64-Pin, Low-Power, High-Performance Microcontrollers o
with XLP Technology c\ MICROCHIP

Description

These PIC18(L)F67K40 microcontrollers feature analog, core independent peripherals and communication
peripherals, combined with eXtreme Low-Power (XLP) technology for a wide range of general purpose and low-
power applications. These 64-pin devices are equipped with a 10-bit ADC with Computation (ADCC) automating
Capacitive Voltage Divider (CVD) techniques for advanced touch sensing, averaging, filtering, oversampling and
performing automatic threshold comparisons. They also offer a set of core independent peripherals such as
Complementary Waveform Generator (CWG), Windowed Watchdog Timer (WWDT), Cyclic Redundancy Check
(CRC)/Memory Scan, Zero-Cross Detect (ZCD) and Peripheral Pin Select (PPS) providing for increased design
flexibility and lower system cost.

Core Features

+ C Compiler Optimized RISC Architecture
+ Operating Speed:
- DC-64 MHz clock input
- 62.5 ns minimum instruction cycle
+ Programmable 2-Level Interrupt Priority
* 31-Level Deep Hardware Stack
* Four 8-Bit Timers (TMR2/4/6/7) with Hardware Limit Timer (HLT)
* Five 16-Bit Timers (TMRO0/1/3/5/7)
*  Low-Current Power-on Reset (POR)
* Power-up Timer (PWRT)
* Brown-out Reset (BOR)
* Low-Power BOR (LPBOR) Option
+  Windowed Watchdog Timer (WWDT):
- Watchdog Reset on too long or too short interval between watchdog clear events
- Variable prescaler selection
- Variable window size selection
- All sources configurable in hardware or software

Memory

+ 128k Bytes Program Flash Memory

* 3562 Bytes Data SRAM Memory

+ 1024 Bytes Data EEPROM

* Programmable Code Protection

+ Direct, Indirect, and Relative Addressing Modes



Operating Characteristics

+ Operating Voltage Ranges:
- 1.8V to 3.6V (PIC18LF67K40)
- 2.3V to 5.5V ( PIC18F67K40)
* Temperature Range:
- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

Power-Saving Operation Modes

+ Doze: CPU and Peripherals Running at Different Cycle Rates (typically CPU is lower)
+ Idle: CPU Halted While Peripherals Operate

+ Sleep: Lowest Power Consumption

+ Peripheral Module Disable (PMD):

- Ability to selectively disable hardware module to minimize active power consumption of unused
peripherals

eXtreme Low-Power (XLP) Features

+ Sleep Mode: 50 nA @ 1.8V, Typical
*  Windowed Watchdog Timer: 500 nA @ 1.8V, Typical
« Secondary Oscillator: 500 nA @ 32 kHz

* Operating Current:
- 8UA @ 32 kHz, 1.8V, Typical
- 32 uUA/MHz @ 1.8V, Typical

Digital Peripherals

+ Complementary Waveform Generator (CWG):
- Rising and falling edge dead-band control
- Full-bridge, half-bridge, 1-channel drive
- Multiple signal sources

+ Capture/Compare/PWM (CCP) Modules:
- Five CCPs

- 16-bit resolution for Capture/Compare modes
- 10-bit resolution for PWM mode

* 10-Bit Pulse-Width Modulators (PWM):
- Two 10-bit PWMs

* Serial Communications:

- Five enhanced USART (EUSART) with Auto-Baud Detect, Auto-wake-up on Start,
RS-232, RS-485, LIN compatible

- SPI
- 12C, SMBus and PMBus® compatible
+ Upto 591/0 Pins and One Input Pin:
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Individually programmable pull-ups

Slew rate control

Interrupt-on-change

Input level selection control

* Programmable CRC with Memory Scan:
- Reliable data/program memory monitoring for Fail-Safe operation (e.g., Class B)
- Calculate CRC over any portion of Flash or EEPROM
- High-speed or background operation
* Hardware Limit Timer (TMR2/4/6/8+HLT):
- Hardware monitoring and Fault detection

+ Peripheral Pin Select (PPS):
- Enables pin mapping of digital 1/0

+ Data Signal Modulator (DSM)

+ Two Signal Measurement Timers (SMT1/2):
- 24-bit timer/counter with prescaler
- Multiple gate and clock inputs

Analog Peripherals

+ 10-Bit Analog-to-Digital Converter with Computation (ADCC):
- 44 external channels

- Conversion available during Sleep
- Four internal analog channels
- Internal and external trigger options

- Automated math functions on input signals:
+ Averaging, filter calculations, oversampling and threshold comparison
- 8-bit hardware acquisition timer
+ Hardware Capacitive Voltage Divider (CVD) Support:
- 8-bit precharge timer
- Adjustable Sample-and-Hold capacitor array
- Guard ring digital output drive
* Zero-Cross Detect (ZCD):
- Detect when AC signal on pin crosses ground

+ 5-Bit Digital-to-Analog Converter (DAC):
- Output available externally

- Programmable 5-bit voltage (% of Vpp, [Vrer+ - Vrer.l, FVR)
- Internal connections to comparators and ADC
+ Three Comparators (CMP):
- Five external inputs
- External output via PPS
+ Fixed Voltage Reference (FVR) Module;
- 1.024V, 2.048V and 4.096V output levels
- Two buffered outputs: One for DAC/CMP and one for ADC
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Clocking Structure

+ High-Precision Internal Oscillator Block (HFINTOSC):
- Selectable frequencies up to 64 MHz

- %1% at calibration
* 32 kHz Low-Power Internal Oscillator (LFINTOSC)
+ External 32 kHz Crystal Oscillator (SOSC)
+ External High-Frequency Oscillator Block:

- Three Crystal/Resonator modes

- Digital Clock Input mode

- 4x PLL with external sources

+ Fail-Safe Clock Monitor:
- Allows for safe shutdown if external clock stops

+ Oscillator Start-up Timer (OST)

Programming/Debug Features

+ In-Circuit Serial Programming™ (ICSP™) via Two Pins
* In-Circuit Debug (ICD) with Three Breakpoints via Two Pins
+ Debug Integrated On-Chip

PIC18(L)F67K40 Family Types

Table 1. Devices Included in This Data Sheet

Device

Data SRAM (bytes)
Data EEPROM (bytes)
1/0 Pins
16-bit Timers
Comparators
5-bit DAC
Zero-Cross Detect
CCP/10-bit PWM
8-bit TMR with HLT
Temperature Indicator
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Low-Voltage Detect (LVD)
CRC with Memory Scan

10-bit ADCC with Computation (ch)
Windowed Watchdog Timer
Peripheral Module Disable

PIC18(L)F67K40 128k 3568 1024 60 5 3 47 1 1 5/2 1 2 1 4 Y Y 5 2 Y Y Y |

Table 2. Devices Not Included in This Data Sheet

Device

Program Memory Flash
Data SRAM (bytes)
Data EEPROM (bytes)
1/0 Pins
16-bit Timers
Comparators
10-bit ADCC with Computation (ch)
5-bit DAC
Zero-Cross Detect
CCP/10-bit PWM
Low-Voltage Detect (LVD)
8-bit TMR with HLT
Windowed Watchdog Timer
CRC with Memory Scan
Peripheral Module Disable
Temperature Indicator

PIC18(L)F24K40 16k 1024 256 25 4 2 24 1 1 2/2 1 0 1 3 Y Y 1 1 Y Y Y |
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........... continued

Device

Data SRAM (bytes)
Comparators
5-bit DAC
Zero-Cross Detect
CCP/10-bit PWM
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Data EEPROM (bytes)
1/0 Pins
16-bit Timers
Low-Voltage Detect (LVD)
8-bit TMR with HLT
Peripheral Module Disable
Temperature Indicator

10-bit ADCC with Computation (ch)
Windowed Watchdog Timer
CRC with Memory Scan

PIC18(L)F25K40 32k 2048 256 25 24 1 1 2/2 1
PIC18(L)F26K40 64k 3615 1024 25

PIC18(L)F27K40 128k 3615 1024 25

24 1 1 2/2 1
24 1 1 2/2 1
PIC18(L)F45K40 32k 2048 256 36 35 1 1 2/2 1
35 1 1 2/2 1
PIC18(L)F47K40 128k 3615 1024 36 35 1 1 2/2 1

PIC18(L)F65K40 32k 2048 1024 60 44 1 1 5/2 1

[T, A N N N NN
w W N NN NNN
N N O O O O O O
A A W W W W W W
< < < < < =< < =<
< < < < < < < =<
< < < < < =< < =<
< < < < < =< =< =<
< < < < < =< =< =<

)
)
)
PIC18(L)F46K40 64k 3615 1024 36
)
)
)

u 1NN
N N NN NDNDN

PIC18(L)F66K40 64k 3562 1024 60 44 1 1 5/2 1

Note: Debugging Methods: (I) - Integrated on Chip.
Data Sheet Index:

1. DS40001843 PIC18(L)F24/25K40 Data Sheet, 28-Pin, 8-bit Flash Microcontrollers
DS40001816 PIC18(L)F26/45/46K40 Data Sheet, 28/40/44-Pin, 8-bit Flash Microcontrollers
DS40001844 PIC18(L)F27/47K40 Data Sheet, 28/40/44-Pin, 8-bit Flash Microcontrollers
DS40001842 PIC18(L)F65/66K40 Data Sheet, 64-Pin, 8-bit Flash Microcontrollers
DS40001841 PIC18(L)F67K40 Data Sheet, 64-Pin, 8-bit Flash Microcontrollers
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Pin Diagrams

Figure 1. 64-pin TQFP

3612017

Rev. 00-000064A

LQY[II]
90N [T
SaY[T]
YQY [T
€au [T
Zad 1]
LAY [T
EHY[TT]
ZHY[IT
0N [IT]
V=N i
CEN| N
ST
YU
=N
r= 1| WA

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

48[ 1T_1RBO
47 [1T_1RB1
46 [ 1] _1RB2
45[ 1] 1RB3
4411 1RB4
43[1T_1RB5
42[ 1T _1RB6
41T 1Vss
40 [1T_1RA6
39 [T IRA7
38 [1_]Vobp
37 [ 1_1RB7
36 [ II_1RC5
35 [ 1T _]RC4
34[1_]RC3
33[TJRC2

- - - - v

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

RE1[IT] 1
REO[IT] 2
RGO[IT] 3
RG1[IT] 4
RG2[IT] 5
RG3[IT] 6
VPP/MCLR/RG5[ 1T 7

RG4[IT] s
Vss[IT] 9
Voo[_IT] 10
RF7CIT] 14
RF6[1T]
RF5[1T]
RF4[1T]
RF3[1T]
RF2[1T]

204
[TT_]90Y
[T ]ooy
(T J10d
T Jvv

FTsvy
FTJom
FTH
Fovy
F vy
FTJevy
Feva
9oy
fT20w
FT 04
FT

@ MICROCHIP



Figure 2. 64-pin QFN
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Note: It is recommended that the exposed bottom pad be connected to Vss, however it must not be the only

Vs connection to the device.

Pin Allocation Tables

Table 3. 64-Pin Allocation Table

RAO

chVT\;d

ANAO C1IN4- T8INM
C2IN4-
C3IN4-
RA1 23 ANA1 — — T2IN®™
RA2 22 ANA2 Vref- CTINT+ —
Vref- C2IN1+
C3IN1T+
RA3 21 ANA3 Vref+ — —
Vref+
RA4 28 ANA4 — — TOCKI™
RA5 27 ANAS5 — — T3G"
RA6 40 ANAG6 — — —
RA7 39 ANA7 — — —
RBO 48 ANBO — — —
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........... continued

Clock
1/0@ A/D DAC Comparator [Timers CCPand CWG ZCD SMT Reference |Interrupt| EUSART DSM MSSP Basic
PWM
(CLKR)
RB1 ANB1 — — — — — — — — 10CB1 — — —@ —
INT1®
RB2 46 ANB2 — — — — — — — — 10CB2 — — — —
INT2®
RB3 45 ANB3 — — — — — — — — 10CB3 — — — —
INT3®
RB4 44 ANB4 — — — — — — — — 10CB4 — — — —
RB5 43 ANB5 = = T1GM = = = = = 10CB5 = = = =
T3CKI®
RB6 42 ANB6 — — — — — — — — 10CB6 — — — ICSPCLK
RB7 37 ANB7 DAC10UT2 — — — — — — — 10CB7 — — — ICSPDAT
RCO 30 — — — T1CKI™ — — — — — 10CCO CK402 — — SOSCO
RC1 29 = = — T6IND — — — 10CC1 RX4¢:2) — = SOSCI
DT402
RC2 33 — — — — — CWGTIN®  — — — 10CC2 — — — —
RC3 34 = = = = = = = = = 10CC3 = = SCL1e9 =
SCK1®
RC4 35 — — — — — — — — — 10Cc4 — — SDA1GH —
SDIM®
RC5 36 = = = = = = = = = 10CC5 = = = —
RC6 31 — — — — — — — — — 10CC6 CK102 — — —
RC7 32 = = = = = = = = = 10CC7 RX10:2 = = =
DT102
RDO 58 ANDO — — — — — — — — — — — — —
RD1 55 AND1 = = T5CKI™ = = = = = — — — — —
T7G(1)
RD2 54 AND2 — — — — — — — — — — — — —
RD3 53 AND3 = = = = = = = = = = MDCARL®  — =
RD4 52 AND4 — — — — — — — — — — MDCARH®  —
RD5 51 ANDS5 = = = = = = = = = = MDSRC® SDA2G4 =
SDI2®
RD6 50 AND6 — — — — — — — — — — — SCL264
SCK2M
RD7 49 AND7 = = = — — — — — — — — SS20 —
REO 2 ANEO — — — — - - - — IOCEO CK302 — — —
RE1 1 ANE1 — — — — — — — — IOCE1 RX3(2 — — —
DT3¢
RE2 64 ANE2 — — — — — — — — IOCE2 CK512 — — —
RE3 63 ANE3 — — — — — — — — IOCE3 RX5¢2) — — —
DTS¢
RE4 62 ANE4 — — T4IND ccp2m — — — — IOCE4 — — — —
RE5 61 ANE5 — — — Cccp1o — — — — IOCE5 — — — —
RE6 60 ANE6 — — — ccp3m — —  SMTIWIN1® — IOCE6 — — — —
RE7 59 ANE7 — — — — — —  SMT1SIG1™ — IOCE7 — — — —

RFO 18 ANFO — C1INO-C2INO-  — — — — — — — — — — —

RF1 17 ANF1 — — — — — — — = — — — — _
RF2 16 ANF2 — — — — — — — — — — — — —

RF3 15  ANF3 = C1IN2- _ — — — _ _ _ _ _ _ _
C2IN2-
C3IN2-

RF4 14 | ANF4 — C2INO+ — — — — — — — — — — —
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........... continued

Clock
1/0@ A/D DAC Comparator [Timers CCPand CWG ZCD SMT Reference [Interrupt| EUSART DSM MSSP Basic
PWM (CLKR)
RF5 ANF5 DAC10UT1 C1IN1- — — — — = = = — — —_ _
C2IN1-
RF6 12 ANF6 — C1INO+ — — — — — — — — — — —
RF7 11 ANF7 — C2IN3-C1IN3- — — — — — — = - — S5 —
C3IN3-
RGO 3 ANGO — — — — — — — — — — — — —
RG1 4 ANG1 — — — — — — — — — CK20:» — — —
RG2 5 ANG2 — C3INO+ — — — — — — — RX20.3) — — —
D120
RG3 6 ANG3 = C3INO- = CCP4m = — — — — — = — —
RG4 8 ANG4 — C3IN1- T5G™M CCp5® — — — — — — — — —
T7CKI™
RG5 7 — — — — — — — — — 10CG5 — — — Vpp/
MCLR
RG6 20 ANG6 — — — — — —  SMT2WIN1® — — — — — —
RG7 19 ANG7 — — — — — —  SMT2SIG1™ — — — — — —
RHO 26 — — — — — — — — — — — — — —
RH1 25  ADCACT® — — — — — — = = - — — — _
RH2 57 — — — — — — — — — — — — — —
RH3 56 = = = = = = = = = = = = = =
Voo 10, 38 — — — — — — — — — — — — — Voo
Ve 9, 41 = = = = = = = = = = = — — Vs
ouT® —  ADGRDA — C10UT C20UT TMRO CCP1 CWG1A  — - CLKR — TX1/CK1®  DSM SDO1 —
ADGRDB c3ouT CcpP2 CWG1B DT1® SCK1
CCP3  CWGIC TX2/CK2® SDO2
DT2®
CCP4 CWG1D TX3/CK3® SCK2
CCP5 DT3®
PWM60OUT TX4/CK4®
DT4® TX5/
PWM70UT CK5®
DT5®
Notes:

1. Thisis a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx pins. Refer to the peripheral
input selection table for details on which PORT pins may be used for this signal.

2. All output signals shown in this row are PPS remappable. These signals may be mapped to output onto one of several PORTx pin options as described in the
peripheral output selection table.

3. Thisis a bidirectional signal. For normal module operation, the firmware will map this signal to the same pin in both the PPS input and PPS output registers.

4. These pins are configured for I2C logic levels; The SCLx/SDAX sighals may be assigned to any of these pins. PPS assignments to the other pins (e.g., RB1) will operate,
but input logic levels will be standard TTL/ST as selected by the INLVL register, instead of the I2C specific or SMBus input buffer thresholds.
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1. Device Overview
This document contains device specific information for the following devices:

PIC18F67K40 *  PIC18LF67K40

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.
In addition to these features, the PIC18(L)F67K40 family introduces design enhancements that make
these microcontrollers a logical choice for many high-performance, power sensitive applications.

1.1 New Core Features

1.1.1  XLP Technology

All of the devices in the PIC18(L)F67K40 family incorporate a range of features that can significantly
reduce power consumption during operation. Key items include;

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

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

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

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

1.1.2  Multiple Oscillator Options and Features

All of the devices in the PIC18(L)F67K40family offer several different oscillator options. The
PIC18(L)F67K40 family can be clocked from several different sources:

* HFINTOSC

- 1-64 MHz precision digitally controlled internal oscillator
* LFINTOSC

- 31 kHz internal oscillator
« EXTOSC

- External clock (EC)
- Low-power oscillator (LP)
- Medium power oscillator (XT)
- High-power oscillator (HS)
+ SOSC
- Secondary oscillator circuit optimized for 31 kHz clock crystals

« A Phase Lock Loop (PLL) frequency multiplier (4x) is available to the External Oscillator modes
enabling clock speeds of up to 64 MHz

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

@ MICROCHIP



1.2 Other Special Features

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

Self-programmability: These devices can write to their own program memory spaces under
internal software control. By using a boot loader routine located in the protected Boot Block

at the top of program memory, it becomes possible to create an application that can update itself
in the field.

Extended Instruction Set: The PIC18(L)F67K40 family includes an optional extension to the
PIC18 instruction set, which adds eight new instructions and an Indexed Addressing mode. This
extension, enabled as a device configuration option, has been specifically designed to optimize
re-entrant application code originally developed in high-level languages, such as C.

Enhanced Peripheral Pin Select: The Peripheral Pin Select (PPS) module connects peripheral
inputs and outputs to the device I/0 pins. Only digital signals are included in the selections. All
analog inputs and outputs remain fixed to their assigned pins.

Enhanced Addressable EUSART: This serial communication module is capable of standard

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

10-bit A/D Converter with Computation: This module incorporates programmable acquisition
time, allowing for a channel to be selected and a conversion to be initiated without waiting
for a sampling period and thus, reduce code overhead. It has a new module called ADC2 with
computation features, which provides a digital filter and threshold interrupt functions.

Windowed Watchdog Timer (WWDT):
Timer monitoring of overflow and underflow events

Variable prescaler selection
Variable window size selection

All sources configurable in hardware or software

1.3 Details on Individual Family Members

Devices in the PIC18(L)F67K40 family are available in 64-pin packages. The block diagram for this
device is shown in Figure 1-1.

The devices have the following differences:

7.

o v A W=

Program Flash Memory

Data Memory SRAM

Data Memory EEPROM

A/D channels

I/0 ports

Enhanced USART

Input Voltage Range/Power Consumption

All other features for devices in this family are identical. These are summarized in the following
Device Features table.

The pinouts for all devices are listed in the pin summary tables.
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Table 1-1. Device Features

PictFETKdD

Program Memory (Bytes) 131072
Program Memory (Instructions) 65536
Data Memory (Bytes) 3562
Data EEPROM Memory (Bytes) 1024
I/0 Ports AB,CD,EFGTH
Capture/Compare/PWM Modules (CCP) 5
10-Bit Pulse-Width Modulator (PWM) 2
10-Bit Analog-to-Digital Module (ADC?) with Computation Accelerator 4‘; ig)t(:?:;l
Packages %‘LF;'I?]T(SFF’\T
Interrupt Sources 56
Timers (16-/8-bit) 5/4
Serial Communications 2D
5 EUSART
Enhanced Complementary Waveform Generator (ECWG) 1
Signal Measurement Timer (SMT) 2
Comparators 3
Zero-Cross Detect (ZCD) 1
Data Signal Modulator (DSM) 1
Peripheral Pin Select (PPS) Yes
Peripheral Module Disable (PMD) Yes
16-bit CRC with NVMSCAN Yes
Programmable High/Low-Voltage Detect (HLVD) Yes
Programmable Brown-out Reset (BOR) Yes
POR, BOR,

RESET Instruction,
Stack Overflow,
Stack Underflow,
MCLR, WWDT,
(PWRT, OST)

Resets (and Delays)

75 Instructions;

Instruction Set 83 with Extended Instruction Set enabled

Operating Frequency DC - 64 MHz
Note 1: RG5 is an input only pin.

@ MICROCHIP



Figure 1-1. PIC18(L)F67K40 Family Block Diagram

4

Data Bus<8>

Table Pointer<21>|

v

Rev. 30-000131C
6/1412017

e 8 Data Latch
inc/dec logic 8 PORTA
Data Memory RA<7:0>
PCLATU PCLATHl
Address Latch
Program Counter 12 PORTB
Data Address<12> RB<7:0>
[ 31-LevelStack |
Address Latch
Program Memory
(8/16/32/64 Kbytes) PORTC
Data Latch ] RC<7:0>
Table Latch
ROM Latch p | Address PORTD
Instruction Bus <16> Decode RD<7:0>
‘ Stat hi 8 PORTE
Instruction g State machine )
Decode and control signals RE<7:0>
Control
PORTF
RF<7:0>
1) > Internal
0sc1 Oscillator Power-up * s s
Block Timer
osc2() —p 4| Oscillator
LFINTOSC Start-up Timer| ALU<8> PORTG
soscl —p{|| Oscillator Power-on 8 RG<7:0>
Reset
64 MHz >
SOSCO —P{|| Oscillator Watchdog
Timer —
WCIR —»|[Single-Supply Brown-out ||lg | gaodgap YR
Programming Reset Reference PORTH
In-Circuit Fail-Safe RH<3:0>
Debugger Clock Monitor
Timer1 Timer2
BOR NVM Timer3 || Timer4 SMT1
HLVD ||Controller|| Timer0 || Timer5 || Timer6 ZCD  ||CRC-Scanl| guT2 pAC |l€¢EYR
Timer7 Timer8
CCP1 EUSART1
FVR ) Comparators &C:llg% PWM6 || MSSP1 Eldgﬁs% 1’%Db?t YR
DAC ECWG DSM i
> C1/C2/C3 éépa PWM7 MSSP2 EUSARTA PMD
CCP5 EUSART5
Note 1: OSC1/CLKIN and OSC2/CLKOUT are only available in select oscillator modes.
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1.4

14.1

1.4.2

1.4.2.1

1.4.2.2

1.4.23

Register and Bit Naming Conventions

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.

Bit Names
There are two variants for bit names:

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

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
CM1CONQO register can be set in C programs with the instruction CM1CONObits.EN = 1.

Short names are 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.

Long Bit Names

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

Important: The COG1 peripheral is used as an example. Not all devices have the COG
peripheral.

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

Bit Fields

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

COG1CONObits.MD = 0x5;

Individual bits in a bit field can also be accessed with long and short bit names. Each bit is the

field name appended with the number of the bit position within the field. For example, the Most
Significant mode bit has the short bit name MD2 and the long bit name is G1MD2. The following two
examples demonstrate assembly program sequences for setting the COG1 to Push-Pull mode:
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143
1.43.1

1.4.3.2

144

Example 1-1.

MOVLW ~ (1<<G1MD1)
ANDWEF COG1CONO, F
MOVLW 1<<G1MD2 | 1<<G1MDO
IORWEF COGI1CONO, F

Example 1-2.
BSF COG1CONO, GIMD2
BCF COG1CONO, G1MD1

BSF COG1CONO, GIMDO

Register and Bit Naming Exceptions

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.

Legacy Peripherals

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

* EUSART
+ MSSP

Register Legend

The table below describes the conventions for bit types and bit Reset values used in the current data
sheet.

Table 1-2. Register Legend
RO Read-only bit
Writable bit

Unimplemented bit, read as ‘0’

-UC§

Programmable bit
Bit is set

=

Bit is cleared

=)

Bit is unknown

X

u Bit is unchanged
-n/n Value at POR and BOR/Value at all other Resets
q Reset Value is determined by hardware

Reset Value is determined by fuse setting
g Reset Value at POR for PPS re-mappable signals
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2.2

2.2.1

Guidelines for Getting Started with PIC18(L)F67K40 Microcontrollers

Basic Connection Requirements

Getting started with the PIC18(L)F67K40 family of 8-bit microcontrollers requires attention to a
minimal set of device pin connections before proceeding with development.

The following pins must always be connected:

+ All Vpp and Vss pins (see 2.2. Power Supply Pins)
« MCLR pin (see 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 2.4. In-Circuit Serial Programming (ICSP) Pins)

+ OSCl and OSCO pins when an external oscillator source is used (see 2.5. External Oscillator Pins)
Additionally, the following pins may be required:
*  Vgert/Vger- pins are used when external voltage reference for analog modules is implemented

The minimum mandatory connections are shown in the figure below.

Figure 2-1. Recommended Minimum Connections

VDD HH
R1 o
R2 P

MCLR

PIC18(L)Fxxxxx

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

R1: 10 kQ

R2: 100Q to 470Q

Power Supply Pins

Decoupling Capacitors
The use of decoupling capacitors on every pair of power supply pins (Vpp 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
must 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 must 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).
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2.2.2

2.3

« Handling high-frequency noise: If the board is experiencing high-frequency noise (upward of tens
of MHz), add a second ceramic type capacitor in parallel to the above described decoupling
capacitor. The value of the second capacitor can be in the range of 0.01 uF to 0.001 pF. 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 yF 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.

Tank Capacitors

On boards with power traces running longer than six inches in length, it is suggested to use a
tank capacitor for integrated circuits, including microcontrollers, to supply a local power source.
The value of the tank capacitor may 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 that meets the acceptable voltage sag at the
device. Typical values range from 4.7 uF to 47 pF.

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 Vpp may be all that is required. The addition of other components, to help increase
the application’s resistance to spurious Resets from voltage sags, may be beneficial. A typical
configuration is shown in Figure 2-1. Other circuit designs may be implemented, depending on the
application’s requirements.

During programming and debugging, the resistance and capacitance that can be added to the
pin must be considered. Device programmers and debuggers drive the MCLR pin. Consequently,
specific voltage levels (Vi and V) 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 will be placed within 0.25 inch (6 mm) of the pin.

Figure 2-2. Example of MCLR Pin Connections

VDD

R1
R2

C1

I o

Notes:

1. R1<10kQ is recommended. A suggested starting value is 10 kQ. Ensure that the MCLR pin V|
and V|_specifications are met.

2. R2<470Q will limit any current flowing into MCLR from the extended capacitor, C1, in the
event of MCLR pin breakdown, due to Electrostatic Discharge (ESD) or Electrical Overstress (EOS).
Ensure that the MCLR pin V|4 and V,_ specifications are met.
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2.5

In-Circuit Serial Programming” (ICSP”) Pins

The ICSPCLK and ICSPDAT pins are used for 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 can interfere with the programmer/debugger communications to the device.
If such discrete components are an application requirement, they must be removed from the circuit
during programming and debugging. Alternatively, refer to the AC/DC characteristics and timing
requirements information in the respective device Flash programming specification for information
on capacitive loading limits, and pin input voltage high (V|y) and input low (V, ) 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
the “Development Support” section.

Related Links
38. Development Support

External Oscillator Pins

Many microcontrollers have options for at least two oscillators: A high-frequency primary oscillator
and a low-frequency secondary oscillator.

The oscillator circuit must 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 0.5 inch (12 mm) between the circuit
components and the pins. The load capacitors must be placed next to the oscillator itself, on the
same side of the board.

Use a grounded copper pour around the oscillator circuit to isolate it from surrounding circuits. The
grounded copper pour may 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 the following figure. 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 completely 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.
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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
=4

Prima
Oscilla%r

C1

X
X
=

Secondary Oscillator,
(SOsC)

SOSC: C2

Fine-Pitch (Dual-Sided) Layouts:

Top Layer Copper Pour
(tied to ground)

Bottom Layer
Copper Pour g
(tied to ground)

0OSCO

C2

Oscillator
Crystal

GND

C1

OSCI

DEVICE PINS

In planning the application’s routing and I/0 assignments, 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”
«  ANB849, “Basic PICmicro” Oscillator Design”

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

« ANO949, “Making Your Oscillator Work”

Related Links
4, OSC - Oscillator Module
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2.6 Unused 1/Os

Unused I/0 pins need to 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 to drive the output to Logic Low.
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3.1

3.2

3.2.1

3.2.2

3.3

3.4

3.5

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

Configuration Words

There are six Configuration Words that allow the user to select the device oscillator, Reset, and
memory protection options. These are implemented as Configuration Word 1 through Configuration
Word 6 at 300000h through 30000Bh.

Important: The DEBUG bit in Configuration Words is managed automatically by device
development tools including debuggers and programmers. For normal device operation,
this bit must be maintained as a ‘1'.

Code Protection

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

Program Memory Protection

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

Data Memory Protection

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

Write Protection

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

The WRTn bits define the size of the program memory block that is protected.

User ID

Eight bytes 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 the “User ID, Device ID and Configuration Word Access " section

in the “(NVM) Nonvolatile Memory Control” chapter for more information on accessing these
memory locations. For more information on checksum calculation, see the “PICT18(L)F67K40 Memory
Programming Specification”, (DS40001772).

Related Links
11.2. User ID, Device ID and Configuration Word Access

Device ID and Revision ID

The 16-bit Device ID word is located at 0x3FFFFE and the 16-bit revision ID is located at Ox3FFFFC.
These locations are read-only and cannot be erased or modified.
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Development tools, such as device programmers and debuggers, may be used to read the Device
ID, Revision ID and Configuration Words. Refer to the “Nonvolatile Memory (NVM) Control” section
for more information on accessing these locations.

Related Links
11. NVM - Nonvolatile Memory Control
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3.6 Register Summary - Configuration Words

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved
Ox2FFFFF
7:0 RSTOSC[2:0 FEXTOSC[2:0
0x300000 CONFIG1 12:0] (2:0] —
15:8 FCMEN CSWEN CLKOUTEN
7:0 BOREN[1:0] LPBOREN PWRTE MCLRE
0x300002 CONFIG2 — -
15:8 XINST DEBUG STVREN PPSTWAY ZCD BORVI[1:0]
7:0 WDTE[1:0] WDTCPS[4:0]
0x300004 CONFIG3
15:8 WDTCCS[2:0] WDTCWS[2:0]
7:0 WRT7 WRT6 WRT5 WRT4 WRT3 WRT2 WRT1 WRTO
0x300006 CONFIG4
15:8 LVP SCANE WRTD WRTB WRTC
7:0 CPD cP
0x300008 CONFIG5
15:8
7:0 EBTR7 EBTR6 EBTR5 EBTR4 EBTR3 EBTR2 EBTR1 EBTRO
0x30000A CONFIG6 158 EBTRB

3.7 Register Definitions: Configuration Words
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3.7.1 CONFIG1

Name: CONFIG1
Address: 0x300000

Configuration Word 1

Oscillators
Bit 15 14 13 12 11 10 9 8
| | | FCMEN | | CSWEN | | | CLKOUTEN |
Access R/W R/W R/W
Reset 1 1 1
Bit 7 6 5 4 3 2 1 0
| RSTOSC[2:0] | | FEXTOSC[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 13 - FCMEN Fail-Safe Clock Monitor Enable bit

Value Description
1 Fail-Safe Clock Monitor enabled
0 Fail-Safe Clock Monitor disabled

Bit 11 - CSWEN Clock Switch Enable bit

Value Description
1 Writing to NOSC and NDIV is allowed
0 The NOSC and NDIV bits cannot be changed by user software

Bit 8 - CLKOUTEN Clock Out Enable bit
If FEXTOSC = HS, XT, LP, then this bit is ignored.

Otherwise:
Value Description
1 CLKOUT function is disabled; 1/0 function on OSC2
0 CLKOUT function is enabled; Fosc/4 clock appears at 0SC2

Bits 6:4 - RSTOSC[2:0] Power-up Default Value for COSC bits
This value is the Reset default value for COSC and selects the oscillator first used by user software.
Refer to COSC operation.

111 EXTOSC operating per FEXTOSC bits (device manufacturing default)

110 HFINTOSC with HFFRQ = 4 MHz and CDIV = 4:1

101 LFINTOSC

100 SOSC

011 Reserved

010 EXTOSC with 4x PLL, with EXTOSC operating per FEXTOSC bits

001 Reserved

000 HFINTOSC with HFFRQ = 64 MHz and CDIV = 1:1. Resets COSC/NOSCtob'110".

Bits 2:0 - FEXTOSC[2:0] FEXTOSC External Oscillator Mode Selection bits

Value Description

111 ECH (external clock) above 16MHz

110 ECM (external clock) for 500 kHz to 16MHz
101 ECL (external clock) below 500 kHz

100 Oscillator not enabled

011 Reserved (do not use)
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Value Description

010 HS (crystal oscillator) above 4 MHz
001 XT (crystal oscillator) above 500 kHz, below 4 MHz
000 LP (crystal oscillator) optimized for 32.768 kHz

Related Links
4.6.5. OSCFRQ
4.6.2. OSCCON2
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3.7.2 CONFIG2

Name: CONFIG2
Address: 0x300002

Configuration Word 2

Supervisor
Bit 15 14 13 12 11 10 9 8
|  XINST | | DEBUG | STVREN | PPSTWAY | 7Z(D | BORV[1:0] |
Access R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
BOREN[1:0] | TPBOREN | | | | PWRTE | MCLRE |
Access R/W R/W RIW R/W R/W
Reset 0 1 1 1 1

Bit 15 - XINST Extended Instruction Set Enable bit

1 Extended Instruction Set and Indexed Addressing mode disabled (Legacy mode)
0 Extended Instruction Set and Indexed Addressing mode enabled

Bit 13 - DEBUG Debugger Enable bit

Value Description
1 Background debugger disabled
0 Background debugger enabled

Bit 12 - STVREN Stack Overflow/Underflow Reset Enable bit
Value Description
1 Stack Overflow or Underflow will cause a Reset

0 Stack Overflow or Underflow will not cause a Reset

Bit 11 - PPS1TWAY PPSLOCKED bit One-Way Set Enable bit
Value Description

1 The PPSLOCKED bit can only be set once after an unlocking sequence is executed; once PPSLOCK is set, all
future changes to PPS registers are prevented
0 The PPSLOCKED bit can be set and cleared as needed (provided an unlocking sequence is executed)

Bit 10 - ZCD ZCD Disable bit

Value Description
1 ZCD disabled. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON
0 ZCD always enabled, PMDx[ZCDMD] bit is ignored

Bits 9:8 - BORV[1:0] Brown-out Reset Voltage Selection bit
PIC18F device:

11
10

Brown-out Reset Voltage (VgoR) set to 2.45V

Brown-out Reset Voltage (VgoR) set to 2.45V
01 Brown-out Reset Voltage (VgoR) set to 2.7V
00 Brown-out Reset Voltage (VgoR) set to 2.85V

PIC18LF device:
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11

Brown-out Reset Voltage (VgoR) set to 1.90V
10 Brown-out Reset Voltage (VgoR) set to 2.45V
01 Brown-out Reset Voltage (VgoR) set to 2.7V
00 Brown-out Reset Voltage (VgoR) set to 2.85V

Bits 7:6 - BOREN[1:0] Brown-out Reset Enable bits
When enabled, Brown-out Reset Voltage (Vgor) is set by BORV bit

Value Description
Brown-out Reset enabled, SBOREN bit is ignored
10 Brown-out Reset enabled while running, disabled in Sleep; SBOREN is ignored
01 Brown-out Reset enabled according to SBOREN
00 Brown-out Reset disabled

Bit 5 - LPBOREN Low-Power BOR Enable bit

Value Description
1 Low-Power Brown-out Reset is disabled
0 Low-Power Brown-out Reset is enabled

Bit 1 - PWRTE Power-up Timer Enable bit

Value Description
PWRT disabled

0 PWRT enabled

Bit 0 - MCLRE Master Clear (MCLR) Enable bit

Value Condition Description

X If LVP =1 RE3 pin function is MCLR

1 If LVP =0 MCLR pin is MCLR

0 If LVP =0 MCLR pin function is port defined function

Note: BORV - The higher voltage setting is recommended for operation at or above 16 MHz,
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3.7.3 CONFIG3
Name: CONFIG3
Address: 0x300004
Configuration Word 3
Windowed Watchdog Timer

Bit 15 14 13 12 11 10 9 8
| | | WDTCCS[2:0] | WDTCWS[2:0] |
Access RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
| WDTE[1:0] WDTCPS[4:0] |
Access R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1

Bits 13:11 - WDTCCS[2:0] WDT Input Clock Selector bits

Value Condition Description

x WDTE = 00 These bits have no effect

111 WDTE # 00 Software Control

110 to WDTE # 00 Reserved (Default to LFINTOSC)

010

001 WDTE # 00 WDT reference clock is the 31.25 kHz MFINTOSC

000 WDTE # 00 WODT reference clock is the 31.0 kHz LFINTOSC (default value)

Bits 10:8 - WDTCWS[2:0] WDT Window Select bits

WDTCON1[WINDOW] at POR

Software Control of .
WDTCWS Value| Window Delay Percent of Window Opening WINDOW Keyed Access Required?
Time Percent of Time
n/a

111 111 100 Yes No
110 110 n/a 100
101 101 25 75
100 100 37.5 62.5
011 011 50 50 No Yes
010 010 62.5 375
001 001 75 25
000 000 87.5 12.5

Bits 6:5 - WDTE[1:0] WDT Operating Mode bits

Value Description

11 WDT enabled regardless of Sleep; the SEN bit in WDTCONO is ignored

10 WDT enabled while Sleep = 0, suspended when Sleep = 1; the SEN bit in WDTCONQO is ignored
01 WDT enabled/disabled by the SEN bit in WDTCONO

00 WDT disabled; the SEN bit in WDTCONO is ignored

Bits 4:0 - WDTCPS[4:0] WDT Period Select bits

WDTCONO[WDTPS] at POR

WDTCPS . . Typical Time-Out Software Control of WDTPS?
Value Divider Ratio (FIN =31 kHZ)

11111 01011 1:65536 216 2s Yes
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........... continued

11110
10011
10010
10001
10000
01111
01110
01101
01100
01011
01010
01001
01000
00111
00110
00101
00100
00011
00010
00001
00000
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11110
10011
10010
10001
10000
01111
01110
01101
01100
01011
01010
01001
01000
00111
00110
00101
00100
00011
00010
00001
00000

WDTCONO[WDTPS] at POR

WDTCPS
Value Divider Ratio

1:32

1:8388608
1:4194304
1:2097152
1:1048576
1:524299
1:262144
1:131072
1:65536
1:32768
1:16384
1:8192
1:4096
1:2048
1:1024
1:512
1:256
1:128
1:64
1:32

25

223
222
221
220
219
218
217
216
215
ﬂ4
213
212
2n
210
29
28
27
26
25

Typical Time-Out Software Control of WDTPS?
(Fin = 31 kHz)

Tms No

256s
128s
64s
32s
16s
8s
4s
2s
1s
512 ms No
256 ms
128 ms
64 ms
32ms
16 ms
8 ms
4 ms
2ms
1ms

38



3.74 CONFIG4
Name: CONFIG4
Address: 0x300006
Configuration Word 4
Memory Write Protection

Bit 15 14 13 12 11 10 9 8
| | | LW | SCANE | | WRTD | WRTB | WRTC |
Access R/W R/W R/W R/W R/W
Reset 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
WRT7 | WRT6 | WRT5 WRT4 | WRT3 | WRT2 | WRTT | WRTO |
Access RIW R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 13 - LVP Low-Voltage Programming Enable bit
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.

Value Description
1 Low-voltage programming enabled. MCLR/Vpp pin function is MCLR. MCLRE Configuration bit is ignored.
0 HV on MCLR/Vpp must be used for programming

Bit 12 - SCANE Scanner Enable bit

Value Description
Scanner module is available for use, PMDO[SCANMD] bit enables the module
Scanner module is NOT available for use, PMDO[SCANMD] bit is ignored

o

Bit 10 - WRTD Data EEPROM Write Protection bit

Value Description
1 Data EEPROM NOT write-protected
0 Data EEPROM write-protected

Bit 9 - WRTB Boot Block Write Protection bit

Value Description
1 Boot Block NOT write-protected
0 Boot Block write-protected

Bit 8 - WRTC Configuration Register Write Protection bit

Value Description
1 Configuration Registers NOT write-protected
0 Configuration Registers write-protected

Bits 0, 1, 2, 3, 4,5, 6, 7- WRTn User NVM Self-Write Protection bits

Value Description
1 Corresponding Memory Block NOT write-protected
0 Corresponding Memory Block write-protected

Related Links
10.1. Program Memory Organization
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3.7.5 CONFIG5

Name: CONFIG5
Address:  0x300008
Configuration Word 5

Code Protection

Bit 15 14 13 12 11 10 9 8
| | | |
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access RO RO
Reset 1 1

Bit 1 - CPD Data NVM (DFM) Memory Code Protection bit

Value Description

1 Data NVM code protection disabled
0 Data NVM code protection enabled

Bit 0 - CP User NVM Program Memory Code Protection bit

Value Description

1 User NVM code protection disabled
0 User NVM code protection enabled
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3.7.6 CONFIG6
Name: CONFIG6
Address: 0x30000A
Configuration Word 6

Memory Read Protection

Bit 15 14 13 12 11 10 9 8
| | | | | [_EBTRE_| |
Access R/W
Reset 1
Bit 7 6 5 4 3 2 1 0
EBTR7 | EBTR6 | EBTRS EBTR4 | EBTR3 | EBTR2 | EBTR1T | EBTRO |
Access R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 9 - EBTRB Table Read Protection bit

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

Bits 0, 1, 2, 3, 4, 5, 6, 7 - EBTRn Table Read Protection bits

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

Related Links
10.1. Program Memory Organization
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3.8 Register Summary - Device and Revision

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved

OX3FFFFB

OX3FFFFC  REVISION ID 70 MIRREVL:0] MNRREV(5:0]
15:8 1010[3:0] MJRREV[5:2]
7:0 DEV[7:0]

OX3FFFFE  DEVICE ID
15:8 DEV[15:8]

3.9 Register Definitions: Device and Revision
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3.9.1 DEVICEID

Name: DEVICE ID
Address: Ox3FFFFE

Device ID Register

Bit 15 14 13 12 11 10 9 8
| DEV[15:8]
Access RO RO RO RO RO RO RO RO
Reset q q q q q q q q
Bit 7 6 5 4 3 2 1 0
| DEV[7:0] |
Access RO RO RO RO RO RO RO RO
Reset q q q q q q q q
Bits 15:0 - DEV[15:0]
Device ID bits
PIC18F67K40 6ACOh
PIC18LF67K40 6B20h
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3.9.2 REVISIONID

Name: REVISION ID
Address: Ox3FFFFC

Revision ID Register

Bit 15 14 13 12 11 10 9 8

| 1010[3:0] | MJRREV[5:2]
Access RO RO RO RO RO RO RO RO
Reset 1 0 1 0 q q q q
Bit 7 6 5 4 3 2 1 0

| MJRREV[1:0] | MNRREV[5:0]

Access RO RO RO RO RO RO RO RO
Reset q q q q q q q q

Bits 15:12-1010[3:0] Read as‘1010’
These bits are fixed with value ‘1010’ for all devices in this family.

