 HS = Hardware set
bit 7 Unimplemented: Read as ‘0’
bit 6 SLEW: I°C Specific Slew Rate Limiting is Enabled
1= 12C specific slew rate limiting is enabled. Standard pad slew limiting is disabled. The SLRxy bit
is ignored.
0 = Standard GPIO Slew Rate; enabled/disabled via SLRxy bit.
bit 5-4 PU<1:0>: IC Pull-up Selection bits
11 = Reserved
10 = 10x current of standard weak pull-up
01 = 2x current of standard weak pull-up
00 = Standard GPIO weak pull-up, enabled via WPUXxy bit
bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 TH<1:0>: I12C Input Threshold Selection bits
11 = SMBus 3.0 (1.35 V) input threshold
10 = SMBus 2.0 (2.1 V) input threshold
01 = I2C specific input thresholds
00 = Standard GPIO Input pull-up, enabled via INLVLxy registers
TABLE 16-10: 12C PAD CONTROL REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
RB112C — SLEW PU<1:0> — — TH<1:0>
RB2I12C — SLEW PU<1:0> — — TH<1:0>
RC3I2C — SLEW PU<1:0> — — TH<1:0>
RC412C — SLEW PU<1:0> — — TH<1:0>
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TABLE 16-11: SUMMARY OF REGISTERS ASSOCIATED WITH 1/O
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁg;:;
PORTA RA7 RAG6 RAS5 RA4 RA3 RA2 RA1 RAO 252
PORTB RB7(" RB6(") RB5 RB4 RB3 RB2 RB1 RBO 252
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 252
PORTE — — — — RE3) — — — 252
TRISA TRISA7 TRISAG TRISAS TRISA4 TRISA3 TRISA2 TRISA1 TRISAO 253
TRISB TRISB7® | TRISB6® | TRISBS TRISB4 TRISB3 TRISB2 TRISB1 TRISBO 253
TRISC TRISC7 TRISC6 TRISC5S TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 253
LATA LATA7 LATA6 LATA5 LATA4 LATA3 LATA2 LATA1 LATAO 254
LATB LATB7 LATB6 LATB5 LATB4 LATB3 LATB2 LATB1 LATBO 254
LATC LATC7 LATC6 LATC5 LATC4 LATC3 LATC2 LATC1 LATCO 254
ANSELA ANSELA7 | ANSELA6 | ANSELA5 | ANSELA4 ANSELA3 | ANSELA2 | ANSELA1 | ANSELAO 255
ANSELB ANSELB7 | ANSELB6 | ANSELB5 | ANSELB4 ANSELB3 | ANSELB2 | ANSELB1 | ANSELBO 255
ANSELC ANSELC7 | ANSELC6 | ANSELC5 | ANSELC4 | ANSELC3 | ANSELC2 | ANSELC1 | ANSELCO 255
WPUA WPUA7 WPUAG WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO 256
WPUB WPUB7 WPUBG6 WPUB5 WPUB4 WPUB3 WPUB2 WPUB1 WPUBO 256
WPUC WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO 256
WPUE — — — — WPUE3®¥ — — — 256
ODCONA ODCA7 ODCAG6 ODCA5 ODCA4 ODCA3 ODCA2 ODCA1 ODCAO0 257
ODCONB OoDCB7 ODCB6 ODCB5 ODCB4 ODCB3 ODCB2 ODCB1 ODCBO 257
ODCONC OoDCC7 ODCC6 ODCC5 oDCcC4 OoDCC3 oDcC2 OoDCC1 ODCCO0 257
SLRCONA SLRA7 SLRA6 SLRA5 SLRA4 SLRA3 SLRA2 SLRA1 SLRAO 258
SLRCONB SLRB7 SLRB6 SLRB5 SLRB4 SLRB3 SLRB2 SLRBH1 SLRBO 258
SLRCONC SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRC1 SLRCO 258
INLVLA INLVLA7 INLVLAG INLVLAS INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO 259
INLVLB INLVLB7 INLVLB6 INLVLB5 INLVLB4 INLVLB3 INLVLB2®) | INLVLB165) INLVLBO 259
INLVLC INLVLC7 INLVLC6 INLVLC5 | INLVLC4® | INLvLC3®) INLVLC2 INLVLC1 INLVLCO 259
INLVLE — — — — INLVLE3 — — — 259
RB112C — SLEW PU<1:0> — — TH<1:0> 260
RB2I12C — SLEW PU<1:0> — — TH<1:0> 260
RC3I2C — SLEW PU<1:0> — — TH<1:0> 260
RC412C — SLEW PU<1:0> — — TH<1:0> 260
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by I/O Ports.
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).
3: Bits RB6 and RB7 read ‘1’ while in Debug mode.
4: If MCLRE = 1, the weak pull-up in RE3 is always enabled; bit WPUES3 is not affected.
5:  Any peripheral using the 1’c pins read the I2Cc ST inputs when enabled via RxyI2C.
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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 UART1 RX input, set UIRXPPS to Ob1l 0111, and
to select PORTC<6> as the UART1 TX output set
RC6PPS to 0b01 0011.