Bits 11:6 - MJRREV[5:0] Major Revision ID bits
These bits are used to identify a major revision. A major revision is indicated by an all-layer revision
(A0, BO, CO, etc.).
Revision A = b'00 0000’

Bits 5:0 - MNRREV[5:0] Minor Revision ID bits
These bits are used to identify a minor revision.
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4, OSC - Oscillator Module

4.1 Overview

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

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

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

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

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

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

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

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

* ECL - External Clock Low-Power mode
(below 500kHz)

+ ECM - External Clock Medium Power mode
(500kHz to 16MHz)

« ECH - External Clock High-Power mode
(above 16MHz)

* LP-32kHz Low-Power Crystal mode
* XT - Medium Gain Crystal or Ceramic Resonator Oscillator mode (between 500 kHz and 4 MHz)
+ 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. Multiple
device clock frequencies may be derived from these clock sources.
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Figure 4-1. Simplified PIC’ MCU Clock Source Block Diagram

CLKIN/OSC1
X’i External
Oscillator
%7 (EXTOSC)
CLKOUT/OSC2 CDIV<4:0>
xPLL COSC<2:0:
<2:0>
SOSCIN/SOSCI ’ -
X’i Secondary 512
Oscillator o6 | 1001
%b— (SOSC) 1 F2221 1000
128 Sleep
SOSCO 010 ——— 0111 System Clock
e - 100 5 41 o110
| LFINTOSC ! Y
} | 101 5 —— 0101
| T
! 31 kHz ‘ 110 % 181 0100 SYSCMD Peripheral Clock
| Oscillator I o 8
3 | Reserved— 011 & % 1 oon
Reserved— 001 4| 0010 | Sleep
}r 77777 HE FTﬁfoisiciiiiiil Reserved— 000 L2 | 0001 Idle
| | 1
! FRQ<:‘3:0> | 0000
| |
[ 1,24,8,12,16,32,4864 || L
i MHz ‘ \ 4
| ]
! Oscillator | LFINTOSC is used to | - 1/
”””””””””” monitor system clock” |
T T T MEINTASA
| MFINTOSC ! » To Peripherals
i| 31.25 kHz and 500 kHz |! » To Peripherals
! I
} I

Oscillator » To Peripherals
|
- -

» To Peripherals

Related Links
3.7.1. CONFIG1

4.2 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 OSCFRQ register. The Low-Frequency Internal Oscillator (LFINTOSC)
generates a fixed 31 kHz frequency.

A 4x PLL is provided that can be used in conjunction with the external clock.

The system clock can be selected between external or internal clock sources via the NOSC bits. 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.
If enabled, the clock out signal is always at a frequency of Fgsc/4.

Related Links
4.6.5. OSCFRQ
4.2.1.4. 4x PLL
4.3. Clock Switching
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4.2.1

4.2.1.1

4.2.1.2

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 to switch the system clock source.

Related Links
4.3. Clock Switching

EC Mode

The External Clock (EC) mode allows an externally generated logic level signal to be the system clock
source. When operating in this mode, an external clock source is connected to the OSC1 input.
OSC2/CLKOUT is available for general purpose 1/0 or CLKOUT. The following figure shows the pin
connections for EC mode.

EC mode has three power modes to select from through Configuration Words:
* ECH - High power, above 16MHz

+ ECM - Medium power, 500kHz to 16MHz

+ ECL - Low power, below 500kHz

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

Figure 4-2. External Clock (EC) Mode Operation

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

PIC® MCU

uuuuuuuuuuu

Fosc/4 or |jo <«——»| OSC2/CLKOUT

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

LP, XT, HS Modes

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

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

XT Oscillator mode selects the intermediate gain setting of the internal inverter-amplifier. XT
mode current consumption is the medium of the three modes. This mode is best suited to drive
resonators with a medium drive level specification (between 100 kHz - 4 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 4 MHz).
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Figure 4-3 and Figure 4-4 show typical circuits for quartz crystal and ceramic resonators, respectively.

Figure 4-3. Quartz Crystal Operation (LP, XT or HS Mode)

PIC® MCU
| OSC1/CLKIN
[
C1
Quartz
Crystal
c2 Rs(" 0OSC2/CLKOUT

Notes:
1. Aseries resistor (Rs) may be required for quartz crystals with low drive level.

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

Figure 4-4. Ceramic Resonator Operation (XT or HS Mode)

Rev. 30-000062A
41612017

PIC® MCU

C2 Geramic Rs® | OSC2/CLKOUT

Resonator

Notes:
1. Aseries resistor (Rs) may be required for ceramic resonators with low drive level.
2. The value of Rg varies with the Oscillator mode selected (typically between 2 MQ to 10 MQ).

3. An additional parallel feedback resistor (Rp) may be required for proper ceramic resonator
operation.

4.2.1.3 Oscillator Start-up Timer (OST)

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

4.2.1.4 4xPLL
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.

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 to ‘010’ (enable EXTOSC with 4x PLL).
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Related Links
39.4.3. PLL Specifications

4.2.1.5 Secondary Oscillator
The secondary oscillator is a separate oscillator block that can be used as an alternate system clock
source. The secondary oscillator is optimized for 32.768 kHz, and can be used with an external
crystal oscillator connected 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.

Figure 4-5. Quartz Crystal Operation (Secondary Oscillator)

PIC® MCU

SOSCI
—® * 7 )
C1 l .~ To Internal ,
' Logic '
32768kHz | S @ -~ T 7 7°

1 Quartz : ;
= T Crystal
| A A
& SOSCO

Related Links
4.3. Clock Switching

4.2.2 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 as the default
system clock upon a device Reset.

+  Write the NOSC[2:0] bits to switch the system clock source to the internal oscillator during
run-time.

In INTOSC mode, OSC1/CLKIN is available for general purpose 1/0. OSC2/CLKOUT is available for
general purpose I/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.

Related Links

4.3. Clock Switching
4.6.5. OSCFRQ
4.6.6. OSCTUNE
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4.2.2.1

4.2.2.2

4.2.23

4224

4.2.3
4.23.1

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 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 bits during run-time.
The HFINTOSC frequency can be selected by setting the HFFRQ bits.
The NDIV bits allow for division of the HFINTOSC output from a range between 1:1 and 1:512.

Related Links
4.3. Clock Switching

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.

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 during run-time.

Related Links
4.3. Clock Switching

ADCRC (also referred to as FRC)

The ADCRC is an oscillator dedicated to the ADC?2 module. The ADCRC oscillator can be manually
enabled using the ADOEN bit. The ADCRC runs at a fixed frequency of 600 kHz. ADCRC is
automatically enabled if it is selected as the clock source for the ADC2 module.

Oscillator Status and Adjustments

Internal Oscillator Frequency Adjustment
The internal oscillator is factory-calibrated. This internal oscillator can be adjusted in software by
writing to the OSCTUNE register.

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.

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.
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4.2.3.2

4.2.3.3

4.3

4.3.1

Related Links
4.6.6. OSCTUNE

Oscillator Status and Manual Enable

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

Related Links
4.6.4. OSCSTAT
4.6.7. OSCEN

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.

Clock Switching

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

« External oscillator
* Internal Oscillator Block (INTOSC)

Important: 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
switches the clock frequency.

New Oscillator Source (NOSC) and New Divider Selection Request (NDIV) Bits

The New Oscillator Source (NOSC) and New Divider Selection Request (NDIV) bits 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 OSCCONT1, 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 source will be ready
immediately. The device may enter Sleep while waiting for the switch.

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

Important: The CSWIF interrupt will not wake the system from Sleep.
If the Clock Switch Hold (CSWHOLD) bit 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.
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4.3.2

433

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 will:

+ 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 OSCCONZ2 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.

Related Links
4.3.3. Clock Switch and Sleep

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

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

Important: If the PLL fails to lock, the FSCM will trigger.

Clock Switch and Sleep
If OSCCON1 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 (CSWIF) bit 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.
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Figure 4-6. Clock Switch (CSWHOLD = 0)

Rev. 30-000064A
4712016

OSCCON1
WRITTEN
‘ ¢ 0SC #1 0SC #2
ORDY
NOSCR NOTE 2
NOTE !
CSWIF ,
USER
CSWHOLD CLEAR

Notes:

1. CSWIF is asserted coincident with NOSCR; interrupt is serviced at OSC #2 speed.

2. The assertion of NOSCR is hidden from the user because it appears only for the duration of the
switch.

Figure 4-7. Clock Switch (CSWHOLD = 1)

uuuuuuuuuuuuu

OSCCON1
WRITTEN
‘ ¢ 0OSC#1 OSC #2
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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4.4

4.4.1

4.4.2

@ MICROCHIP

Figure 4-8. Clock Switch Abandoned
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OSCCON1 OSCCON1
WRITTEN WRITTEN
‘ ¢ 0SC #1 ¢
ORDY NOTE 2
NOSCR
NOTE 1

CSWIF
CSWHOLD

Notes:
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.

Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the device to continue operating if the external oscillator
fails. The FSCM is enabled by setting the FCMEN bit in the Configuration Word 1. The FSCM is
applicable to all external Oscillator modes (LP, XT, HS, ECL/M/H and Secondary Oscillator).

Figure 4-9. FSCM Block Diagram

uuuuuuuuuuu

Clock Monitor
Latch

St Q

External ¢
Clock

Y

|

LFINTOSC
Oscillator

31 kHz 488 Hz
(~32 us) (~2 ms)

- — — — 7/ 1

Sample Clock | Clock

Failure
Detected

Fail-Safe Detection

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

Fail-Safe Operation

When the external clock fails, the FSCM overwrites the COSC bits to select HFINTOSC (3" b110). The
frequency of HFINTOSC is determined by the previous state of the HFFRQ bits and the NDIV/CDIV
bits. The bit flag OSCFIF of the PIR1 register is set. Setting this flag will generate an interrupt if the
OSCFIE bit of the PIE1 register is also set. The device firmware can then take steps to mitigate the
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4.4.3

4.4.4

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.

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 OSCCON1 register. When switching to the external oscillator or external
oscillator with 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 OSFIF bit must be cleared prior to
switching to the external clock source. If the Fail-Safe condition still exists, the OSFIF flag will again
be set by hardware.

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. Therefore, the device will always be executing code while the OST is operating when
using one of the EC modes.

Figure 4-10. FSCM Timing Diagram

Rev. 30-000068A
41612017

sampleClock | | [ 1 [ 1

System : : : . Oscillator
Clock i ! ! ! Failure

Output : : :
Clock Monitor Output I : ' : ' :
@ 1] | i . |

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

Test Test Test

Note: The system clock is normally at a much higher frequency than the sample clock. The relative
frequencies in this example have been chosen for clarity.
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4.5 Register Summary - OSC

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved

Ox0E42
Ox0E43 OSCCON1 7:0 NOSC[2:0] NDIV[3:0]
0x0E44 OSCCON2 7:0 COSC[2:0] CDIV[3:0]
Ox0E45 OSCCON3 7:0 CSWHOLD SOSCPWR ORDY NOSCR
Ox0E46 OSCSTAT 7:0 EXTOR HFOR MFOR LFOR SOR ADOR PLLR
Ox0E47 OSCEN 7:0 EXTOEN HFOEN MFOEN LFOEN SOSCEN ADOEN
0x0E48 OSCTUNE 7:0 HFTUN[5:0]
0XO0E49 OSCFRQ 7:0 HFFRQ[3:0]

4.6 Register Definitions: Oscillator Control
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4.6.1 OSCCON1

Name: OSCCON1
Address: 0xE43

Oscillator Control Register1

Bit 7 6 5 4 3 2 1 0
| | NOSC[2:0] | NDIV[3:0] |
Access R/W RIW R/W R/W R/W R/W R/W
Reset f f f f f f f

Bits 6:4 - NOSC[2:0] New Oscillator Source Request bits(1:2:3)
The setting requests a source oscillator and PLL combination per Table 4-2.

Table 4-1. Default Oscillator Settings

SFR Reset Values (fff ffff) .
CONFIG1[RSTOSC] Initial Fosc Frequency
NOSC/COSC NDIV/CDIV OSCFRQ
111

111 0000 EXTOSC per FEXTOSC
110 110 0010 Fosc = 1 MHz (4 MHz/4)
101 101 0000 4 MHz LFINTOSC

100 100 0000 SOSC

011 Reserved

010 010 0000 4 MHz EXTOSC + 4xPLL®)
001 Reserved

000 110 0000 64 MHz Fosc = 64 MHz

Table 4-2. NOSC Bit Settings

NOSC[2:0] Clock Source

111 EXTOSC)

110 HFINTOSC(®)
101 LFINTOSC

100 SOSC

011 Reserved

010 EXTOSC + 4x PLL?)
001 Reserved

000 Reserved

Bits 3:0 - NDIV[3:0] New Divider Selection Request bits(2-3)
The setting determines the new postscaler division ratio per Table 4-3.

Table 4-3. NDIV Bit Settings

NDIV[3:0] Clock Divider

1111-1010 Reserved
1001 512
1000 256
0111 128
0110 64
0101 32
0100 16
0011 8
0010 4
0001 2
0000 1
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Notes:
1. The default value (f/f) is determined by the CONFIG1[RSTOSC] Configuration bits. See Table 4-1.

2. If NOSC is written with a reserved value (Table 4-2), the operation is ignored and NOSC is not
written.

3. When CONFIG1[CSWEN] = 0, this register is read-only and cannot be changed from the POR
value.

EXTOSC must meet the PLL specifications.
EXTOSC configured by CONFIG1[FEXTOSC].
HFINTOSC frequency is set with the HFFRQ bits.
EXTOSC must meet the PLL specifications.

Related Links
3.7.1. CONFIG1
39.4.3. PLL Specifications

N o un ks
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4.6.2 OSCCON2

Name: OSCCON2
Address: O0xE44

Oscillator Control Register 2

Bit 7 6 5 4 3 2 1 0

| | COSC[2:0] | CDIV[3:0] |
Access R R R R R R R
Reset q qa q q q q q

Bits 6:4 - COSC[2:0] Current Oscillator Source Select bits (read-only)(1.2)
Indicates the current source oscillator and PLL combination, as shown in the following table.

Table 4-4. COSC Bit Settings

COSC/NOSC Clock Source

111 EXTOSC3)

110 HFINTOSC@
101 LFINTOSC

100 SOSC

011 Reserved

010 EXTOSC + 4x PLL®)
001 Reserved

000 Reserved

Bits 3:0 - CDIV[3:0] Current Divider Select bits (read-only)(1-2)
Indicates the current postscaler division ratio, as shown in the following table.

Table 4-5. CDIV Bit Settings

CDIV/NDIV Clock Divider

1111-1010 Reserved
1001 512
1000 256
0111 128
0110 64
0101 32
0100
0011
0010
0001
0000

-
)]

- N b

Notes:

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

EXTOSC configured by the CONFIG1[FEXTOSC] bits.

HFINTOSC frequency is set with the HFFRQ bits.

EXTOSC must meet the PLL specifications.

Related Links

3.7.1. CONFIG1
39.4.3. PLL Specifications

ARSI
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4.6.3 OSCCON3

Name: OSCCONS3
Address: 0xE45

Oscillator Control Register 3

Bit 7 6 5 4 3 2 1 0
| CSWHOLD | SOSCPWR | | ORDY | NOSCR | | |
Access  R/W/HC R/W RO RO
Reset 0 0 0 0

Bit 7 - CSWHOLD Clock Switch Hold bit

Value Description

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; when NOSCR becomes ‘1, the switch
will occur

Bit 6 - SOSCPWR Secondary Oscillator Power Mode Select bit

Value Description
1 Secondary oscillator operating in High Power mode
0 Secondary oscillator operating in Low Power mode

Bit 4 - ORDY Oscillator Ready bit (read-only)

Value Description
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)™

VEIS Description
A clock switch is in progress and the oscillator selected by NOSC indicates a Ready condition

1
0 A clock switch is not in progress, or the NOSC-selected oscillator is not yet ready

Note:

1. If CSWHOLD = 0, the user may not see this bit set because the bit is set for less than one
instruction cycle.
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4.6.4  OSCSTAT

Name: OSCSTAT
Address: O0xE46

Oscillator Status Register 1

Bit 7 6 5 4 3 2 1 0

| EXTOR | HFOR | MFOR | LFOR | SOR | ADOR | | PLLR |
Access RO RO RO RO RO RO RO
Reset q q q q q q q

Bit 7 - EXTOR EXTOSC (external) Oscillator Ready bit
Value Description
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
Value Description
The oscillator is ready to be used
The oscillator is not enabled, or is not yet ready to be used

o

Bit 5 - MFOR MFINTOSC Oscillator Ready bit

VEINS Description
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
Value Description
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
Value Description
The oscillator is ready to be used
The oscillator is not enabled, or is not yet ready to be used

o

Bit 2 - ADOR ADC Oscillator Ready bit

VEINS Description
1 The oscillator is ready to be used
0 The oscillator is not enabled, or is not yet ready to be used

Bit 0 - PLLR PLL Ready bit
Value Description
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

@ MICROCHIP

61



4.6.5 OSCFRQ

Name: OSCFRQ
Address: 0xE49

HFINTOSC Frequency Selection Register

Bit 7 6 5 4 3 2 1 0
| | | | | HFFRQ[3:0] |
Access R/W R/W R/W R/W
Reset q q q q

Bits 3:0 - HFFRQI[3:0] HFINTOSC Frequency Selection bits

HFFRQ Nominal Freq (MHz)

1001

1010

1111

1110 Reserved
1101

1100

1011

1000M 64
0111 48
0110 32
0101 16
0100 12
0011 8
0010M 4
0001 2
0000 1

Note:
1. Refer to Table 4-1 for more information.
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4.6.6 OSCTUNE

Name: OSCTUNE
Address: O0xE48

HFINTOSC Tuning Register

Bit 7 6 5 4 3 2 1 0
| | | HFTUN[5:0] |
Access RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 5:0 - HFTUN[5:0] HFINTOSC Frequency Tuning bits

Value Description
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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4.6.7 OSCEN

Name: OSCEN
Address: O0xE47

Oscillator Manual Enable Register

Bit 7 6 5 4 3 2 1 0
| EXTOEN | HFOEN | MFOEN | LFOEN | SOSCEN | ADOEN | | |
Access R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 7 - EXTOEN External Oscillator Manual Request Enable bit
Value Description
1 EXTOSC is explicitly enabled, operating as specified by CONFIG1[FEXTOSC]
0 EXTOSC is only enabled if requested by a peripheral

Bit 6 - HFOEN HFINTOSC Oscillator Manual Request Enable bit

Value Description
1 HFINTOSC is explicitly enabled, operating as specified by OSCFRQ
0 HFINTOSC is only enabled if requested by a peripheral

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

HFINTOSC)
VEINS Description
1 MFINTOSC is explicitly enabled
0 MFINTOSC is only enabled if requested by a peripheral

Bit 4 - LFOEN LFINTOSC (31 kHz) Oscillator Manual Request Enable bit
Value Description
1 LFINTOSC is explicitly enabled
0 LFINTOSC is only enabled if requested by a peripheral

Bit 3 - SOSCEN Secondary Oscillator Manual Request Enable bit

Value Description
Secondary Oscillator is explicitly enabled, operating as specified by SOSCPWR
Secondary Oscillator is only enabled if requested by a peripheral

o

Bit 2 - ADOEN ADC Oscillator Manual Request Enable bit

VEINS Description
1 ADC oscillator is explicitly enabled
0 ADC oscillator is only enabled if requested by a peripheral
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5. REFCLK - Reference Clock Output Module

The reference clock output (REFCLK) module provides the ability to send a clock signal to the clock
reference output pin (CLKR). The reference clock output can also be routed internally as a signal for
other peripherals, such as the Data Signal Modulator (DSM), memory scanner, and timer module.

The reference clock output module has the following features:

+ Selectable Clock Source Using the CLKRCLK Register
« Programmable Clock Divider
+ Selectable Duty Cycle

Figure 5-1. Clock Reference Block Diagram

Rev. 10-0002618
112312019

DIV
: EN > Counter Reset Q\
’ o 128919
See T |64 DC RxyPPS
CLKRCLK L z 110
Register =132 101
. 8 | 46 CLKR
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* o uty Cycle
o8 o911
(0]
3 o10
2|2
Xl2 01 To Peripherals
o el ‘

Figure 5-2. Clock Reference Timing

Rev. 10-0002648
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5.1

5.1.1

5.2

5.3

Clock Source

The clock source of the reference clock peripheral is selected with the CLK bits in the CLKRCLK
register. The available clock sources are listed below:

« CLGCs

« NCO

+ Secondary oscillator
« MFINTOSC

« LFINTOSC

* Fosc

Clock Synchronization

The CLKR output signal is ensured to be glitch-free when the EN bit in the CLKRCON register is set to
start the module and enable the CLKR output.

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 doing so may
cause glitches to occur on the output. To avoid possible glitches, clock dividers and clock duty cycles
may be changed only when the EN bit is clear.

Programmable Clock Divider

The module takes the clock input and divides it based on the value of the DIV bits.

The following configurations are available:

+ Base Fpgc 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

* Fopsc divided by 128

The clock divider values can be changed while the module is enabled. However, to prevent glitches
on the output, the DIV bits may be only changed when the module is disabled (EN = 0).
Selectable Duty Cycle

The DC bits in the CLKRCON register are used to modify the duty cycle of the output clock. A duty
cycle of 0%, 25%, 50%, or 75% can be selected for all clock rates when the DIV value is not 000. When
DIV = 000, the duty cycle defaults to 50% for all values of DC except 00, in which case the duty cycle
is 0% (constant low output).

Important: The DC value at Reset is 10. This makes the default duty cycle 50% and not 0%.
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Important: Clock dividers and clock duty cycles can be changed while the module is
enabled but doing so may cause glitches to occur on the output. To avoid possible glitches,
clock dividers and clock duty cycles may be changed only when the module is disabled (EN

=0).

5.4 Operation in Sleep Mode
The reference clock module continues to operate and provide a signal output in Sleep for all clock
source selections except Fosc (CLK = 0).
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5.5 Register Summary - Reference CLK

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved
0x0F33
0x0F34 CLKRCON 7:0 EN DC[1:0] DIV[2:0]
0x0F35 CLKRCLK 7:0 CLK[2:0]

5.6 Register Definitions: Reference Clock
Related Links
1.4.2.2. Long Bit Names
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5.6.1 CLKRCON

Name: CLKRCON
Address: O0xF34

Reference Clock Control Register

Bit 7 6 5 4 3 2 1 0
| EN | | | DC[1:0] | DIV[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 1 0 0 0 0
Bit 7 - EN

Reference Clock Module Enable bit

1 Reference clock module enabled
0 Reference clock module is disabled

Bits 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%

Bits 2:0 - DIV[2:0]
Reference Clock Divider bits

VEINS Description

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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5.6.2 CLKRCLK

Name: CLKRCLK
Address: O0xF35

Clock Reference Clock Selection MUX

Bit 7 6 5 4 3 2 1 0
| | | | | | CLKE20] |
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 - CLK[2:0] CLKR Clock Selection bits

Table 5-1. CLKR Clock Sources

CLK Clock Source

111 Reserved

110 Reserved

101 Reserved

100 SOSC

011 MFINTOSC (500 kHz)
010 LFINTOSC (31 kHz)
001 HFINTOSC
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6.1

6.1.1

6.1.2

Power-Saving Operation Modes

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

+ Doze mode
+ Idle mode
+ Sleep mode

Doze Mode

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

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

+ Doze enabled (DOZEN = 1)
« DOZE =001 (1:4) ratio
+ Recover-on-Interrupt enabled (ROI = 1)

As with normal operation, the PFM fetches for the next instruction cycle. The Q-clocks to the
peripherals continue throughout.

Figure 6-1. Doze Mode Operation Example (DOZE[2:0] =001, 1:4)

| |
I I
i i
| i
I |
I
i i
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| |
T
| |
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I
i
i
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CPU Op’s N\ FErxec /

|
|
|
|
| Here

Note 1: Multi-cycle instructions are executed to completion before fetching 0004h.
2: Ifthe pre-fetched instruction clears GIE, the ISR will not occur, but DOZEN is still cleared and the CPU will resume execution at full speed.

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 instruction is executed and then the
interrupt vector sequence is executed. In Figure 6-1, the interrupt occurs during the 2" instruction
cycle of the Doze period, and immediately 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.
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Example 6-1. Doze Software

//Mainline operation

bool somethingToDo = FALSE:
void main ()

{

initializeSystem() ;

// DOZE = 64:1 (for example)

// ROI = 1;

GIE = 1; // enable interrupts
while (1)

{

// If ADC completed, process data
if (somethingToDo)

{

doSomething () ;

DOZEN = 1; // resume low-power
}

}

}

// Data interrupt handler

void interrupt()

{

// DOZEN = 0 because ROI = 1

if (ADIF)

{

somethingToDo = TRUE;

DOE = 0; // make main() go fast
ADIF = 0;

}

// else check other interrupts...
if (TMROIF)

{

timerTick++;

DOE = 1; // make main() go slow
TMROIF = O;

}

}

6.2 Sleep Mode

Sleep mode is entered by executing the SLEEP instruction, while the Idle Enable (IDLEN) bit of the
CPUDOZE register is cleared (IDLEN = 0). If the SLEEP instruction is executed while the IDLEN bit is
set (IDLEN = 1), the CPU will enter the Idle mode.

Upon entering Sleep mode, the following conditions exist:

1. Resets other than WDT are not affected by Sleep mode; WDT will be cleared but keeps running if
enabled for operation during Sleep.

The PD bit of the STATUS register is cleared.
The TO bit of the STATUS register is set.
The CPU and the System clocks are disabled.

31 kHz LFINTOSC, HFINTOSC and SOSC will remain enabled if any peripheral has requested them
as a clock source or if the HFOEN, LFOEN, or SOSCEN bits of the OSCEN register are set.

6. ADC is unaffected if the FRC oscillator is selected. When the ADC clock is something other than
FRC, a SLEEP instruction causes the present conversion to be aborted and the ADC module is
turned off, although the ADON bit remains active.

vk N

7. 1/0 ports maintain the status they had before SLEEP was executed (driving high, low, or high-
impedance) only if no peripheral connected to the I/0 port is active.

Refer to individual chapters for more details on peripheral operation during Sleep.
To minimize current consumption, consider the following conditions:

+ 1/0 pins must not be floating

72
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6.2.1

6.2.2

+ External circuitry sinking current from 1/0 pins

+ Internal circuitry sourcing current from 1/0 pins

+ Current draw from pins with internal weak pull-ups
* Modules using any oscillator

I/0 pins that are high-impedance inputs need to be pulled to Vpp 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.

Wake-up from Sleep

The device can wake up from Sleep through one of the following events:
External Reset input on MCLR pin, if enabled

BOR Reset, if enabled

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

POR Reset

Windowed Watchdog Timer, if enabled

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

oV A WwWwN =

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 the
“Determining the Cause of a Reset” section.

When the SLEEP instruction is being executed, the next instruction (PC + 2) is prefetched. For the
device to wake up through an interrupt event, the corresponding Interrupt Enable bit must be
enabled, as well as the Peripheral Interrupt Enable bit (PEIE = 1), for every interrupt not in PIRO.
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 will 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)

Wake-up Using Interrupts

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

+ Ifthe interrupt occurs before the execution of a SLEEP instruction

The SLEEP instruction will execute as a NOP

WDT and WDT prescaler will not be cleared
The TO bit of the STATUS register will not be set
The PD bit of the STATUS register will not be cleared
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6.2.3

6.2.3.1

+ If the interrupt occurs during or after the execution of a SLEEP instruction
- The SLEEP instruction will be completely executed
- Device will immediately wake up from Sleep
- WDT and WDT prescaler will be cleared
- The TO bit of the STATUS register will be set
- The 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.

Figure 6-2. Wake-up From Sleep Through Interrupt
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PC ¥ PC X PC +1 X PC+2 X PC+2 X PC+2 X 0004h X 0005h .
Pesttcrﬁggon{ 'Inst(PC) = Sleep!  Inst(PC +1) ! ' InstPC+2) ! : Inst(0004h) ' Inst(0005h)
E)?(tel;:uuch?in ' InstPC-1) + Sleep \ v Inst(PC+1) « ForcednOP . Forced NOP .  |nst(0004h)
Notes:

1. External clock. High, Medium, Low mode assumed.

2. CLKOUT is shown here for timing reference.

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.

Low-Power Sleep Mode

The PIC18F67K40 device family contains an internal Low Dropout (LDO) voltage regulator, which
allows the device I/0 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 PIC18F67K40devices 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.

Sleep Current vs. Wake-up Time

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.

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

6.2.4

6.24.1

6.2.4.2

6.3

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.

Important: The PIC18F67K40 devices do not have a configurable Low-Power Sleep mode.
PIC18LF67K40 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 Vpp and 1/0
voltage than the PIC18F67K40.

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.

Important: If CLKOUTEN is enabled (CLKOUTEN = 0, Configuration Word 1H), the output
will continue operating while in Idle.

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 (ROI = 1), the interrupt that brings the device out of Idle also
restores full-speed CPU execution when Doze is also enabled.

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 ROl does not apply.

Important: The WWDT can bring the device out of Idle, in the same way it brings the
device out of Sleep. The DOZEN bit is not affected.

Peripheral Operation in Power-Saving Modes

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

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved
O0X0E41
0x0E42 CPUDOZE 7:0 IDLEN DOZEN ROI DOE DOZE[2:0]
0x0E43
Reserved
0x0E49
OxOE4A VREGCON 7:0 VREGPM Reserved

6.5 Register Definitions: Power Savings Control
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6.5.1 VREGCON

Name: VREGCON
Address: OxE4A

Voltage Regulator Control Register()

Bit 7 6 5 4 3 2 1 0
| | | | | | | VREGPM | Reserved |
Access R/W R/W
Reset 0 1

Bit 1 - VREGPM Voltage Regulator Power Mode Selection bit

1 Low-Power Sleep mode enabled in Sleep.(?)

Draws lowest current in Sleep, slower wake-up
0 Normal Power mode enabled in Sleep.

Draws higher current in Sleep, faster wake-up
Bit 0 - Reserved Read as ‘1’. Maintain this bit set.

Notes:
1. Fdevices only.
2. See Electrical Specifications.

Related Links
39. Electrical Specifications
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6.5.2 CPUDOZE

Name: CPUDOZE
Address: O0xE42

Doze and Idle Register

Bit 7 6 5 4 3 2 1 0
| IDLEN | DOZEN | ROl | DOE | | DOZE[2:0] |
Access R/W R/W/HC/HS RIW R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 7 - IDLEN Idle Enable bit
Reset States: POR/BOR =0
All Other Resets = u

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 The CPU executes instruction cycles according to DOZE setting
0 The CPU executes all instruction cycles (fastest, highest power operation)

Bit 5 - ROl Recover-On-Interrupt bit

Value Description
1 Entering the Interrupt Service Routine (ISR) makes DOZEN = 0, bringing the CPU to full-speed operation
0 Interrupt entry does not change DOZEN

Bit 4 - DOE Doze-On-Exit bit

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

Bits 2:0 - DOZE[2:0] Ratio of CPU Instruction Cycles to Peripheral Instruction Cycles

VEIS Description
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 ROl =1 or DOE = 1, DOZEN is changed by hardware interrupt entry and/or exit.
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7. PMD - Peripheral Module Disable

The PIC18(L)F67K40 devices provide the ability to disable selected modules, placing them into the
lowest possible Power mode.

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

7.1 Disabling a Module

A peripheral can be disabled by setting the corresponding peripheral disable bit in the PMDx
register. Disabling a module has the following effects:

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

* The module is held in Reset
- Writing to the SFRs is disabled

- Reading returns 0x00
* Analog outputs are disabled; digital outputs read as ‘0’

7.2 Enabling a Module

When the register bit is cleared, the module is re-enabled and will be in its Reset state; SFR data will
reflect the POR Reset values. Depending on the module, it may take up to one full instruction cycle
for the module to become active.

Important: There must be no interaction with the module (e.g., writing to registers) for at
least one instruction after it has been re-enabled.
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7.3

Register Summary - PMD

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

0x0E4B
0xOE4C
0x0E4D
OxOE4E
OxOE4F
0xO0E50
0x0E51

7.4

@ MICROCHIP

Reserved

PMDO
PMD1
PMD2
PMD3
PMD4
PMD5

7:0
7:0
7:0
7:0
7:0
7:0

SYSCMD
TMR7MD

FVRMD
TMR6MD

DACMD
PWM7MD
UART5MD

HLVDMD
TMR5MD
CWG1TMD

ADCMD
PWM6MD
UART4MD

CRCMD
TMR4MD

CCP5MD
UART3MD

Register Definitions: Peripheral Module Disable

SCANMD
TMR3MD
DSMMD
CMP3MD
CCP4MD
UART2MD

NVMMD
TMR2MD
SMT2MD
CMP2MD
CCP3MD

UARTTMD

CLKRMD

TMR1MD
SMT1MD

CMP1MD
CCP2MD
MSSP2MD

I0CMD
TMROMD
TMR8MD
ZCDMD
CCP1IMD
MSSP1MD
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74.1 PMDO

Name: PMDO
Address: O0xE4C

PMD Control Register 0

Bit 7 6 5 4 3 2 1 0

| SYSCMD | FVRMD | HLVDMD | CRCMD | SCANMD | NVMMD | CLKRMD | I0CMD |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 - SYSCMD Disable Peripheral System Clock Network bit
Disables the System clock network(®

Value Description
1 System clock network disabled (Fosc)
0 System clock network enabled

Bit 6 - FVRMD Disable Fixed Voltage Reference bit

Value Description
1 FVR module disabled
0 FVR module enabled

Bit 5 - HLVDMD Disable High-Low-Voltage Detect bit

VEINS Description
1 HLVD module disabled
0 HLVD module enabled

Bit 4 - CRCMD Disable CRC Engine bit

1 CRC module disabled
0 CRC module enabled

Bit 3 - SCANMD Disable NVM Memory Scanner bit
Disables the Scanner module(®

Value Description
1 NVM Memory Scan module disabled
0 NVM Memory Scan module enabled

Bit 2 - NVMMD NVM Module Disable bit
Disables the NVM module(3

VEIS Description
1 All Memory reading and writing is disabled; NVMCON registers cannot be written
0 NVM module enabled

Bit 1 - CLKRMD Disable Clock Reference bit

Value Description
1 CLKR module disabled
0 CLKR module enabled

Bit 0 - IOCMD Disable Interrupt-on-Change bit, All Ports

Value Description
1 10C module(s) disabled
0 I0C module(s) enabled
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Notes:

1. Clearing the SYSCMD bit disables the system clock (Fosc) to peripherals, however peripherals
clocked by Fosc/4 are not affected.

2. Subject to SCANE bit in Configuration Word 4.
3. When enabling NVM, a delay of up to 1 ys is required before accessing data.
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74.2 PMD1

Name: PMD1
Address: OxE4D

PMD Control Register 1

Bit 7 6 5 4 3 2 1 0

| TMRZMD | TMR6MD | TMRSMD | TMR4MD | TMR3MD | TMR2MD | TMRIMD | TMROMD |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 - TMR7MD Disable Timer7 bit

Value Description
1 TMR7 module disabled
0 TMR7 module enabled

Bit 6 - TMR6MD Disable Timer6 bit
Value Description

TMR6 module disabled

TMR6 module enabled

o

Bit 5 - TMR5MD Disable Timer5 bit

VEINS Description
1 TMR5 module disabled
0 TMR5 module enabled

Bit 4 - TMR4MD Disable Timer4 bit

Value Description
1 TMR4 module disabled
0 TMR4 module enabled

Bit 3 - TMR3MD Disable Timer3 bit
Value Description

TMR3 module disabled

TMR3 module enabled

o

Bit 2 - TMR2MD Disable Timer2 bit

VEINS Description
1 TMR2 module disabled
0 TMR2 module enabled

Bit 1 - TMR1MD Disable Timer1 bit

Value Description
1 TMR1 module disabled
0 TMR1 module enabled

Bit 0 - TMROMD Disable TimerO0 bit

Value Description
1 TMRO module disabled
0 TMRO module enabled
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74.3 PMD2

Name: PMD2
Address: OxE4E

PMD Control Register 2

Bit 7 6 5 4 3 2 1 0

| | | CWGTIMD | | DSMMD | SMT2MD | SMTIMD [ TMR8MD |
Access RIW R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 5 - CWG1MD Disable CWG1 bit
Value Description
1 CWG1 module disabled
0 CWG1 module enabled

Bit 3 - DSMMD Disable Comparator DSM bit

Value Description
1 DSM module disabled
0 DSM module enabled

Bit 2 - SMT2MD Disable Comparator SMT2 bit

VEINS Description
1 SMT2 module disabled
0 SMT2 module enabled

Bit 1 - SMT1MD Disable Comparator SMT1 bit

Value Description
1 SMT1 module disabled
0 SMT1 module enabled

Bit 0 - TMR8MD Disable Comparator TMRS bit

Value Description
1 TMR8 module disabled
0 TMR8 module enabled
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744 PMD3

Name: PMD3
Address: OxE4F

PMD Control Register 3

Bit 7 6 5 4 3 2 1 0

| | DACMD | ADCMD | | CMP3MD | CMP2MD | CMPIMD | ZCDMD |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 6 - DACMD Disable DAC bit

Value Description
1 DAC module disabled
0 DAC module enabled

Bit 5 - ADCMD Disable ADC bit

Value Description
ADC module disabled
ADC module enabled

o

Bit 3 - CMP3MD Disable Comparator CMP3 bit

VEINS Description
1 CMP3 module disabled
0 CMP3 module enabled

Bit 2 - CMP2MD Disable Comparator CMP2 bit

Value Description
1 CMP2 module disabled
0 CMP2 module enabled

Bit 1 - CMP1MD Disable Comparator CMP1 bit

Value Description
1 CMP1 module disabled
0 CMP1 module enabled

Bit 0 - ZCDMD Disable Zero-Cross Detect module bit(D

VEINS Description

1 ZCD module disabled
0 ZCD module enabled
Note:

1. Subject to ZCD bit in Configuration Word 2.
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74,5 PMD4

Name: PMD4
Address: O0xE50

PMD Control Register 4

Bit 7 6 5 4 3 2 1 0

| | PWM7MD | PWM6EMD | CCPSMD | CCP4MD | CCP3MD | CCP2MD | CCP1MD |
Access R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 6 - PWM7MD Disable Pulse-Width Modulator PWM?7 bit

Value Description
1 PWM7 module disabled
0 PWM7 module enabled

Bit 5 - PWM6MD Disable Pulse-Width Modulator PWM®6 bit

Value Description
1 PWM®6 module disabled
0 PWM®6 module enabled

Bit 4 - CCP5MD Disable Pulse-Width Modulator CCP5 bit

VEINS Description
1 CCP5 module disabled
0 CCP5 module enabled

Bit 3 - CCPAMD Disable Pulse-Width Modulator CCP4 bit
Value Description
1 CCP4 module disabled
0 CCP4 module enabled

Bit 2 - CCP3MD Disable Pulse-Width Modulator CCP3 bit

Value Description
1 CCP3 module disabled
0 CCP3 module enabled

Bit 1 - CCP2MD Disable Pulse-Width Modulator CCP2 bit

VEINS Description
1 CCP2 module disabled
0 CCP2 module enabled

Bit 0 - CCP1MD Disable Pulse-Width Modulator CCP1 bit

1 CCP1 module disabled
0 CCP1 module enabled
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74.6 PMDS5S

Name: PMD5
Address: OxE51

PMD Control Register 5

Bit 7 6 5 4 3 2 1 0

| | UARTSMD | UART4MD | UART3MD | UART2MD | UARTIMD | MSSP2MD | MSSP1MD |
Access R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 6 - UART5MD Disable EUSARTS bit

1 EUSART5 module disabled
0 EUSART5 module enabled

Bit 5 - UART4AMD Disable EUSART4 bit

Value Description
1 EUSART4 module disabled
0 EUSART4 module enabled

Bit 4 - UART3MD Disable EUSART3 bit

VEINS Description
1 EUSART3 module disabled
0 EUSART3 module enabled

Bit 3 - UART2MD Disable EUSART2 bit

Value Description
1 EUSART2 module disabled
0 EUSART2 module enabled

Bit 2 - UART1MD Disable EUSART1 bit

Value Description
1 EUSART1 module disabled
0 EUSART1 module enabled

Bit 1 - MSSP2MD Disable MSSP2 bit

VEINS Description
1 MSSP2 module disabled
0 MSSP2 module enabled

Bit 0 - MSSP1MD Disable MSSP1 bit

Value Description
1 MSSP1 module disabled
0 MSSP1 module enabled
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8. Resets

There are multiple ways to reset this device:

Power-on Reset (POR)

Brown-out Reset (BOR)

Low-Power Brown-out Reset (LPBOR)
MCLR Reset

WDT Reset

RESET instruction

Stack Overflow

Stack Underflow

Programming mode Exit

To allow Vpp 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 the block diagram below.

Figure 8-1. Simplified Block Diagram of On-Chip Reset Circuit

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow

Stack Overflow

VPP/MCLR MCLRE ——

E o)
)

WWDT Time-out/
Window voilation

E Power-on
Reset

VDD

Brown-out
Reset™

LPBOR
Reset

—

R Power-up

Timer ()

LFINTOSC J

PWRTE — |

Note: See the “BOR Operating Modes" table for BOR Active conditions.

8.1 Power-on Reset (POR)

The POR circuit holds the device in Reset until Vpp has reached an acceptable level for minimum

operation. Slow rising Vpp, fast operating speeds or analog performance may require greater than
minimum Vpp. The PWRT, BOR or MCLR features can be used to extend the start-up period until all
device operation conditions have been met.

@ MICROCHIP

Device

D

88



8.2

8.2.1

8.2.2

8.2.3

Brown-out Reset (BOR)

The BOR circuit holds the device in Reset when Vpp 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
CONFIG2. The four operating modes are:

+ BORis always ON

+ BORis OFF when in Sleep

« BOR s controlled by software
« BOR s always OFF

Refer to BOR Operating Modes for more information.
The Brown-out Reset voltage level is selectable by configuring the BORV[1:0] bits in CONFIG2.

A Vpp noise rejection filter prevents the BOR from triggering on small events. If Vpp falls below Vgor
for a duration greater than parameter Tgorpc, the device will reset and the BOR bit in the PCONO
register will be cleared, indicating the Brown-out Reset condition occurred. For more details, see the
“Brown-out Situations” figure in the “BOR Controlled by Software” section.

Related Links

3.7.2. CONFIG2

39.4.5. Reset, WDT, Oscillator Start-up Timer, Power-up Timer, Brown-out Reset and Low-Power
Brown-out Reset Specifications

BOR Is Always ON

When the BOREN bits of Configuration Word 2 are programmed to ‘11’, the BOR is always ON. The
device start-up will be delayed until the BOR is ready and Vpp is higher than the BOR threshold.

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

BOR Is OFF in Sleep

When the BOREN bits of Configuration Word 2 are programmed to ‘10’, the BOR is on, except in
Sleep. BOR protection is not active during Sleep, but device wake-up will be delayed until the BOR
can determine that Vpp is higher than the BOR threshold. The device wake-up will be delayed until
the BOR is ready.

BOR Controlled by Software

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

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

BOR protection is unchanged by Sleep.

Table 8-1. BOR Operating Modes

. Instruction Execution upon:
BOREN[1:0]| SBOREN| Device Mode| BOR Mode
Release of POR Wake-up from Sleep
11 X X

Active  Wait for release of BOR (BORRDY = 1) Begins immediately
Awake Active  Wait for release of BOR (BORRDY = 1) N/A
10 X i =
Sleep Hibernate N/A Wait for release c1>1)’ BOR (BORRDY
1 X Active .
01 - Wait for release of BOR (BORRDY = 1) Begins immediately
0 X Hibernate
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8.24

8.3

........... continued

. Instruction Execution upon:
BORENI1:0]| SBOREN| Device Mode| BOR Mode
Release of POR Wake-up from Sleep
00 X X

Disabled Begins immediately

Note:

1. In this specific case, “Release of POR” and “Wake-up from Sleep”, there is no delay in start-up.
The BOR ready flag (BORRDY = 1) will be set before the CPU is ready to execute instructions
because the BOR circuit is forced on by the BOREN[1:0] bits

Figure 8-2. Brown-out Situations

nnnnnnnnnnnn
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VDD
-—————————————\\—f ————————————————— VBOR
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Internal [
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VDD
-____________W _____________ VBOR
i
Internal I < TPWRT%—’I—
Reset TpwrT("
VDD
_____ \_____________7[_____________- VBOR
) !
Internal [P
Reset " Tpwrt(M

Note: Tpwrr delay only if the PWRTE bit is programmed to ‘0’

BOR and Bulk Erase

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

During Bulk Erase, the BOR is enabled at 2.45V, even if it is configured to some other value. If Vpp
falls, the erase cycle will be aborted, but the device will not be reset.

Low-Power Brown-out Reset (LPBOR)

The Low-Power Brown-out Reset (LPBOR) circuit provides alternative protection against Brown-out
conditions. When Vpp falls below the LPBOR threshold, the device is held in Reset. When this occurs,
the BOR bit of the PCONO register is cleared to indicate that a Brown-out Reset occurred. The BOR
bit will be cleared when either the BOR or the LPBOR circuitry detects a BOR condition.

The LPBOR feature can be used with or without BOR enabled. When used while BOR is enabled, the
LPBOR can be used as a secondary protection circuit in case the BOR circuit fails to detect the BOR
condition. Additionally, when BOR is enabled except while in Sleep (BOREN[1:0] = 10), the LPBOR
circuit will hold the device in Reset while Vpp is lower than the LPBOR threshold, and will also re-arm
the POR (see 39.4.5. Reset, WDT, Oscillator Start-up Timer, Power-up Timer, Brown-out Reset and
Low-Power Brown-out Reset Specifications for LPBOR Reset voltage levels).

When used without BOR enabled, the LPBOR circuit provides a single Reset trip point with the
benefit of reduced current consumption.
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Figure 8-3. LPBOR, BOR, POR Relationship
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8.3.1 Enabling LPBOR

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

Related Links
3.7.2. CONFIG2

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

8.4 MCLR Reset

The MCLR is an optional external input that can reset the device. The MCLR function is controlled
by the MCLRE bit of Configuration Word 2 and the LVP bit of Configuration Word 4 (see the table
below). The RMCLR bit in the PCONO register will be set to ‘0’ if an MCLR has occurred.

Table 8-2. MCLR Configuration

MCLRE LvVP MCLR

% 1 Enabled
1 0 Enabled
0 0 Disabled

8.4.1 MCLR Enabled

When MCLR is enabled and the pin is held low, the device is held in Reset. The MCLR pin is
connected to Vpp 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.
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8.4.2

8.5

8.6

8.7

8.8

8.9

8.10

@ MICROCHIP

Important: An internal Reset event (RESET instruction, BOR, WWDT, POR, STKOVF,
STKUNF) does not drive the MCLR pin low.

MCLR Disabled

When MCLR is disabled, the MCLR becomes input-only and pin functions such as internal weak
pull-ups are under software control.

Related Links
15.1. I/O Priorities

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 are changed to indicate a WDT Reset. The WDTWV bit indicates if the WDT Reset
has occurred due to a time-out or a window violation.

Related Links
10.8.5. STATUS
9. WWDT - Windowed Watchdog Timer

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

Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or Underflows. The STKOVF or STKUNF bits in
PCONO register indicate the Reset condition. These Resets are enabled by setting the STVREN bit in
Configuration Word 2.

Related Links
3.7.2. CONFIG2
10.1.2.3. Stack Overflow and Underflow Resets

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

Power-up Timer (PWRT)

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

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

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

For additional information, refer to Application Note AN607, “Power-up Trouble Shooting”
(DS00000607).

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).
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8.11

2. Oscillator Start-up Timer runs to completion (if required for selected oscillator source).
3. MCLR must be released (if enabled).
The total time-out will vary based on oscillator configuration and Power-up Timer configuration.

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 below). This is useful for testing
purposes or to synchronize more than one device operating in parallel.

Figure 8-4. Reset Start-up Sequence
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Related Links
4. OSC - Oscillator Module

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. The following table shows the Reset conditions of these registers.

Table 8-3. Reset Condition for Special Registers

Condition Program STATUS Register(23) PCONO Register
Counter

Power-on Reset -110 0000 0011 110x
Brown-out Reset 0 -110 0000 0011 11u0
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....... continued

Counter

MCLR Reset during normal operation -uuu uuuu uuuu Ouuu
MCLR Reset during Sleep 0 -10u uuuu uuuu Ouuu
WDT Time-out Reset 0 -0uu uuuu uuul uuuu
WDT Wake-up from Sleep PC+2 -00u uuuu uuuu uuuu
WWDT Window Violation Reset 0 -uuu uuuu uulu uuuu
Interrupt Wake-up from Sleep PC +2M -10u Ouuu uuuu uuuu
RESET Instruction Executed 0 -uuu uuuu uuuu uluu
Stack Overflow Reset (STVREN = 1) 0 -uuu uuuu luuu uuuu
Stack Underflow Reset (STVREN = 1) 0 -uuu uuuu uluu uuuu
Data Protection (Fuse Fault) 0 ---u uuuu uuuu uuuu
VREG or ULP Ready Fault 0 ---1 1000 0011 001u
Legend: u = unchanged, x = unknown, — = unimplemented bit, reads as ‘0".

Notes:

1.

2.
3.

When the wake-up is due to an interrupt and the Global Interrupt Enable (GIE) bit is set, the
return address is pushed on the stack and the PC is loaded with the corresponding interrupt
vector (depending on source, high or low priority) after execution of PC + 2.

If a Status bit is not implemented, that bit will be read as '0".
Status bits Z, C, DC are reset by POR/BOR.

8.12 Power Control (PCONO) Register

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

Brown-out Reset (BOR)

Power-on Reset (POR)

Reset Instruction Reset (RI)

MCLR Reset (RMCLR)

Watchdog Timer Reset (RWDT)
Watchdog Window Violation (WDTWV)
Stack Underflow Reset (STKUNF)
Stack Overflow Reset (STKOVF)

The Power Control register bits are shown in 8.14.2. PCONO.

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

Software will 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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8.13 Register Summary - BOR Control and Power Control

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved
Ox0E4A
0x0E4B BORCON 7:0 SBOREN BORRDY
0x0E4C
Reserved
0x0FD6
OxO0FD7 PCONO 7:0 STKOVF STKUNF WDTWV RWDT RMCLR RI POR BOR

8.14 Register Definitions: Power Control
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8.14.1 BORCON

Name: BORCON
Address: O0xE4B

Brown-out Reset Control Register

Bit 7 6 5 4 3 2 1 0

| SBOREN | | | | | | BORRDY |
Access R/W R
Reset 1 q

Bit 7 - SBOREN Software Brown-out Reset Enable bit
Reset States: POR/BOR =1

All Other Resets =u

Value Condition Description

- If BOREN # 01 SBOREN is read/write, but has no effect on the BOR
1 If BOREN = 01 BOR Enabled

0 If BOREN = 01 BOR Disabled

Bit 0 - BORRDY Brown-out Reset Circuit Ready Status bit
Reset States: POR/BOR =q

All Other Resets =u

1 The Brown-out Reset Circuit is active and armed

0 The Brown-out Reset Circuit is disabled or is warming up
Related Links
3.7.2. CONFIG2
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8.14.2 PCONO

Name: PCONO
Address: O0xFD7

Power Control Register 0

Bit 7 6 5 4 3 2 1 0
| STKOVF | STKUNF | WDTWV | RWDT | RMCIR | RI | POR | BOR |
Access  R/W/HS R/W/HS R/W/HC R/W/HC R/W/HC R/W/HC R/W/HC R/W/HC
Reset 0 0 1 1 1 1 0 q

Bit 7 - STKOVF Stack Overflow Flag bit
Reset States: POR/BOR =0
All Other Resets = q

Value Description
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
Reset States: POR/BOR =0
All Other Resets = q

Value Description
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 Flag bit
Reset States: POR/BOR =1
All Other Resets = q

Value Description
1 A WDT window violation has not occurred or set to ‘1’ by firmware
0 A CLRWDT 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
Reset States: POR/BOR =1
All Other Resets = q

Value Description
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
Reset States: POR/BOR =1
All Other Resets = q

Value Description
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 - Rl RESET Instruction Flag bit
Reset States: POR/BOR =1
All Other Resets = q

Value Description
1 A RESET instruction has not been executed or set to ‘1’ by firmware
0 A RESET instruction has been executed (set to ‘0" in hardware upon executing a RESET instruction)

@ MICROCHIP

97



Bit 1 - POR Power-on Reset Status bit
Reset States: POR/BOR =0
All Other Resets =u

Value Description

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
Reset States: POR/BOR =q
All Other Resets =u

Value Description

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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9. WWDT - Windowed Watchdog Timer

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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9.1
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Figure 9-1. Windowed Watchdog Timer Block Diagram

Rev. 10-000 1627
1272014

WWDT

Armed_l_C
WDT
Window
Violation

Window Closed

Window
} Comparator
CLRWDT }  Sizes

WINDOW

Reserved }
Reserved 110
Reserved 101 R
Reserved 100 18-bit Prescale
Reserved 011 Counter
SOSC—— 010 a
MFINTOSC/16 001
LFINTOSC—— 000
cs 1

e

R

5-bit Overflow

WDT Counter Latch » WDT Time-out

WDTE[1:0] = 01 —
SEN—

WDTE[L:0] = 11

WDTE[1:0] = 10 —
Sleep —

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 the WDTE bits in CONFIG3.

If WDTE = ‘blx, then the clock source will be enabled depending on the WDTCCS bits in CONFIG3.

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

Time intervals in this chapter are based on a minimum nominal interval of 1 ms. See 39.4.2. Internal
Oscillator Parameters(1) for LFINTOSC and MFINTOSC tolerances.
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Related Links

3.7.3. CONFIG3

39.4.2. Internal Oscillator Parameters(1)
39. Electrical Specifications

9.2 WWDT Operating Modes

The Windowed Watchdog Timer module has four operating modes controlled by the WDTE bits in
the CONFIG3. See Table 9-1.

Table 9-1. WWDT Operating Modes

worer0 DT e
11 X X

Active
Awake Active
10 X
Sleep Disabled
1 X Active
01
X Disabled
00 X X Disabled

9.3 Time-out Period

If the WDTCPS bits in CONFIG3 are setto 0’ b11111, then the WDTPS bits set the time-out period
from 1 ms to 256 seconds (nominal). If any value other than the default value is assigned to WDTCPS
Configuration bits, then the timer period will be based on the WDTCPS bits in the CONFIG3 register.
After a Reset, the default time-out period is 2s.

Related Links
3.7.3. CONFIG3

9.4 Watchdog Window

The Windowed Watchdog Timer has an optional Windowed mode that is controlled by the WDTCWS
bits in Configuration Word 3 and WINDOW bits in the WDTCON1 register. In the Windowed mode,
the CLRWDT instruction must occur within the allowed window of the WDT period. Any CLRWDT
instruction that occurs outside of this window will trigger a window violation and will cause a WWDT
Reset, similar to a WWDT time-out. See Figure 9-2 for an example.

The window size is controlled by the Watchdog Timer Window Select (WINDOW) bits in WDTCONT, if
WDTCWS bits in Configuration Word 3 are setto 111.

The WDTTMR bits in the WDTTMR register are used to determine whether the window is open, as
defined by the WINDOW bits.

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.

Related Links
8.14.2. PCONO

9.5 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
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+ WWDT is disabled
« Oscillator Start-up Timer (OST) is running
* Any write to the WDTCONO or WDTCON1 registers

9.5.1 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 9-2 for more information.

9.6 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.

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.

Table 9-2. WWDT Clearing Conditions

wwior

WDTE = 00
WDTE =01 and SEN =0
WDTE = 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 9-2. Window Period and Delay

CLRWDT Instruction

(or other WDT Reset) Window Period -
\)
Window Closed Window Open
‘Window Delay > Time-out Event

(window violation can occur)

Related Links

4.2.1.3. Oscillator Start-up Timer (OST)
10.8.5. STATUS

8.14.2. PCONO

10. Memory Organization
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9.7

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

0x0E3C
O0x0E3D
OxOE3E
OxOE3F
0x0E40
Ox0E41

9.8
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Register Summary - WDT Control

Reserved

WDTCONO
WDTCON1
WDTPSL
WDTPSH
WDTTMR

Register Definitions: Windowed Watchdog Timer Control

7:0
7:0
7:0
7:0
7:0

WDTCS[2:0]

WDTTMR[4:0]

WDTPS[4:0]

PSCNTL[7:0]
PSCNTH[7:0]

STATE

SEN
WINDOWI[2:0]

PSCNT[1:0]
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9.8.1 WDTCONO

Name: WDTCONO
Address: OxE3D

Watchdog Timer Control Register 0

Bit 7 6 5 4 3 2 1 0
| | | WDTPS[4:0] | SEN |
Access R/W R/W R/W R/W R/W R/W
Reset q q q q q 0

Bits 5:1 - WDTPS[4:0] Watchdog Timer Prescale Select bits("
Bit Value = Prescale Rate

Value Description

11111 to  Reserved. Results in minimum interval (1 ms)

10011

10010 1:8388608 (223) (Interval 256s nominal)
10001 1:4194304 (222) (Interval 128s nominal)
10000 1:2097152 (22") (Interval 64s nominal)
01111 1:1048576 (229) (Interval 32s nominal)
01110 1:524288 (219) (Interval 16s nominal)
01101 1:262144 (218) (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

VEINS Condition Description
- If WDTE = 1x This bit is ignored
1 If WDTE = 01 WDT is turned on
0 If WDTE = 01 WDT is turned off
= If WDTE = 00 This bit is ignored
Notes:

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

2. When WDTCPS in CONFIG3 = 11111, the Reset value (q) of WDTPS is‘01011’. Otherwise, the
Reset value of WDTPS is equal to WDTCPS in CONFIG3.

3. When WDTCPS in CONFIG3L # 11111, these bits are read-only.
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9.8.2 WDTCON1

Name: WDTCON1
Address: OxE3E

Watchdog Timer Control Register 1

Bit 7 6 5 4 3 2 1 0
| | WDTCS[2:0] | | WINDOW[2:0] |
Access R/W RIW R/W R/W R/W R/W
Reset q q q q 9 q

Bits 6:4 - WDTCS[2:0] Watchdog Timer Clock Select bits

111 to Reserved
010
001 MFINTOSC 31.25 kHz

000

LFINTOSC 31 kHz

Bits 2:0 - WINDOW][2:0] Watchdog Timer Window Select bits

WINDOW Window delay Percent of time Window opening 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 37.5
001 75 25
000 87.5 12.5
Notes:

1.

2.
3.
4

If WDTCCS in CONFIG3 = 111, the Reset value of WDTCS is ‘000"

The Reset value (q) of WINDOW is determined by the value of WDTCWS in the CONFIG3 register.
If WDTCCS in CONFIG3 # 111, these bits are read-only.

If WDTCWS in CONFIG3 # 111, these bits are read-only.
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9.8.3 WDTPSL

Name: WDTPSL
Address: OxE3F

WWODT Prescale Select Low Register (Read-Only)

Bit 7 6 5 4 3 2 1 0

| PSCNTL[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PSCNTL[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 two
bits of the WDTTMR registers. PSCNT[17:0] is intended for debug operations and may be read
during normal operation.
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9.8.4 WDTPSH

Name: WDTPSH
Address: 0xE40

WWODT Prescale Select High Register (Read-Only)

Bit 7 6 5 4 3 2 1 0

| PSCNTH[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PSCNTH[7:0] 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 may be read during
normal operation.
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9.8.5 WDTTMR

Name: WDTTMR
Address: O0xE41

WDT Timer Register (Read-Only)

Bit 7 6 5 4 3 2 1 0

| WDTTMR[4:0] | STATE | PSCNT[1:0] |
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 7:3 - WDTTMR[4:0] Watchdog Window Value bits

. B R

111
110
101
100
011
010
001
000

Bit 2 - STATE WDT Armed Status bit

N/A
00000-00011
00000-00111
00000-01011
00000-01111
00000-10011
00000-10111
00000-11011

00000-11111
00100-11111
01000-11111
01100-11111
10000-11111
10100-11111
11000-11111
11100-11111

e | open

100
87.5
75
62.5
50
37.5
25
12.5

Value Description
1 WDT is armed
0 WDT is not armed

Bits 1:0 - PSCNT[1:0] Prescale Select Upper bits(V

Note:

1. The 18-bit WDT prescale value, PSCNT[17:0], includes the WDTPSL, WDTPSH and the lower two
bits of the WDTTMR registers. PSCNT[17:0] is intended for debug operations and may be read
during normal operation.
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10. Memory Organization
There are three types of memory in PIC18 enhanced microcontroller devices:
* Program Memory
+ Data RAM
+ Data EEPROM
In Harvard architecture devices, the data and program memories use separate buses that allows

for concurrent access of the two memory spaces. The data EEPROM, for practical purposes, can be
regarded as a peripheral device, since it is addressed and accessed through a set of control registers.

Additional detailed information on the operation of the Program Flash Memory and data EEPROM
memory is provided in the Nonvolatile Memory (NVM) control section.

Related Links
11. NVM - Nonvolatile Memory Control

10.1 Program Memory Organization

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

Refer to the following tables for device memory maps and code protection Configuration bits
associated with the various sections of PFM.

PIC18 devices have two interrupt vectors. The Reset vector address is at 0000h and the interrupt
vector addresses are at 0008h and 0018h.
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Figure 10-1. Program and Data Memory Map

Rev 400001014
02017

Address

Device

PIC18(L)Fx4K40 | PIC18(L)F25/45K40 | PIC18(L)F65K40 | PIC18(L)Fx6K40 | PIC18(L)Fx7K40

Note 1 |

Stack (31 Levels)

00 0000h

Reset Vecor

00 0008h

Interrupt Vecor High

00 0018h

Interrupt Vecor Low

00 001Ah
to
00 3FFFh

Program Flash
Memory
(8 KW)

00 4000h
to

00 7FFFh

00 8000h
to

00 FFFFh

01 0000h
to

01 FFFFh

02 0000h
to

1F FFFFh

Not
Present®

Program Flash
Memory
(16 KW)

Program Flash
Memory
(16 KW)

Not
Present®

Not
Present®

Program Flash
Memory
(32 KW)

Not
Present®

Program Flash
Memory
(64 KW)

Not
Present®

20 0000h
to
20 000Fh

User IDs (8 Words)®

20 0010h
to
2F FFFFh

Reserved

30 0000h
to
30 000Bh

Configuration Words (6 Words)®

30 000Ch
to
30 FFFFh

Reserved

31 0000h
to
31 00FFh

Data EEPROM (256 Bytes)

31 0100h
to
31 01FFh

Unimplemented

Data EEPROM (1024 Bytes)

30 000Ch
to
30 FFFFh

Reserved

3F FFFCh
to
3F FFFDh

Revision ID (1 Word)(‘”

3F FFFEh
to
3F FFFFh

Device ID (1 Word)®

Note 1:

The stack is a separate SRAM panel, apart from all user memory panels.

2: The addresses do not roll over. The region is read as ‘0’.

3: Not code-protected.
4: Device/Revision IDs are hard-coded in silicon.
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Figure 10-2. Memory Map and Code Protection Control

Rev 400001008
02017

Dovi
Region Address evice
PIC18(L)Fx4K40 | PIC18(L)F25/45K40 | PIC18(L)F65KA40 PIC18(L)Fx6K40 PIC18(L)FX7K40
00 0000h Boot Block Boot Block Boot Block Boot Block Boot Block
to 1 KW 1 KW 1 KW 1 KW 1 KW
00 07FFh | CP, WRTB, EBTRB | CP, WRTB, EBTRB | CP, WRTB, EBTRB | CP, WRTB, EBTRB | CP, WRTB, EBTRB
00 0800h Block 0 Block 0 Block 0
to 3KW 3 KW 3 KW Block 0 Block 0
00 1FFFh | CP, WRTO, EBTRO | CP, WRTO, EBTRO | CP, WRTO, EBTRO 7°|2W 7°|2W
00 2000h Block 1 Block 1 Block 1
" L L K CP, WRTO, EBTRO | CP, WRTO, EBTRO
00 3FFFh | CP, WRT1, EBTR1 | CP, WRT1, EBTR1 | CP, WRT1, EBTR1
00 4000h Block 2 Block 2
to 4 KW 4 KW
00 5FFFh CP, WRT2, EBTR2 | CP, WRT2, EBTR2 Béolzw B;";W
00 6000h Block 3 Block 3 CP, WRT1, EBTR1 | CP, WRT1, EBTR1
to 4 KW 4 KW
00 7FFFh CP, WRT3, EBTR3 | CP, WRT3, EBTR3
00 8000h Block 2 Block 2
to 8 KW 8 KW
PFM | 00 BFFFh CP, WRT2, EBTR2 | CP, WRT2, EBTR2
00 C000h Block 3 Block 3
to 8 KW 8 KW
00 FFFFh Not CP, WRT3, EBTR3 | CP, WRT3, EBTR3
01 0000h Present Block 4
to 8 KW
01 3FFFh Not Not CP, WRT4, EBTR4
01 4000h Present Present Block 5
to 8 KW
01 7FFFh Not CP, WRT5, EBTR5
01 8000h Present Block 6
to 8 KW
01 BFFFh CP, WRT6, EBTR6
01 C0O00h Block 7
to 8 KW
01 FFFFh CP, WRT7, EBTR7
30 0000h 6 Words
CONFIG to WRIC
30 000Bh
31 OthOh 256 Words
Data 31 00FFh CPD, WRTD 1 KW
EEPROM | 31 0100h CPD, WRTD
to Unimplemented
31 01FFh
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10.1.1

10.1.2

Program Counter

The Program Counter (PC) specifies the address of the instruction to fetch for execution. The PC

is 21 bits wide and is contained in three separate 8-bit registers. The low byte, known as the PCL
register, is both readable and writable. The high byte, or PCH register, contains the PC[15:8] bits; it
is not directly readable or writable. Updates to the PCH register are performed through the PCLATH
register. The upper byte is called PCU. This register contains the PC[20:16] bits; it is also not directly
readable or writable. Updates to the PCU register are performed through the PCLATU register.

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

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

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

Return Address Stack

The return address stack allows any combination of up to 31 program calls and interrupts to occur.
The PCis pushed onto the stack when a CALL or RCALL instruction is executed or an interrupt is
Acknowledged. The PC value is pulled off the stack on a RETURN, RETLW Or a RETFIE instruction.
PCLATU and PCLATH are not affected by any of the RETURN or CALL instructions.

The stack operates as a 31-word by 21-bit RAM and a 5-bit Stack Pointer, or as a 35-word by 21-bit
RAM with a 6-bit Stack Pointer in ICD mode. The stack space is not part of either program or data
space. The Stack Pointer is readable and writable and the address on the top of the stack is readable
and writable through the Top-of-Stack (TOS) Special File registers. Data can also be pushed to, or
popped from the stack, using these registers.

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

The Stack Pointer is initialized to ‘Ob00000’ after all Resets. There is no RAM associated with the
location corresponding to a Stack Pointer value of ‘0b00000’; this is only a Reset value. Status bits in
the PCONO register indicate if the stack is full or has overflowed or has under-flowed.

10.1.2.1 Top-of-Stack Access

Only the top of the return address stack (TOS) is readable and writable. A set of three registers,
TOSU:TOSH:TOSL, hold the contents of the stack location pointed to by the STKPTR register (see
Figure 10-3). This allows users to implement a software stack if necessary. After a CALL, RCALL or
interrupt, the software can read the pushed value by reading the TOSU:TOSH:TOSL registers. These
values can be placed on a user defined software stack. At return time, the software can return these
values to TOSU:TOSH:TOSL and do a return.

The user must disable the Global Interrupt Enable (GIE) bits while accessing the stack to prevent
inadvertent stack corruption.
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Figure 10-3. Return Address Stack and Associated Registers
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10.1.2.2 Return Stack Pointer

The 10.8.4. STKPTR register contains the Stack Pointer value. The STKOVF (Stack Overflow) Status bit
and the STKUNF (Stack Underflow) Status bit can be accessed using the PCONO register. The value of
the Stack Pointer can be 0 through 31. On Reset, the Stack Pointer value will be zero. The user may
read and write the Stack Pointer value. This feature can be used by a Real-Time Operating System
(RTOS) for stack maintenance. After the PC is pushed onto the stack 32 times (without popping any
values off the stack), the STKOVF bit is set. The STKOVF bit is cleared by software 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.

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 CALLW instructions, 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 32"9 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.

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

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

Important: 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.

Related Links
3.7.2. CONFIG2

10.1.2.3 Stack Overflow and Underflow Resets

Device Resets on Stack Overflow and Stack Underflow conditions are enabled by setting the STVREN
Configuration bit in Configuration. When STVREN is set, a Full or Underflow condition will set the
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respective STKOVF or STKUNF bit and then cause a device Reset. When STVREN is cleared, a Full or
Underflow condition will set the respective STKOVF or STKUNF bit but not cause a device Reset. The
STKOVF or STKUNF bits are cleared by the user software or a Power-on Reset.

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

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

Important: The TO and PD bits of the STATUS register are not copied over in this
operation.

If both low and high-priority interrupts are enabled, the Stack registers cannot be used reliably to

return from low-priority interrupts. If a high-priority interrupt occurs while servicing a low-priority
interrupt, the Stack register values stored by the low-priority interrupt will be overwritten. In these
cases, users must save the key registers by software during a low-priority interrupt.

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

The following example shows a source code example that uses the Fast Register Stack during a
subroutine call and return.

Example 10-1. Fast Register Stack Code

CALL SUB1l, FAST ;STATUS, WREG, BSR SAVED IN FAST REGISTER STACK
SUB1:

RETURN, FAST ;RESTORE VALUES SAVED IN FAST REGISTER STACK

10.1.3 Look-up Tables in Program Memory

There may be programming situations that require the creation of data structures, or Look-up
Tables, in program memory. For PIC18 devices, Look-up Tables can be implemented in two ways:
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« Computed GOTO
+ Table Reads

10.1.3.1 Computed GOTO

A computed GOTO is accomplished by adding an offset to the Program Counter. An example is
shown in the following code example.

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

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

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

Example 10-2. Computed GOTO Using an Offset Value

RLNCF OFFSET, W ; W must be an even number, Max OFFSET = 127

CALL TABLE

ORG nn00h ; 00 in LSByte ensures no addition overflow
TABLE:

ADDWF PCL ; Add OFFSET to program counter

RETLW A ; Value @ OFFSET=0

RETLW B ; Value @ OFFSET=1

RETLW € ; Value @ OFFSET=2

10.1.3.2 Table Reads and Table Writes

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

Look-up Table data may be stored two bytes per program word by using table reads and writes.
The Table Pointer (TBLPTR) register specifies the byte address and the Table Latch (TABLAT) register
contains the data that is read from or written to program memory. Data is transferred to or from
program memory one byte at a time.

10.2 PIC18 Instruction Cycle

10.2.1 Clocking Scheme

The microcontroller clock input, whether from an internal or external source, is internally divided

by four to generate four nonoverlapping 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 onto 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 the following
figure.
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10.2.2

10.2.3

Figure 10-4. Clock/Instruction Cycle
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Instruction Flow/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., GOT0), then two cycles are
required to complete the instruction as shown in the figure below.

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

In the execution cycle, the fetched instruction is latched onto 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 10-5. Instruction Pipeline Flow

‘ Tevo ‘ Tev ‘ Tev2 ‘ Tev3 ‘ Tcv4 ‘ Tcvs ‘
1. MOVLW 55h ‘ Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA Sub_1 Fetch 3 Execute 3
4. BSF PORTA, BITS (Forced NOP) Fetch 4 Flush (nOP)
5. Instruction @ address Sub 1 Fetch Sub_1 |Execute Sub_1

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

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 10.1.1. Program Counter).

The Instructions in Program Memory figure below shows 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
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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 the example 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. The Instruction Set
Summary provides further details of the instruction set.

Figure 10-6. Instructions in Program Memory

Rev. 30-000112A4/19/2017

Word Aiddress

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

Related Links
37. Instruction Set Summary

10.2.4 Two-Word Instructions

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

The use of “1111"in the 4 MSbs of an instruction specifies a special form of NOP. If the instruction

is executed in proper sequence - immediately after the first word - the data in the second word is
accessed and used by the instruction sequence. If the first word is skipped for some reason and the
second word is executed by itself, a NOP is executed instead. This is necessary for cases when the
two-word instruction is preceded by a conditional instruction that changes the PC. The Two-Word
Instructions figure below shows how this works.

Important: See the 10.6. PIC18 Instruction Execution and the Extended Instruction Set
section for information on two-word instructions in the extended instruction set.
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10.3

Figure 10-7. Two-Word Instructions

Rev. 30-000113A
41912017

CASE 1:

Object Code Source Code

0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 07

1100 0001 0010 0011 MOVFEF REG1l, REG2 ; No, skip this word
1111 0100 0101 0110 ; Execute this word as a NOP
0010 0100 0000 000O ADDWE REG3 ; continue code

CASE 2:

Object Code Source Code

0110 0110 0000 0000 TSTFSZ REG1 ; is RAM location 0°?

1100 0001 0010 0011 MOVFF REGl, REG2 ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 0000 ADDWF REG3 ; continue code

Data Memory Organization

Important: The operation of some aspects of data memory are changed when the
PIC18 extended instruction set is enabled. See 10.6. PIC18 Instruction Execution and the
Extended Instruction Set for more information.

The data memory in PIC18 devices is implemented as static RAM. Each register in the data memory
has a 12-bit address, allowing up to 4096 bytes of data memory. The memory space is divided

into as many as 16 banks that contain 256 bytes each. The figure below shows the data memory
organization for all devices in the device family.

The data memory contains Special Function Registers (SFRs) and General Purpose Registers (GPRs).
The SFRs are used for control and status of the controller and peripheral functions, while GPRs

are used for data storage and scratchpad operations in the user’s application. Any read of an
unimplemented location will read as ‘O's.

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

To ensure that commonly used registers (SFRs and select GPRs) can be accessed in a single cycle,
PIC18 devices implement an Access Bank. This is a 256-byte memory space that provides fast access
to SFRs and the lower portion of GPR Bank 0 without using the Bank Select Register (BSR). The
10.3.2. Access Bank section provides a detailed description of the Access RAM.
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10.3.1 Bank Select Register

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

Most instructions in the PIC18 instruction set make use of the Bank Pointer, known as the Bank
Select Register (10.8.13. BSR). This SFR holds the four Most Significant bits of a location's address;
the instruction itself includes the eight Least Significant bits. Only the four lower bits of the BSR

are implemented (BSR[3:0]). The upper four bits are unused; they will always read ‘0" and cannot be
written to. The BSR can be loaded directly by using the MOVLB instruction.

The value of the BSR indicates the bank in data memory; the eight bits in the instruction show
the location in the bank and can be thought of as an offset from the bank’s lower boundary. The
relationship between the BSR’s value and the bank division in data memory is shown in the figure
below.

Since up to 16 registers may share the same low-order address, the user must always be careful to
ensure that the proper bank is selected before performing a data read or write. For example, writing
what should be program data to an 8-bit address of FOh while the BSR is OFh will end up resetting
the Program Counter.

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

In the core PIC18 instruction set, only the MOVFF instruction fully specifies the 12-bit address of the
source and target registers. This instruction ignores the BSR completely when it executes. All other
instructions include only the low-order address as an operand and must use either the BSR or the
Access Bank to locate their target registers.
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Figure 10-9. Use of the Bank Select Register (Direct Addressing)

Rev. 30-000108A
0910772017

BSrR( Data Memory From Opcode®
! 0 oooh 00h 7 0
Bank 0
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Bank 1 N
Bank Select(® FFh
200h 00h
Bank 2
FFh <
300h
Bank 3
through NN
A Bank 13 S
EOOh 00h
Bank 14
FFh
FOOh 00h
Bank 15
FFFh FFh

Notes 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR[3:0]) to
the registers of the Access Bank.

2: The MOVFEF instruction embeds the entire 12-bit address in the instruction.

10.3.2 Access Bank

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

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

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

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

The mapping of the Access Bank is slightly different when the extended instruction set is enabled
(XINST Configuration bit = 1). This is discussed in more detail in the 10.5.3. Mapping the Access Bank
in Indexed Literal Offset Mode section.
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10.3.3 General Purpose Register File

PIC18 devices may have banked memory in the GPR area. This is data RAM, which is available for use
by all instructions. GPRs start at the bottom of Bank 0 (address 000h) and grow upwards towards the
bottom of the SFR area. GPRs are not initialized by a Power-on Reset and are unchanged on all other
Resets.

10.3.4 Special Function Registers
The Special Function Registers (SFRs) are registers used by the CPU and peripheral modules for
controlling the desired operation of the device. These registers are implemented as static RAM. SFRs
start at the top of data memory (FFFh) and extend downward. A list of these registers is given in the
register summary table.

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

The SFRs are typically distributed among the peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘0's.

Related Links
35. Register Summary

10.3.5 Status Register

The 10.8.5. STATUS register 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 (‘000u utuu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF and MOVWF 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.

Important: The C and DC bits operate as the Borrow and Digit Borrow bits, respectively, in
subtraction.

Related Links
37. Instruction Set Summary

10.4 Data Addressing Modes
Important: The execution of some instructions in the core PIC18 instruction set are

changed when the PIC18 extended instruction set is enabled. See 10.5. Data Memory
and the Extended Instruction Set for more information.
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Information in the data memory space can be addressed in several ways. For most instructions,
the Addressing mode is fixed. Other instructions may use up to three modes, depending on which
operands are used and whether or not the extended instruction set is enabled.

The Addressing modes are:

* Inherent
+ Literal

* Direct

* Indirect

An additional Addressing mode, Indexed Literal Offset, is available when the extended instruction
set is enabled (XINST Configuration bit = 1). Its operation is discussed in greater detail in
10.5.1. Indexed Addressing with Literal Offset.

10.4.1 Inherent and Literal Addressing

Many PIC18 control instructions do not need any argument at all; they either perform an operation
that globally affects the device or they operate implicitly on one register. This Addressing mode is
known as Inherent Addressing. Examples 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 ADDLW and MOVLW, which respectively, add or move a literal value to the W register.
Other examples include cALL and GOTO, which include a 20-bit program memory address.

10.4.2 Direct Addressing

Direct Addressing specifies all or part of the source and/or destination address of the operation
within the opcode itself. The options are specified by the arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and byte-oriented instructions use some version of
Direct Addressing by default. All of these instructions include some 8-bit literal address as their Least
Significant Byte. This address specifies either a register address in one of the banks of data RAM (see
10.3.3. General Purpose Register File) or a location in the Access Bank (see 10.3.2. Access Bank) as
the data source for the instruction.

The Access RAM bit ‘a’ determines how the address is interpreted. When ‘a’ is ‘1’, the contents of the
BSR (see 10.3.1. Bank Select Register) are used with the address to determine the complete 12-bit
address of the register. When ‘a' is ‘0’, the address is interpreted as being a register in the Access
Bank. Addressing that uses the Access RAM is sometimes also known as Direct Forced Addressing
mode.

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

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

10.4.3 Indirect Addressing

Indirect Addressing allows the user to access a location in data memory without giving a fixed
address in the instruction. This is done by using File Select Registers (FSRs) as pointers to the
locations 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 structures, such as tables and arrays in data memory.
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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 following
example of clearing an entire RAM bank.

Example 10-3. How to Clear RAM (Bank 1) Using Indirect Addressing

LFSR FSRO, 100h ; Set FSRO to beginning of Bankl

NEXT:
CLRF POSTINCO ; Clear location in Bankl then increment FSRO
BTFSS FSROH, 1 ; Has high FSRO byte incremented to next bank?
BRA NEXT ; NO, clear next byte in Bankl

CONTINUE: ; YES, continue

10.4.3.1 FSR Registers and the INDF Operand
At the core of Indirect Addressing are three sets of registers: FSRO, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. Each FSR pair holds a 12-bit value, therefore, the four upper
bits of the FSRnH register are not used. The 12-bit FSR value can address the entire range of the data
memory in a linear fashion. The FSR register pairs, then, serve as pointers to data memory locations.

Indirect Addressing is accomplished with a set of Indirect File Operands, INDFO through INDF2.
These can be thought of as “virtual” registers; they are mapped in the SFR space but are not
physically implemented. Reading or writing to a particular INDF register actually accesses its
corresponding FSR register pair. A read from INDF1, for example, reads the data at the address
indicated by FSRT1H:FSR1L. Instructions that use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the instruction’s target. The INDF operand is just
a convenient way of using the pointer.

Because Indirect Addressing uses a full 12-bit address, the FSR value can target any location in any
bank regardless of the BSR value. However, the Access RAM bit must be cleared to 0 to ensure that
the INDF register in Access space is the object of the operation instead of a register in one of the
other banks. The assembler default value for the Access RAM bit is zero when targeting any of the
indirect operands.

10.4.3.2 FSR Registers and POSTINC, POSTDEC, PREINC and PLUSW
In addition to the INDF operand, each FSR register pair also has four additional indirect operands.
Like INDF, these are “virtual” registers that cannot be directly read or written. Accessing these
registers actually accesses the location to which the associated FSR register pair points, and also
performs a specific action on the FSR value. They are:

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

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

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

+  PLUSW: adds the signed value of the W register (range of -127 to 128) to that of the FSR and uses
the location to which the result points in the operation.

In this context, accessing an INDF register uses the value in the associated FSR register without
changing it. Similarly, accessing a PLUSW register gives the FSR value an offset by that in the W
register; however, neither W nor the FSR is actually changed in the operation. Accessing the other
virtual registers changes the value of the FSR register.
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Figure 10-10. Indirect Addressing

000h
Using an instruction with one of the ADDWF, INDF1, 0 Bank 0
Indirect Addressing registers as the 100h
operand.... Bank 1
200h
Bank 2
300h
...uses the 12-bit address stored in FSRTH:FSRIL
the FSR pair associated with that
. 7 0 7 0
register.... Bank 3
(=[x [=]=[x]s[2[o] [3[1[e[o[s]2[o]o] through
NDZN N
g ) (FEN Bank 13 R
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains EOOh
ECCh. This means the contents of > Bank 14
location ECCh will be added to that FOOh
of the W register and stored back in Bank 15
ECCh. FFFh

Data Memory

Operations on the FSRs with POSTDEC, POSTINC and PREINC affect the entire register pair; that is,
rollovers of the FSRnL register from FFh to 00h carry over to the FSRnH register. On the other hand,
results of these operations do not change the value of any flags in the STATUS register (e.g., Z, N, OV,
etc.).

The PLUSW register can be used to implement a form of Indexed Addressing in the data memory
space. By manipulating the value in the W register, users can reach addresses that are fixed

offsets from pointer addresses. In some applications, this can be used to implement some powerful
program control structure, such as software stacks, inside of data memory.

10.4.3.3 Operations by FSRs on FSRs

Indirect Addressing operations that target other FSRs or virtual registers represent special cases. For
example, using an FSR to point to one of the virtual registers will not result in successful operations.
As a specific case, assume that FSROH:FSROL contains 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. The users must proceed cautiously when working on these registers, particularly if
their code uses Indirect Addressing.

Similarly, operations by Indirect Addressing are permitted on all other SFRs. The users must
exercise the appropriate caution that they do not inadvertently change settings that might affect
the operation of the device.