171 PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

FIGURE 17-1:

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:

* UART

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.

SIMPLIFIED PPS BLOCK DIAGRAM

abcPPS

Rxy IZ :
|

Peripheral abc

Rev. 10-00262D
312712017

nyPPS—\I\

| —X Rxy

T
| [———————{ Peripheral xyz

Rxy [ :

nyPPS—\I\
T
|
|

—X Rxy

xyzPPS 4/,/

| R Ry
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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:

- 12C

EXAMPLE 17-2: PPS UNLOCK SEQUENCE

Note: Refer to Table 17-1 for pins that are 12c
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 | NTCONO, Gl E

; Bank to PPSLOCK register
BANKSEL PPSLOCK
MOVLB PPSLOCK
MOVLW  55h

Requi red sequence, next 4 instructions
MOVWF PPSLOCK
MOVLW  AAh
MOVWF PPSLOCK

Set PPSLOCKED bit to disable wites
Only a BSF instruction will work
BSF PPSLQOCK, 0

Enabl e Interrupts
BSF I NTCONO, G E

Di sabl e interrupts:
BCF I NTCONO, 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 NTCONO, Gl E

17.5 PPS One-way Lock

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 initial-
ization. When the PPSLOCKED bit is set after all selec-
tions 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 pin allocation Table 3. The PPS
one-way lock 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 RW-muM  RW-mu  RW-mu®  RW-mu®  RW-mu®  RW-m/u!
— | — ‘ xxxPPS<5:0>

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 7-6 Unimplemented: Read as ‘0’

bit 5-3 xxxPPS<5:3>: Peripheral xxx Input PORTx Pin Selection bits

See Table 17-1 for the list of available ports and default pin locations.
101 = Reserved

100 = Reserved

011 = Reserved

010 = PORTC

001 = PORTB

000 = 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

Default Pin ] Input Available from Selected

Peripheral PPS Input Register Sele:ct)i;n at R\fjhs:: I:%s;t PORTXx
PIC18(L)F2xK83

Interrupt O INTOPPS RBO 0b0 1000 A B —
Interrupt 1 INT1PPS RB1 0b0 1001 A B —
Interrupt 2 INT2PPS RB2 0b0 1010 A B —
Timer0 Clock TOCKIPPS RA4 0b0 0100 A B —
Timer1 Clock T1CKIPPS RCO 0b1l 0000 A — C
Timer1 Gate T1GPPS RB5 0b0 1101 — B Cc
Timer3 Clock T3CKIPPS RCO Ob1l 0000 — B Cc
Timer3 Gate T3GPPS RCO 0Ob1l 0000 A — Cc
Timer5 Clock T5CKIPPS RC2 0bl 0010 A — C
Timer5 Gate T5GPPS RB4 0b0 1100 — B C
Timer2 Clock T2INPPS RC3 0bl 0011 A — C
Timer4 Clock T4INPPS RC5 Ob1l 0101 — B Cc
Timer6 Clock T6INPPS RB7 0b0 1111 — B C
CCP1 CCP1PPS RC2 Obl 0010 — B C
CCP2 CCP2PPS RC1 0bl 0001 — B Cc
CCP3 CCP3PPS RB5 0b0 1101 — B C
CCP4 CCP4PPS RBO 0b0 1000 — B C
SMT1 Window SMT1WINPPS RCO Ob1l 0000 — B C
SMT1 Signal SMT1SIGPPS RB4 0b0 1100 — B Cc
SMT2 Window SMT2WINPPS RB5 0b0 1101 — B Cc
SMT2 Signal SMT2SIGPPS RC1 0b1l 0001 — B C
CWG1 CWG1PPS RBO 0b0 1000 — B C
CWG2 CWG2PPS RB1 0b0 1001 — B C
CWG3 CWG3PPS RB2 0b0 1010 — B Cc
DSM1 Carrier Low MD1CARLPPS RA3 0b0 0011 A — Cc
DSM1 Carrier High MD1CARHPPS RA4 0b0 0100 A — Cc
DSM1 Source MD1SRCPPS RA5 0b0 0101 A — C
CLCx Input 1 CLCINOPPS RAO 0b0 0000 A — C
CLCx Input 2 CLCIN1PPS RA1 0b0 0001 A — C
CLCx Input 3 CLCIN2PPS RB6 0b0 1110 — B C
CLCx Input 4 CLCIN3PPS RB7 0b0 1111 — B ]
ADC Conversion Trigger ADACTPPS RB4 0b0 1100 — B C
SPI1 Clock SPI1SCKPPS RC3 0bl 0011 — B C
SPI1 Data SPI1SDIPPS RC4 0b1l 0100 — B C
SPI1 Slave Select SPI1SSPPS RA5 0b0 0101 A — C
I2C1 Clock 12C1SCLPPS RC3 0bl 0011 — B Cc
12C1 Data 12C1SDAPPS RC4 Obl 0100 — B Cc
[2C2 Clock 12C2SCLPPS RB1 0b0 1001 — B C
[°C2 Data I2C2SDAPPS RB2 0b0 1010 — B C
UART1 Receive U1RXPPS RC7 0bl 0111 — B C
UART1 Clear To Send U1CTSPPS RC6 Obl 0110 — B C
UART2 Receive U2RXPPS RB7 0b0 1111 — B C
UART2 Clear To Send U2CTSPPS RB6 0b0 1110 — B Cc
CAN Receive CANRXPPS RB3 0b0 1011 — B C
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REGISTER 17-2: RxyPPS: PIN Rxy OUTPUT SOURCE SELECTION REGISTER