10.5 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. Specifically, the use of the Access Bank for many
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of the core PIC18 instructions is different; this is due to the introduction of a new Addressing mode
for the data memory space.

What does not change is just as important. The size of the data memory space is unchanged, as well
as its linear addressing. The SFR map remains the same. Core PIC18 instructions can still operate

in both Direct and Indirect Addressing mode; inherent and literal instructions do not change at all.
Indirect addressing with FSRO and FSR1 also remain unchanged.

10.5.1 Indexed Addressing with Literal Offset

Enabling the PIC18 extended instruction set changes the behavior of Indirect Addressing using the
FSR2 register pair within Access RAM. Under the proper conditions, instructions that use the Access
Bank - that is, most bit-oriented and byte-oriented instructions - can invoke a form of Indexed
Addressing using an offset specified in the instruction. This special Addressing mode is known as
Indexed Addressing with Literal Offset, or Indexed Literal Offset mode.

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

* The use of the Access Bank is forced (‘a’ = 0) and
+ The file address argument is less than or equal to 5Fh.

Under these conditions, the file address of the instruction is not interpreted as the lower byte of an
address (used with the BSR in Direct Addressing), or as an 8-bit address in the Access Bank. Instead,
the value is interpreted as an offset value to an Address Pointer, specified by FSR2. The offset and
the contents of FSR2 are added to obtain the target address of the operation.

10.5.2 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 the following figure.

Those who desire to use byte-oriented or bit-oriented instructions in the Indexed Literal Offset
mode must note the changes to assembler syntax for this mode. This is described in more detail in
the “Extended Instruction Syntax"” section.
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Figure 10-11. Comparing Addressing Options for Bit-Oriented and Byte-Oriented Instructions (Extended Instruction
Set Enabled)

Rev. 30-000110A
4182017

EXAMPLE INSTRUCTION: ADDWF, f, d, a (Opcode: 0010 0lda ffff ffff)

When ‘a’ = 0 and f > 60h: 000h
The instruction executes in 060h
Direct Forced mode. ‘f is inter- Bank 0
preted as a location in the 100h
Access RAM between 060h 00h
and OFFh. This is the same as tﬁfg:g:\ son
locations F60h to FFFh A Bank14 <A .
(Bank 15) of data memory. Va"fdorr?pge
Locations below 60h are not FFh
available in this addressing Fooh Access RAM
mode. Bank 15

F60h| — — — = — = — 4

SFRs
FFFh
Data Memory
When ‘@’ = 0 and f <5Fh: 000h
The instruction executes in
Indexed Literal Offset mode. ‘f’ 060h
is interpreted as an offset to the Bank 0
address value in FSR2. The 100h |OOlOOlda |ffffffff|
two are added together to Bank 1
obtain the address of the target A through (S
- Bank 14 MM

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

FOOh

Note that in this mode, the Bank 15
correct syntax is now: F6OhE — — — — — — — |
ADDWF [k], d SFRs
where Kk’ is the same as . FFFh

Data Memory

BSR
When ‘a’ = 1 (all values of f): 000h 00000000
The instruction executes in
; 060h -
Direct mode (also known as
. o i Bank 0
Direct Long mode). f is inter-

Z)- 1 100h l
preted as a location in one of

the 16 banks of the data Bank 1 [001001da [FrFFEFff |

memory space. The bank is A gzs;%g N
designated by the Bank Select
Register (BSR). The address
can be in any implemented FOOh
bank in the data memory Bank 15
space. F60h} — — — — — — —
SFRs
FFFh
Data Memory
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Related Links
37.2.1. Extended Instruction Syntax

10.5.3 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 boundary of the
addresses mapped into the window, while the upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped as previously described (see 10.3.2. Access
Bank). An example of Access Bank remapping in this Addressing mode is shown in the following
figure.

Figure 10-12. Remapping the Access Bank with Indexed Literal Offset Addressing

Rev. 30-000111A
41812017

Example Situation:

ADDWF f, d, a 000h
FSR2H:FSR2L = 120h
Bank 0
Locations in the region
from the FSR2 pointer 100h
(120h) to the pointer plus 120nF — B_?‘”lﬂ _
05Fh (17Fh) are mapped 47| _ Window _} 00h
to the bottom of the Bank 1 \
Access RAM (000h-05Fh). 200h Bank 1 “Window”
Special File Registers a¢ | (. = — — — — — ggﬁ
F60h through FFFh are
mapped to 60h through ha Bank 2 -
FFh, as usual. through SFRs
Bank 0 addresses below Bank 14
5Fh can still be addressed FFh
by using the BSR. Access Bank
FOOh
Bank 15
F6OhfL — — — — —
SFRs
FFFh
Data Memory

Remapping of the Access Bank applies only to operations using the Indexed Literal Offset mode.
Operations that use the BSR (Access RAM bit is ‘1’) will continue to use Direct Addressing as before.

10.6 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 the Extended Instruction Set section.

Related Links
37.2.1. Extended Instruction Syntax
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10.7

Register Summary - Memory and Status

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

O0xOFD7
0xOFD8
0x0FD9

O0xOFDB
0xOFDC
0xOFDD
O0xOFDE
OxOFDF
O0xOFEO

OxOFE1

OxOFE3
OxOFE4
OxOFES5
O0xOFE6
OxOFE7
OxOFE8

O0xOFE9

OxOFEB
OXOFEC
O0xOFED
OxOFEE
OxOFEF
0xOFFO

OxOFF8
OxOFF9
OXOFFA

OxOFFC

O0xOFFD

10.8

Reserved
STATUS 7:0 TO PD
7:0
FSR2 15:8
PLUSW2 7:0
PREINC2 7:0
POSTDEC2 7:0
POSTINC2 7:0
INDF2 7:0
BSR 7:0
7:0
FSR1 15:8
PLUSW1 7:0
PREINC1 7:0
POSTDEC1 7:0
POSTINC1 7:0
INDF1 7:0
WREG 7:0
7:0
FSRO 15:8
PLUSWO 7:0
PREINCO 7:0
POSTDECO 7:0
POSTINCO 7:0
INDFO 7:0
Reserved
PCL 7:0
PCLAT 7:0
15:8
STKPTR 7:0
7:0
TOS 15:8
23:16

Register Definitions: Memory and Status

@ MICROCHIP

FSRL[7:0]

PLUSW[7:0]
PREINC[7:0]
POSTDEC[7:0]
POSTINC[7:0]
INDF[7:0]

FSRL[7:0]

PLUSW[7:0]
PREINC[7:0]
POSTDEC[7:0]
POSTINC[7:0]
INDF[7:0]
WREG[7:0]
FSRL[7:0]

PLUSW[7:0]
PREINC[7:0]
POSTDEC[7:0]
POSTINC[7:0]
INDF[7:0]

PCL[7:0]
PCLATHI[7:0]

TOSL[7:0]
TOSH[7:0]

ov

FSRH[3:0]

BSR[3:0]

FSRH[3:0]

FSRH[3:0]

PCLATU[4:0]
STKPTR[4:0]

TOSU[4:0]
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10.8.1 PCL

Name: PCL
Address: OxFF9

Low byte of the Program Counter

Bit 7 6 5 4 3 2 1 0
| PCL[7:0] |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PCL[7:0]
Provides direct read and write access to the Program Counter
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10.8.2 PCLAT

Name: PCLAT
Address: OxFFA

Program Counter Latches. Holding register for bits [21:9] of the Program Counter (PC). Reads of the

PCL register transfer the upper PC bits to the PCLAT register. Writes to PCL register transfer the

PCLAT value to the PC.

Bit 15 14 13 12 11 10 9 8
| | | | PCLATU[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| PCLATH[7:0]
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 12:8 - PCLATU[4:0] Upper PC Latch register
Holding register for Program Counter bits [21:17]

Bits 7:0 - PCLATH[7:0] High PC Latch register
Holding register for Program Counter bits [16:8]
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10.8.3 TOS

Name: TOS
Address: OxFFD

Top-Of-Stack Registers.

Contents of the stack pointed to by the 10.8.4. STKPTR register. This is the value that will be loaded
into the Program Counter upon a RETURN or RETFIE instruction.

Bit 23 22 21 20 19 18 17 16
| | | | TOSU[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TOSHI[7:0]
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TOSL[7:0]
Access  R/W R/W R/W R/W R/W RIW R/W RIW
Reset 0 0 0 0 0 0 0 0

Bits 20:16 - TOSU[4:0] Upper byte of TOS register
Bits [21:17] of the TOS

Bits 15:8 - TOSH[7:0] High Byte of the TOS Register
Bits [16:8] of the TOS

Bits 7:0 - TOSL[7:0] Low Byte TOS Register
Bits [7:0] of the TOS
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10.8.4 STKPTR

Name: STKPTR
Address: OxFFC

Stack Pointer Register

Bit 7 6 5 4 3 2 1 0
| | | | STKPTR[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 4:0 - STKPTR[4:0] Stack Pointer Location bits
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10.8.5 STATUS

Name: STATUS
Address: O0xFD8

Status Register

Bit 7 6 5 4 3 2 1 0
| | T | PD | N | ov | Z | bDC | C |
Access R R R/W R/W R/W R/W R/W
Reset 1 1 0 0 0 0 0

Bit 6 - TO Time-Out bit
Reset States: POR/BOR =1
All Other Resets = q

Value Description
1 Set at power-up or by execution of CLRWDT or SLEEP instruction
0 A WDT time-out occurred

Bit 5 - PD Power-Down bit
Reset States: POR/BOR =1
All Other Resets = q

VEINS Description
1 Set at power-up or by execution of CLRWDT instruction
0 Cleared by execution of the SLEEP instruction

Bit 4 - N Negative bit
Used for signed arithmetic (two's complement); indicates if the result is negative (ALU MSb = 1).
Reset States: POR/BOR =0
All Other Resets =u

Value Description
1 The result is negative
0 The result is positive

Bit 3 - OV Overflow bit
Used for signed arithmetic (two's complement); indicates an overflow of the 7-bit magnitude, which
causes the sign bit (bit 7) to change state.
Reset States: POR/BOR =0
All Other Resets = u

Value Description
1 Overflow occurred for current signed arithmetic operation
0 No overflow occurred

Bit2-Z Zero bit
Reset States: POR/BOR =0
All Other Resets = u
Value Description
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, SUBWF instructions("
Reset States: POR/BOR =0
All Other Resets = u
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Value Description

1 A carry-out from the 4th low-order bit of the result occurred
0 No carry-out from the 4th low-order bit of the result

Bit 0 - C Carry/Borrow bit
ADDWF, ADDLW, SUBLW, SUBWF instructions(1-2)
Reset States: POR/BOR =0
All Other Resets =u

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

Notes:

1. For Borrow, the polarity is reversed. A subtraction is executed by adding the two's complement
of the second operand.

2. For Rotate (RRCF, RLCF) instructions, this bit is loaded with either the high or low-order bit of the
Source register.
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10.8.6 WREG

Name: WREG
Address: OxFE8

Shadow of Working Data Register

Bit 7 6 5 4 3 2 1 0
| WREG[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 7:0 - WREG[7:0]
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10.8.7 INDF

Name: INDFx
Address: OxFEF,0xFE7,0xFDF

Indirect Data Register. This is a virtual register. The GPR/SFR register addressed by the FSRx register
is the target for all operations involving the INDFx register.

Bit 7 6 5 4 3 2 1 0
| INDF[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - INDF[7:0]
Indirect data pointed to by the FSRx register
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10.8.8 POSTDEC

Name: POSTDECx
Address: OxFED,0OxFE5,0xFDD

Indirect Data Register with post decrement. This is a virtual register. The GPR/SFR register addressed
by the FSRx register is the target for all operations involving the POSTDECx register. FSRx is
decrememted after the read or write operation.

Bit 7 6 5 4 3 2 1 0
| POSTDEC[7:0] |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - POSTDEC[7:0]
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10.8.9 POSTINC

Name: POSTINCx
Address: OxFEE,0xFE6,0xFDE

Indirect Data Register with post increment. This is a virtual register. The GPR/SFR register addressed
by the FSRx register is the target for all operations involving the POSTINCx register. FSRx is
incremented after the read or write operation.

Bit 7 6 5 4 3 2 1 0
| POSTINC[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - POSTINC[7:0]
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10.8.10 PREINC

Name: PREINCx
Address: OxFEC,0xFE4,0xFDC

Indirect Data Register with pre-increment. This is a virtual register. The GPR/SFR register addressed
by the FSRx register plus 1 is the target for all operations involving the PREINCx register. FSRx is
incremented before the read or write operation.

Bit 7 6 5 4 3 2 1 0
| PREINC[7:0] |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PREINC[7:0]
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10.8.11 PLUSW

Name: PLUSWx
Address: OxFEB,0xFE3,0xFDB

Indirect Data Register with WREG offset. This is a virtual register. The GPR/SFR register addressed by
the sum of the FSRx register plus the signed value of the W register is the target for all operations
involving the PLUSWKx register.

Bit 7 6 5 4 3 2 1 0
| PLUSW[7:0] |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - PLUSW[7:0]
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10.8.12 FSR

Name: FSRx
Address: 0xFE9,0xFE1,0xFD9

Indirect Address Register. The FSR value is the address of the data to which the INDF register points.

Bit 15 14 13 12 11 10 9 8
| | | | | FSRH[3:0] |
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| FSRL[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 11:8 - FSRH[3:0]
Most Significant address of INDF data

Bits 7:0 - FSRL[7:0]
Least Significant address of INDF data
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10.8.13 BSR

Name: BSR
Address: OxFEO

Bank Select Register
The BSR indicates the data memory bank which is bits 11:8 of the GPR address.

Bit 7 6 5 4 3 2 1 0
| | | | | BSR[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 - BSR[3:0]
Four Most Significant bits of the data memory address
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11. NVM - Nonvolatile Memory 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 selected for write access with the
NVMREG bits. The NVMREG bits are don't cares for read access.

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 the Configuration Words) 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 in the Configuration Words. Write protection does not affect a device programmer’s ability to
read, write or erase the device.

Table 11-1. NVM Organization and Access Information

Memory

User Flash Memory
(PFM)

User IDs@

Reserved

Configuration

Reserved

User Data Memory
(Data EEPROM)

Reserved

Revision ID/
Device ID

Notes:

1. Subject to Memory Write Protection settings.

PC<20:0>
ICSP™ Addr<21:0>

11.5.5. TBLPTR<21:0>

00 0000h

01 FFFFh
20 0000h

20 000Fh
20 0010h
2F FFFFh
30 0000h

30 0000Bh
30 000Ch
30 FFFFh
31 0000h

31 0YYYh@
32.0000h
3F FFFBh
3F FFFCh

3F FFFFh

Execution

CPU Execution | NVMREG 11.5.6. TABLAT 11

Read

No Access

No Access

No Access

No Access

No Access

No Access

No Access

10

x1

x1

00

x1

User Access

.5.4. NVMDAT
Read/ @)
Write() -
Read/ e
Write
—3
Read/ 3)
Write() -
_3)
Read/
()]
Write(
()]
Read -G

2. User IDs are eight words. There is no code protection, table read protection or write protection implemented for this

region.

Reads as ‘0. Writes set the WRERR bit and clear the WR bit.

4. Address range shown is for ICSP only. User mode read and write must use NVMADR with upper limit of 0YYYh to specify
the address. YYY is the hexadecimal equivalent of one less than the number of bytes in the EEPROM data memory.
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11.1 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 the memory organization
table 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.

It is 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 the memory organization table 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 which are also referred to as
holding registers. These latches are not directly accessible, but may be loaded via sequential writes
to the TABLAT register.

Important: To modify only a portion of a previously programmed row 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, itis
not necessary to save and rewrite the other previously programmed locations.

Table 11-2. Flash Memory Organization by Device

Device Row Erase Size Write Latches TBLPTR LSbs (Latch Program Flash EEPROM Data
(Words) (GED) Address) Memory (Words) Memory (Bytes)

PIC18(L)F67K40 128 65536 1024

11.1.1 Table Pointer Operations

To read and write program memory, there are two operations that allow the processor to move
bytes between the program memory space and the data RAM:

+ Table Read (TBLRD*)

+ Table Write (TBLWT*)

The SFR registers associated with these operations include:
+ TABLAT register

* TBLPTR registers

The program memory space is 16 bits wide, while the data RAM space is eight bits wide. The TBLPTR
registers determine the address of one byte of the NVM memory. Table reads move one byte of data
from NVM space to the TABLAT register and table writes move the TABLAT data to a holding register
ready for a subsequent write to NVM space with the NVM controls.

11.1.1.1 Table Pointer Register

The Table Pointer (TBLPTR) register addresses a byte within the program memory. The TBLPTR
comprises 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 (bits
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0 through 21). The bits 0 through 20 allow the device to address up to 2 Mbytes of program memory
space. Bit 21 allows access to the Device ID, the User ID and the Configuration bits.

The Table Pointer register, TBLPTR, is used by the TBLRD and TBLWT instructions. These instructions
can increment and decrement the TBLPTR depending on specific appended characters as shown

in the following table. The increment and decrement operations on the TBLPTR affect only bits 0
through 20.

Table 11-3. Table Pointer Operations with TBLRD and TBLWT Instructions

Operation on Table Pointer

TBLRD* ) o

TBLWT* TBLPTR is not modified

TBLRD* + o o )
TBLWT*+ TBLPTR is incremented after the read/write
TBLRD* - ) )
TBLWT*— TBLPTR is decremented after the read/write
TBLRD+* o ] ;
TBLWT+* TBLPTR is incremented before the read/write

11.1.1.2 Table Latch Register

The Table Latch (TABLAT) is an 8-bit register mapped into the SFR space. The Table Latch register
receives one byte of NVM data resulting from a TBLRD* instruction and is the source of the 8-bit
data sent to the holding register space as a result of a TBLWT* instruction.

11.1.1.3 Table Read Operations

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

Figure 11-1. Table Read Operation

Rev. 30-000002A

Instruction: TBLRD*

Table Pointer(!) Program Memory

TBLPTRU | TBLPTRH | TBLPTRL

Table Latch (8-bit)

TABLAT
k—Y—J

—

Program Memory
(TBLPTR)

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

11.1.1.4 Table Write Operations
The table write operation stores one byte of data from the TABLAT register into a sector RAM holding
register. The following figure shows the operation of a table write from the TABLAT register to the
holding register space. The procedure to write the contents of the holding registers into program
memory is detailed in the "Writing to Program Flash Memory" section.
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Figure 11-2. Table Write Operation

Instruction: TBLHT*
Program Memory Holding Registers
Table Pointer(") Rl . Table Latch (8-bit)
TBLPTRU | TBLPTRH | TBLPTRL . Jil § TABLAT

\ /‘L -
L
- .

Program Memory
(TBLPTR<MSbs>) o

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.

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.

11.1.1.5 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 TBLWT is executed the byte in the TABLAT register is written, not to Flash memory but, to a
holding register in preparation for a program memory write. The holding registers constitute a write
block which varies depending on the device (see the Flash Memory Organization by Device table).The
LSbs of the TBLPTRL register determine which specific address within the holding register block is
written to. The size of the write block determines the number of LSbs. The MSbs of the Table Pointer
have no effect during TBLWT operations.

When a program memory write is executed the entire holding register block is written to the Flash
memory at the address determined by the MSbs of the TBLPTR. The LSbs are ignored during Flash
memory writes. For more details, see the "Writing to Program Flash Memory" section.

The Figure 11-3 figure illustrates the relevant boundaries of TBLPTR based on NVM control
operations.
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Figure 11-3. Table Pointer Boundaries Based on Operation

Rev. 30-000004A
312212017

21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0
e
A A A A
TABLE ERASE/WRITE TABLE WRITE

TBLPTR<21:n+1>(1) TBLPTR<n:0>("

TABLE READ - TBLPTR<21:0>

Note:
1. See the memory organization table for the write holding registers block size.

11.1.1.6 Reading the Program Flash Memory
The TBLRD instruction retrieves data from program memory at the TBLPTR location and places it

into the TABLAT SFR register. Table reads from program memory are performed one byte at a time.

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

Figure 11-4. Reads from Program Flash Memory

Rev. 30-000006A
312212017

Program Memory

(Even Byte Address) (Odd Byte Address)

TBLPTR = xxxxx1 TBLPTR = xxxxx0

Instructz?g)Reglster FETCH TBLRD

TABLAT
Read Register
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Figure 11-5. Program Flash Memory Read Flowchart

Rev. 10-000 0468
81012016

Start
Read Operation

Y

Select Word Address
(TBLPTR registers)

Y

Initiate Read operation
(TBLRD)

\i

Data read now in
TABLAT register

Y

End
Read Operation

Example 11-1. Reading a Program Flash Memory Word

MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE

READ_WORD:
TBLRD*+

MOVEF
MOVWE

TBLRD*+

MOVEW
MOVEF

CODE_ADDR UPPER
TBLPTRU
CODE_ADDR HIGH
TBLPTRH
CODE_ADDR_LOW
TBLPTRL

TABLAT, W
WORD_EVEN

TABLAT, W
WORD_ODD

11.1.2 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

; Load TBLPTR with the base
; address of the word

; read into TABLAT and increment

; get data

; read into TABLAT and increment

; get data

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

@ MICROCHIP
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+  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, the global interrupts must be disabled prior to
the unlock sequence and re-enabled after the unlock sequence is completed.

Figure 11-6. NVM Unlock Sequence Flowchart

Rev. 30-000005A
312212017

< Start Unlock Sequence >

Write 55h to NVMCON2

v

Write AAh to NVMCON2

Initiate Write or Erase Operation
(WR=1)

v

C End Unlock Operation >

Example 11-2. NVM Unlock Sequence

BCF INTCON, GIE ; Recommended so sequence is not interrupted
BANKSEL NVMCON1 ; Bank to NVMCON1 register

BSF NVMCON1, WREN ; Enable write/erase

MOVLW 55h ; Load 55h

MOVLW AAh Step 2: Load W with AAh

MOVWE' NVMCON2 ; Step 1: Load 55h into NVMCON2
MOVWE NVMCON2 ; Step 3: Load AAh into NVMCON2

BSF NVMCON1, WR Step 4: Set WR bit to begin write/erase
BSF INTCON, GIE ; Re-enable interrupts
Important:

1. Sequence begins when NVMCON?2 is written; following 4 steps must occur in the cycle-
accurate order shown. If the timing of the four steps is corrupted by an interrupt or a
debugger Halt, the action will not take place.

2. Opcodes shown are illustrative; any instruction that has the indicated effect may be
used.
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11.1.3 Erasing Program Flash Memory

The minimum erase block varies by device as shown in the memory organization table. Only through
the use of an external programmer, or through ICSP™ control, can larger blocks of program memory
be bulk erased. Word erase in the Flash array is not supported.

For example, when initiating an erase sequence from a microcontroller with erase row size of 32
words, a block of 32 words (64 bytes) of program memory is erased. The TBLPTR<21:6> bits point to
the block being erased. The TBLPTR<5:0> bits are ignored.

The NVMCON1 register commands the erase operation. The NVMREG 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 the 11.1.2. NVM Unlock Sequence section must be used
which guards against accidental writes. This is sometimes referred to as a long write.

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

11.1.3.1 Program Flash Memory Erase Sequence
The sequence of events for erasing a block of internal program memory is:

1. Setthe NVMREG bits to select PFM.
2. Setthe FREE and WREN bits.
3. Perform the unlock sequence as described in 11.1.2. 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 the PFM, the 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 holding register data is not affected by erase operations and WREN will remain unchanged.
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Figure 11-7. PFM Row Erase Flowchart

Rev. 30-000007A
312212017

< 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

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 )

Example 11-3. Erasing a Program Flash Memory Block

; This sample row erase routine assumes that the target address

; specified by CODE ADDR UPPER, CODE ADDR HIGH,

; value within the PFM address range of the device.

MOVLW
MOVWE'
MOVLW
MOVWE
MOVLW
MOVWE

ERASE BLOCK:

@ MICROCHIP

BCF
BSF
BSF
BSF

CODE_ADDR UPPER
TBLPTRU
CODE_ADDR HIGH
TBLPTRH
CODE_ADDR LOW
TBLPTRL

NVMCON1, NVMREGO
NVMCON1, NVMREG1
NVMCON1, WREN
NVMCON1, FREE

’

load TBLPTR with the base

address of the memory block

point to Program Flash Memory
access Program Flash Memory

enable write to memory

enable block Erase operation

and CODE ADDR LOW contain a
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BCF INTCON, GIE ; disable interrupts
Required MOVLW 55h

Sequence MOVWFE NVMCON2 ; write 55h
MOVLW AAh
MOVWE NVMCON2 ; write AAh
BSF NVMCON1, WR ; start erase (CPU stalls)
BSF INTCON, GIE ; re-enable interrupts
BCF NVMCON1, WREN ; disable writes to memory
Important:

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

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

WRERR is set if WR is written to ‘1" while TBLPTR points to an invalid address location
(Refer to the device memory map and Table 11-1).

11.1.4 Writing to Program Flash Memory

The programming write block size is specified as the number of table latch bytes, also referred to

as holding registers, in the memory organization table. Word or byte programming is not supported.
Table writes are used internally to load the holding registers needed to program the Flash memory.
There are only as many holding registers as there are bytes in a write block.

Since the table latch (11.5.6. 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 WRERR is signaled.

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

The internal programming timer controls the write time. The write/erase voltages are generated by
an on-chip charge pump, rated to operate over the voltage range of the device.

Important: The default value of the holding registers on device Resets and after write
operations is FFh. A value of FFh in a holding register will not change the PFM location
corresponding to that register when the block is programmed. This means that individual
bytes of program memory may be modified, provided that the change does not attempt
to change any bit from a ‘0’ to a ‘1". When modifying individual bytes, it is not necessary to
load all holding registers before executing a long write operation.
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Figure 11-8. Table Writes to Program Flash Memory

Rev. 30-000008A
312212017

TABLAT
Write Register

Program Memory

Note: Refer to the memory organization table for number of holding registers (e.g. YY = 3Fh for 64
holding registers).

11.1.4.1 Program Flash Memory Write Sequence
The sequence of events for programming an internal program memory location must be:

1.

o Uk W

7.
8.
9.
10.
11.
12.
13.
14.

Read appropriate number of bytes into RAM. Refer to the memory organization table for Write
latch size.

Update data values in RAM as necessary.

Load TBLPTR with address within the row to be erased.
Execute the block erase procedure.

Load TBLPTR with address of first byte being written.

Write the n-byte block into the holding registers with auto-increment. Refer to the memory
organization table for Write latch size.

Set NVMREG bits to point to program memory.

Clear FREE bit and set WREN bit register.

Disable interrupts.

Execute the unlock sequence (see 11.1.2. NVM Unlock Sequence).

WR bit is set as last step in the unlock sequence.

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

Verify the memory (table read).

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

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

@ MICROCHIP
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Figure 11-9. Program Flash Memory (PFM) Write Flowchart

Start
Write Operation

Rev. 10-0000498
2412015

Determine number of
words to be written into
PFM. The number of
words cannot exceed the
number of words per row
(word_cnt)

i

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

y

TBL

Select Row Address
PTR

y

Select Write Operation
(FREE = 0)

y

Load Write Latches Only

y

Enable Write/Erase
Operation (WREN = 1)

\d

Load the value to write
TABLAT

,, 1

Update the word counter
(word_cnt--)

Write Latches to PFM

Y

Disable Interrupts
(GIE = 0)

Last word to
write ?

Y

Unlock Sequence!”

Disable Interrupts
(GIE = 0) v
CPU stalls while Write
\ operation completes
(2 ms typical)
Unlock Sequence
A
No delay when writing to Re-enable Interrupts
PFM Latches (GIE=1)
Y
Disable Write/Erase
Operation (WREN = 0)
Re-enable Interrupts
(GIE=1) v
End
\ Write Operation
Increment Address
TBLPTR++

Example 11-4. Writing to Program Flash Memory

@ MICROCHIP

MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
MOVLW

D'64’

COUNTER

BUFFER ADDR HIGH
FSROH

BUFFER ADDR_LOW
FSROL

CODE_ADDR UPPER
TBLPTRU
CODE_ADDR HIGH
TBLPTRH
CODE_ADDR_LOW

; number of bytes in erase block

; point to buffer

; Load TBLPTR with the base
; address of the memory block
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MOVWE

READ BLOCK:

TBLRD*+
MOVF
MOVWE
DECFSZ
BRA

MODIFY WORD:

MOVLW
MOVWE
MOVLW
MOVWE'
MOVLW
MOVWE
MOVLW
MOVWE

ERASE BLOCK:

MOVLW
MOVWEF
MOVLW
MOVWE
MOVLW
MOVWE
BCF
BSF
BSF
BSF
BCF

TBLPTRL

TABLAT, W
POSTINCO
COUNTER
READ BLOCK

BUFFER ADDR HIGH
FSROH

BUFFER ADDR_LOW
FSROL

NEW DATA LOW
POSTINCO

NEW DATA HIGH
INDFO

CODE_ADDR UPPER
TBLPTRU
CODE_ADDR HIGH
TBLPTRH
CODE_ADDR LOW
TBLPTRL

NVMCON1, NVMREGO
NVMCON1, NVMREG1
NVMCON1, WREN
NVMCON1, FREE
INTCON, GIE

Required Sequence -----

MOVLW
MOVWE
MOVLW
MOVWE'
BSF

55h

NVMCON2

AAh

NVMCON2
NVMCON1, WR

INTCON, GIE

BUFFER ADDR HIGH
FSROH
BUFFER_ADDR_LOW
FSROL
BUFFER_BACK
BlockSize
COUNTER

D’ 64’ /BlockSize
COUNTER2

WRITE BYTE TO HREGS:

MOVEF
MOVWE
TBLWT+*

DECFSZ
BRA

PROGRAM MEMORY :

11.1.4.2 Write Verify

Depending on the application, good programming practice may dictate that the value written to the
memory must be verified against the original value. This will be used in applications where excessive
writes can stress bits near the specification limit. Since program memory is stored as a full page, the

@ MICROCHIP

BCF
BSF
BSF
BCF
BCF

POSTINCO, W
TABLAT

COUNTER
WRITE WORD TO HREGS

NVMCON1, NVMREGO
NVMCON1, NVMREGI1
NVMCON1, WREN
NVMCON1, FREE
INTCON, GIE

Required Sequence -----

MOVLW
MOVWE
MOVLW
MOVWE
BSF

55h

NVMCON2
OAAh
NVMCON2
NVMCON1, WR

COUNTER2
WRITE BYTE TO HREGS
INTCON, GIE
NVMCON1, WREN

read into TABLAT, and inc
get data

store data

done?

repeat

point to buffer

update buffer word

load TBLPTR with the base
address of the memory block

point to Program Flash Memory
point to Program Flash Memory
enable write to memory

enable Erase operation
disable interrupts

write 55h

write OAAh
start erase (CPU stall)

re-enable interrupts
dummy read decrement
point to buffer

number of bytes in holding register

number of write blocks in 64 bytes

get low byte of buffer data

present data to table latch

write data, perform a short write

to internal TBLWT holding register.
loop until holding registers are full

point to Program Flash Memory
point to Program Flash Memory
enable write to memory

enable write to memory
disable interrupts

write 55h

write OAAh
start program (CPU stall)

repeat for remaining write blocks

re-enable interrupts
disable write to memory
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stored program memory contents are compared with the intended data stored in RAM after the last
write is complete.

Figure 11-10. Program Flash Memory Verify Flowchart

Rev. 10-0000518
12141201

Start
Verify Operation

\d

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

N

Y

Read Operation("

NVMDAT =
RAM image ?

Y

Fail
Verify Operation

End
Verify Operation

11.1.4.3 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 must be verified and reprogrammed if needed. If the write
operation is interrupted by a MCLR Reset or a WDT Time-out Reset during normal operation, the
WRERR bit will be set which the user can check to decide whether a rewrite of the location(s) is
needed.

11.1.4.4 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.
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11.2 User ID, Device ID and Configuration Word Access

When NVMREG = 01 or 11, the User IDs, Device ID/Revision ID and Configuration Words can be
accessed. The User IDs and Configuration Words areas allow read and write whereas Device and
Revision IDs allow read only (see Table 11-1).

11.2.1 Reading Access

The user can read from these blocks by setting the NVMREG bits to 01 or 11. 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 11-1, the TABLAT register is
cleared, reading back ‘0's.

11.2.2 Writing Access

The WREN bit must be set to enable writes. This prevents accidental writes to the CONFIG words due
to errant (unexpected) code execution. The WREN bit must 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.

The user needs to load the TBLPTR and TABLAT register with the respective address and data before
executing the write command. An unlock sequence needs to be followed to enable the write (see
11.1.2. NVM Unlock Sequence). When attepmting to write the Configuration words, if the WRTC
configuration bit is zero or if TBLPTR points an invalid address location (see Table 11-1), then the WR
bit is cleared without any effect and the WRERR bit is set.

A single CONFIG word byte is written immediately 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 (NVMIF) bit is set. The new
CONFIG value takes effect when the CPU resumes operation.

Table 11-4. User ID, Dev/REV ID and Configuration Word Access (NVMREG = Obx1)

20 0000h-20 000Fh User IDs
3F FFFCh-3F FFFFh Revision ID/Device ID Yes No
30 0000h-30 000Bh Configuration Words 1-6 Yes Yes

11.3 Data EEPROM Memory

The data EEPROM is a nonvolatile memory array, separate from the data RAM and program
memory, which is used for long-term storage of program data. It is not directly mapped in either
the register file or program memory space but is indirectly addressed through the Special Function
Registers (SFRs). The EEPROM is readable and writable during normal operation over the entire Vpp

range.
Four SFRs are used to read and write to the data EEPROM. They are:
+ NVMCON?1

* NVMCON2

«  NVMDAT

* NVMADR

Important: The high byte of NVMADR (NVMADRH) is only implemented on devices with
more than 256 bytes of EEPROM.
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The data EEPROM allows byte read and write. When interfacing to the data memory block,
11.5.4. NVMDAT holds the 8-bit data for read/write and the 11.5.3. NVMADR register 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 the electrical specifications section for the limits.

11.3.1 NVMADR Register
The 11.5.3. NVMADR register specifies the data EEPROM address for read and write operations.

11.3.2 NVMCON1 and NVMCONZ2 Registers

Access to the data EEPROM is controlled by two registers: NVMCON1 and NVMCON?2. These are the
same registers which control access to the program memory and are used in a similar manner for
the data EEPROM.

The 11.5.2. NVMCONZ2 register is not a physical register. It is used exclusively in the memory write
and erase unlock sequences. Reading NVMCON2 will read all ‘0's.

The 11.5.1. NVMCON1 register is the control register for data and program memory access. Control
bits NVMREG 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.

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 WR control bit initiates write operations. The bit can be set but not cleared by software. It is
cleared only by hardware at the completion of the write operation.

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 NVMIF interrupt flag bit of the PIRx register is set when the write is complete. It must be cleared
by software.

The RD bit cannot be set when accessing program memory (NVMREG = 0b10). Program memory is
read using table read instructions. See 11.1.1.3. Table Read Operations regarding table reads.

11.3.3 Reading the Data EEPROM Memory

To read a Data EEPROM memory location, the user must write the address to the NVMADR register,
clear NVMREG control bits to select Data EEPROM locations and then set the RD control bit. 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 the following flowchart.
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Figure 11-11. Data EEPROM Read Flowchart

Rev. 30-000009A
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Select Memory:
EEPROM: NVMREG = 00

v
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v
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v
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v

< End Read Operation >

Example 11-5. Data EEPROM Read

; Data Memory Address to read

BCF NVMCON1, NVMREGO ; Setup Data EEPROM Access

BCF NVMCON1, NVMREGL ; Setup Data EEPROM Access

MOVF EE ADDRL, W 2

MOVWEF NVMADRL ; Setup Address low byte

MOVF EE ADDRH, W 2

MOVWF NVMADRH ; Setup Address high byte (if
applicable)

BSF NVMCON1, RD ; Issue EE Read

MOVF NVMDAT, W ; W = EE DATA

11.3.4 Writing to the Data EEPROM Memory

To write an EEPROM data location, the address must first be written to the NVMADR register and
the data written to the NVMDAT register. The sequence in 11.1.2. NVM Unlock Sequence must be
followed to initiate the write cycle.

The write will not begin if 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 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 must 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, NVMADR 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 (NVMIF) bit is set. The user
can either enable this interrupt or poll this bit. NVMIF must be cleared by software.
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Example 11-6. Data EEPROM Write

; Data Memory Address to write

BCF

NVMCON1, NVMREGO

Setup Data EEPROM access

BCF NVMCON1, NVMREGI1 ; Setup Data EEPROM access

MOVF EE_ADDRL, W g

MOVWE NVMADRL ; Setup Address low byte

MOVF EE ADDRH, W 2

MOVWF NVMADRH ; Setup Address high byte (if applicable)
; Data Memory Value to write

MOVF EE DATA, W 2

MOVWF NVMDAT ;
; Enable writes

BSFE NVMCON1, WREN g

; Disable interrupts

BCF INTCON, GIE 2
; Required unlock sequence

MOVLW 55h ;

MOVWE NVMCON2 2

MOVLW AAh 2

MOVWFE NVMCON2 ;

; Set WR bit to

begin write

BSFE NVMCON1, WR 2
; Wait for write to complete

BTFSC NVMCON1, WR

BRA $-2
; Enable INT

BSF INTCON, GIE 2
; Disable writes

BCF NVMCON1, WREN 2

11.3.5 Write Verify

Depending on the application, good programming practice may dictate that the value written to
the memory must be verified against the original value. This must be used in applications where
excessive writes can stress bits near the specification limit.

11.3.6 Operation During Code-Protect
Data EEPROM Memory has its own code-protect bits in Configuration Words. External read and write
operations are disabled if code protection is enabled.
If the Data EEPROM is write-protected or if NVMADR points an invalid address location, the WR bit is
cleared without any effect. WRERR is signaled in this scenario.

11.3.7 Protection Against Spurious Write
There are conditions when the user may not want to write to the Data EEPROM Memory. To protect
against spurious EEPROM writes, various mechanisms have been implemented. On power-up, the
WREN bit is cleared. In addition, writes to the EEPROM are blocked during the Power-up Timer
period (TewrT)-
The unlock sequence and the WREN bit together help prevent an accidental write during brown-out,
power glitch or software malfunction.

11.3.8 Erasing the Data EEPROM Memory

Data EEPROM Memory can be erased by writing OxFF to all locations in the Data EEPROM Memory
that need to be erased.

Example 11-7. Data EEPROM Erase Routine

CLRF NVMADRL ; Clear address low byte
CLRF NVMADRH ; Clear address high byte (if applicable)
BCF NVMCON1, NVMREGO ; Set access for EEPROM
BCE NVMCON1, NVMREGL ; Set access for EEPROM
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Loop:

SETF
BCF
BSF

MOVLW
MOVWE'
MOVLW
MOVWE
BSF
BTFSC
BRA
INCFSZ
BRA

INCF
MOVLW
CPFSGT

BRA

BCF
BSF

NVMDAT
INTCON, GIE
NVMCON1, WREN

0x55
NVMCON2
OxAA
NVMCON2
NVMCON1, WR
NVMCON1, WR
$-2
NVMADRL, F
Loop

NVMADRH, F
0x03
NVMADRH

Loop

NVMCON1, WREN
INTCON, GIE

Load OxFF to data register
Disable interrupts

Enable writes

Loop to refresh array
Initiate unlock sequence

Set WR bit to begin write
Wait for write to complete

Increment address low byte

Not zero, do it again

The following 4 lines of code are not
needed if the part doesn't have
NVMADRH register

Decrement address high byte

Move 0x03 to working register

Compare address high byte with working
register

Skip if greater than working register
Else go back to erase loop

Disable writes

Enable interrupts

@ MICROCHIP
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11.4 Register Summary - NVM Control

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
0x0F73
0x0F74

0x0F76
0x0F77
0x0F78
0x0F79
OxOFF4
OXOFF5

O0xOFF6

11.5

Reserved
7:0
NVMADR
15:8
NVMDAT 7:0
NVMCON1 7:0
NVMCON2 7:0
Reserved
TABLAT 7:0
7:0
TBLPTR 15:8
23:16

NVMADRL[7:0]
NVMADRH[1:0]
NVMDAT[7:0]
NVMREGI[1:0] FREE WRERR WREN WR RD
NVMCON2[7:0]

TABLAT[7:0]
TBLPTRL[7:0]
TBLPTRH[7:0]

TBLPTR21 TBLPTRU[4:0]

Register Definitions: Nonvolatile Memory
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11.5.1 NVMCON1

Name: NVMCON1
Address: OxF77

Nonvolatile Memory Control 1 Register

Bit 7 6 5 4 3 2 1 0
| NVMREG([1:0] | | FREE | WRERR | WREN [ WR | RD |
Access R/W R/W R/S/HC R/W/HS R/W R/S/HC R/S/HC
Reset 0 0 0 0 0 0

Bits 7:6 - NVMREG[1:0] NVM Region Selection bits
Value Description

10 PFM locations write access
x1 User IDs, Configuration Bits, Rev ID and Device ID locations write access
00 Data EEPROM Memory locations write access
Bit 4 - FREE
Program Flash Memory Erase Enable bit(")
Value Description
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(234)
VEINS Description
1 A write operation was interrupted by a Reset (hardware set),

or the WR bit was set during one of the following conditions:
+ aninvalid address is accessed

*  NVMREG and address do not point to the same region

+ awrite-protected address is accessed.
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®>6.7)
Value Condition Description
1 NVMREG = 00 Initiates an erase/program cycle at the corresponding Data EEPROM Memory
location specified by NVMADR
1 NVMREG = 10 and TBLPTR21 =0 Initiates the PFM write operation with data from the holding registers
1 NVMREG = x1 and TBLPTR21 =1 Initiates the User ID write operation with data from the holding registers or
single Config byte at TBLPTR
0 NVMREG = xx NVM program/erase operation is complete and inactive
Bit 0 - RD
Read Control bit®
Value Description
1 Initiates a read at address pointed by NVMREG and NVMADR, and loads data into NVMDAT
0 NVM read operation is complete and inactive
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Notes:

1.
2.

© N o kW

This can only be used with PFM.

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 to implement test sequences.

This bit can only be set by following the sequence described in 11.1.2. 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.
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11.5.2 NVMCON2

Name: NVMCON2
Address: O0xF78

Nonvolatile Memory Control 2 Register
Note: This register always reads zeros, regardless of data written.
Refer to the NVM Unlock Sequence section

Bit 7 6 5 4 3 2 1 0
| NVMCONZ2[7:0] |
Access WO WO WO WO WO WO WO WO
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - NVMCONZ2[7:0]
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11.5.3 NVMADR

Name: NVMADR
Address: O0xF74

Data EEPROM Memory Address

Bit 15 14 13 12 11 10 9 8
| | | | | | NVMADRH[1:0] |
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
| NVMADRL[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 9:8 - NVMADRH[1:0] EEPROM Most Significant Address bits
Note: This register is only implemented in devices with more than 256 bytes of data EEPROM.

Bits 7:0 - NVMADRL[7:0] EEPROM Least Significant Address bits
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11.5.4 NVMDAT

Name: NVMDAT
Address: O0xF76

Data EEPROM Memory Data

Bit 7 6 5 4 3 2 1 0
| NVMDAT([7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - NVMDAT[7:0] The value of the data memory byte returned from NVMADR after a Read command,
or the data written by a Write command.
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11.5.5 TBLPTR

Name: TBLPTR
Address: OxFF6

Program, Configuration, Device ID and User ID Memory Address

Bit 23 22 21 20 19 18 17 16
| | | TBLPTR21 | TBLPTRU[4:0]
Access RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
| TBLPTRH[7:0]
Access RIW R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TBLPTRL[7:0]
Access RIW R/W RIW R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 21 - TBLPTR21 NVM Most Significant Address bit

VEINS Description

1 Access Configuration, User ID, Device ID, and Revision ID spaces

0 Access Program Flash Memory space
Bits 20:16 - TBLPTRU[4:0] NVM Upper Address bits
Bits 15:8 - TBLPTRH[7:0] High Byte of NVM Address bits

Bits 7:0 - TBLPTRL[7:0] Low Byte of NVM Address bits
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11.5.6 TABLAT

Name: TABLAT
Address: OxFF5

Program, Configuration, Device ID, and User ID Memory Data

Bit 7 6 5 4 3 2 1 0
| TABLAT[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - TABLAT[7:0] The value of the NVM memory byte returned from the address contained in TBLPTR
after a TBLRD command, or the data written to the latch by a TBLWT command.
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12. 8x8 Hardware Multiplier

12.1 Introduction

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.

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 applications previously
reserved for digital signal processors. A comparison of various hardware and software multiply
operations, along with the savings in memory and execution time, is shown in Table 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

MOVEF ARGl, W

MULWE ARG2 ; ARGl * ARG2 -> PRODH:PRODL

Example 12-2. 8x8 Signed Multiply Routine

MOVF ARG1l, W

MULWE ARG2 ; ARGl * ARG2 -> PRODH:PRODL
BTFSC ARG2, SB ; Test Sign Bit

SUBWE PRODH, F ; PRODH = PRODH - ARGl

MOVF ARG2, W

BTFSC ARG1l, SB ; Test Sign Bit

SUBWE PRODH, F ; PRODH = PRODH - ARG2

Table 12-1. Performance Comparison for Various Multiply Operations

Routine Multiply Method Memory y
(Max) | @64 MHz | @40 MHz | @ 10 MHz | @ 4 MHz
(Words)
69

Without hardware multiply 13 4.3 ps 6.9 ps 27.6 ps 69 ps

8x8 unsigned

Hardware multiply 1 1 62.5 ns 100 ns 400 ns 1 s
Without hardware multiply 33 91 5.7 us 9.1 s 36.4 ps 91 ps
8x8 signed -
Hardware multiply 6 6 375 ns 600 ns 2.4 ps 6 ps
) Without hardware multiply 21 242 15.1 ps 24.2 ps 96.8 us 242 ps
16x16 unsigned :
Hardware multiply 28 28 1.8 ys 2.8 ps 11.2 ps 28 us
) Without hardware multiply 52 254 15.9 ps 25.4 ys 102.6 s 254 ps
16x16 signed :
Hardware multiply 35 40 2.5ps 4.0 ps 16.0 ps 40 ps

Example 12-3 shows the sequence to do a 16 x 16 unsigned multiplication. The equation below
shows the algorithm that is used. The 32-bit result is stored in four registers (RES[3:0]).
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16 x 16 Unsigned Multiplication Algorithm

RES3:RESO = ARG1H:ARG1L » ARG2H: ARG2L = (ARGIH e ARG2H o 216) + (ARGlH e ARG2L o 28) +
(ARGlL e ARG2H o 28) + (ARGlL . ARGZL)

Example 12-3. 16 x 16 Unsigned Multiply Routine

MOVEF

MULWFE
MOVFEF
MOVEF

MOVF

MULWE
MOVFF
MOVFEF

MOVF
MULWE
MOVEF
ADDWF
MOVF
ADDWEC
CLRF
ADDWEC

MOVF
MULWE
MOVEF
ADDWF
MOVF
ADDWEC
CLRF
ADDWEFC

Example 12-4 shows the sequence to do a 16 x 16 signed multiply. The equation below shows the
algorithm used. The 32-bit result is stored in four registers (RES[3:0]). To account for the sign bits of
the arguments, the MSb for each argument pair is tested and the appropriate subtractions are done.

16 x 16 Signed Multiplication Algorithm
RES3:RESO = ARG1H:ARG1L » ARG2H:ARG2L = (ARGIH e ARG2H o 216) + (ARGlH e ARG2L o 28) +

(ARGlL e ARG2H o 28) + (ARGlL . ARGZL) + (— 1¢ARG2H <7 > « ARG1H:ARG1L o 216) + ( -1
¢ ARG1H < 7 > « ARG2H:ARG2L « 216)

ARG1L,
ARG2L

PRODH,
PRODL,

ARG1H,
ARG2H

PRODH,
PRODL,

ARG1L,
ARG2H
PRODL,
RES1,
PRODH,
RES2,
WREG
RES3,

ARG1H,
ARG2L
PRODL,
RES1,
PRODH,
RES2,
WREG
RES3,

RES1
RESO

RES3
RES2

W
W
17
W
Iy
F
W
W
17
W
Iy

1

; ARGIL * ARG2L - PRODH:

; ARG1H * ARG2H - PRODH:

; ARG1L * ARG2H - PRODH:

; Add cross products

; ARG1H * ARG2L - PRODH:

; Add cross products

Example 12-4. 16 x 16 Signed Multiply Routine

MOVEF
MULW
MOVF
MOVEF

MOVF

MULWE
MOVFF
MOVFEF

MOVEF
MULWE
MOVEF
ADDWEF'
MOVF
ADDWEC
CLRF
ADDWEFC
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ARG1L,
ARG2L

PRODH,
PRODL,

ARGLH,
ARG2H

PRODH,
PRODL,

ARG1L,
ARG2H
PRODL,
RES1,
PRODH,
RES2,
WREG
RES3,

RES1
RESO

RES3
RES2

W

W
I

w
F

1

; ARG1L * ARG2L - PRODH:

; ARG1H * ARG2H - PRODH:

; ARG1L * ARG2H — PRODH:

; Add cross products

PRODL

PRODL

PRODL

PRODL

PRODL

PRODL

PRODL
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’

MOVF
MULWE
MOVEF
ADDWEFE
MOVEF
ADDWEFC
CLRF
ADDWEC

BTFSS
BRA
MOVEF
SUBWF
MOVEF
SUBWE'B

SIGN_ARGL:

BTFSS
BRA
MOVEF
SUBWF
MOVEF
SUBWE'B

CONT_CODE:

ARG1H, W
ARG2L
PRODL, W
RES1, F
PRODH, W
RES2, F
WREG
RES3, F

ARG2H, 7
SIGN ARGl
ARGIL, W
RES2
ARG1H, W
RES3

ARG1H, 7
CONT_CODE
ARG2L, W
RES2
ARG2H, W
RES3

ARG1H * ARG2L — PRODH:PRODL

Add cross products

ARG2H:ARG2L neg?

no,

ARG1lH:ARGLL neg?

no,

check ARGl

done
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12.3 Register Summary - 8x8 Hardware Multiplier

[ddress] Name [itbos| 7 | 6 | 5 | 4 | 3 | 2 | 1 | o
OXO ’ Reserved
Ox0FF2
7:0 PRODL[7:0]

PROD
0x0FF3 ° 15:8 PRODH[7:0]

12.4 Register Definitions: 8x8 Hardware Multiplier
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12.4.1 PROD

Name:

Address:

Product Register Pair
The PROD register stores the 16-bit result yielded by the unsigned operation performed by the 8x8
hardware multiplier.

Bit 15 13 12 11 10 9 8
| PRODH[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X
Bit 7 5 4 3 2 1 0
PRODL[7:0]
Access R/W R/W R/W R/W R/W R/W R/W
X X X X X X

Reset X

Bits 15:8 - PRODH[7:0]
PROD Most Significant bits

Bits 7:0 - PRODL[7:0]
PROD Least Significant bits
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13. CRC- Cyclic Redundancy Check Module with Memory Scanner

The Cyclic Redundancy Check (CRC) module provides a software-configurable hardware-
implemented CRC checksum generator. This module includes the following features:

+ Any standard CRC up to 16 bits can be used

+ Configurable Polynomial

* Any seed value up to 16 bits can be used

+ Standard and reversed bit order available

« Augmented zeros can be added automatically or by the user

+ Memory scanner for fast CRC calculations on program memory user data
+ Software loadable data registers for communication CRC's

13.1 CRC Module Overview

The CRC module provides a means for calculating a check value of program memory. The CRC
module is coupled with a memory scanner for faster CRC calculations. The memory scanner can
automatically provide data to the CRC module. The CRC module can also be operated by directly
writing data to SFRs, without using a scanner.

13.2 CRC Functional Overview

The CRC module can be used to detect bit errors in the Flash memory using the built-in memory
scanner or through user input RAM memory. The CRC module can accept up to a 16-bit polynomial
with up to a 16-bit seed value. A CRC calculated check value (or checksum) will then be generated
into the 13.12.4. CRCACC registers for user storage. The CRC module uses an XOR shift register
implementation to perform the polynomial division required for the CRC calculation.
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Figure 13-1. CRC Example

Rev. 10-000206A
812014

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 = 0Ob0111
PLEN = Ob1111

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: Ox6BA2
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’.

13.3 CRC Polynomial Implementation

Any polynomial can be used. The polynomial and accumulator sizes are determined by the PLEN
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. However, the LSb of the
CRCXORL register is unimplemented and always reads as '0'.

All polynomial bits between the MSb and LSb are specified by the 13.12.6. CRCXOR registers. For
example, when using CRC16-ANSI, the polynomial is defined as X'6+X'>+X2+1. The X'® and X0 = 1
terms are the MSb and LSb controlled by hardware. The X'> and X2 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. Refer to Figure 13-1.
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Figure 13-2. CRC LFSR Example

Linear Feedback Shift Register for CRC-16-ANSI e
X16+X15+X2+1
Data in

Augmentation Mode ON

13.4 CRC Data Sources

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

+ User data using the 13.12.3. CRCDAT registers
* From Flash memory using the program memory scanner

Up to 16 bits of data per word are specified with the DLEN bits. Only the number of data bits in
the CRCDATA registers specified by DLEN will be used, other data bits in CRCDATA registers will be
ignored.

Data is moved into the 13.12.5. CRCSHIFT as an intermediate to calculate the check value located in
the 13.12.4. 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 registers to the
appropriate value before beginning the CRC.

13.4.1 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 onto the shift registers on any write to
the CRCDATL register.

13.4.2 CRC from Flash

To use the CRC module on data located in Flash memory, the user can initialize the program
memory scanner as defined in the 13.8. Program Memory Scan Configuration section.

13.5 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 the ACCM and SHIFTM mode settings.

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.
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When the CRC check value is computed with the SHIFTM bit set, selecting LSb first, and the ACCM bit
is set then the final value in the CRCACC registers will be reversed such that the LSb will be in the
MSb position and vice versa. This is the expected check value in bit reversed form. When 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. CRC can be used to do this reversal by following the steps
below:

Save CRCACC value in user RAM space

Clear the CRCACC registers

Clear the CRCXOR registers

Write the saved CRCACC value to the CRCDAT input

The properly oriented check value will be in the CRCACC registers as the result.

13.6 CRC Interrupt

The CRC will generate an interrupt when the BUSY bit transitions from 1 to 0. The CRCIF Interrupt
Flag bit of the PIRx register is set every time the BUSY bit transitions, regardless of whether or not
the CRC interrupt is enabled. The CRCIF bit can only be cleared in software. The CRC interrupt enable
is the CRCIE bit of the PIEx register.

13.7 Configuring the CRC
The following steps illustrate how to properly configure the CRC.

A wnN -

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 13.4. CRC Data
Sources, depending on which decision was made.

If desired, seed a starting CRC value into the CRCACC registers.
3. Program the CRCXOR registers with the desired generator polynomial.

Program the DLEN bits with the length of the data word - 1 (refer to Figure 13-1). This determines
how many times the shifter will shift into the accumulator for each data word.

5. Program the PLEN bits with the length of the polynomial -2 (refer to Figure 13-1).
Determine whether shifting in trailing zeros is desired and set the ACCM bit accordingly.

7. Likewise, determine whether the MSb or LSb must be shifted first and write the SHIFTM bit
accordingly.

8. Setthe GO bit to begin the shifting process.

If manual SFR entry is used, monitor the FULL bit. When FULL = 0, another word of data can be
written to the CRCDAT registers, keeping in mind that the Most Significant Byte, CRCDATH, must
be written first if the data has more than eight bits, as the shifter will begin upon the CRCDATL
register being written.

10. If the scanner is used, the scanner will automatically stuff words into the CRCDAT registers as
needed, as long as the SCANGO bit is set.

11. If using the Flash memory scanner, monitor the PIRx SCANIF bit (or the SCANGO bit) for
the scanner to finish pushing information into the CRCDATA 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 (or both BUSY
and SCANGO bits are cleared), the completed CRC calculation can be read from the CRCACC
registers.

12. If manual entry is used, monitor the BUSY bit to determine when the CRCACC registers hold the
valid check value.
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13.8 Program Memory Scan Configuration

The program memory scan module may be used in conjunction with the CRC module to perform a
CRC calculation over a range of program memory addresses. To set up the scanner to work with the
CRC the following steps need to performed:

1. Set both the EN and SCANEN bits. If they get disabled, all internal states of the scanner and the
CRC are reset. However, the CRC SFR registers are unaffected.

2. Choose which memory access mode is to be used (see 13.10. Scanning Modes) and set the
MODE bits accordingly.

3. Based on the memory access mode, set the INTM bits to the appropriate Interrupt mode (see
13.10.5. Interrupt Interaction)

4. Setthe 13.12.8. SCANLADR and 13.12.9. SCANHADR registers with the respective beginning and
ending locations in memory that are to be scanned.

5. The GO bit must be set before setting the SCANGO bit. Setting the SCANGO bit starts the scan.
Both the EN and GO bits must be enabled to use the scanner. When either of these bits are
disabled, the scan aborts and the INVALID bit is set. The scanner will wait for the signal from
the CRC that it is ready for the first Flash memory location, then begin loading data into the
CRC. It will continue to do so until it either hits the configured end address or an address that is
unimplemented on the device, at which point the SCANGO bit will clear, Scanner functions will
cease, and the SCANIF interrupt will be triggered. Alternately, the SCANGO bit can be cleared in
software to terminate the scan early if desired.

13.9 Scanner Interrupt

The scanner will trigger an interrupt when the SCANGO bit transitions from ‘1’ to ‘0". The SCANIF
interrupt flag of PIRx is set when the last memory location is reached and the data is entered into
the CRCDATA registers. The SCANIF bit can only be cleared in software. The SCAN interrupt enable is
the SCANIE bit of the PIEx register.

13.10 Scanning Modes

The memory scanner can scan in four modes: Burst, Peek, Concurrent, and Triggered. These modes
are controlled by the MODE bits. The four modes are summarized in Table 13-1.

13.10.1 Burst Mode

When MODE = 01, the scanner is in Burst mode. In Burst mode, CPU operation is stalled beginning
with the operation after the one that sets the SCANGO bit, and the scan begins, using the instruction
clock to execute. The CPU is held in its current state until the scan stops. Note that because the CPU
is not executing instructions, the SCANGO bit cannot be cleared in software, so the CPU will remain
stalled until one of the hardware end-conditions occurs. Burst mode has the highest throughput for
the scanner, but has the cost of stalling other execution while it occurs.

13.10.2 Concurrent Mode

When MODE = 00, the scanner is in Concurrent mode. Concurrent mode, like Burst mode, stalls the
CPU while performing accesses of memory. However, while Burst mode stalls until all accesses are
complete, Concurrent mode allows the CPU to execute in between access cycles.

13.10.3 Triggered mode

When MODE = 11, the scanner is in Triggered mode. Triggered mode behaves identically to
Concurrent mode, except instead of beginning the scan immediately upon the SCANGO bit
being set, it waits for a rising edge from a separate trigger source which is determined by the
13.12.10. SCANTRIG register.
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13.10.4 Peek Mode
When MODE = 10, the scanner is in Peek mode. Peek mode waits for an instruction cycle in which
the CPU does not need to access the NVM (such as a branch instruction) and uses that cycle to do
its own NVM access. This results in the lowest throughput for the NVM access (and can take a much
longer time to complete a scan than the other modes), but does so without any impact on execution
times, unlike the other modes.

Table 13-1. Summary of Scanner Modes
Description

MODE[1:0]

As soon as possible following a CPU resumes execution following each

11 Triggered Stalled during NVM access

trigger access
10 Peek At the first dead cycle Timing is unaffected :chéscsntmues execution following each
01 Burst CPU suspended until scan completes
As soon as possible Stalled during NVM access CpU resumes execution following each
00 Concurrent access

13.10.5 Interrupt Interaction
The INTM bit controls the scanner’s response to interrupts depending on which mode the NVM
scanner is in, as described in the following table.

Table 13-2. Scan Interrupt Modes

INTM MODE[1:0]
MODE == Burst MODE == CONCURENT or TRIGGERED MODE == PEEK

Scanner suspended during interrupt
response (SCANGO = 0); interrupt
executes at full speed and scan resumes
when the interrupt is complete.

Interrupt overrides SCANGO (to zero) to pause the
1 burst and the interrupt handler executes at full speed;
Scanner Burst resumes when interrupt completes.

This bit is ignored

Interrupts do not override SCANGO, and the scan

(burst) operation will continue; interrupt response Scanner accesses NVM during interrupt o

0 . ) . This bit is ignored
will be delayed until scan completes (latency will be response.
increased).

In general, if INTM = 0, the scanner will take precedence over the interrupt, resulting in decreased
interrupt processing speed and/or increased interrupt response latency. If INTM = 1, the interrupt
will take precedence and have a better speed, delaying the memory scan.

13.10.6 WWDT interaction

Operation of the WWDT is not affected by scanner activity. Hence, it is possible that long scans,
particularly in Burst mode, may exceed the WWDT time-out period and result in an undesired device
Reset. This may be considered when performing memory scans with an application that also utilizes
WWDT.

13.10.7 In-Circuit Debug (ICD) Interaction

The scanner freezes when an ICD halt occurs, and remains frozen until user-mode operation
resumes. The debugger may inspect the SCANCONO and SCANLADR registers to determine the state
of the scan.

The ICD interaction with each operating mode is summarized in the following table.
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Table 13-3. ICD and Scanner Interactions

Scanner Operating Mode
ICD Halt
Peek Copcurrent Burst
Triggered

If external halt is asserted If external halt is asserted during the

during a scan cycle, the BSF(SCANCON.GO), ICD entry occurs, and the
instruction (delayed by scan)  burst is delayed until ICD exit.

may or may not execute Otherwise, the current NVM-access cycle will
before ICD entry, depending = complete, and then the scanner will be

on external halt timing. interrupted for ICD entry.

External Halt
If external halt is asserted

during the cycle immediately
prior to the scan cycle,
both scan and instruction

If external halt is asserted during the burst,
the burst is suspended and will resume with

execution happen after the ICD exit.
ICD exits.
Scan cycle occurs before
PC ) ICD entry and instruction
Breakpoint !f the scanner W!” peek an execution happens after the
instruction that is not executed ICD exits.
(because of ICD entry), the
peek will occur after ICD exit, ~ The instruction with the ) )
when the instruction executes. dataBP executes and ICD If PCPB (or single step) is on
Data entry occurs immediately BSF(SCANCON.GQ), the ICD is entergd before
) after. If scan is requested execution; execution of the burst will occur at
Breakpoint during that cycle, the scan ICD exit, and the burst will run to completion.
cycle is postponed until the  Note that the burst can be interrupted by an
ICD exits. external halt.
If a scan cycle is ready
after the debug instruction is
Single Step executed, the scan will read
PFM and then the ICD is re-
entered.
If the scan stalls a SWBP, the lf.SWBP replac?g BSF(SC.ANCON'GQ)’ thg ICo
SWBP and scan cvcle occurs and the ICD will be entered; instruction execution will
ICDINST y occur at ICD exit (from ICDINSTR register),

Is entered. and the burst will run to completion.

13.10.8 Peripheral Module Disable

Both the CRC and scanner module can be disabled individually by setting the CRCMD and SCANMD
bits of the PMDO register. The SCANMD can be used to enable or disable to the scanner module only
if the SCANE bit of Configuration Word 4 is set. If the SCANE bit is cleared, then the scanner module
is not available for use and the SCANMD bit is ignored.
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13.11 Register Summary - CRC

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
Reserved
OXOF3E
7:0
OXxOF3F CRCDAT
15:8
7:0
0x0F41 CRCACC
15:8
7:0
0x0F43 CRCSHIFT
15:8
7:0
0x0F45 CRCXOR
15:8
0x0F47 CRCCONO 7:0 EN GO
0x0F48 CRCCON1 7:0
7:0
0x0F49 SCANLADR 15:8
23:16
7:0
0x0F4C SCANHADR 15:8
23:16
OxOF4F SCANCONO 7:0 SCANEN SCANGO
0x0F50 SCANTRIG 7:0

BUSY

DLEN[3:0]

BUSY

CRCDATL[7:0]

CRCDATH[7:0]

CRCACCL[7:0]

CRCACCH[7:0]
CRCSHIFTL[7:0]
CRCSHIFTH[7:0]

CRCXORL[6:0]
CRCXORH[7:0]
ACCM

CRCXORLO

SHIFTM FULL
PLEN[3:0]
SCANLADRL[7:0]
SCANLADRH[7:0]
SCANLADRUI5:0]
SCANHADRL[7:0]
SCANHADRHI[7:0]
SCANHADRUI5:0]
INVALID INTM MODE[1:0]
TSEL[3:0]

Register Definitions: CRC and Scanner Control

Long bit name prefixes for the CRC are shown in the table below. Refer to the “Long Bit Names”

section for more information.

Table 13-4. CRC Long Bit Name Prefixes

Peripheral Bit Name Prefix

CRC

Related Links
1.4.2.2. Long Bit Names

@ MICROCHIP
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13.12.1 CRCCONO
Name: CRCCONO
Address: O0xF47
Reset: 0

CRC Control Register 0

Bit 7 6 5 4 3 2 1 0
| EN | GO | BUSY | ACCM | | | SHIFTM | FULL |
Access R/W R/W RO R/W R/W RO
Reset 0 0 0 0 0 0

Bit 7 - EN CRC Enable bit

Value Description
1 CRC module is released from Reset
0 CRC is disabled and consumes no operating current

Bit 6 - GO CRC Start bit

Value Description
1 Start CRC serial shifter
0 CRC serial shifter turned off

Bit 5 - BUSY CRC Busy bit

VEINS Description
1 Shifting in progress or pending
0 All valid bits in shifter have been shifted into accumulator and EMPTY = 1

Bit 4 - ACCM Accumulator Mode bit

Value Description
1 Data is augmented with zeros
0 Data is not augmented with zeros

Bit 1 - SHIFTM Shift Mode bit

VEIS Description
1 Shift right (LSb)
0 Shift left (MSb)

Bit 0 - FULL Data Path Full Indicator bit
Value Description
1 CRCDATHY/L registers are full
0 CRCDATHY/L registers have shifted their data into the shifter
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13.12.2 CRCCON1
Name: CRCCON1
Address: 0xF48
Reset: 0

CRC Control Register 1

Bit 7 6 5 4 3 2 1 0
| DLEN[3:0] | PLEN[3:0]
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:4 - DLEN[3:0] Data Length bits
Denotes the length of the data word -1 (See Figure 13-1)

Bits 3:0 - PLEN[3:0] Polynomial Length bits
Denotes the length of the polynomial -1 (See Figure 13-1)
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13.12.3 CRCDAT

Name: CRCDAT
Address: OxF3F

CRC Data Register

Bit 15 14 13 12 11 10 9 8
| CRCDATH[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X
Bit 7 6 5 4 3 2 1 0
CRCDATL[7:01]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 15:8 - CRCDATH[7:0] CRC Input/Output Data Most Significant Byte

Bits 7:0 - CRCDATL[7:0] CRC Input/Output Data Least Significant Byte
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13.12.4 CRCACC
Name: CRCACC
Address: 0xF41
Reset: 0

CRC Accumulator Register

Bit 15 14 13 12 11 10 9 8
| CRCACCH[7:0]
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| CRCACCL[7:0]
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:8 - CRCACCH[7:0] CRC Accumulator Register Most Significant Byte

Writing to this register writes the Most Significant Byte of the CRC accumulator register. Reading

from

this register reads the Most Significant Byte of the CRC accumulator.

Bits 7:0 - CRCACCL[7:0] CRC Accumulator Register Least Significant Byte

Writing to this register writes the Least Significant Byte of the CRC accumulator register. Reading

from

this register reads the Least Significant Byte of the CRC accumulator.
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13.12.5 CRCSHIFT

Name: CRCSHIFT

Address: O0xF43
Reset: 0

CRC Shift Register

Bit 15 14 13 12 11 10 9 8

| CRCSHIFTH[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

| CRCSHIFTL[7:0]
Access RO RO RO RO RO RO RO RO
Reset 0 0 0 0 0 0 0 0

Bits 15:8 - CRCSHIFTH[7:0] CRC Shifter Register Most Significant Byte
Reading from this register reads the Most Significant Byte of the CRC Shifter.

Bits 7:0 - CRCSHIFTL[7:0] CRC Shifter Register Least Significant Byte
Reading from this register reads the Least Significant Byte of the CRC Shifter.
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13.12.6 CRCXOR

Name: CRCXOR
Address: O0xF45

CRC XOR Register

Bit 15 14 13 12 11 10 9 8
| CRCXORH[7:0] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X
Bit 7 6 5 4 3 2 1 0
CRCXORL[6:0] | CRCXORLO |
Access R/W R/W R/W R/W R/W R/W R/W U
Reset X X X X X X X 1

Bits 15:8 - CRCXORH[7:0] XOR of Polynomial Term XN Enable Most Significant Byte
Bits 7:1 - CRCXORL[6:0] XOR of Polynomial Term XN Enable Least Significant Byte

Bit 0 - CRCXORLO LSbhit is unimplemented. Read as ‘1’
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13.12.7 SCANCONO

Name: SCANCONO
Address: OxF4F

Scanner Access Control Register O

Bit 7 6 5 4 3 2 1 0
| SCANEN | SCANGO | BUSY | INVALD | INTM | | MODE[1:0] |
Access R/W R/W/HC R R R/W R/W R/W
Reset 0 0 0 1 0 0 0

Bit 7 - SCANEN Scanner Enable bit(

Value Description
1 Scanner is enabled
0 Scanner is disabled, internal states are reset

Bit 6 - SCANGO Scanner GO bit(2 3)

Value Description

1 When the CRC sends a ready signal, NVM will be accessed according to MDx and data passed to the client
peripheral.

0 Scanner operations will not occur

Bit 5 - BUSY Scanner Busy Indicator bit®

Value Description
1 Scanner cycle is in process
0 Scanner cycle is complete (or never started)

Bit 4 - INVALID Scanner Abort Signal bit

Value Description
SCANLADRL/H/U has incremented to an invalid address(® or the scanner was not set up correctly
SCANLADRL/H/U points to a valid address

o

Bit 3 - INTM NVM Scanner Interrupt Management Mode Select bit

VEINS Condition Description

X MODE =10 This bit is ignored

1 MODE = 01 CPU is stalled until all data is transferred. SCANGO is overridden (to zero) during interrupt
operation; scanner resumes after returning from interrupt

0 MODE =01 CPU is stalled until all data is transferred. SCANGO is not affected by interrupts, the
interrupt response will be affected

1 MODE = 00 OR 11 SCANGO is overridden (to zero) during interrupt operation; scan operations resume after
returning from interrupt

0 MODE =00 OR 11 Interrupts do not prevent NVM access

Bits 1:0 - MODE[1:0] Memory Access Mode bits(®

VEIS Description

11 Triggered mode
10 Peek mode

01 Burst mode

00 Concurrent mode
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Notes:
Setting SCANEN = 0 (SCANCONO register) does not affect any other register content.

This bit is cleared when LADR > HADR (and a data cycle is not occurring).

If INTM = 1, this bit is overridden (to zero, but not cleared) during an interrupt response.
BUSY = 1 when the NVM is being accessed, or when the CRC sends a ready signal.

See Table 13-1 for more detailed information.

S T o

An invalid address can occur when the entire range of PFM is scanned and the value of LADR
rolls over. An invalid address can also occur if the value in the Scan Low address registers points
to a location that is not mapped in the memory map of the device.

7. CRCEN and CRCGO bits must be set before setting SCANGO bit. Refer to 13.8. Program Memory
Scan Configuration.
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13.12.8 SCANLADR

Name: SCANLADR

Address: 0xF49

Reset: 0

Scan Low Address Register

Bit 23 22 21 20 19 18 17 16
| | SCANLADRU[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
| SCANLADRH[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SCANLADRL[7:0]
Access R/W R/W RIW R/W RIW R/W RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 21:16 - SCANLADRUI[5:0] Scan Start/Current Address upper byte

Upper bits of the current address to be fetched from, value increments on each fetch of memory.

Bits 15:8 - SCANLADRH[7:0] Scan Start/Current Address high byte
High byte of the current address to be fetched from, value increments on each fetch of memory.

Bits 7:0 - SCANLADRL[7:0] Scan Start/Current Address low byte
Low byte of the current address to be fetched from, value increments on each fetch of memory.

Notes:

1. Registers SCANLADRU/H/L form a 22-bit value, but are not guarded for atomic or asynchronous

access; registers may only be read or written while SCANGO = 0.
2. While SCANGO = 1, writing to this register is ignored.
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13.12.9 SCANHADR
Name: SCANHADR
Address: O0xF4C
Reset: 0

Scan High Address Register

Bit 23 22 21 20 19 18 17 16
| | | SCANHADRUI5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1
Bit 15 14 13 12 11 10 9 8
SCANHADRH[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
SCANHADRL[7:0]
Access R/W R/W RIW R/W RIW R/W RIW RIW
Reset 1 1 1 1 1 1 1 1

Bits 21:16 - SCANHADRUI[5:0] Scan End Address bits
Upper bits of the address at the end of the designated scan

Bits 15:8 - SCANHADRH[7:0] Scan End Address bits
High byte of the address at the end of the designated scan

Bits 7:0 - SCANHADRL[7:0] Scan End Address bits
Low byte of the address at the end of the designated scan

Notes:

1. Registers SCANHADRU/H/L form a 22-bit value but are not guarded for atomic or asynchronous

access; registers may only be read or written while SCANGO = 0.
2. While SCANGO = 1, writing to this register is ignored.
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13.12.10 SCANTRIG

Name: SCANTRIG

Address: O0xF50
Reset: 0

SCAN Trigger Selection Register

Bit 7 6 5 3 2 1 0
| | TSEL[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 - TSEL[3:0] Scanner Data Trigger Input Selection bits

Table 13-5. SCAN Trigger Sources

TSEL Trigger Source

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000
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Reserved
Reserved
Reserved
SMT20UT
SMT10UT
TMR8_postscaled
TMR7_output
TMR6_postscaled
TMR5_output
TMR4_postscaled
TMR3_output
TMR2_postscaled
TMR1_output
TMRO_output
CLKREF_output
LFINTOSC
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14. Interrupts
The PIC18(L)F67K40 devices have multiple interrupt sources and an interrupt priority feature that
allows most interrupt sources to be assigned a high or low-priority level. The high-priority interrupt
vector is at 0008h and the low-priority interrupt vector is at 0018h. A high-priority interrupt event
will interrupt a low-priority interrupt that may be in progress.

The registers for controlling interrupt operation are;

+ INTCON

*  PIRx (Interrupt flags)

+ PIEX (Interrupt enables)

+ IPRx (High/Low interrupt priority)

It is recommended that the Microchip header files supplied with MPLAB’ IDE be used for the
symbolic bit names in these registers. This allows the assembler/compiler to automatically take care
of the placement of these bits within the specified register.

In general, interrupt sources have three bits to control their operation. They are:

+ Flag bit to indicate that an interrupt event occurred

« Enable bit that allows program execution to branch to the interrupt vector address when the flag
bit is set

+ Priority bit to select high priority or low priority

14.1 Midrange Compatibility
When the IPEN bit is cleared (default state), the interrupt priority feature is disabled and interrupts
are compatible with PIC” microcontroller midrange devices. In Compatibility mode, the interrupt
priority bits of the IPRx registers have no effect. The PEIE/GIEL bit is the global interrupt enable
for the peripherals. The PEIE/GIEL bit disables only the peripheral interrupt sources and enables
the peripheral interrupt sources when the GIE/GIEH bit is also set. The GIE/GIEH bit is the global
interrupt enable which enables all non-peripheral interrupt sources and disables all interrupt
sources, including the peripherals. All interrupts branch to address 0008h in Compatibility mode.

14.2 Interrupt Priority
The interrupt priority feature is enabled by setting the IPEN bit. When interrupt priority is enabled
the GIE/GIEH and PEIE/GIEL Global Interrupt Enable bits of Compatibility mode are replaced by the
GIEH high priority, and GIEL low priority, global interrupt enables. When the IPEN bit is set, the GIEH
bit enables all interrupts which have their associated bit in the IPRx register set. When the GIEH bit
is cleared, then all interrupt sources including those selected as low priority in the IPRx register are
disabled.

When both GIEH and GIEL bits are set, all interrupts selected as low priority sources are enabled.

A high-priority interrupt will vector immediately to address 00 0008h and a low-priority interrupt will
vector to address 00 0018h.

14.3 Interrupt Response
When an interrupt is responded to, the Global Interrupt Enable bit is cleared to disable further
interrupts. The GIE/GIEH bit is the Global Interrupt Enable when the IPEN bit is cleared. When the
IPEN bit is set, enabling interrupt priority levels, the GIEH bit is the high priority Global Interrupt
Enable and the GIEL bit is the low priority Global Interrupt Enable. High-priority interrupt sources
can interrupt a low-priority interrupt. Low-priority interrupts are not processed while high-priority
interrupts are in progress.

The return address is pushed onto the stack and the PC is loaded with the interrupt vector address
(0008h or 0018h). Once in the Interrupt Service Routine, the source(s) of the interrupt can be
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determined by polling the interrupt flag bits in the INTCONx and PIRx registers. The interrupt
flag bits must be cleared by software before re-enabling interrupts to avoid repeating the same
interrupt.

The “return from interrupt” instruction, RETFIE, exits the interrupt routine and sets the GIE/GIEH bit
(GIEH or GIEL if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or the interrupt-on-change pins, the interrupt
latency will be three to four instruction cycles. The exact latency is the same for one-cycle

or two-cycle instructions. Individual interrupt flag bits are set, regardless of the status of their
corresponding enable bits or the Global Interrupt Enable bit.

Important: Do not use the MOVFF instruction to modify any of the interrupt control
registers while any interrupt is enabled. Doing so may cause erratic microcontroller
behavior.

Figure 14-1. PIC18 Interrupt Logic

Wake-up if in
Idle or Sleep

PIRO modes

Interrupt to
CPU Vector at
Location 0008h

-

GIEH/GIE

;

Interrupt to
CPU Vector at
Location 0018h

. f\
PIRx
iy GIEH/GIEE:)—»
IPRx GIEL/PEIE

14.4 INTCON Registers

The INTCON registers are readable and writable registers, which contain various enable and priority
bits.
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14.5

14.6

14.7

14.8

14.9

14.10

14.11

PIR Registers

The PIR registers contain the individual flag bits for the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are 9 PIR registers.

PIE Registers

The PIE registers contain the individual enable bits for the peripheral interrupts. Due to the number
of peripheral interrupt sources, there are 9 Peripheral Interrupt Enable registers. When IPEN = 0, the
PEIE/GIEL bit must be set to enable any of these peripheral interrupts.

IPR Registers

The IPR registers contain the individual priority bits for the peripheral interrupts. Due to the number
of peripheral interrupt sources, there are 9 Peripheral Interrupt Priority registers. Using the priority
bits requires that the Interrupt Priority Enable (IPEN) bit be set.

INTn Pin Interrupts

PIC18(L)F67K40 devices have 4 external interrupt sources which can be assigned to any pin

on PORTA and PORTB using PPS. The external interrupt sources are edge-triggered. If the
corresponding INTXEDG bit in the 14.13.1. INTCON register is set (= 1), the interrupt is triggered
by a rising edge. It the bit is clear, the trigger is on the falling edge.

All external interrupts (INTO, INT1, INT2, INT3) 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 corresponding interrupt priority bit
(INTOP, INT1P, INT2P, INT3) of the 14.13.22. IPRO register.

TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the TMRO register (FFh - 00h) will set flag

bit, TMROIF. In 16-bit mode, an overflow in the TMROH:TMROL register pair (FFFFh - 0000h) will

set TMROIF. The interrupt can be enabled/disabled by setting/clearing enable bit, TMROIE. Interrupt
priority for TimerO is determined by the value contained in the interrupt priority bit, TMROIP. See
“Timer0 Module” for further details on the Timer0 module.

Related Links
18. TMRO - Timer0O Module

Interrupt-on-Change

An input change on any port pins that support 10C sets Flag bit, IOCIF. The interrupt can be enabled/
disabled by setting/clearing the enable bit, IOCIE. Pins must also be individually enabled in the IOCxP
and IOCxN register. IOCIF is a read-only bit and the flag can be cleared by clearing the corresponding
|IOCXF registers. For more information, refer to the “Interrupt-on-Change” chapter.

Related Links
16. Interrupt-on-Change

Context Saving During Interrupts

During interrupts, the return PC address is saved on the stack. Additionally, the WREG, STATUS and
BSR registers are saved on the fast return stack. If a fast return from interrupt is not used the user
may need to save the WREG, STATUS and BSR registers on entry to the Interrupt Service Routine.
Depending on the user’s application, other registers may also need to be saved. Saving Status,
WREG and BSR Registers in RAM saves and restores the WREG, STATUS and BSR registers during an
Interrupt Service Routine.
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Example 14-1. Saving Status, WREG and BSR Registers in RAM

MOVWE W_TEMP
MOVEF STATUS, STATUS TEMP
MOVFF BSR, BSR_TEMP
; USER ISR CODE
MOVFEF BSR TEMP, BSR
MOVEF W _TEMP, W
MOVFF STATUS_TEMP, STATUS

Related Links
10.1.2.5. Fast Register Stack

’

W_TEMP is in virtual bank
STATUS_TEMP located anywhere
BSR_TEMP located anywhere

Restore BSR
Restore WREG
Restore STATUS
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14.12 Register Summary - Interrupt Control

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

Reserved
OxO0E1E
OxOE1F IPRO
0x0E20 IPR1
Ox0E21 IPR2
Ox0E22 IPR3
0x0E23 IPR4
0x0E24 IPR5
Ox0E25 IPR6
Ox0E26 IPR7
0x0E27 IPR8
0x0E28 IPR9
Ox0E29 PIEO
Ox0E2A PIE1
0x0E2B PIE2
0x0E2C PIE3
0x0E2D PIE4
Ox0E2E PIES
OxOE2F PIE6
0x0E30 PIE7
Ox0E31 PIE8
Ox0E32 PIES
0x0E33 PIRO
0x0E34 PIR1
Ox0E35 PIR2
Ox0E36 PIR3
0x0E37 PIR4
0x0E38 PIR5
Ox0E39 PIR6
Ox0E3A PIR7
0x0E3B PIR8
0Xx0E3C PIR9
0x0E3D

Reserved
OxOFF1
O0xOFF2 INTCON

14.13
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7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0

OSCFIP
HLVDIP
RC2 1P

TMR8IP

SCANIP

OSCFIE
HLVDIE
RC2 IE

TMRS8IE

SCANIE

OSCFIF
HLVDIF
RC2IF

TMRSIF

SCANIF

GIE/GIEH

TMROIP 10CIP
CSWIP
ZCDIP
TX2 1P RC1IP TX1IP
RC5IP TX5IP
TMR7IP TMR6IP TMRS5IP
CCP5IP
CRCIP NVMIP
SMT2PWAIP = SMT2PRAIP
TMROIE I0CIE
CSWIE
ZCDIE
TX2 IE RC1IE TX1IE
RCSIE TX5IE
TMR7IE TMRG6IE TMR5IE
CCPSIE
CRCIE NVMIE
SMT2PWAIE = SMT2PRAIE
TMROIF IOCIF
CSWIF
ZCDIF
TX2IF RC1IF TX1IF
RCSIF TX5IF
TMR7IF TMR6IF TMRSIF
CCP5IF
CRCIF NVMIF
SMT2PWAIF = SMT2PRAIF
PEIE/GIEL IPEN

Register Definitions: Interrupt Control

INT3IP

BCL2 IP
RC4IP
TMR4IP
TMR7GIP
CCP4IP

SMT2IP
INT3 IE

BCL2 IE
RC4IE
TMR4IE
TMR7GIE
CCP4IE

SMT2IE
INT3IF

BCL2IF
RCAIF
TMR4IF
TMR7GIF
CCP4IF

SMT2IF

INT3EDG

INT2IP

C3 1P
SSP2 1P

TX41P
TMR3IP
TMR5GIP
CCP3IP

SMT1PWAIP
INT2IE

C3IE
SSP2 IE
TX4IE
TMR3IE
TMR5GIE
CCP3IE

SMT1PWAIE
INT2IF

C3IF
SSP2IF
TX4IF
TMR3IF
TMRS5GIF
CCP3IF

SMT1PWAIF

INT2EDG

INTTIP
ADTIP
czip
BCL 1IP
RC3IP
TMR2IP
TMR3GIP
CCp2IP

SMT1PRAIP
INT1IE
ADTIE

C2IE
BCL 1IE

RC3IE
TMR2IE
TMR3GIE
CCP2IE

SMT1PRAIE
INTTIF
ADTIF

C2IF
BCL1IF
RC3IF
TMR2IF
TMR3GIF
CCP2IF

SMT1PRAIF

INT1EDG

INTOIP
ADIP
C1Ip

SSP 11P
TX3IP
TMR1IP
TMR1GIP
CCP1IP
CWG1IP
SMT1IP

INT OIE
ADIE
C1IE

SSP1IE
TX3IE
TMR1IE
TMR1GIE
CCP1IE
CWGT1IE

SMT1IE

INTOIF
ADIF

C1IF

SSP1IF

TX3IF
TMR1IF
TMR1GIF
CCP1IF
CWGTIF
SMT1IF

INTOEDG
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14.13.1 INTCON

Name: INTCON
Address: OxFF2

Interrupt Control Register

Bit 7 6 5 4 3 2 1 0

| GIE/GIEH | PEIE/GIEL | IPEN | | INT3EDG | INT2EDG | INT1EDG | INTOEDG |
Access R/W R/W RIW R/W R/W R/W R/W
Reset 0 0 0 0 1 1 1

Bit 7 - GIE/GIEH Global Interrupt Enable bit

1 IfIPEN =1 Enables all unmasked interrupts and cleared by hardware for high-priority interrupts only
0 If IPEN =1 Disables all interrupts

1 If IPEN =0 Enables all unmasked interrupts and cleared by hardware for all interrupts

0 If IPEN =0 Disables all interrupts

Bit 6 - PEIE/GIEL Peripheral Interrupt Enable bit

1 If IPEN =1 Enables all low-priority interrupts and cleared by hardware for low-priority interrupts only
0 If IPEN =1 Disables all low-priority interrupts

1 If IPEN =0 Enables all unmasked peripheral interrupts

0 If IPEN =0 Disables all peripheral interrupts

Bit 5 - IPEN Interrupt Priority Enable bit

1 Enable priority levels on interrupts
0 Disable priority levels on interrupts

Bits 0, 1, 2, 3 - INTXEDG External Interrupt ‘X’ Edge Select bit

1 Interrupt on rising edge of INTx pin
0 Interrupt on falling edge of INTx pin

Important: Interrupt flag bits are set when an interrupt condition occurs, regardless of the
state of its corresponding enable bit or the global enable bit. User software must ensure
the appropriate interrupt flag bits are cleared prior to enabling an interrupt. This feature
allows for software polling.
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14.13.2 PIRO

Name: PIRO
Address: O0xE33

Peripheral Interrupt Request (Flag) Register 0

Bit 7 6 5 4 3 2 1 0
| | | TMROIF | IOCIF [ INT3IF | INT2IF | INTUIF | INTOIF |
Access R/W R R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 5 - TMROIF Timer0 Interrupt Flag bit(
1 TMRO register has overflowed (must be cleared by software)
0 TMRO register has not overflowed

Bit 4 - IOCIF Interrupt-on-Change Flag bit(1.2)

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

Bits 0, 1, 2, 3 - INTXIF External Interrupt ‘x’ Flag bit(1.3)

1 External Interrupt 'x’ has occurred
0 External Interrupt ‘x’ has not occurred

Notes:
1. Interrupts are not disabled by the PEIE bit.