uU-0 u-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — RxyPPS<5:0>
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 7-6 Unimplemented: Read as ‘0’
bit 5-0 RxyPPS<5:0>: Pin Rxy Output Source Selection bits

See Table 17-2 for the list of available ports.
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TABLE 17-2: PPS OUTPUT REGISTER

DETAILS

Pin Rxy Device Configuration
RxyPP$<5:0> Output

Source PIC18(L)F2xK83
0b00 0101 [CWGI1A — B [
0b00 0100 |CLC40UT — B C
0b00 0011 |CLC30UT — B C
0b00 0010 |CLC20UT A — C
0b00 0001 |CLC1OUT A — C
0b00 0000 | LATxy A B C

TABLE 17-2: PPS OUTPUT REGISTER

DETAILS

Pin Rxy Device Configuration
RxyPP$<5:0> Output

Source PIC18(L)F2xK83
“Ob11 0101 Reserved
Ob11l 0100 |CANTX1 — c
Ob11l 0011 | CANTXO — B o]
Ob11 0010 |ADGRDB A — o]
Ob11 0001 |ADGRDA A — o]
Ob11 0000 |CWG3D A — o]
0b10 1111 |CWG3C A — o]
0b10 1110 |CWG3B A — c
0b10 1101 |CWG3A — B c
0b10 1100 |CWG2D — B c
0b10 1011 |CWG2C B c
0b10 1010 |CWG2B — B c
0b10 1001 |CWG2A — B c
0b10 1000 |DSM1 A — o]
0b10 0111 |CLKR — B c
0b10 0110 |NCO1 A — o]
0b10 0101 |TMRO — B o]
0b10 0100 |I2C2 (SDA) — B c
0b10 0011 |[I2C2(SCL) — B c
0b10 0010 |IC1 (SDA) — B c
0b10 0001 |[I2C1(SCL) — B o]
0b10 0000 |[SPI1(SS) A — c
0b01 1111 |[SPI1(SDO) — B c
0b01 1110 |SPI1(SCK) — B c
0b01 1101 |C20UT A — c
0b01 1100 |C10UT A — c
Ogg(l)ll%él_ RESEES
0b01 1000 |UART2 (RTS) — B o]
0b01 0111 |UART2 (TXDE) — B c
0b01 0110 |UART2 (TX) — B o]
0b01 0101 |UART1 (RTS) — B o]
0b01 0100 |UART1 (TXDE) — B c
0b01 0011 |UART1 (TX) — B c
0b01 0010 - Reserved
0b01 0001
0b01 0000 |PWM8 A — c
0b00 1111 |PWM7 A — c
0b00 1110 |PWM6 A — c
0b00 1101 |PWM5 A — c
0b00 1100 |CCP4 — B o]
0b00 1011 |CCP3 — B o]
0b00 1010 |CCP2 — B o]
0b00 1001 |CCP1 — B o]
0b00 1000 |CWG1D — B o]
0b00 0111 |CWGIC — B o]
0b00 0110 |CWG1B — B o]
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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.
0 =PPS is not locked. PPS selections can be changed.
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TABLE 17-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE

Name Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 5:"9;2::
PPSLOCK — — — — — — — PPSLOCKED 268
INTOPPS — — — INTOPPS<4:0> 264
INT1PPS — — — INT1PPS<4:0> 264
INT2PPS _ _ — INT2PPS<4:0> 264
TOCKIPPS — — — TOCKIPPS<4:0> 264
T1CKIPPS = = = T1CKIPPS<4:0> 264
T1GPPS — — — T1GPPS<4:0> 264
T3CKIPPS — — — T3CKIPPS<4:0> 264
T3GPPS — — — T3GPPS<4:0> 264
T5CKIPPS — — — T5CKIPPS<4:0> 264
T5GPPS — — — T5GPPS<4:0> 264
T2INPPS — — — T2INPPS<4:0> 264
T4INPPS — — — T4INPPS<4:0> 264
T6INPPS — — — TEINPPS<4:0> 264
CCP1PPS — — — CCP1PPS<4:0> 264
CCP2PPS — — — C