2. 10CIFis a read-only bit; to clear the interrupt condition, all bits in the IOCF register must be
cleared.
3. The external interrupt GPIO pin is selected by the INTPPS register.
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14.13.3 PIR1

Name: PIR1
Address: O0xE34

Peripheral Interrupt Request (Flag) Register 1

Bit 7 6 5 4 3 2 1 0
| OSCFIF | CSWIF | | | | | ADTIF | ADIF |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 7 - OSCFIF Oscillator Fail Interrupt Flag bit

1 Device oscillator failed, clock input has changed to HFINTOSC (must be cleared by software)
0 Device clock operating

Bit 6 - CSWIF Clock-Switch Interrupt Flag bit("

Value Description
1 New oscillator is ready for switch (must be cleared by software)
0 New oscillator is not ready for switch or has not been started

Bit 1 - ADTIF ADC Threshold Interrupt Flag bit

VEINS Description
1 ADC Threshold interrupt has occurred (must be cleared by software)
0 ADC Threshold event is not complete or has not been started

Bit 0 - ADIF ADC Interrupt Flag bit

1 An A/D conversion completed (must be cleared by software)
0 The A/D conversion is not complete or has not been started
Note:

1. The CSWIF interrupt will not wake the system from Sleep. The system will sleep until another
interrupt causes the wake-up.
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14.13.4 PIR2

Name: PIR2
Address: O0xE35

Peripheral Interrupt Request (Flag) Register 2

Bit 7 6 5 4 3 2 1 0
| HLVDIF | ZCDIF | | | | @F | cF [ cIF |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 7 - HLVDIF HLVD Interrupt Flag bit

1 HLVD interrupt event has occurred
0 HLVD interrupt event has not occurred or has not been set up

Bit 6 - ZCDIF Zero-Cross Detect Interrupt Flag bit

Value Description

1 ZCD Output has changed (must be cleared in software)
0 ZCD Output has not changed

Bits 0, 1, 2 - CxIF Comparator ‘X’ Interrupt Flag bit

VEINS Description

1 Comparator Cx output has changed (must be cleared by software)
0 Comparator Cx output has not changed
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14.13.5 PIR3

Name: PIR3
Address: O0xE36

Peripheral Interrupt Request (Flag) Register 3

Bit 7 6 5 4 3 2 1 0
| RC2F | TX2IF | RCUF | TXNUF | BCL2IF | SSP2IF | BCL1IF [ SSP1IF |
Access R R R R RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 5, 7 - RCxIF EUSARTX Receive Interrupt Flag bit

1 The EUSARTX receive buffer, RCXREG, is full (cleared by reading RCXREG)
0 The EUSARTX receive buffer is empty

Bits 4, 6 - TXxIF EUSARTX Transmit Interrupt Flag bit

Value Description
1 The EUSARTX transmit buffer, TXXREG, is empty (cleared by writing TXXREG)
0 The EUSARTXx transmit buffer is full

Bits 1, 3 - BCLxIF MSSPx Bus Collision Interrupt Flag bit

VEINS Description

1 A bus collision has occurred while the MSSPx module configured in 12C host was transmitting (must be cleared
in software)

0 No bus collision occurred

Bits 0, 2 - SSPxIF Synchronous Serial Port ‘X' Interrupt Flag bit

Value Description
1 The transmission/reception is complete (must be cleared in software)
0 Waiting to transmit/receive
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14.13.6 PIR4

Name: PIR4
Address: O0xE37

Peripheral Interrupt Request (Flag) Register 4

Bit 7 6 5 4 3 2 1 0

| | | RCSIF | TXSIF | RC4IF | TX4lF | RC3IF | TX3IF |
Access R R R R R R
Reset 0 0 0 0 0 0

Bit 5 - RC5IF EUSARTS5 Receive Interrupt Flag bit
Value Description
1 The EUSARTS receive buffer, RC5REG, is full (cleared by reading RC5REG)
0 The EUSARTS5 receive buffer is empty

Bit 4 - TX5IF EUSARTS5 Transmit Interrupt Flag bit

Value Description
1 The EUSARTS transmit buffer, TXSREG, is empty (cleared by writing TX5REG)
0 The EUSARTS transmit buffer is full

Bit 3 - RC4IF EUSART4 Receive Interrupt Flag bit

VEINS Description
1 The EUSART4 receive buffer, RC4AREG, is full (cleared by reading RC4REG)
0 The EUSART4 receive buffer is empty

Bit 2 - TX4IF EUSART4 Transmit Interrupt Flag bit
Value Description
1 The EUSART4 transmit buffer, TX4REG, is empty (cleared by writing TX4REG)
0 The EUSART4 transmit buffer is full

Bit 1 - RC3IF EUSART3 Receive Interrupt Flag bit

Value Description
1 The EUSARTS3 receive buffer, RC3REG, is full (cleared by reading RC3REG)
0 The EUSARTS3 receive buffer is empty

Bit 0 - TX3IF EUSART3 Transmit Interrupt Flag bit

VEINS Description
1 The EUSART3 transmit buffer, TX3REG, is empty (cleared by writing TX3REG)
0 The EUSART3 transmit buffer is full
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14.13.7 PIRS

Name: PIR5
Address: O0xE38

Peripheral Interrupt Request (Flag) Register 5

Bit 7 6 5 4 3 2 1 0
| TMR8IF | TMR7IF | TMR6IF | TMRSIF | TMR4IF | TMR3IF | TMR2IF [ TMRIIF |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 - TMRS8IF TMRS8 to PR8 Match Interrupt Flag bit
Value Description
1 TMRS8 to PR8 match occurred (must be cleared in software)
0 No TMR8 to PR8 match occurred

Bit 6 - TMR7IF TMR7 to PR7 Match Interrupt Flag bit

Value Description
TMR7 to PR7 match occurred (must be cleared in software)
No TMR7 to PR7 match occurred

o

Bit 5 - TMR6IF TMR6 to PR6 Match Interrupt Flag bit

VEINS Description
1 TMR6 to PR6 match occurred (must be cleared in software)
0 No TMR6 to PR6 match occurred

Bit 4 - TMR5IF TMR5 to PR5 Match Interrupt Flag bit

Value Description
1 TMRS5 to PR5 match occurred (must be cleared in software)
0 No TMR5 to PR5 match occurred

Bit 3 - TMR4IF TMR4 to PR4 Match Interrupt Flag bit

Value Description
TMR4 to PR4 match occurred (must be cleared in software)
No TMR4 to PR4 match occurred

o

Bit 2 - TMR3IF TMR3 to PR3 Match Interrupt Flag bit

VEINS Description
1 TMR3 to PR3 match occurred (must be cleared in software)
0 No TMR3 to PR3 match occurred

Bit 1 - TMR2IF TMR2 to PR2 Match Interrupt Flag bit

Value Description
1 TMR2 to PR2 match occurred (must be cleared in software)
0 No TMR2 to PR2 match occurred

Bit 0 - TMR1IF TMR1 to PR1 Match Interrupt Flag bit

Value Description
1 TMR1 to PR1 match occurred (must be cleared in software)
0 No TMR1 to PR1 match occurred
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14.13.8 PIR6

Name: PIR6
Address: O0xE39

PIR6 Peripheral Interrupt Request (Flag) Register 6

Bit 7 6 5 4 3 2 1 0

| | | | | TMR7GIF | TMRSGIF | TMR3GIF | TMRIGIF |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 3 - TMR7GIF TMR7 Gate Interrupt Flag bit

1 TMR7 gate interrupt occurred (must be cleared in software)
0 No TMR7 gate occurred

Bit 2 - TMR5GIF TMR5 Gate Interrupt Flag bit

Value Description
1 TMRS5 gate interrupt occurred (must be cleared in software)
0 No TMR5 gate occurred

Bit 1 - TMR3GIF TMR3 Gate Interrupt Flag bit

VEINS Description
1 TMR3 gate interrupt occurred (must be cleared in software)
0 No TMR3 gate occurred

Bit 0 - TMR1GIF TMR1 Gate Interrupt Flag bit

1 TMR1 gate interrupt occurred (must be cleared in software)
0 No TMR1 gate occurred
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14.13.9 PIR7

Name:
Address:

PIR7
OxE3A

Peripheral Interrupt Request (Flag) Register 7

Bit 6 5 4 3 2 1 0
| | | | CCP5IF | CCP4IF | CCP3IF | CCP2IF | CCP1IF |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 4 - CCP5IF ECCPS Interrupt Flag bit
Value Condition Description
1 Capture mode A TMR register capture occurred (must be cleared in software)
0 Capture mode No TMR register capture occurred
1 Compare mode A TMR register compare match occurred (must be cleared in software)
0 Compare mode No TMR register compare match occurred
- PWM mode Unused in PWM mode.

Bit 3 - CCP4IF ECCP4 Interrupt Flag bit

Value
1
0
1
0

Condition Description

Capture mode A TMR register capture occurred (must be cleared in software)
Capture mode No TMR register capture occurred

Compare mode A TMR register compare match occurred (must be cleared in software)
Compare mode No TMR register compare match occurred

PWM mode Unused in PWM mode.

Bit 2 - CCP3IF ECCP3 Interrupt Flag bit

Value
1
0
1
0

Condition Description

Capture mode A TMR register capture occurred (must be cleared in software)
Capture mode No TMR register capture occurred

Compare mode A TMR register compare match occurred (must be cleared in software)
Compare mode No TMR register compare match occurred

PWM mode Unused in PWM mode.

Bit 1 - CCP2IF ECCP2 Interrupt Flag bit

Value
1

0
1
0

Condition Description

Capture mode A TMR register capture occurred (must be cleared in software)
Capture mode No TMR register capture occurred

Compare mode A TMR register compare match occurred (must be cleared in software)
Compare mode No TMR register compare match occurred

PWM mode Unused in PWM mode.

Bit 0 - CCP1IF ECCP1 Interrupt Flag bit

Value
1
0
1
0

@ MICROCHIP

Condition Description

Capture mode A TMR register capture occurred (must be cleared in software)
Capture mode No TMR register capture occurred

Compare mode A TMR register compare match occurred (must be cleared in software)
Compare mode No TMR register compare match occurred

PWM mode Unused in PWM mode.
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14.13.10 PIR8

Name: PIR8
Address: OxE3B

Peripheral Interrupt Request (Flag) Register 8

Bit 7 6 5 4 3 2 1 0
| SCANIF | CRCIF [ NVMIF | | | | CWGIIF |
Access R/W R/W RIW R/W
Reset 0 0 0 0

Bit 7 - SCANIF Memory Scanner Interrupt Flag bit

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

Bit 6 - CRCIF CRC Interrupt Flag bit

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

Bit 5 - NVMIF NVM Interrupt Flag bit

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

Bit 0 - CWG1IF CWGT Interrupt Flag bit

1 Interrupt has occurred (must be cleared by software)
0 Interrupt event has not occurred
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14.13.11 PIR9

Name: PIR9
Address: OxE3C

Peripheral Interrupt Request (Flag) Register 9

Bit 7 6 5 4 3 2 1 0
| | | SMT2PWAIF | SMT2PRAIF | SMT2IF | SMT1PWAIF | SMT1PRAIF | SMTI1IF |
Access R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS
Reset 0 0 0 0 0 0

Bit 5 - SMT2PWAIF SMT2 Pulse Width Acquisition Interrupt Flag bit
Value Description
1 Interrupt has occurred (must be cleared by software)
0 Interrupt event has not occurred

Bit 4 - SMT2PRAIF SMT2 Period Acquisition Interrupt Flag bit
Value Description
1 Interrupt has occurred (must be cleared by software)
0 Interrupt event has not occurred

Bit 3 - SMT2IF SMT2 Interrupt Flag bit

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

Bit 2 - SMT1PWAIF SMT1 Pulse Width Acquisition Interrupt Flag bit

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

Bit 1 - SMT1PRAIF SMT1 Period Acquisition Interrupt Flag bit
Value Description
1 Interrupt has occurred (must be cleared by software)
0 Interrupt event has not occurred

Bit 0 - SMT1IF SMT1 Interrupt Flag bit

VEINS Description
1 Interrupt has occurred (must be cleared by software)
0 Interrupt event has not occurred
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14.13.12 PIEO

Name: PIEO
Address: 0xE29
Peripheral Interrupt Enable Register 0
Bit 7 6 5 4 3 2 1 0
| | TMROIE | IOCIE [ INT3IE INT2E | INTHIEE [ INTOIE |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 5 - TMROIE Timer0 Interrupt Enable bit("
1 Enabled
0 Disabled
Bit 4 - IOCIE Interrupt-on-Change Enable bit(™
1 Enabled
0 Disabled
Bits 0, 1, 2, 3 - INTxIE External Interrupt ‘x’ Enable bit("
1 Enabled
0 Disabled

Note:
1. PIRO interrupts are not disabled by the PEIE bit in the INTCON register.
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14.13.13 PIE1

Name: PIE1
Address: OxE2A

Peripheral Interrupt Enable Register 1

Bit 7 6 5 4 3 2 1 0
| OSCFIE | CSWIE | | | | | ADTIE | ADE |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 7 - OSCFIE Oscillator Fail Interrupt Enable bit

1 Enabled
0 Disabled

Bit 6 - CSWIE Clock-Switch Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 1 - ADTIE ADC Threshold Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 0 - ADIE ADC Interrupt Enable bit

1 Enabled
0 Disabled
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14.13.14 PIE2

Name: PIE2
Address: O0xE2B
Peripheral Interrupt Enable Register 2
Bit 7 6 5 4 3 2 1 0
| HLVDIE ZCDIE | | | C3IE | CAE | CUE |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 - HLVDIE HLVD Interrupt Enable bit
1 Enabled
0 Disabled
Bit 6 - ZCDIE Zero-Cross Detect Interrupt Enable bit
1 Enabled
0 Disabled
Bits 0, 1, 2 - CxIE Comparator ‘X' Interrupt Enable bit
1 Enabled
0 Disabled
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14.13.15 PIE3

Name: PIE3
Address: O0xE2C

Peripheral Interrupt Enable Register 3

Bit 7 6 5 4 3 2 1 0
| RC2IE | TX2IE | RCUE | TX1ME | BCL2IE | SSP2IE | BCL1IE [ SSP1E |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 5, 7 - RCxIE EUSARTX Receive Interrupt Enable bit

1 Enabled
0 Disabled

Bits 4, 6 - TXxIE EUSARTX Transmit Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bits 1, 3 - BCLxIE MSSPx Bus Collision Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bits 0, 2 - SSPxIE Synchronous Serial Port ‘X’ Interrupt Enable bit

Value Description

1 Enabled
0 Disabled

@ MICROCHIP

214



14.13.16 PIE4

Name: PIE4
Address: OxE2D

Peripheral Interrupt Enable Register 4

Bit 7 6 5 4 3 2 1 0
| | | RCSIE | TXSIE | RC4IE | TX4lE | RCIE | TX3IE |
Access RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 5 - RC5IE EUSARTS5 Receive Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 4 - TX5IE EUSART5 Transmit Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 3 - RC4IE EUSART4 Receive Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 2 - TX4lE EUSART4 Transmit Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 1 - RC3IE EUSART3 Receive Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 0 - TX3IE EUSART3 Transmit Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled
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14.13.17 PIES

Name: PIE5
Address: OxE2E

Peripheral Interrupt Enable Register 5

Bit 7 6 5 4 3 2 1 0
| TMRBIE | TMR7IE | TMR6IE | TMRSIE | TMR4IE | TMR3IE | TMR2IE | TMRIIE |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 - TMRS8IE TMRS8 to PR8 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 6 - TMR7IE TMR7 to PR7 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 5 - TMR6IE TMR6 to PR6 Match Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 4 - TMR5IE TMR5 to PR5 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 3 - TMR4IE TMR4 to PR4 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 2 - TMR3IE TMR3 to PR3 Match Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 1 - TMR2IE TMR2 to PR2 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 0 - TMR1IE TMR1 to PR1 Match Interrupt Enable bit

Value Description
1 Enabled
0 Disabled
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14.13.18 PIE6

Name: PIE6
Address: OxE2F

Peripheral Interrupt Enable Register 6

Bit 7 6 5 4 3 2 1 0

| | | | | TMR7GIE | TMRSGIE | TMR3GIE | TMRIGIE |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 3 - TMR7GIE TMR7 Gate Interrupt Enable bit

1 Enabled
0 Disabled

Bit 2 - TMR5GIE TMRS5 Gate Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 1 - TMR3GIE TMR3 Gate Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 0 - TMR1GIE TMR1 Gate Interrupt Enable bit

1 Enabled
0 Disabled
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14.13.19 PIE7

Name: PIE7
Address: O0xE30

Peripheral Interrupt Enable Register 7

Bit 7 6 5 4 3 2 1 0
| | | | CCPSIE | CCP4IE | CCP3IE | CCP2IE | CCPIE |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 4 - CCP5IE ECCP5 Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 3 - CCP4IE ECCP4 Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 2 - CCP3IE ECCP3 Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 1 - CCP2IE ECCP2 Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 0 - CCP1IE ECCP1 Interrupt Enable bit

Value Description
1 Enabled
0 Disabled
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14.13.20 PIE8

Name: PIE8
Address: O0xE31

Peripheral Interrupt Enable Register 8

Bit 7 6 5 4 3 2 1 0
| SCANIE | CRCIE [ NVMIE | | | | CWGIIE |
Access R/W R/W RIW R/W
Reset 0 0 0 0

Bit 7 - SCANIE Memory Scanner Interrupt Enable bit

1 Enabled
0 Disabled

Bit 6 - CRCIE CRC Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 5 - NVMIE NVM Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 0 - CWG1IE CWGT Interrupt Enable bit

1 Enabled
0 Disabled
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14.13.21 PIES

Name: PIES
Address: O0xE32

Peripheral Interrupt Enable Register 9

Bit 7 6 5 4 3 2 1 0
| | | SMT2PWAIE | SMT2PRAIE | SMT2IE | SMT1PWAIE | SMT1PRAIE | SMTIIE |
Access RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 5 - SMT2PWAIE SMT2 Pulse-Width Acquisition Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 4 - SMT2PRAIE SMT2 Period Acquisition Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 3 - SMT2IE SMT2 Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled

Bit 2 - SMT1PWAIE SMT1 Pulse-Width Acquisition Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 1 - SMT1PRAIE SMT1 Period Acquisition Interrupt Enable bit

Value Description
1 Enabled
0 Disabled

Bit 0 - SMT1IE SMT1 Interrupt Enable bit

VEINS Description
1 Enabled
0 Disabled
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14.13.22 IPRO

Name: IPRO
Address: OxE1F

Reset
Bit 5 - TMROIP TimerO Interrupt Priority bit
1 High priority

0 Low priority
Bit 4 - IOCIP Interrupt-on-Change Priority bit
1 High priority
0 Low priority
Bits 0, 1, 2, 3 - INTxIP External Interrupt X’ Priority bit
High priority

Low priority

Peripheral Interrupt Priority Register O
Bit 7 6 5 4 3 2 1 0
| | TMROIP | 10CIP | INT3IP INT2IP [ INT1IP [ INTOIP |
Access RIW R/W R/W R/W R/W R/W
1 1 0 0 0 1

1
0
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14.13.23 IPR1

Name: IPR1
Address: O0xE20

Peripheral Interrupt Priority Register 1

Bit 7 6 5 4 3 2 1 0
| OSCFIP | Cswip | | | | ADTIP | ADIP |
Access R/W R/W R/W R/W
Reset 1 1 1 1

Bit 7 - OSCFIP Oscillator Fail Interrupt Priority bit

1 High priority
0 Low priority

Bit 6 - CSWIP Clock-Switch Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 1 - ADTIP ADC Threshold Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 0 - ADIP ADC Interrupt Priority bit

1 High priority
0 Low priority
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14.13.24 IPR2

Name: IPR2
Address: OxE21

Reset 1
Bit 7 - HLVDIP HLVD Interrupt Priority bit
1 High priority

0 Low priority
Bit 6 - ZCDIP Zero-Cross Detect Interrupt Priority bit
1 High priority
0 Low priority
Bits 0, 1, 2 - CxIP Comparator ‘X' Interrupt Priority bit
High priority

Low priority

Peripheral Interrupt Priority Register 2
Bit 7 6 5 4 3 2 1 0
| HLVDIP ZCDIP | | | i | ocap | Cc1P |
Access R/W R/W R/W R/W R/W
1 0 0 1

1
0
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14.13.25IPR3

Name: IPR3
Address: O0xE22

Peripheral Interrupt Priority Register 3

Bit 7 6 5 4 3 2 1 0
| RC2IP | TX2IP | RC1UP | TX1IP | BCL2IP | SSP2IP | BCL1IP [ SSP1IP |
Access RIW R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 1 1 0 0 1 1

Bits 5, 7 - RCxIP EUSARTX Receive Interrupt Priority bit

1 High priority
0 Low priority

Bits 4, 6 - TXxIP EUSARTx Transmit Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bits 1, 3 - BCLxIP MSSPx Bus Collision Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bits 0, 2 - SSPxIP Synchronous Serial Port 'x' Interrupt Priority bit

Value Description
1 High priority
0 Low priority
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14.13.26 IPR4

Name: IPR4
Address: O0xE23

Peripheral Interrupt Priority Register 4

Bit 7 6 5 4 3 2 1 0
| | | RC5IP | TX5IP | RC4IP | TX4IP | RGP | TX3IP |
Access RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 5 - RC5IP EUSARTS5 Receive Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 4 - TX5IP EUSARTS5 Transmit Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 3 - RC4IP EUSART4 Receive Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 2 - TX4IP EUSART4 Transmit Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 1 - RC3IP EUSART3 Receive Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 0 - TX3IP EUSART3 Transmit Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority
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14.13.27 IPRS

Name: IPR5
Address: O0xE24

Peripheral Interrupt Priority Register 5

Bit 7 6 5 4 3 2 1 0
| TMR8IP | TMR7IP | TMR6IP | TMRSIP | TMR4IP | TMR3IP | TMR2IP | TMRI1IP |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bit 7 - TMRS8IP TMR8 to PR8 Match Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 6 - TMR7IP TMR7 to PR7 Match Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 5 - TMR6IP TMR6 to PR6 Match Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 4 - TMR5IP TMRS5 to PR5 Match Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 3 - TMR4IP TMR4 to PR4 Match Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 2 - TMR3IP TMR3 to PR3 Match Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 1 - TMR2IP TMR2 to PR2 Match Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 0 - TMR1IP TMR1 to PR1 Match Interrupt Priority bit

Value Description
1 High priority
0 Low priority
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14.13.28 IPR6

Name: IPR6
Address: O0xE25

Peripheral Interrupt Priority Register

Bit 7 6 5 4 3 2 1 0

| | | | | TMR7GIP | TMR5GIP | TMR3GIP | TMRIGIP |
Access R/W R/W R/W R/W
Reset 1 1 1 1

Bit 3 - TMR7GIP TMR7 Gate Interrupt Priority bit

1 High priority
0 Low priority

Bit 2 - TMR5GIP TMR5 Gate Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 1 - TMR3GIP TMR3 Gate Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 0 - TMR1GIP TMR1 Gate Interrupt Priority bit

1 High priority
0 Low priority
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14.13.29 IPR7

Name: IPR7
Address: O0xE26

Peripheral Interrupt Priority Register

Bit 7 6 5 4 3 2 1 0
| | | | CCP5IP | CCP4IP | CCP3IP | CCP2IP | CCP1IP |
Access R/W R/W R/W R/W R/W
Reset 1 1 1 1 1

Bit 4 - CCP5IP ECCPS5 Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 3 - CCP4IP ECCP4 Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 2 - CCP3IP ECCP3 Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 1 - CCP2IP ECCP2 Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 0 - CCP1IP ECCP1 Interrupt Priority bit

Value Description
1 High priority
0 Low priority
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14.13.30 IPR8

Name: IPR8
Address: O0xE27

Peripheral Interrupt Priority Register 8

Bit 7 6 5 4 3 2 1 0
| SCANIP | CRCIP [ NVMIP | | | | CWGTIP |
Access R/W R/W RIW R/W
Reset 1 1 1 1

Bit 7 - SCANIP Memory Scanner Interrupt Priority bit

1 High priority
0 Low priority

Bit 6 - CRCIP CRC Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 5 - NVMIP NVM Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 0 - CWG1IP CWG1 Interrupt Priority bit

1 High priority
0 Low priority
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14.13.31 IPR9

Name: IPR9
Address: O0xE28

Peripheral Interrupt Priority Register 9

Bit 7 6 5 4 3 2 1 0
| | | SMT2PWAIP | SMT2PRAIP |  SMT2IP [ SMT1PWAIP | SMT1PRAIP | SMTI1IP |
Access RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1

Bit 5 - SMT2PWAIP SMT2 Pulse Width Acquisition Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 4 - SMT2PRAIP SMT2 Period Acquisition Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 3 - SMT2IP SMT2 Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority

Bit 2 - SMT1PWAIP SMT1 Pulse Width Acquisition Interrupt Priority bit
Value Description
1 High priority
0 Low priority

Bit 1 - SMT1PRAIP SMT1 Period Acquisition Interrupt Priority bit

Value Description
1 High priority
0 Low priority

Bit 0 - SMT1IP SMT1 Interrupt Priority bit

VEINS Description
1 High priority
0 Low priority
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15. 1/0O Ports

Table 15-1. Port Availability per Device

Device PORTA PORTB PORTC PORTD PORTE PORTF PORTG PORTH
. ) ) ) . . . .

eV
PIC18(L)F6xK40

Each port has eight registers to control the operation. These registers are:

+ PORTXx registers (reads the levels on the pins of the device)
« LATx registers (output latch)

+ TRISx registers (data direction)

* ANSELx registers (analog select)

+  WPUXx registers (weak pull-up)

* INLVLx (input level control)

+ SLRCONX registers (slew rate control)

« ODCONX registers (open-drain control)

Most port pins share functions with device peripherals, both analog and digital. In general, when a
peripheral is enabled on a port pin, that pin cannot be used as a general purpose output; however,
the pin can still be read.

The Data Latch (LATx registers) is useful for read-modify-write operations on the value that the I/0
pins are driving.
A write operation to the LATx register has the same effect as a write to the corresponding PORTx

register. A read of the LATx register reads of the values held in the I/0 PORT latches, while a read of
the PORTXx register reads the actual I/0 pin value.

Ports that support analog inputs have an associated ANSELx register. When an ANSELXx 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 I/0 port, without
the interfaces to other peripherals, is shown in the following figure:
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Figure 15-1. Generic I/O Port Operation

Read LATx TRISx
D Q

Write LATx

Write PORTx

CKJ_ VDD
Data Register
Data Bus ®
- I/O pin
Read PORTx

To digital peripherals
Vss

ANSELXx

To analog peripherals «

15.1 1/O Priorities

Each pin defaults to the PORT data latch after Reset. Other functions are selected with the
peripheral pin select logic. See the “Peripheral Pin Select (PPS) Module” section 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 I/0 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:

Configuration bits
Analog outputs (disable the input buffers)
Analog inputs

AW~

Port inputs and outputs from PPS

Related Links
17. PPS - Peripheral Pin Select Module

15.2 PORTXx Registers

In this section the generic names such as PORTX, LATx, TRISx, etc. can be associated with all ports.

15.2.1 Data Register
PORTX is an 8-bit wide, bidirectional port. The corresponding data direction register is TRISx. Setting
a TRISx bit ("1') will make the corresponding PORTA pin an input (i.e., disable the output driver).
Clearing a TRISx bit ('0") will make the corresponding PORTx pin an output (i.e., it enables output
driver and puts the contents of the output latch on the selected pin). Example 15-1 shows how to
initialize PORTA.
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Reading the PORTXx register 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 holds the output port data and contains the latest value of a LATx or
PORTx write.

Example 15-1. Initializing PORTA

; This code example illustrates initializing the PORTA register.
; The other ports are initialized in the same manner.
CLRF LATA ; Set all output bits to zero
MOVLW B' 000" ; Set RA<7:3> as inputs and RA<2:0> as outputs
MOVWEF TRISA 9
BANKSEL ANSELA
CLRF ANSELA ; All pins are digital I/O

15.2.2 Direction Control

The TRISx register controls the PORTx pin output drivers, even when they are being used as analog
inputs. The user must ensure the bits in the TRISx register are maintained set when using them as
analog inputs. I/0 pins configured as analog inputs always read as ‘0’.

Related Links
15.4.9. TRISA

15.4.10. TRISB
15.4.11. TRISC
15.4.12. TRISD
15.4.13. TRISE
15.4.14. TRISF
15.4.15. TRISG
15.4.16. TRISH

15.2.3 Analog Control

The ANSELX register is used to configure the Input mode of an I/0 pin to analog. Setting the
appropriate ANSELX 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 ANSELX 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.

Important: The ANSELX 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.

Related Links

15.4.25. ANSELA
15.4.26. ANSELB
15.4.27. ANSELD
15.4.28. ANSELE
15.4.29. ANSELF
15.4.30. ANSELG
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15.2.4 Open-Drain Control

The ODCONX register controls the open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an ODCONX bit is set, the corresponding port output
becomes an open-drain driver capable of sinking current only. When an ODCONX bit is cleared,
the corresponding port output pin is the standard push-pull drive capable of sourcing and sinking
current.

Important: It is not necessary to set open-drain control when using the pin for 12C; the 12C
module controls the pin and makes the pin open-drain.

Related Links

15.4.39. ODCONA
15.4.40. ODCONB
15.4.41. ODCONC
15.4.42. ODCOND
15.4.43. ODCONE
15.4.44. ODCONF
15.4.45. ODCONG
15.4.46. ODCONH

15.2.5 Slew Rate Control

The SLRCONX register 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.

Related Links

15.4.47. SLRCONA
15.4.48. SLRCONB
15.4.49. SLRCONC
15.4.50. SLRCOND
15.4.51. SLRCONE
15.4.52. SLRCONF
15.4.53. SLRCONG
15.4.54. SLRCONH

15.2.6 Input Threshold Control

The INLVLX register 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 PORTx register and also the level at
which an interrupt-on-change occurs, if that feature is enabled.

Important: Changing the input threshold selection may 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.
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Related Links

15.4.55. INLVLA
15.4.56. INLVLB
15.4.57. INLVLC
15.4.58. INLVLD
15.4.59. INLVLE
15.4.60. INLVLF
15.4.61. INLVLG
15.4.62. INLVLH

15.2.7 Weak Pull-up Control
The WPUXx register controls the individual weak pull-ups for each PORT pin.

Related Links
15.4.31. WPUA
15.4.32. WPUB
15.4.33. WPUC
15.4.34. WPUD
15.4.35. WPUE
15.4.36. WPUF
15.4.37. WPUG
15.4.38. WPUH

15.2.8 Edge Selectable Interrupt-on-Change
An interrupt can be generated by detecting a signal at the port pin that has either a rising edge
or a falling edge. Individual pins can be independently configured to generate an interrupt. The
interrupt-on-change module is present on all the pins of Ports B, C, E and on pin RG5. For further
details about the IOC module, refer to the "Interrupt-on-Change" chapter.
Related Links
16. Interrupt-on-Change
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15.3

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

0x0E8D
OxOE8E
OxOE8F
0x0E90
0x0E91
0x0E92
0xO0E93

0x0E95
0x0E96
0x0E97
0x0E98
0x0E99
O0x0E9A
0x0E9B

0x0E9D
OxOE9E
OxOE9F
OxOEAQO
OxOEA1

Ox0EA2
OxOEA3
OxOEA4
O0xOEA5
OxOEA6
OxOEA7
OxOEA8
OXOEAA
OxOEAB
OXOEAC
O0xOEAD
OxOEAE
OxOEAF
0x0EBO
0x0EB1
0x0EB2
0x0EB3
O0xOEB4
0x0EB5

O0x0EB7
0xOEB8
0x0EB9
OxOEBA
0xOEBB
0x0EBC
0xO0EBD
OxOEBE
OxOEBF
0x0ECO
0x0EC1

0xOF78
0x0F79
O0xO0F7A
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Register Summary - Input/Output

Reserved

INLVLA
SLRCONA
ODCONA

WPUA

ANSELA

Reserved

INLVLB
SLRCONB
ODCONB

WPUB

ANSELB

Reserved

INLVLC
SLRCONC
ODCONC

WPUC
Reserved

INLVLD
SLRCOND
ODCOND

WPUD

ANSELD

Reserved

INLVLE
SLRCONE
ODCONE

WPUE

ANSELE

INLVLF
SLRCONF
ODCONF

WPUF

ANSELF

Reserved

INLVLG
SLRCONG
ODCONG

WPUG

ANSELG

INLVLH
SLRCONH
ODCONH

WPUH

Reserved

LATA
LATB

7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0
7:0

INLVLA7
SLRA7
ODCA7
WPUA7
ANSELA7

INLVLB7
SLRB7
ODCB7
WPUB7
ANSELB7

INLVLC7
SLRC7
oDcC7

WPUC7

INLVLD7
SLRD7
OoDCD7
WPUD7
ANSELD7

INLVLE7
SLRE7
ODCE7
WPUE7
ANSELE7
INLVLF7
SLRF7
ODCF7
WPUF7
ANSELF7

INLVLG7
SLRG7
ODCG7
WPUG7
ANSELG7

LATA7
LATB7

INLVLAG
SLRA6
ODCA6
WPUA6
ANSELA6

INLVLB6
SLRB6
ODCB6
WPUB6
ANSELB6

INLVLC6
SLRC6
ODCC6

WPUC6

INLVLD6
SLRD6
ODCD6
WPUD6
ANSELD6

INLVLEG
SLRE6
ODCE6
WPUE6
ANSELE6
INLVLF6
SLRF6
ODCF6
WPUF6
ANSELF6

INLVLG6
SLRG6
ODCG6
WPUG6
ANSELG6

LATA6
LATB6

INLVLAS
SLRAS
ODCA5
WPUAS
ANSELAS

INLVLB5
SLRB5
ODCB5
WPUB5
ANSELB5

INLVLC5
SLRC5
ODCC5

WPUC5

INLVLD5
SLRD5
ODCD5
WPUD5
ANSELD5

INLVLES
SLRE5
ODCE5
WPUES
ANSELE5S
INLVLF5
SLRF5
ODCF5
WPUF5
ANSELF5

INLVLG5

WPUG5

LATAS
LATB5

INLVLA4
SLRA4
ODCA4
WPUA4
ANSELA4

INLVLB4
SLRB4
ODCB4
WPUB4
ANSELB4

INLVLC4
SLRC4
oDCc4

WPUC4

INLVLD4
SLRD4
ODCD4
WPUD4
ANSELD4

INLVLE4
SLRE4
ODCE4
WPUE4
ANSELE4
INLVLF4
SLRF4
ODCF4
WPUF4
ANSELF4

INLVLG4
SLRG4
ODCG4
WPUG4
ANSELG4

LATA4
LATB4

INLVLA3
SLRA3
ODCA3
WPUA3
ANSELA3

INLVLB3
SLRB3
ODCB3
WPUB3
ANSELB3

INLVLC3
SLRC3
0ODCC3
WPUC3

INLVLD3
SLRD3
ODCD3
WPUD3
ANSELD3

INLVLE3
SLRE3
ODCE3
WPUE3
ANSELE3
INLVLF3
SLRF3
ODCF3
WPUF3
ANSELF3

INLVLG3
SLRG3
ODCG3
WPUG3
ANSELG3
INLVLH3
SLRH3
ODCH3
WPUH3

LATA3
LATB3

INLVLA2
SLRA2
ODCA2
WPUA2
ANSELA2

INLVLB2
SLRB2
ODCB2
WPUB2
ANSELB2

INLVLC2
SLRC2
oDcCC2
WPUC2

INLVLD2
SLRD2
0ODCD2
WPUD2
ANSELD2

INLVLE2
SLRE2
ODCE2
WPUE2
ANSELE2
INLVLF2
SLRF2
ODCF2
WPUF2
ANSELF2

INLVLG2
SLRG2
ODCG2
WPUG2
ANSELG2
INLVLH2
SLRH2
ODCH2
WPUH2

LATA2
LATB2

INLVLA1
SLRA1
ODCA1
WPUA1
ANSELA1

INLVLB1
SLRB1
ODCB1
WPUB1
ANSELB1

INLVLC1
SLRC1
oDcCC1

WPUC1

INLVLD1
SLRD1
ODCD1
WPUD1
ANSELD1

INLVLE1
SLRE1
ODCE1
WPUE1
ANSELE1
INLVLF1
SLRF1
ODCF1
WPUF1
ANSELF1

INLVLG1
SLRG1
ODCG1
WPUG1
ANSELG1
INLVLH1
SLRH1
ODCH1
WPUH1

LATA1
LATB1

INLVLAO
SLRAO
ODCAO0
WPUAQ
ANSELAQ

INLVLBO
SLRBO
ODCBO
WPUBO
ANSELBO

INLVLCO
SLRCO
oDcCco

WPUCO

INLVLDO
SLRDO
ODCDO
WPUDO
ANSELDO

INLVLEO
SLREO
ODCEO
WPUEO
ANSELEO
INLVLFO
SLRFO
ODCFO
WPUFO
ANSELFO

INLVLGO
SLRGO
ODCGO
WPUGO
ANSELGO
INLVLHO
SLRHO
ODCHO
WPUHO

LATAO
LATBO
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........... continued

I S T T T N S S B

0x0F7B
0x0F7C
0x0F7D
O0xOF7E
OxOF7F
0x0F80
0xO0F81

0x0F82
0x0F83
0x0F84
0xOF85
0x0F86
0x0F87
0xOF88
0xOF89
O0xOF8A
0xOF8B
0x0F8C
0x0F8D
O0xOF8E
OxOF8F
0x0F90

15.4 Register Definitions: Port Control
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LATC
LATD
LATE
LATF
LATG
LATH
TRISA
TRISB
TRISC
TRISD
TRISE
TRISF
TRISG
TRISH
PORTA
PORTB
PORTC
PORTD
PORTE
PORTF
PORTG
PORTH

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

LATC7
LATD7
LATE7
LATF7
LATG7

TRISA7
TRISB7
TRISC7
TRISD7
TRISE7
TRISF7
TRISG7

RA7
RB7
RC7
RD7
RE7
RF7
RG7

LATC6
LATD6
LATE6
LATF6
LATG6

TRISA6
TRISB6
TRISC6
TRISD6
TRISE6
TRISF6
TRISG6

RA6
RB6
RC6
RD6
RE6
RF6
RG6

LATC5
LATD5
LATES
LATF5

TRISAS
TRISB5
TRISC5
TRISD5
TRISES
TRISF5

RAS5
RB5
RC5
RD5
RE5
RF5
RG5

LATD4
LATE4
LATF4
LATG4

TRISA4
TRISB4
TRISC4
TRISD4
TRISE4
TRISF4
TRISG4

RA4
RB4
RC4
RD4
RE4
RF4
RG4

LATC3
LATD3
LATE3
LATF3
LATG3
LATH3
TRISA3
TRISB3
TRISC3
TRISD3
TRISE3
TRISF3
TRISG3
TRISH3
RA3
RB3
RC3
RD3
RE3
RF3
RG3
RH3

LATC2
LATD2
LATE2
LATF2
LATG2
LATH2
TRISA2
TRISB2
TRISC2
TRISD2
TRISE2
TRISF2
TRISG2
TRISH2
RA2
RB2
RC2
RD2
RE2
RF2
RG2
RH2

LATC1
LATD1
LATE1
LATF1
LATG1
LATH1
TRISA1
TRISB1
TRISC1
TRISD1
TRISE1
TRISF1
TRISG1
TRISH1
RA1
RB1
RC1
RD1
RE1
RF1
RG1
RH1

LATCO
LATDO
LATEO
LATFO
LATGO
LATHO
TRISAO
TRISBO
TRISCO
TRISDO
TRISEO
TRISFO
TRISGO
TRISHO
RAO
RBO
RCO
RDO
REO
RFO
RGO
RHO
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15.4.1 PORTA

Name: PORTA
Address: 0xF89

PORTA Register
Note: Writes to PORTA are actually written to the corresponding LATA register.
Reads from PORTA register return actual I/0 pin values.

Bit 7 6 5 4 3 2 1 0
| RA7 | RA6 | RA5 | RA4 | RA3 | RA2 | RAT RAO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0,1, 2, 3, 4, 5, 6, 7 - RAn Port I/0O Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 PORT pinis 2 V|y
0 PORT pinis <V

@ MICROCHIP
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15.4.2 PORTB

Name: PORTB
Address: OxF8A

PORTB Register

Bit 7 6 5 4 3 2 1 0
| RB7 | RB6 | RBS RB4 | RB3 | RB2 | RB1T | RBO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3, 4,5, 6, 7- RBn Port I/0 Value bits
Note: Bits RB6 and RB7 read ‘1’ while in Debug mode.

Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 PORT pinis 2 V|4
0 PORT pinis <V

Note: Writes to PORTB are actually written to the corresponding LATB register.
Reads from PORTB register return actual I/0 pin values.
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15.4.3 PORTC

Name: PORTC
Address: O0xF8B

PORTC Register

Bit 7 6 5 4 3 2 1 0
| RC7Z | R | R | R4 | RB | R | R | RCO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0,1, 2, 3, 4,5, 6,7 - RCn Port I/0 Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 PORT pinis 2 V|y
0 PORT pinis < V).

Note: Writes to PORTC are actually written to the corresponding LATC register.
Reads from PORTC register return actual I/0 pin values.
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15.4.4 PORTD

Name: PORTD
Address: O0xF8C

PORTD Register

Bit 7 6 5 4 3 2 1 0
| RD7 | RD6 | RD5 R4 | RD3 | RD2 | RD1 | RDO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0,1, 2, 3, 4,5, 6, 7 - RDn Port I/0 Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 Port pinis = Viy
0 Port pinis <V)_

Note: Writes to PORTD are actually written to the corresponding LATD register.
Reads from PORTD register return actual I/0 pin values.
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15.4.5 PORTE

Name: PORTE
Address: O0xF8D

PORTE Register

Bit 7 6 5 4 3 2 1 0
| REZ | RE6 | RES RE4 | RE3 | RE2 | RE1T | REO |
Access RIW R/W R/W R/W R/W R/W R/W R/W
Reset

Bit 7 - RE7 PORTE I/0O Value bit

Bit 6 - RE6 PORTE I/0 Value bit

Bit 5 - RE5 PORTE I/0 Value bit

Bit 4 - RE4 PORTE I/0 Value bit

Bit 3 - RE3 PORTE I/0 Value bits

Bit 2 - RE2 PORTE I/0O Value bit

Bit 1 - RE1 PORTE I/0O Value bit

Bit 0 - REO PORTE I/0 Value bit

Bits 7:0 - REn[7:0] PORTE 1/0O Value bits

Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 PORT pinis 2 V|y
0 PORT pinis < V).
Note:

+  Writes to PORTE are actually written to the corresponding LATE register.
Reads from PORTE register return actual I/0 pin values.
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15.4.6 PORTF

Name: PORTF
Address: OxF8E

PORTF Register
Bit 7 6 5 4 3 2 1 0
| RF7 | RF6 | RF5 RF4 | RF3 | RF2 | RF1 | RFO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0,1, 2, 3, 4,5, 6, 7 - RFn Port I/0 Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 Port pinis = Viy
0 Port pinis <V)_

Note: Writes to PORTF are actually written to the corresponding LATF register.
Reads from PORTF register return actual I/0O pin values.
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15.4.7 PORTG

Name: PORTG
Address: OxF8F

PORTG Register

Bit 7 6 5 4 3 2 1 0

| RG7 | RG6 RG5 | RG4 | RG3 | RG2 | RGI RGO

Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0,1, 2, 3, 4,5, 6, 7 - RGn Port I/0 Value bits

Note: Bit RG5 is read-only, and will read ‘1’ when MCLRE = 1 (Master Clear enabled).

Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 Port pinis = Vi
0 Port pinis < V.

Note: Bit PORTGS is read-only, and will read ‘1’ when MCLRE = 1 (Master Clear enabled)

Note: Writes to PORTG are actually written to the corresponding LATG register.
Reads from PORTG register return actual I/0O pin values.
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15.4.8 PORTH

Name: PORTH
Address: 0xF90

PORTH Register

Bit 7 6 5 4 3 2 1 0
| | | | RH3 | RH2 | RH1 [ RHO |
Access R/W R/W R/W R/W
Reset X X X X

Bits 0, 1, 2, 3 - RHn Port I/O Value bits
Reset States: POR/BOR = xxxx
All Other Resets = uuuu

Value Description

1 Port pinis = Viy
0 Port pinis <V)_

Note: Writes to PORTH are actually written to the corresponding LATH register.
Reads from PORTH register return actual I/0 pin values.
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15.4.9 TRISA

Name: TRISA
Address: 0xF81

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISAT [ TRISAO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4,5, 6, 7 - TRISAn TRISA Port I/0O Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.10 TRISB

Name: TRISB
Address: 0xF82

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 [ TRISBO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - TRISBn TRISB Port I/O Tri-state Control bits
Note: Bits TRISB6 and TRISB7 read ‘1’ while in Debug mode.

Value Description

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.11 TRISC

Name: TRISC
Address: 0xF83

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISCT [ TRISCO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3, 4,5, 6, 7 - TRISCn TRISC Port I/0 Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.12 TRISD

Name: TRISD
Address: 0xF84

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 [ TRISDO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4,5, 6, 7 - TRISDn TRISD Port I/0O Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.13 TRISE

Name: TRISE
Address: 0xF85

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISE7 | TRISE6 | TRISE5 | TRISE4 | TRISE3 | TRISE2 | TRISET [ TRISEO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3,4, 5, 6, 7 - TRISEn PortE I/0 Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.14 TRISF

Name: TRISF
Address: 0xF86

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 [ TRISFO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - TRISFn TRISF Port I/0 Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.15 TRISG

Name: TRISG
Address: O0xF87

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| TRISG7 | TRISG6 | | TRISG4 | TRISG3 | TRISG2 | TRISGT | TRISGO |
Access R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1
Bits 6, 7 - TRISGn TRISG Port I/O Tri-state Control bits
1 Port output driver is disabled
0 Port output driver is enabled

Bits 0, 1, 2, 3, 4 - TRISGn TRISG Port I/O Tri-state Control bits
Note: Bit TRISGS is read-only, and will read 1" always

Value Description

1 Port output driver is disabled
0 Port output driver is enabled
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15.4.16 TRISH

Name: TRISH
Address: 0xF88

Tri-State Control Register

Bit 7 6 5 4 3 2 1 0
| | | | TRISH3 | TRISH2 | TRISH1 [ TRISHO |
Access R/W R/W R/W R/W
Reset 1 1 1 1

Bits 0, 1, 2, 3 - TRISHn TRISH Port I/0 Tri-state Control bits

1 Port output driver is disabled
0 Port output driver is enabled

253

@ MICROCHIP



15.4.17 LATA

Name: LATA
Address: O0xF79

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATA7 | LATA6 | LATAS LATA4 | LATA3 | LATA2 | [LATA1 | LATAO |
Access RIW R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3, 4, 5, 6, 7 - LATAn Output Latch A Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATA are equivalent with writes to the corresponding PORTA register. Reads from
LATA register return register values, not I/0 pin values.
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15.4.18 LATB

Name: LATB
Address: OxF7A

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATB7 | [LATB6 | LATBS LATB4 | LATB3 | [LATB2 | [LATB1 | [LATBO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3,4, 5, 6, 7 - LATBn Output Latch B Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATB are equivalent with writes to the corresponding PORTB register. Reads from
LATB register return register values, not I/0 pin values.
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15.4.19 LATC

Name: LATC
Address: OxF7B

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATC7 | |LATC6 | LATC5 | LATC4 | [LATC3 | [LATC2 | LATC1 | LATCO |
Access RIW R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3, 4, 5, 6, 7 - LATCn Output Latch C Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATC are equivalent with writes to the corresponding PORTC register. Reads from
LATC register return register values, not I/0 pin values.
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15.4.20 LATD

Name: LATD
Address: OxF7C

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATD7 | LATD6 | LATD5 LATD4 | [LATD3 | [LATD2 | [LATD1 | LATDO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3,4, 5, 6, 7 - LATDn Output Latch D Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATD are equivalent with writes to the corresponding PORTD register. Reads from
LATD register return register values, not I/0 pin values.
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15.4.21 LATE

Name: LATE
Address: O0xF7D

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATE7 | LATE6 | LATES LATE4 | LATE3 | LATE2 | LATET | [LATEO |
Access RIW R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3,4, 5, 6, 7 - LATEn Output Latch E Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATE are equivalent with writes to the corresponding PORTE register. Reads from
LATE register return register values, not I/0 pin values.
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15.4.22 LATF

Name: LATF
Address: OxF7E

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATF7 | LATF6 | LATF5 LATF4 | LATF3 | LATR2 | LATF1 | LATFO |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X X

Bits 0, 1, 2, 3,4, 5, 6, 7 - LATFn Output Latch F Value bits
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuuu

Note: Writes to LATF are equivalent with writes to the corresponding PORTF register. Reads from
LATF register return register values, not I/0 pin values.
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15.4.23 LATG

Name: LATG
Address: OxF7F

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| LATG7 | LATG6 | | LATG4 | LATG3 | LATG2 | LATG1 | LATGO |
Access R/W R/W R/W R/W R/W R/W R/W
Reset X X X X X X X

Bits 6, 7 - LATGn Output Latch G Value bits
Reset States: POR = xx
BOR = uu

Bits 0, 1, 2, 3, 4 - LATGn Output Latch G Value bits
Reset States: POR/BOR = xxxxx
All Other Resets = uuuuu

Note: Writes to LATG are equivalent with writes to the corresponding PORTG register. Reads from

LATG register return register values, not I/0 pin values.
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15.4.24 LATH

Name: LATH
Address: 0xF80

Output Latch Register

Bit 7 6 5 4 3 2 1 0
| | | | LATH3 | LATH2 | LATH1 [ LATHO |
Access R/W R/W R/W R/W
Reset X X X X

Bits 0, 1, 2, 3 - LATHn Output Latch H Value bits
Reset States: POR/BOR = xxxx
All Other Resets = uuuu

Note: Writes to LATH are equivalent with writes to the corresponding PORTH register. Reads from
LATH register return register values, not I/0 pin values.
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15.4.25 ANSELA

Name: ANSELA
Address: 0xE92

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELA7 | ANSELA6 | ANSELA5 | ANSELA4 | ANSELA3 | ANSELA2 | ANSELA1 | ANSELAO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - ANSELAn Analog Select on Pins RA[7:0]

1 Digital Input buffers are disabled
0 ST and TTL input buffers are enabled
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15.4.26 ANSELB
Name: ANSELB
Address: OxE9A
Reset: 0x00

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELB7 | ANSELB6 | ANSELB5 | ANSELB4 | ANSELB3 | ANSELB2 | ANSELB1 | ANSELBO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - ANSELBn Analog Select on Pins RB[7:0]
1 Digital Input buffers are disabled
0 ST and TTL input buffers are enabled
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15.4.27 ANSELD

Name: ANSELD
Address: OxEA7

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELD7 | ANSELD6 | ANSELD5 | ANSELD4 | ANSELD3 | ANSELD2 | ANSELD1 | ANSELDO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - ANSELDn Analog Select on Pins RD<7:0>

1 Digital Input buffers are disabled
0 ST and TTL input buffers are enabled
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15.4.28 ANSELE

Name: ANSELE
Address: OxEAF

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELE7 | ANSELE6 | ANSELES | ANSELE4 | ANSELE3 | ANSELE2 | ANSELET | ANSELEO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3,4, 5, 6, 7 - ANSELEn Analog Select on Pins RE[7:0]

1 Digital Input buffers are disabled
0 ST and TTL input buffers are enabled
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15.4.29 ANSELF

Name: ANSELF
Address: O0xEB4

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELF7 | ANSELF6 | ANSELF5 | ANSELF4 | ANSELF3 | ANSELF2 | ANSELF1 | ANSELFO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3,4, 5, 6, 7 - ANSELFn Analog Select on Pins RF<7:0>

1 Digital Input buffers are disabled.
0 ST and TTL input buffers are enabled
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15.4.30 ANSELG

Name: ANSELG
Address: OxEBC

Analog Select Register

Bit 7 6 5 4 3 2 1 0

| ANSELG7 | ANSELG6 | | ANSELG4 | ANSELG3 | ANSELG2 | ANSELGT | ANSELGO |
Access  R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1

Bits 6, 7 - ANSELGn Analog Select on Pins RG[6:7]

1 Digital Input buffers are disabled.
0 ST and TTL input buffers are enabled

Bits 0, 1, 2, 3, 4 - ANSELGn Analog Select on Pins RG[4:0]

1 Digital Input buffers are disabled.
0 ST and TTL input buffers are enabled
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15.4.31 WPUA

Name: WPUA
Address: O0xE91

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUA7 | WPUA6 | WPUA5 | WPUA4 | WPUA3 | WPUA2 | WPUAT | WPUAD |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUAn Weak Pull-up PORTA Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled
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15.4.32 WPUB

Name: WPUB
Address: 0xE99

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUBn Weak Pull-up PORTA Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled
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15.4.33 WPUC

Name: WPUC
Address: OxEA1

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUC7 | WPUC6 | WPUC5 | WPUC4 | WPUC3 | WPUC2 | WPUC1 | WPUCO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUCn Weak Pull-up PORTC Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled
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15.4.34 WPUD

Name: WPUD
Address: OxEA6

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUD7 | WPUD6 | WPUD5 | WPUD4 | WPUD3 | WPUD2 | WPUD1 [ WPUDO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUDNn Weak Pull-up PORTD Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled
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15.4.35 WPUE

Name: WPUE
Address: OxEAE

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUE7 | WPUE6 | WPUE5 | WPUE4 | WPUE3 | WPUE2 | WPUET | WPUEO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUEn Weak Pull-up PORTE Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled
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15.4.36 WPUF

Name: WPUF
Address: OxEB3

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUF7 | WPUF6 | WPUF5 | WPUF4 | WPUF3 | WPUF2 | WPUF1 | WPUFO |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUFn Weak Pull-up PORTF Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled

273

@ MICROCHIP



15.4.37 WPUG

Name: WPUG
Address: OxEBB

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| WPUG7 | WPUG6 | WPUG5 | WPUG4 | WPUG3 | WPUG2 | WPUG!1 | WPUGO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - WPUGNn Weak Pull-up PORTG Control bits

1 Weak Pull-up enabled
0 Weak Pull-up disabled

Note: If MCLRE = 1, the weak pull-up in RG5 is always enabled; bit WPUGS5 is not affected and ignored.
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15.4.38 WPUH

Name: WPUH
Address: OxECO

Weak Pull-up Register

Bit 7 6 5 4 3 2 1 0
| | | | WPUH3 | WPUH2 | WPUH1 [ WPUHO |
Access RIW R/W R/W R/W
Reset 0 0 0 0

Bits 0, 1, 2, 3 - WPUHn Weak Pull-up PORTH Control bits

Value Description

1 Weak Pull-up enabled
0 Weak Pull-up disabled

275

@ MICROCHIP



15.4.39 ODCONA

Name: ODCONA
Address: 0xE90

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCA7 | ODCA6 | ODCA5 | ODCA4 | ODCA3 | ODCA2 | ODCAT | ODCA0 |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3,4, 5, 6, 7 - ODCAn 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)
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15.4.40 ODCONB

Name: ODCONB
Address: 0xE98

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCB7 | ODCB6 | ODCB5 | ODCB4 | ODCB3 | ODCB2 | ODCBT | ODCBO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5, 6, 7 - ODCBn 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)
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15.4.41 ODCONC

Name: ODCONC
Address: OxEAO

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODbCC7 | ODCC6 | ODCC5 | ODCC4 | ODCC3 | oObCC2 | oODCCl | oDCCo |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5,6, 7 - ODCCn 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)
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15.4.42 ODCOND

Name: ODCOND
Address: OxEA5

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCD7 | ODCD6 | ODCD5 | ODCD4 | ODCD3 | ODCD2 | ODCD1 | ODCDO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5,6, 7 - ODCDn 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)
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15.4.43 ODCONE

Name: ODCONE
Address: OxEAD

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCE7 | ODCE6 | ODCES | ODCE4 | ODCE3 | ODCE2 | ODCEl | ODCEO |
Access  R/W R/W R/W R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5,6, 7 - ODCEn 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)
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15.4.44 ODCONF

Name: ODCONF
Address: OxEB2

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCF7 | ODCF6 | ODCF5 | ODCF4 | ODCF3 | ODCF2 | ODCF1 | ODCFO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5, 6, 7 - ODCFn 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)
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15.4.45 ODCONG

Name: ODCONG
Address: OxEBA

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| ODCG7 | ODCG6 | | ODCG4 | ODCG3 | ODCG2 | ODCG1 | ODCGO |
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6, 7 - ODCGn Open-Drain Configuration on Pins Rx[6:7]

1 Output drives only low-going signals (sink current only)
0 Output drives both high-going and low-going signals (source and sink current)

Bits 0, 1, 2, 3, 4 - ODCGn Open-Drain Configuration on Pins Rx[4:0]

1 Output drives only low-going signals (sink current only)
0 Output drives both high-going and low-going signals (source and sink current)
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15.4.46 ODCONH

Name: ODCONH
Address: OxEBF

Open-Drain Control Register

Bit 7 6 5 4 3 2 1 0
| | | | ODCH3 | ODCH2 | ODCH1 [ ODCHO |
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 0, 1, 2, 3 - ODCHn 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)
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15.4.47 SLRCONA

Name: SLRCONA
Address: OxES8F

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRA7 | SLRA6 | SLRA5 | SLRA4 | SLRA3 | SLRA2 | SLRAT | SLRAD |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - SLRAn Slew Rate Control on Pins Rx[7:0], respectively

1 PORT pin slew rate is limited
0 PORT pin slews at maximum rate
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15.4.48 SLRCONB

Name: SLRCONB
Address: O0xE97

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRB7 | SLRB6 | SLRB5 | SLRB4 | SLRB3 | SLRB2 | SLRB1T | SLRBO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - SLRBn Slew Rate Control on Pins Rx[7:0], respectively

1 PORT pin slew rate is limited
0 PORT pin slews at maximum rate
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15.4.49 SLRCONC

Name: SLRCONC
Address: OxE9F

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRC7 | SLRC6 | SLRC5 | SLRC4 | SLRC3 | SLRC2 | SLRCT [ SLRCO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - SLRCn Slew Rate Control on Pins Rx[7:0], respectively

1 PORT pin slew rate is limited
0 PORT pin slews at maximum rate
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15.4.50 SLRCOND

Name: SLRCOND
Address: OxEA4

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRD7 | SLRD6 | SLRD5 | SLRD4 | SLRD3 | SLRD2 | SLRD1 [ SLRDO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - SLRDn Slew Rate Control on Pins Rx[7:0], respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate

287

@ MICROCHIP



15.4.51 SLRCONE

Name: SLRCONE
Address: OxEAC

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRE7 | SLRE6 | SLRE5 | SLRE4 | SLRE3 | SLRE2 | SLRET [ SLREO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - SLREn Slew Rate Control on Pins Rx[7:0], respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate
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15.4.52 SLRCONF

Name: SLRCONF
Address: OxEB1

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRF7 | SLRF6 | SLRF5 | SLRF4 | SIRF3 | SLRF2 | SLRF1 | SLRFO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 - SLRFn Slew Rate Control on Pins Rx<7:0>, respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate
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15.4.53 SLRCONG

Name: SLRCONG
Address: OxEB9

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| SLRG7 | SLRG6 | | SLRG4 | SLRG3 | SLRG2 | SLRGT | SLRGO |
Access  R/W R/W R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1

Bits 6, 7 - SLRGn Slew Rate Control on Pins Rx[6:7], respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate

Bits 0, 1, 2, 3, 4 - SLRGn Slew Rate Control on Pins Rx[4:0], respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate
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15.4.54 SLRCONH

Name: SLRCONH
Address: OxEBE

Slew Rate Control Register

Bit 7 6 5 4 3 2 1 0
| | | | SLRH3 | SLRH2 | SLRH1 [ SLRHO |
Access R/W R/W R/W R/W
Reset 1 1 1 1

Bits 0, 1, 2, 3 - SLRHn Slew Rate Control on Pins Rx[3:0], respectively

1 Port pin slew rate is limited
0 Port pin slews at maximum rate
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15.4.55 INLVLA

Name: INLVLA
Address: OxES8E

Input Level Control Register

Bit 7 6 5 4 3 2 1 0

| INLVLA7 | INLVLA6 | INLVLAS INLVLA4 | INLVLA3 | INLVLA2 | INLVLAT | INLVLAO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLAN 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
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15.4.56 INLVLB

Name: INLVLB
Address: 0xE96

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| INLVLB7 | INLVLB6 | INLVLB5 INLVLB4 | INLVLB3 | INLVLB2 | INLVLB1 | INLVLBO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLBn Input Level Select on Pins Rx[7:0], respectively
Note: INLVLB2 / INLVLB1: Pins read the I12C ST inputs when MSSP inputs select these pins, and 12C

mode is enabled.

Value Description

1 ST input used for port reads and interrupt-on-change
0 TTL input used for port reads and interrupt-on-change
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15.4.57 INLVLC

Name: INLVLC
Address: OxE9E

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| INLVLC7 | INLVLC6 | INLVLC5 | INLVLC4 | INLVLC3 | INLVLC2 | INLVLCT [ INLVLCO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLCn Input Level Select on Pins Rx[7:0], respectively
Note: INLVLC4 / INLVLC3: Pins read the I2C ST inputs when MSSP inputs select these pins, and 12C

mode is enabled.

Value Description

1 ST input used for port reads and interrupt-on-change
0 TTL input used for port reads and interrupt-on-change
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15.4.58 INLVLD

Name: INLVLD
Address: OxEA3

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| INLVLD7 | INLVLD6 [ INLVLD5 INLVLD4 | INLVLD3 | INLVLD2 | INLVLD1 | INLVLDO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3,4, 5, 6, 7 - INLVLDn 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
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15.4.59 INLVLE

Name: INLVLE
Address: OxEAB

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| INLVLE7 | INLVLE6 | INLVLES INLVLE4 | INLVLE3 | INLVLE2 | INLVLET | INLVLEO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLEn 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
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15.4.60 INLVLF

Name: INLVLF
Address: OxEBO

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| INLVLF7 | INLVLF6 | INLVLF5 INLVLF4 | INLVLF3 [ INLVLF2 | INLVLF1 | INLVLFO |
Access  R/W R/W RIW R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLFn 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
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15.4.61 INLVLG

Name: INLVLG
Address: OxEBS8

Input Level Control Register

Bit 7 6 5 4 3 2 1 0

| INLVLG7 | INLVLG6 | INLVLG5 | INLVLG4 | INLVLG3 | INLVLG2 | INLVLG!1 [ INLVLGO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3,4, 5, 6, 7 - INLVLGn Input Level Select on Pins Rx[7:0], respectively
Note: The state of INLVLGS5 is ignored when MCLRE = 1.

Value Description

1 ST input used for port reads and interrupt-on-change
0 TTL input used for port reads and interrupt-on-change

@ MICROCHIP

298



15.4.62 INLVLH

Name: INLVLH
Address: OxEBD

Input Level Control Register

Bit 7 6 5 4 3 2 1 0
| | | | INLVLH3 | INLVLH2 | INLVLH1 [ INLVLHO |
Access R/W R/W R/W R/W
Reset 1 1 1 1

Bits 0, 1, 2, 3 - INLVLHN 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
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16.
16.1

16.2

16.3

Interrupt-on-Change

Features

* Interrupt-on-change Enable (Host Switch)
+ Individual Pin Configuration

+ Rising and Falling Edge Detection

+ Individual Pin Interrupt Flags

Overview

All the pins of PORTB, PORTC, PORTE, and pin RG5 of PORTG can be configured to operate as
Interrupt-on-Change (I0C) pins on PIC18(L)F67K40 family devices. An interrupt can be generated
by detecting a signal that has either a rising edge or a falling edge. Any individual port pin, or
combination of port pins, can be configured to generate an interrupt.

Block Diagram

Figure 16-1. Interrupt-on-Change Block Diagram (PORTB Example)
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16.4

16.5

16.6

16.7

16.8

@ MICROCHIP

Enabling the Module

To allow individual port pins to generate an interrupt, the IOCIE bit of the PIEO register must be set.
If the IOCIE bit is disabled, the edge detection on the pin will still occur, but an interrupt will not be
generated.

Individual Pin Configuration

For each PORT pin, a rising edge detector and a falling edge detector are present. To enable a pin to
detect a rising edge, the associated bit of the IOCxP register is set. To enable a pin to detect a falling
edge, the associated bit of the IOCxN register is set.

A pin can be configured to detect rising and falling edges simultaneously by setting both associated
bits of the IOCxP and IOCxN registers, respectively.

Interrupt Flags

The IOCBFx, IOCCFx, IOCEFx and IOCGF5 bits located in the IOCBF, IOCCF, IOCEF and IOCGF registers
respectively, are status flags that correspond to the interrupt-on-change pins of the associated port.
If an expected edge is detected on an appropriately enabled pin, then the status flag for that pin will
be set, and an interrupt will be generated if the IOCIE bit is set. The IOCIF bit of the PIRO register
reflects the status of all IOCBFx, IOCCFx, IOCEFx and IOCGFS5 bits.

Clearing Interrupt Flags

The individual status flag bits (IOCBFx, IOCCFx, IOCEFx and IOCGF5) can be cleared by resetting them
to zero. If another edge is detected during this clearing operation, the associated status flag will be
set at the end of the sequence, regardless of the value actually being written.

To ensure that no detected edge is lost while clearing flags, only AND operations masking out
known changed bits must be performed. The following sequence is an example of what must be
performed.

Example 16-1. Clearing Interrupt Flags (PORTB Example)

MOVLW Oxff
XORWF IOCBF, W
ANDWE IOCBF, F

Operation in Sleep

The interrupt-on-change interrupt sequence will wake the device from Sleep mode, if the IOCIE bit is
set.

If an edge is detected while in Sleep mode, the IOCxF register will be updated prior to the first
instruction executed out of Sleep.
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16.9

0x00

0x0E92
0x0E93
0x0E94
0x0E95
0x0E96

OXOE9A
0x0E9B
0x0E9C
0x0E9SD
OXOE9E

O0xOEA7
OxOEA8
OxOEA9
OxOEAA
OxOEAB

0x0EB4
0x0EB5

O0xOEB6
0x0EB7

16.10
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Register Summary - Interrupt-on-Change

Caddress|—Nome | atpos | 7|6 |5 | 4 | 5 | 2 | 1 | o0

Reserved

IOCBF
IOCBN
10CBP

Reserved

I0CCF
IOCCN
10CCP

Reserved
IOCEF
IOCEN
IOCEP

Reserved
IOCGF

I0CGN
I10CGP

Register Definitions: Interrupt-on-Change Control

7:0
7:0
7:0

7:0
7:0
7:0

7:0
7:0
7:0

7:0
7:0
7:0

IOCBF7
I0CBN7
10CBP7

I0CCF7
IOCCN7
I0CCP7

IOCEF7
I0CEN7
IOCEP7

IOCBF6
I0CBN6
10CBP6

I0CCF6
IOCCN6
10CCP6

IOCEF6
IOCENG6
IOCEP6

IOCBF5
I0CBN5
I0CBP5

I0CCF5
IOCCN5
10CCP5

IOCEF5
IOCENS5
IOCEP5

I0CGF5
IOCGN5
IOCGP5

IOCBF4
I0CBN4
10CBP4

IOCCF4
I0OCCN4
10CCP4

I0CEF4
IOCEN4
I0CEP4

I0CBF3
IOCBN3
10CBP3

IOCCF3
I0OCCN3
10CCP3

IOCEF3
IOCEN3
I0CEP3

10CBF2
I0CBN2
10CBP2

I0CCF2
I0CCN2
I0CCP2

IOCEF2
I0CEN2
I0CEP2

IOCBF1
IOCBN1
10CBP1

I0CCFK1
IOCCN1
I0CCP1

IOCEF1
I0CEN1
IOCEP1

IOCBFO
I0CBNO
10CBPO

I0CCFO
IOCCNO
10CCPO

IOCEFO
IOCENO
IOCEPO
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16.10.1 IOCBF

Name: |IOCBF
Address: 0xE93

PORTB Interrupt-on-Change Flag Register Example

Bit 7 6 5 4 3 2 1 0
| IOCBF7 | IOCBF6 | IOCBF5 | IOCBF4 | IOCBF3 | IOCBF2 | IOCBF1 | 1OCBFO |
Access  R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - IOCBFn Interrupt-on-Change Flag bits

Value Condition Description

1 IOCBP[n]=1 A positive edge was detected on the RB[n] pin

1 IOCBN[n]=1 A negative edge was detected on the RB[n] pin

0 IOCBP[n]=x and IOCBN[n]=x No change was detected, or the user cleared the detected change
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16.10.2 I0CCF

Name: IOCCF
Address: OxE9B

PORTC Interrupt-on-Change Flag Register

Bit 7 6 5 4 3 2 1 0
| I0CCF7 | 10CCF6 | 1OCCF5 | IOCCF4 | IOCCF3 | 10CCF2 | 1OCCF1 | IOCCFO |
Access  R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3,4, 5, 6, 7 - IOCCFn Interrupt-on-Change Flag bits

Value Condition Description

1 IOCCP[n]=1 A positive edge was detected on the RC[n] pin

1 IOCCN[n]=1 A negative edge was detected on the RC[n] pin

0 IOCCP[Nn]=x and IOCCN[n]=x No change was detected, or the user cleared the detected change
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16.10.3 IOCEF

Name: |IOCEF
Address: OxEAS8

PORTE Interrupt-on-Change Flag Register

Bit 7 6 5 4 3 2 1 0
| I0CEF7 | |IOCEF6 | IOCEF5 | IOCEF4 | |IOCEF3 | |IOCEF2 | IOCEF1 | IOCEF0 |
Access  R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - IOCEFn Interrupt-on-Change Flag bits

Value Condition Description

1 IOCEP[n]=1 A positive edge was detected on the RE[Nn] pin

1 IOCEN[Nn]=1 A negative edge was detected on the RE[Nn] pin

0 IOCEP[n]=x and IOCEN[n]=x No change was detected, or the user cleared the detected change
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16.10.4 10CGF

Name: |IOCGF
Address: OxEB5

PORTG Interrupt-on-Change Flag Register

Bit 7 6 5 4 3 2 1 0
| | | _l10CGFs | | | | |
Access R/W
Reset 0

Bit 5 - IOCGF5 RG5 Interrupt-on-Change Flag bit

Value Condition Description

1 IOCGP5 =1 A positive edge was detected on the RG5 pin

1 IOCGN5 =1 A negative edge was detected on the RG5 pin

0 IOCGPS5 = x and IOCGN5=x No change was detected, or the user cleared the detected change
Note:

1. If MCLRE =1 or LVP = 1, RG5 port functionality is disabled and IOC on RG5 is not available.
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16.10.5 I0CBN

Name: IOCBN
Address: 0xE94

Interrupt-on-Change Negative Edge Register Example

Bit 7 6 5 4 3 2 1 0
| IOCBN7 | IOCBN6 | IOCBN5 | IOCBN4 | IOCBN3 | IOCBN2 | IOCBN1 [ IOCBNO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3,4, 5, 6, 7 - IOCBNn Interrupt-on-Change Negative Edge Enable bits

1 Interrupt-on-Change enabled on the IOCA pin for a negative-going edge. Associated Status bit and interrupt
flag will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.6 IOCCN

Name: IOCCN
Address: O0xE9C

Interrupt-on-Change Negative Edge Register Example

Bit 7 6 5 4 3 2 1 0
| IOCCN7 | I1OCCN6 | IOCCN5 | IOCCN4 | I0CCN3 | I0CCN2 | IOCCNT [ IOCCNO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - IOCCNn Interrupt-on-Change Negative Edge Enable bits

1 Interrupt-on-Change enabled on the IOCA pin for a negative-going edge. Associated Status bit and interrupt
flag will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.7 IOCEN

Name: IOCEN
Address: OxEA9

Interrupt-on-Change Negative Edge Register Example

Bit 7 6 5 4 3 2 1 0
| I0CEN7 | IOCEN6 | IOCEN5 | IOCEN4 | IOCEN3 | IOCEN2 | IOCEN1 [ IOCENO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5, 6, 7 - IOCENNn Interrupt-on-Change Negative Edge Enable bits

1 Interrupt-on-Change enabled on the IOCE pin for a negative-going edge. Associated Status bit and interrupt
flag will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.8 IOCGN

Name: IOCGN
Address: OxEB6

Interrupt-on-Change Negative Edge Register Example

Bit 7 6 5 4 3 2 1 0
| | | IOCGN5_ | | | | |
Access R/W
Reset 0

Bit 5 - IOCGN5 Interrupt-on-Change Negative Edge Enable bits("

1 Interrupt-on-Change enabled on the IOCA pin for a negative-going edge. Associated Status bit and interrupt
flag will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
Note:

1. If MCLRE =1 or LVP = 1, RG5 port functionality is disabled and IOC on RG5 is not available.
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16.10.9 10CBP

Name: |IOCBP
Address: O0xE95

Interrupt-on-Change Positive Edge Register

Bit 7 6 5 4 3 2 1 0
| 10CBP7 | IOCBP6 | IOCBP5 | 10CBP4 | 10CBP3 | IOCBP2 | IOCBP1 | 10CBPO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3,4, 5, 6, 7 - IOCBPn Interrupt-on-Change Positive Edge Enable bits

1 Interrupt-on-Change enabled on the IOCB pin for a positive-going edge. Associated Status bit and interrupt flag
will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.10 I0CCP

Name: |IOCCP
Address: OxE9D

Interrupt-on-Change Positive Edge Register

Bit 7 6 5 4 3 2 1 0
| 1OCCP7 | 10CCP6 | 10CCP5 | 10CCP4 | 10CCP3 | 1OCCP2 | 10CCP1 [ 10CCPO |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3,4, 5, 6, 7 - IOCCPn Interrupt-on-Change Positive Edge Enable bits

1 Interrupt-on-Change enabled on the IOCC pin for a positive-going edge. Associated Status bit and interrupt flag
will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.11 IOCEP

Name: IOCEP
Address: OxEAA

Interrupt-on-Change Positive Edge Register

Bit 7 6 5 4 3 2 1 0
| IOCEP7 | IOCEP6 | IOCEP5 | IOCEP4 | IOCEP3 | IOCEP2 | IOCEP1 | IOCEPO |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 0, 1, 2, 3, 4, 5, 6, 7 - IOCEPn Interrupt-on-Change Positive Edge Enable bits

1 Interrupt-on-Change enabled on the IOCE pin for a positive-going edge. Associated Status bit and interrupt flag
will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
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16.10.12 IOCGP

Name: |IOCGP
Address: OxEB7

Interrupt-on-Change Positive Edge Register

Bit 7 6 5 4 3 2 1 0
| | | _locGps | | | | |
Access R/W
Reset 1

Bit 5 - IOCGP5 Interrupt-on-Change Positive Edge Enable bit(

1 Interrupt-on-Change enabled on the IOCE pin for a positive-going edge. Associated Status bit and interrupt flag
will be set upon detecting an edge.
0 Interrupt-on-Change disabled for the associated pin.
Note:

1. If MCLRE =1 or LVP = 1, RG5 port functionality is disabled and IOC on RG5 is not available.
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17. PPS - Peripheral Pin Select Module

The Peripheral Pin Select (PPS) module connects peripheral inputs and outputs to the device I/0
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 figure below.

The peripheral input is selected with the peripheral xxxPPS register, and the peripheral output is
selected with the PORT RxyPPS register. For example, to select PORTC[7] as the EUSART RX input,
set RXxPPS to 0x17 as shown in the input table, and to select PORTC[6] as the EUSART TX output set
RC6PPS to 0x0C as shown in the output table.

Figure 17-1. Simplified PPS Block Diagram

Rev. 10-000262C
2222017

RAOPPS:
abcPPS
: RAO
RAO T t |
% | Peripheral abc I
| ' T '
| | :
! : | RxyPP |
| l | !
I | I T
| | | | Rxy
I | I ' I
I l I I
| I |
: T I
| Peripheral xyz |
RH3 [ | RH3PP |
|
I l
xyzPPS I RH3

17.1 PPS Inputs

Each peripheral has a PPS register with which the input pin to the peripheral is selected. Although
each peripheral has its own PPS input selection register, the selections are identical for every
peripheral, as shown in 17.8.2. xxxPPS. Not all ports are available for input, as shown in the “PPS
Input Selection Register Details” table.

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.

Important: The notation “xxx” in the generic register name is a placeholder for the
peripheral identifier. For example, xxx = INT for the INTPPS register.

Table 17-1. PPS Input Selection Register Details

Default Pin Register Reset
Peripheral PPS Input Register Selection Value PORT From Which Input Is Available
at POR at POR
A B — — — — — —

Interrupt O INTOPPS RBO 0x08
Interrupt 1 INT1PPS RB1 0x09 — B C - - — — —
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Peripheral

Interrupt 2

Interrupt 3

Timer0 Clock
Timer1 Clock
Timer1 Gate
Timer3 Clock
Timer3 Gate
Timer5 Clock
Timer5 Gate
Timer7 Clock
Timer7 Gate
Timer2 Clock
Timer4 Clock
Timer6 Clock
Timer8 Clock

ADC Conversion Trigger

CCP1

CCP2

CCP3

CCP4

CCP5

SMT1 Window
SMT1 Signal
SMT2 Window
SMT2 Signa

CWG

DSM Carrier Low
DSM Carrier High
DSM Source
MSSP1 Clock
MSSP1 Data
MSSP1 Slave Select
MSSP2 Clock
MSSP2 Data
MSSP2 Slave Select
EUSART1 Receive
EUSART1 Clock
EUSART2 Receive
EUSART2 Clock
EUSART3 Receive
EUSART3 Clock
EUSART4 Receive
EUSART4 Clock
EUSARTS Receive

@ MICROCHIP

continued

PPS Input Register

INT2PPS
INT3PPS
TOCKIPPS
T1CKIPPS
T1GPPS
T3CKIPPS
T3GPPS
T5CKIPPS
T5GPPS
T7CKIPPS
T7GPPS
T2INPPS
T4INPPS
T6INPPS
T8INPPS
ADACTPPS
CCP1PPS
CCP2PPS
CCP3PPS
CCP4PPS
CCP5PPS
SMT1WINPPS
SMT1SIGPPS
SMT2WINPPS
SMT2SIGPPS
CWG1PPS
MDCARLPPS
MDCARHPPS
MDSRCPPS
SSP1CLKPPS
SSP1DATPPS
SSP1SSPPS
SSP2CLKPPS
SSP2DATPPS
SSP2SSPPS
RX1PPS
CK1PPS
RX2PPS
CK2PPS
RX3PPS
CK3PPS
RX4PPS
CK4PPS
RX5PPS

Default Pin
Selection
at POR

RB2
RB3
RA4
RCO
RB5
RB5
RA5
RD1

RG4
RG4
RD1

RA1

RE4
RC1

RAO
RH1
RE5
RE4
RE6
RG3
RG4
RE6
RE7
RE6
RE7
RC2
RD3
RD4
RD5
RC3
RC4
RF7
RD6
RD5
RD7
RC7
RC6
RG2
RG1

RE1

REO
RC1

RCO
RE3

Register Reset
Value
at POR

0x0A
0x0B
0x04
0x10
0x0D
0x0D
0x05
0x19
0x34
0x34
0x19
0x01

0x24
0x11

0x00
0x39
0x25
0x24
0x26
0x33
0x34
0x26
0x27
0x26
0x27
0x12
0x1B
0x1C
0x1D
0x13
0x14
O0x2F
Ox1E
0x1D
Ox1F
0x17
0x16
0x32
0x31

0x21

0x20
0x11

0x10
0x23

PORT From Which Input Is Available

[ > >
W w |
N N NN

> >

W W @

W @

W W W W W @

W W W W W W W W W W W W W W @

N N N N

| 0o 0o 0 0 0

N N

N N

O o

T T T |
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........... continued
Peripheral
EUSARTS5 Clock

Note:

PPS Input Register

CK5PPS

Default Pin
Selection
at POR

Register Reset

Value
at POR

PORT From Which Input Is Available

1. Some pads are configured for I2C logic levels; clock and data signals may be assigned to any of
these pins. Assignments to other pins (e.g., RA5) will operate, but logic levels will be standard
TTL/ST as selected by the INLVL register.

Table 17-2. PPS Input Register Values

Desired Input Pin Value to Write to Register

@ MICROCHIP

RH3
RH2
RH1

RHO
RG7
RG6
RG5
RG4
RG3
RG2
RG1

RGO
RF7
RF6
RF5
RF4
RF3
RF2
RF1

RFO
RE7
RE6
RE5
RE4
RE3
RE2
RE1

REO
RD7
RD6
RD5
RD4
RD3
RD2
RD1

RDO

11
11
11
11
11
11
11
11
11
11
11
11
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
01
01
01
01
01
01
01
01

1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001
1000
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........... continued

Desired Input Pin Value to Write to Register

17.2 PPS Outputs

Each I/0 pin has a PPS register with which the pin output source is selected. With few exceptions,
the port TRIS control associated with that pin retains control over the pin output driver. Peripherals
that control the pin output driver as part of the peripheral operation will override the TRIS control as
needed. These peripherals include:

« EUSART (synchronous operation)

« MSSP (12C)

Although every pin has its own PPS peripheral selection register, the selections are identical for
every pin as shown in 17.8.3. RxyPPS.

RC7
RC6
RC5
RC4
RC3
RC2
RC1
RCO
RB7
RB6
RB5
RB4
RB3
RB2
RB1
RBO
RA7
RA6
RAS5
RA4
RA3
RA2
RA1
RAO

01
01
01
01
01
01
01
01
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

Important: The notation “Rxy” is a placeholder for the pin identifier. The X’ holds the place
of the PORT letter and the 'y’ holds the place of the bit number. For example, Rxy = RAO for

the RAOPPS register.

The table below shows detailed output routing options for each peripheral.

Table 17-3. Peripheral PPS Output Selection Codes

RxyPPS Pin Rxy Output Source PORT To Which Output Can Be Directed

0x21
0x20

@ MICROCHIP

ADGRDB
ADGRDA

A
A

C
C

H
H
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........... continued

RxyPPS Pin Rxy Output Source PORT To Which Output Can Be Directed

Ox1F
Ox1E
0x1D
0x1C
0x1B
Ox1A
0x19
0x18
0x17
0x16
0x15
0x14
0X13
0x12
0x11

0x10
OxOF
Ox0E
0x0D
0x0C
0x0B
0x0A
0x09
0x08
0x07
0x06
0x05
0x04
0x03
0x02
0x01

0x00

DSM1
CLKR
TMRO
MSSP2 (SDO/SDA)
MSSP2 (SCK/SCL)
MSSP1 (SDO/SDA)
MSSP1 (SCK/SCL)
CMP3
CMP2
CMP1
EUSARTS5 (DT)
EUSARTS5 (TX/CK)
EUSART4 (DT)
EUSART4 (TX/CK)
EUSART3 (DT)
EUSART3 (TX/CK)
EUSART2 (DT)
EUSART2 (TX/CK)
EUSART1 (DT)
EUSART1(TX/CK)
PWM7
PWM6
CCP5
CCP4
CCP3
CCP2
CCP1
CWG1D
CWG1C
CWG1B
CWGITA
LATxy

17.3 Bidirectional Pins

PPS selections for peripherals with bidirectional signals on a single pin must be made so that the

A

W W W W W @

W W W W W W W W W w |

W W W W W W W W W @

C
C
C

N N

D
D

O o o o |

m m m m m m m m m m m m

| @ 0o 0o o o |

QO O

QO O

H

PPS input and PPS output select the same pin. Peripherals that have bidirectional signals include:

+ EUSART (DT/RXxPPS and TX/CKxPPS pins for synchronous operation)
* MSSP (12C SDA/SSPXDATPPS and SCL/SSPXCLKPPS)

Important: The I2C default inputs, and a limited number of other alternate pins, are 12C

and SMBus compatible. Clock and data signals can be routed to any pin, however pins
without 12C compatibility will operate at standard TTL/ST logic levels as selected by the

INLVL register. See the INLVL register for each port to determine which pins are 12C and

SMBus compatible.
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17.4

17.5

17.6

17.7

17.8
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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 the following
examples.

Example 17-1. PPS Lock Sequence

; Disable interrupts:
BCF INTCON, GIE
; Bank to PPSLOCK register
BANKSEL PPSLOCK
MOVLW 55h
; Required sequence, next 4 instructions
MOVWE PPSLOCK
MOVLW AAh
MOVWEFE PPSLOCK
; Set PPSLOCKED bit to disable writes
; Only a BSF instruction will work

BSFE PPSLOCK, PPSLOCKED
; Enable Interrupts
BSF INTCON, GIE

Example 17-2. PPS Unlock Sequence

; Disable interrupts:
BCF INTCON, GIE
; Bank to PPSLOCK register
BANKSEL PPSLOCK
MOVLW 55h
; Required sequence, next 4 instructions
MOVWE PPSLOCK
MOVLW AAh
MOVWEF PPSLOCK
; Clear PPSLOCKED bit to enable writes
; Only a BCF instruction will work

BCF PPSLOCK, PPSLOCKED
; Enable Interrupts
BSF INTCON, GIE

PPS One-Way Lock

Using the PPSTWAY Configuration bit, the PPS settings can be locked in. When this bit is set, the
PPSLOCKED bit can only be cleared and set one time after a device Reset. This allows for clearing the
PPSLOCKED bit so that the input and output selections can be made during initialization. When the
PPSLOCKED bit is set after all selections have been made, it will remain set and cannot be cleared
until after the next device Reset event.

Operation During Sleep
PPS input and output selections are unaffected by Sleep.

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. The default input selections are shown in the “PPS
Input Selection Register Details” table. The PPSTWAY is also removed.

Register Definitions: PPS Input and Output Selection
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17.8.1 Register Summary - PPS

Chaoress]—wame —lowpos| 7| 6 | 5 | 4 | 3 | 2 | 1 | o

0x00

OxODEE
O0xODEF
0xODFO
O0xODF1

0x0DF2
0xODF3
0xODF4
0xODF5
O0xODF6
0xO0DF7
0xODF8
0xODF9
O0xODFA
0xODFB
0x0DFC
0xODFD
OxODFE
O0xODFF
0x0EO0
0x0EO1

0x0E02
0xOEOQ3
0x0E04
0x0EO05
0x0E06
0xO0EQ7
0x0EO08
0x0E09
OxOEOA
0xOEOB
0x0EOC
0x0EOD
OxOEOE
OxOEOQF
0x0E10
O0x0E11

0x0E12
0xO0E13
0x0E14
0x0E15
0x0E16
0xO0E17
O0xOE18
0x0E19
OxOE1A
O0xOE1B
O0x0E1C
0xOE1D
OxOE1E
OxOE1F

O0x0E51
0x0E52
0x0E53
0x0E54
O0x0E55
0x0E56
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Reserved

PPSLOCK
INTOPPS
INT1PPS
INT2PPS
INT3PPS
TOCKIPPS
T1CKIPPS
T1GPPS
T3CKIPPS
T3GPPS
TSCKIPPS
T5GPPS
T7CKIPPS
T7GPPS
T2INPPS
T4INPPS
T6INPPS
T8INPPS
ADACTPPS
CCP1PPS
CCP2PPS
CCP3PPS
CCP4PPS
CCP5PPS
SMT1WINPPS
SMT1SIGPPS
SMT2WINPPS
SMT2SIGPPS
CWG1PPS
MDCARLPPS
MDCARHPPS
MDSRCPPS
RX1PPS
CK1PPS
RX2PPS
CK2PPS
RX3PPS
CK3PPS
RX4PPS
CK4PPS
RX5PPS
CK5PPS
SSP1CLKPPS
SSP1DATPPS
SSP1SSPPS
SSP2CLKPPS
SSP2DATPPS
SSP2SSPPS

Reserved

RAOPPS
RATPPS
RA2PPS
RA3PPS
RA4PPS

7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0

PORT

PORT[1:0]
PORT[1:0]
PORT[2:0]

PORT

PORT[1:0]
PORT[1:0]
PORT[1:0]
PORT[1:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]
PORT[1:0]

PORT[2:0]
PORT[1:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]
PORT[1:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]
PORT[1:0]
PORT[1:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]

PORT[2:0]
PORT[1:0]
PORT[1:0]

PORT[2:0]

PORT[2:0]
PORT[1:0]
PORT[1:0]

PORT[2:0]
PORT[1:0]
PORT[1:0]
PORT[1:0]

PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]

PPSLOCKED



........... continued

Chdiress| — Name | icpos] 7|6 |5 | 4 |3 | 2 |t | o
7:0 [5:0]

0x0E57 RASPPS
0x0E58 RAGPPS
0x0E59 RA7PPS
0x0E5A RBOPPS
0x0E5B RB1PPS
0X0E5C RB2PPS
0x0E5D RB3PPS
O0xOESE RB4PPS
OXOESF RB5PPS
0x0E60 RB6PPS
0x0E61 RB7PPS
0x0E62 RCOPPS
0x0E63 RC1PPS
0x0E64 RC2PPS
0X0E65 RC3PPS
0X0E66 RC4PPS
0x0E67 RC5PPS
0x0E68 RC6PPS
0x0E69 RC7PPS
O0x0E6A RDOPPS
0x0E6B RD1PPS
0X0E6C RD2PPS
0x0E6D RD3PPS
OxOE6E RD4PPS
OXOE6F RD5PPS
0x0E70 RD6PPS
0x0E71 RD7PPS
0x0E72 REOPPS
0x0E73 RE1PPS
0x0E74 RE2PPS
0x0E75 RE3PPS
0x0E76 RE4PPS
0x0E77 RESPPS
0x0E78 RE6PPS
0x0E79 RE7PPS
Ox0E7A RFOPPS
0x0E7B RF1PPS
0x0E7C RF2PPS
0x0E7D RF3PPS
OxOE7E RF4PPS
OXOE7F RF5PPS
0x0E80 RF6PPS
0x0E81 RF7PPS
0x0E82 RGOPPS
0x0E83 RG1PPS
0x0E84 RG2PPS
0x0E85 RG3PPS
0x0E86 RG4PPS
0x0E87 Reserved
0x0E88 RG6PPS
0x0E89 RG7PPS
O0xOE8A RHOPPS
0x0E8B RH1PPS
0x0E8C RH2PPS
0x0E8D RH3PPS
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7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0
7:0

7:0
7:0
7:0
7:0
7:0
7:0

PPS[5:0
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]

PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
PPS[5:0]
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17.8.2 Peripheral xxx Input Selection

Name: XXXPPS
Bit 6 5 4 3 2 1 0
| | PORT[2:0] | PIN[2:0] |
Access R/W R/W R/W R/W R/W R/W
Reset X X X g g g

Bits 5:3 - PORT[2:0] Peripheral xxx Input PORT Selection bits

See the “PPS Input Selection Register Details” table for a list of available ports and default pin locations.

Value Description

111
110
101
100
011
010
001
000

Bits 2:0 - PIN[2:0] Peripheral xxx Input Pin Selection bits

PORTH
PORTG
PORTF
PORTE
PORTD
PORTC
PORTB
PORTA

Value Description

111
110
101
100
011
010
001
000

Rx7
Rx6
Rx5
Rx4
Rx3
Rx2
Rx1
Rx0

Peripheral input is from PORTx Pin 7
Peripheral input is from PORTx Pin 6
Peripheral input is from PORTx Pin 5
Peripheral input is from PORTx Pin 4
Peripheral input is from PORTx Pin 3
Peripheral input is from PORTx Pin 2
Peripheral input is from PORTx Pin 1

—_~ o~ o~~~ o~~~

)
)
)
)
)
)
)
)

Peripheral input is from PORTx Pin 0
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17.8.3 Pin Rxy Output Source Selection Register

Name: RxyPPS

Important: See 17.8.1. Register Summary - PPS for the address offset of each individual

register.
Bit 7 6 5 4 3 2 1 0
| RxyPPS[5:0] |
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 5:0 - RxyPPS[5:0] Pin Rxy Output Source Selection bits
See the “Peripheral PPS Output Selection Codes” table for details about source selection.

@ MICROCHIP
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17.8.4 PPS Lock Register

Name: PPSLOCK
Address: OxDEF

Bit 7 6 5 4 3 2 1 0
| | | | | PPSLOCKED |
Access R/W
Reset 0

Bit 0 - PPSLOCKED PPS Locked bit

1 PPS is locked. PPS selections can not be changed.
0 PPS is not locked. PPS selections can be changed.
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18.

8-Bit Timer with Programmable Period

16-Bit Timer

TMRO - Timer0 Module

Timer0 module has the following features:

Selectable Clock Sources

Synchronous and Asynchronous Operation

Programmable Prescaler and Postscaler

Interrupt on Match or Overflow
Output on I/0 Pin (via PPS) or to Other Peripherals
Operation During Sleep

Figure 18-1. TimerO Block Diagram

See TOCON1
Register

TOCKIPPS

8-bit TMRO Body Diagram (TO16BIT = 0)

A

TOCS

TOCKPS

Prescaler

TMRO
body

IN—® TMROL él ear
COMPARATOR $——»OUT
I TO_matCh
TMRO High
i é Latch
Enable
TMROH

@ MICROCHIP

OuUT]

TOASYNC

TO16BIT

TOOUTPS

Postscaler

Rev. 10-0000171
2812018

—» Peripherals
TO_out

TMRO

RxyPPS
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8
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18.1 Timer0 Operation
TimerO can operate as either an 8-bit or 16-bit timer. The mode is selected with the TO16BIT bit.

18.1.1 8-Bit Mode
In this mode, Timer0 increments on the rising edge of the selected clock source. A prescaler on the
clock input gives several prescale options (see prescaler control bits, TOCKPS).

In this mode, as shown in Figure 18-1, a buffered version of TMROH is maintained. This is compared
with the value of TMROL on each cycle of the selected clock source. When the two values match, the
following events occur:

+ TMROL is reset
+ The contents of TMROH are copied to the TMROH buffer for next comparison

Important:
When PRO =0 (i.e., either loaded with 0 or resets to 0, the TMRO output (TOOUT) remains
high.

18.1.2 16-Bit Mode

In this mode, TimerQ increments on the rising edge of the selected clock source. A prescaler on the
clock input gives several prescale options (see prescaler control bits, TOCKPS).

In this mode, TMROH:TMROL form the 16-bit timer value. As shown in Figure 18-1, read and write of
the TMROH register are buffered. The TMROH register is updated with the contents of the high byte
of Timer0 during a read of the TMROL register. Similarly, a write to the high byte of Timer0 takes
place through the TMROH buffer register. The high byte is updated with the contents of the TMROH
register when a write occurs to the TMROL register. This allows all 16 bits of TimerQ to be read and
written at the same time.

TimerO rolls over to 0x0000 on incrementing past OxFFFF. This makes the timer free-running. The
TMROL/H registers cannot be reloaded in this mode once started.

18.2 Clock Selection

Timer0 has several options for clock source selections, option to operate synchronously/
asynchronously and a programmable prescaler.

18.2.1 Clock Source Selection

The TOCS bits in TOCON1 register are used to select the clock source for Timer0. Refer to Timer0
Clock Source Selections table for possible clock sources.

18.2.2 Synchronous Mode

When the TOASYNC bit is clear, TimerO0 clock is synchronized to the system clock (Fosc/4). When
operating in Synchronous mode, TimerO0 clock frequency cannot exceed Fosc/4. During Sleep mode
system clock is not available and Timer0 cannot operate.

18.2.3 Asynchronous Mode

When the TOASYNC bit is set, Timer0O increments with each rising edge of the input source (or output
of the prescaler, if used). Asynchronous mode allows Timer0 to continue operation during Sleep
mode provided the selected clock source is available.

18.2.4 Programmable Prescaler

Timer0 has 16 programmable input prescaler options ranging from 1:1 to 1:32768. The prescaler
values are selected using the TOCKPS bits.
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The prescaler counter is not directly readable or writable. The prescaler counter is cleared on the
following events:

« Awrite to the TMROL register
« Awrite to either the TOCONO or TOCON1 registers
* Any device Reset

Related Links
8. Resets

18.3 Timer0 Output and Interrupt

18.3.1 Programmable Postscaler

Timer0 has 16 programmable output postscaler options ranging from 1:1 to 1:16. The postscaler
values are selected using the TOOUTPS bits. The postscaler divides the output of Timer0 by the
selected ratio.

The postscaler counter is not directly readable or writable. The postscaler counter is cleared on the
following events:

+ A write to the TMROL register
* A write to either the TOCONO or TOCON1 registers
* Any device Reset

18.3.2 Timer0 Output

TMRO_out is the output of the postscaler. TMRO_out toggles on every match between TMROL and
TMROH in 8-bit mode, or when TMROH:TMROL rolls over in 16-bit mode. If the output postscaler is
used, the output is scaled by the ratio selected.

Important: When TimerO is in 8-bit mode and TMROH = 0, TMRO_out remains high.

The Timer0 output can be routed to an I/O pin via the RxyPPS output selection register. The Timer0
output can be monitored through software via the TOOUT output bit.

Related Links
17.2. PPS Outputs

18.3.3 TimerO0 Interrupt

The TimerO Interrupt Flag (TMROIF) bit is set when the TMRO_out toggles. If the TimerO interrupt is
enabled (TMROIE), the CPU will be interrupted when the TMROIF bit is set.

When the postscaler bits (TOOUTPS) are set to 1:1 operation (no division), the TOIF flag bit will be
set with every TMRO match or rollover. In general, the TMROIF flag bit will be set every TOOUTPS +1
matches or rollovers.

18.3.4 Timer0 Example

Timer0 Configuration:

« Timer0 mode = 16-bit

+ Clock Source = Fogc/4 (250 kHz)
* Synchronous operation
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* Prescaler =1:1
+ Postscaler =1:2 (TOOUTPS = 1)

In this case, the TMRO_out toggles every two rollovers of TMROH:TMROL. i.e.,
(OXFFFF)*2*(1/250kHz) = 524.28 ms

18.4 Operation During Sleep
When operating synchronously, Timer0 will halt when the device enters Sleep mode.

When operating asynchronously and selected clock source is active, Timer0 will continue to
increment and wake the device from Sleep mode if TimerO0 interrupt is enabled.
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18.5

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00

0x0FD2
0xOFD3
0xO0FD4
O0xOFD5
OxOFD6

18.6

@ MICROCHIP

Register Summary - Timer0O

Reserved

TMROL
TMROH
TOCONO
TOCON1

7:0
7:0
7:0
7:0

TOEN

TOCS[2:0]

TOOUT

Register Definitions: Timer0 Control

TMROL[7:0]

TMROH[7:0]
TO16BIT
TOASYNC

TOOUTPS[3:0]
TOCKPS[3:0]
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18.6.1 TMROL

Name: TMROL
Address: O0xFD3

TimerQ Period/Count Low Register

Bit 7 6 5 4 3 2 1 0
| TMROL[7:0] |
Access  R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - TMROL[7:0] TMRO Least Significant Counter
Value Condition Description
11111111  TO16BIT=0 8-bit Timer0 Counter bits
to
00000000
11111111 TO16BIT=1 16-bit Timer0 Least Significant Byte
to
00000000
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18.6.2 TMROH

Name: TMROH
Address: O0xFD4

TimerQ Period/Count High Register

Bit 7 6 5 4 3 2 1 0
| TMROH[7:0] |
Access  R/W R/W RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - TMROH[7:0] TMRO Most Significant Counter
Value Condition Description
11111111 TO16BIT=0 8-bit Timer0 Period Value. TMROL continues counting from O when this value is reached.
to
00000000
11111111 TO16BIT=1 16-bit Timer0 Most Significant Byte
to
00000000

332

@ MICROCHIP



18.6.3 TOCONO

Name: TOCONO
Address: O0xFD5

Timer0Q Control Register 0

Bit 7 6 5 4 3 2 1 0
| TOEN | | TOOUT | TO16BIT | TOOUTPS[3:0] |
Access R/W R R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 7 - TOEN TMRO Enable

1 The module is enabled and operating
0 The module is disabled

Bit 5 - TOOUT TMRO Output

Bit 4 - TO16BIT TMRO Operating as 16-Bit Timer Select

1 TMRO is a 16-bit timer
0 TMRO is an 8-bit timer

Bits 3:0 - TOOUTPS[3:0] TMRO Output Postscaler (Divider) Select

1111 1:16 Postscaler
1110 1:15 Postscaler
1101 1:14 Postscaler
1100 1:13 Postscaler
1011 1:12 Postscaler
1010 1:11 Postscaler
1001 1:10 Postscaler
1000 1:9 Postscaler
0111 1:8 Postscaler
0110 1.7 Postscaler
0101 1:6 Postscaler
0100 1:5 Postscaler
0011 1:4 Postscaler
0010 1:3 Postscaler
0001 1:2 Postscaler
0000 1:1 Postscaler
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18.6.4 TOCON1

Name:

Address:

TOCON1
OxFD6

Timer0O Control Register 1

Bit

Access R/W

7 6 5 4 3 2 1 0
| TOCS[2:0] | TOASYNC | TOCKPS[3:0] |
R/W RIW R/W RIW R/W RIW RIW
0 0 0 0 0 0 0 0

Reset

Bits 7:5 - TOCS[2:0] Timer0 Clock Source Select

Table 18-1. Timer 0 Clock Source Selections

Clock Source

111
110
101
100
011
010
001
000

Reserved
Reserved
SOSC
LFINTOSC
HFINTOSC
Fosc/4
Pin selected by TOCKIPPS (Inverted)
Pin selected by TOCKIPPS (Noninverted)

Bit 4 - TOASYNC TMRO Input Asynchronization Enable

1
0

The input to the TMRO counter is not synchronized to system clocks
The input to the TMRO counter is synchronized to Fosc/4

Bits 3:0 - TOCKPS[3:0] Prescaler Rate Select

1111
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

1:32768
1:16384
1:8192
1:4096
1:2048
1:1024
1:512
1:256
1:128
1:64
1:32
1:16

1:8

1:4

1:2

1:1
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19. TMR1 - Timerl Module with Gate Control
Timer1 module is a 16-bit timer/counter with the following features:
+ 16-Bit Timer/Counter Register Pair (TMRxH:TMRXxL)
* Programmable Internal or External Clock Source
+ 2-Bit Prescaler
+ Optionally Synchronized Comparator Out
« Multiple Timer1 Gate (Count Enable) Sources
* Interrupt-on-Overflow
+  Wake-Up on Overflow (External Clock, Asynchronous Mode Only)
* 16-Bit Read/Write Operation
+ Time Base for the Capture/Compare Function with the CCP Modules
+ Special Event Trigger (with CCP)
+ Selectable Gate Source Polarity
+ Gate Toggle Mode
+ Gate Single Pulse Mode
* Gate Value Status
+ Gate Event Interrupt

Important: References to the Timer1 module apply to all the odd numbered timers on
this device.
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Figure 19-1. Timer1 Block Diagram

TMRxGATE<4:0>

TxGSPM

TxGPOL
TMRxON

TXGTM }

Single Pulse
Acq. Control

TxGGO/DONE

set flag bit
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T rﬂ TMRx®
X_overiiow
= TMRxH ‘ TMRxL 4—

EN

Rev. 100000181
11282016

D Q——TxGVAL
Q1+
Interrupt | setbit
det TMRxGIF

o—
— TMRxGE

- To Comparators ()

Synchronized Clock Input

TxCLK

A

TMRxCLK<3:0>

TxSYNCj\

Prescaler

Synchronize®

M det |
Fosc/2 ‘
TXCKPS<1:0>  |nternal Sleep
Clock Input

Notes:

1. This signal comes from the pin selected by TxCKIPPS.
2. The TMRx register increments on rising edge.

3. Synchronize does not operate while in Sleep.

4. See the TMRXCLK register for clock source selections.
5. See the TMRXGATE register for gate source selection.
6.

19.1 Timerl Operation

Synchronized comparator output must not be used in conjunction with synchronized input clock.

The Timer1 module is a 16-bit incrementing counter that is accessed through the TMRxH:TMRxL
register pair. Writes to TMRxH or TMRxL directly update the counter.

When used with an internal clock source, the module is a timer and increments on every instruction
cycle. When used with an external clock source, the module can be used as either a timer or counter
and increments on every selected edge of the external source.

Timer1 is enabled by configuring the ON and GE bits in the TXCON and TXGCON registers,
respectively. The table below displays the Timer1 enable selections.
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Table 19-1. Timerl Enable Selections

1 1 Count Enabled
1 0 Always On

0 1 Off

0 0 Off

19.2 Clock Source Selection

The CS bits select the clock source for Timer1. These bits allow the selection of several
possible synchronous and asynchronous clock sources. The possible clock source are listed in
19.14.5. TMRXCLK register.

19.2.1 Internal Clock Source
When the internal clock source is selected the TMRxH:TMRXxL register pair will increment on
multiples of Fosc as determined by the Timer1 prescaler.

When the Fgsc internal clock source is selected, the Timer1 register value will increment by four
counts every instruction clock cycle. Due to this condition, a 2 LSB error in resolution will occur when
reading the Timer1 value. To utilize the full resolution of Timer1, an asynchronous input signal must
be used to gate the Timer1 clock input.

Important: In Counter mode, a falling edge must be registered by the counter prior to the
first incrementing rising edge after any one or more of the following conditions:

* Timer1 enabled after POR
*  Write to TMRxH or TMRXL
* Timer1 is disabled

« Timer1 is disabled (TMRxON = 0) when TxCKl is high then Timer1 is enabled (TMRxON =
1) when TxCKI is low. Refer to the figure below.

Figure 19-2. Timerl Incrementing Edge

Rev. 30-000136A
512412017

TxCKl =1 —
when TMRx

Enabled * * * * *

TxCKIl =0
when TMRx —

Enabled A A A A

Notes:
1. Arrows indicate counter increments.

2. In Counter mode, a falling edge must be registered by the counter prior to the first incrementing
rising edge of the clock.

19.2.2 External Clock Source
When the external clock source is selected, the Timer1 module may work as a timer or a counter.
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When enabled to count, Timer1 is incremented on the rising edge of the external clock input of
the TxCKIPPS pin. This external clock source can be synchronized to the system clock or it can run
asynchronously.

19.3 Timerl Prescaler

Timer1 has four prescaler options allowing 1, 2, 4 or 8 divisions of the clock input. The CKPS bits
control the prescale counter. The prescale counter is not directly readable or writable; however, the
prescaler counter is cleared upon a write to TMRxH or TMRXxL.

19.4 Secondary Oscillator

A secondary low-power 32.768 kHz oscillator circuit is built-in between pins SOSCI (input) and SOSCO
(amplifier output). This internal circuit is to be used in conjunction with an external 32.768 kHz
crystal. The secondary oscillator is not dedicated only to Timer1; it can also be used by other
modules.

The oscillator circuit is enabled by setting the SOSCEN bit of the OSCEN register. This can be used as
one of the Timer1 clock sources selected with the CS bits. The oscillator will continue to run during
Sleep.

Important: The oscillator requires a start-up and stabilization time before use. Thus, the
SOSCEN bit of the OSCEN register needs to be set and a suitable delay observed prior to
enabling Timer1. A software check can be performed to confirm if the secondary oscillator
is enabled and ready to use. This is done by polling the SOR bit of the OSCSTAT register.

Related Links
4.2.1.5. Secondary Oscillator

19.5 Timerl Operation in Asynchronous Counter Mode

When the SYNC control bit is set, the external clock input is not synchronized. The timer increments
asynchronously to the internal phase clocks. If external clock source is selected, then the timer

will continue to run during Sleep and can generate an interrupt on overflow, which will wake up

the processor. However, special precautions in software are needed to read/write the timer (see
19.5.1. Reading and Writing Timer1 in Asynchronous Counter Mode).

Important: When switching from synchronous to asynchronous operation, it is possible
to skip an increment. When switching from asynchronous to synchronous operation, it is
possible to produce an additional increment.

19.5.1 Reading and Writing Timerl in Asynchronous Counter Mode

Reading TMRxH or TMRxL while the timer is running from an external asynchronous clock will
ensure a valid read (taken care of in hardware). However, reading the 16-bit timer in two 8-bit values
itself poses certain problems, since the timer may overflow between the reads. For writes, it is
recommended that the user simply stops the timer and writes the desired values. A write contention
may occur by writing to the timer registers, while the register is incrementing. This may produce an
unpredictable value in the TMRxH:TMRXL register pair.

19.6 Timerl 16-Bit Read/Write Mode

Timer1 can be configured to read and write all 16 bits of data to and from the 8-bit TMRxL and
TMRxH registers, simultaneously. The 16-bit read and write operations are enabled by setting the
RD16 bit.
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To accomplish this function, the TMRxH register value is mapped to a buffer register called the
TMRxH buffer register. While in 16-bit mode, the TMRxH register is not directly readable or writable
and all read and write operations take place through the use of this TMRxH buffer register.

When a read from the TMRXL register is requested, the value of the TMRxH register is
simultaneously loaded into the TMRxH buffer register. When a read from the TMRxH register is
requested, the value is provided from the TMRxH buffer register instead. This provides the user with
the ability to accurately read all 16 bits of the Timer1 value from a single instance in time. Refer to
the figure below for more details.

In contrast, when not in 16-bit mode, the user must read each register separately and determine
if the values have become invalid due to a rollover that may have occurred between the read
operations.

When a write request of the TMRxL register is requested, the TMRxH buffer register is
simultaneously updated with the contents of the TMRxH register. The value of TMRxH must be
preloaded into the TMRxH buffer register prior to the write request for the TMRXL register. This
provides the user with the ability to write all 16 bits to the TMRxL:TMRxH register pair at the same
time.

Any requests to write to TMRxH directly does not clear the Timer1 prescaler value. The prescaler
value is only cleared through write requests to the TMRXL register.

Figure 19-3. Timerl 16-Bit Read/Write Mode Block Diagram

Rev. 30-000135A
512412017

From

Timer1
* Circuitry
Set
| Rt | BT L e TuRiE
N 8 on Overflow

’j_x :_L Read TMR1L

Write TMR1L

8

TMR1H

< / > Internal Data Bus

19.7 Timerl Gate

Timer1 can be configured to count freely or the count can be enabled and disabled using Timer1
gate circuitry. This is also referred to as Timer1 gate enable.

Timer1 gate can also be driven by multiple selectable sources.

19.7.1 Timerl Gate Enable

The Timer1 Gate Enable mode is enabled by setting the GE bit. The polarity of the Timer1 Gate
Enable mode is configured using the GPOL bit.

When Timer1 Gate Enable mode is enabled, Timer1 will increment on the rising edge of the Timer1
clock source. When Timer1 Gate signal is inactive, the timer will not increment and hold the current
count. Enable mode is disabled, no incrementing will occur, and Timer1 will hold the current count.
See the figure below for timing details.
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Table 19-2. Timerl Gate Enable Selections

™ 1 Counts
Holds Count
Holds Count

o = O B

N 1
™ 0
P 0 Counts

Figure 19-4. Timerl Gate Enable Mode

Rev. 30-000137A
512412017

TMRxGE

TxGPOL

TXGVAL : T

Timer1/3/5/7 N PO N +2 X N+3X N+4

19.7.2 Timerl Gate Source Selection

The gate source for Timer1 is selected using the GSS bits. The polarity selection for the gate source is
controlled by the GPOL bit. The following gate source are available:

« Signal Measurement Timers
+ Configurable Logic Cells
+ Comparators

+ PWM
+ NCO
+ T1CLKIN

For all options for gate source selection refer to section 19.14.4. TMRxGATE.

Related Links
33.4.1. Comparator Output Synchronization

19.7.3 Timerl Gate Toggle Mode

When Timer1 Gate Toggle mode is enabled, it is possible to measure the full-cycle length of a Timer1
Gate signal, as opposed to the duration of a single level pulse.

The Timer1 gate source is routed through a flip-flop that changes state on every incrementing edge
of the signal. See the figure below for timing details.
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Timer1 Gate Toggle mode is enabled by setting the GTM bit. When the GTM bit is cleared, the
flip-flop is cleared and held clear. This is necessary to control which edge is measured.

Important: Enabling Toggle mode at the same time as changing the gate polarity may
result in indeterminate operation.

Figure 19-5. Timerl Gate Toggle Mode

Rev. 30-000138A
512512017

TMRxGE
TxGPOL

TxGTM

TXTxG_IN

TXGVAL | I l C ] | : : N
TIMER1/3/5/7 N N+2 N+4 IXN+5XN+6X:::XN+8

19.7.4 Timerl Gate Single Pulse Mode

When Timer1 Gate Single Pulse mode is enabled, it is possible to capture a single pulse gate event.
Timer1 Gate Single Pulse mode is first enabled by setting the GSPM bit in the TXGCON register. Next,
the GGO/DONE bit in the TXGCON register must be set. The Timer1 will be fully enabled on the next
incrementing edge. On the next trailing edge of the pulse, the GGO/DONE bit will automatically be
cleared. No other gate events will be allowed to increment Timer1 until the GGO/DONE bit is once
again set in software.

Clearing the GSPM bit will also clear the GGO/DONE bit. See the figure below for timing details.

Enabling the Toggle mode and the Single Pulse mode simultaneously will permit both sections to
work together. This allows the cycle times on the Timer1 gate source to be measured. See the figure
below for timing details.
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Figure 19-6. Timer1 Gate Single Pulse Mode
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Figure 19-7. Timer1 Gate Single Pulse and Toggle Combined Mode

Rev. 30-000140A
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19.7.5 Timerl Gate Value Status

When Timer1 Gate Value Status is utilized, it is possible to read the most current level of the gate
control value. The value is stored in the GVAL bit in the TXGCON register. The GVAL bit is valid even
when the Timer1 gate is not enabled (GE bit is cleared).

19.7.6 Timerl Gate Event Interrupt

When Timer1 gate event interrupt is enabled, it is possible to generate an interrupt upon the
completion of a gate event. When the falling edge of GVAL occurs, the TMRxGIF flag bit in the PIR5
register will be set. If the TMRXGIE bit in the PIE5 register is set, then an interrupt will be recognized.

The TMRXGIF flag bit operates even when the Timer1 gate is not enabled (the GE bit is cleared).

For more information on selecting high or low priority status for the Timer1 gate event interrupt,
refer to the “Interrupts” section.

Important: A pulse signal with minimum 100 ns width must be applied to TXGATE for
proper operation. Any TXGATE pulse width that is shorter than 100 ns cannot be relied on
to trigger an interrupt.

Related Links
14.2. Interrupt Priority
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19.8 Timerl Interrupt

The Timer1 register pair (TMRxH:TMRXxL) increments to OxFFFF and rolls over to 0x0000. When
Timer1 rolls over, the Timer1 Interrupt Flag (TMR1IF) bit of the PIR4 register is set. To enable the
interrupt-on-rollover, the following bits must be set:

« The TMRxON bit of the TxCON register

+ The TMRXIE bits of the PIE4 register

+ The PEIE/GIEL bit of the INTCON register

+ The GIE/GIEH bit of the INTCON register

The interrupt is cleared by clearing the TMRXIF bit in the Interrupt Service Routine.

For more information on selecting high or low priority status for the Timer1 overflow interrupt, see
the “Interrupts” chapter.

Important: The TMRxH:TMRXL register pair and the TMRxIF bit must be cleared before
enabling interrupts.

Related Links
14.2. Interrupt Priority

19.9 Timerl Operation During Sleep

Timer1 can only operate during Sleep when configured for Asynchronous Counter mode. In this
mode, an external crystal or clock source can be used to increment the counter. To set up the timer
to wake the device:

+ The TMRxON bit of the TXCON register must be set

+ The TMRXIE bit of the PIEx register must be set

* The PEIE/GIEL bit of the INTCON register must be set

+ The TXSYNC bit of the TXCON register must be set

+ Configure the TMRXCLK register for using secondary oscillator as the clock source
+ Enable the SOSCEN bit of the OSCEN register

The device will wake up on an overflow and execute the next instruction. If the GIE/GIEH bit of the
INTCON register is set, the device will call the Interrupt Service Routine.

The secondary oscillator will continue to operate in Sleep regardless of the TxSYNC bit setting.

19.10 CCP Capture/Compare Time Base

The CCP modules use the TMRxH:TMRXxL register pair as the time base when operating in Capture or
Compare mode.

In Capture mode, the value in the TMRxH:TMRXL register pair is copied into the CCPRxH:CCPRxL
register pair on a configured event.

In Compare mode, an event is triggered when the value in the CCPRxH:CCPRXL register pair matches
the value in the TMRXH:TMRXL register pair. This event can be a Special Event Trigger.

For more information, see the “Capture/Compare/PWM Module(CCP)" chapter.

Related Links
21. Capture/Compare/PWM Module
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19.11 CCP Special Event Trigger

When any of the CCPs are configured to trigger a special event, the trigger will clear the
TMRxH:TMRXL register pair. This special event does not cause a Timer1 interrupt. The CCP module
may still be configured to generate a CCP interrupt.

In this mode of operation, the CCPRxH:CCPRXxL register pair becomes the period register for Timer1.

Timer1 must be synchronized and Fosc/4 must be selected as the clock source to utilize the Special
Event Trigger. Asynchronous operation of Timer1 can cause a Special Event Trigger to be missed.

In the event that a write to TMRxH or TMRXxL coincides with a Special Event Trigger from the CCP, the
write will take precedence.

19.12 Peripheral Module Disable

When a peripheral is not used or inactive, the module can be disabled by setting the Module Disable
bit in the PMD registers. This will reduce power consumption to an absolute minimum. Setting the
PMD bits holds the module in Reset and disconnects the module’s clock source. The Module Disable
bits for Timer1 (TMR1MD) are in the PMD1 register. See the “Peripheral Module Disable (PMD)”
chapter for more information.

Related Links
7.3. Register Summary - PMD
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19.13

Register Summary - Timerl

Chddress|—Name Loitposl 7|6 | 5 | 4 | 3 | 2 | 1 | o

0x00
0x0F2D
OxOF2E

0x0F30
0xO0F31
0xO0F32
0x0F33
0x0F34

0xOFCO
0x0FC1
O0xOFC3
0xOFC4

0xOFC5
0xOFC6

0xOFC7

0x0FC9
O0xOFCA
0xOFCB
0x0FCC

0xO0FCD

OxOFCF
0x0FDO
0x0FD1
0x0FD2

19.14

Reserved
7:0 TMRx[7:0]
TMR7
15:8 TMRx[15:8]
T7CON 7:0 CKPS[1:0] SYNC RD16 ON
T7GCON 7:0 GE GPOL GTM GSPM GGO/DONE GVAL
TMR7GATE 7:0 GSS[4:0]
TMR7CLK 7:0 CS[3:0]
Reserved
TMRS 7:0 TMRx[7:0]
15:8 TMRX[15:8]
T5CON 7:0 CKPS[1:0] SYNC RD16 ON
T5GCON 7:0 GE GPOL GTM GSPM GGO/DONE GVAL
TMR5GATE 7:0 GSS[4:0]
TMR5CLK 7:0 CS[3:0]
7:0 TMRXx[7:0]
TMR3
15:8 TMRx[15:8]
T3CON 7:0 CKPS[1:0] SYNC RD16 ON
T3GCON 7:0 GE GPOL GTM GSPM GGO/DONE GVAL
TMR3GATE 7:0 GSS[4:0]
TMR3CLK 7:0 CS[3:0]
TMR1 7:0 TMRx[7:0]
15:8 TMRX[15:8]
T1CON 7:0 CKPS[1:0] SYNC RD16 ON
T1GCON 7:0 GE GPOL GTM GSPM GGO/DONE GVAL
TMR1GATE 7:0 GSS[4:0]
TMR1CLK 7:0 CS[3:0]

Register Definitions: Timerl
Long bit name prefixes for the odd numbered timers is shown in the following table. Refer to the
"Long Bit Names" section for more information.

Table 19-3. Timer1 Prefixes

Peripheral Bit Name Prefix

Timer1 T
Timer3 T3
Timer5 T5
Timer7 T7
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19.14.1 Timer Register

Name: TMRXx

Address: OxFCD,0xFC7,0xFC1,0xF2E

Bit 15 14 13 12 11 10 9 8
| TMRX([15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
| TMRXx[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 15:0 - TMRx[15:0] Timer Register Value

Notes: The individual bytes in this multibyte register can be accessed with the following register
names:

+  TMRxH: Accesses the high byte TMRx[15:8]
*  TMRXxL: Accesses the low byte TMRx[7:0]

Reset States: POR/BOR = 0000000000000000
All Other Resets = uuuuuuuuUUUUUUUU
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19.14.2 TxCON

Name: TxCON
Address: OxFCF,0xFC9,0xFC3,0xF30

Timer Control Register

Bit 7 6 5 4 3 2 1 0
| | | CKPS[1:0] | | SYNC | RDI6 [ ON |
Access RIW R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 5:4 - CKPS[1:0] Timer Input Clock Prescale Select bits
Reset States: POR/BOR =00
All Other Resets = uu

Value Description

11 1:8 Prescale value
10 1:4 Prescale value
01 1:2 Prescale value
00 1:1 Prescale value

Bit 2 - SYNC Timer External Clock Input Synchronization Control bit
Reset States: POR/BOR =0
All Other Resets =u

Value Condition Description

X CS = Fosc/4 or Fosc This bit is ignored. Timer uses the incoming clock as is.
1 Else Do not synchronize external clock input

0 Else Synchronize external clock input with system clock

Bit 1 - RD16 16-Bit Read/Write Mode Enable bit
Reset States: POR/BOR=0
All Other Resets = u

VEIS Description
1 Enables register read/write of Timer in one 16-bit operation
0 Enables register read/write of Timer in two 8-bit operations

Bit 0 - ON Timer On bit
Reset States: POR/BOR =0
All Other Resets = u

Value Description

1 Enables Timer
0 Disables Timer

@ MICROCHIP

348



19.14.3 TxGCON

Name: TxGCON
Address: 0xFDO,0xFCA,0xFC4,0xF31

Timer Gate Control Register

Bit 7 6 5 4 3 2 1 0
| GE | GPOL | GIM | GSPM |GGO/DONE| GVAL | | |
Access R/W R/W R/W R/W R/W RO
Reset 0 0 0 0 0 X

Bit 7 - GE Timer Gate Enable bit
Reset States: POR/BOR =0
All Other Resets = u

1 ON=1 Timer counting is controlled by the Timer gate function
0 ON=1 Timer is always counting
X ON=0 This bit is ignored

Bit 6 - GPOL Timer Gate Polarity bit
Reset States: POR/BOR =0
All Other Resets =u

Value Description
Timer gate is active-high (Timer counts when gate is high)

1
0 Timer gate is active-low (Timer counts when gate is low)

Bit 5 - GTM Timer Gate Toggle Mode bit
Timer gate flip-flop toggles on every rising edge when Toggle mode is enabled.
Reset States: POR/BOR =0
All Other Resets = u

VEIS Description
1 Timer Gate Toggle mode is enabled
0 Timer Gate Toggle mode is disabled and toggle flip-flop is cleared

Bit 4 - GSPM Timer Gate Single Pulse Mode bit
Reset States: POR/BOR =0
All Other Resets = u

1 Timer Gate Single Pulse mode is enabled and is controlling Timer gate
0 Timer Gate Single Pulse mode is disabled

Bit 3 - GGO/DONE Timer Gate Single Pulse Acquisition Status bit
This bit is automatically cleared when TxGSPM is cleared.
Reset States: POR/BOR =0
All Other Resets =u

Value Description
1 Timer Gate Single Pulse Acquisition is ready, waiting for an edge
0 Timer Gate Single Pulse Acquisition has completed or has not been started

Bit 2 - GVAL Timer Gate Current State bit
Indicates the current state of the timer gate that can be provided to TMRxH:TMRXxL.
Unaffected by Timer Gate Enable (TMRxGE).
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19.14.4 TMRxGATE

Name:
Address:

Timer Gate Source Selection Register

TMRXxGATE
OxFD1,0xFCB,0xFC5,0xF32

Bit 7 6 5 4 2 1 0
| | | | GSS[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0

Bits 4:0 - GSS[4:0] Timer Gate Source Selection bits

Table 19-4. Timer Gate Signal Selection

11111-10111
10110
10101
10100
10011
10010
10001
10000
01111
01110
01101
01100
01101
01010
01001
01000
00111
00110
00101
00100
00011
00010
00001
00000

Reset States:
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Reserved
ZCDOUT
CMP30UT
CMP20OUT
CMP10OUT
PWM70UT
PWM6OUT
CCP50UT
CCP40UT
CCP30UT
CCP20OUT
CCP10OUT
SMT2 overflow
SMT1 overflow
TMR8OUT (post-scaled)
TMRY7 overflow
TMR60UT (post-scaled)
TMR5 overflow
TMR4OUT (post-scaled)
TMR3 overflow
TMR20UT (post-scaled)
Reserved
TMRO overflow
Pin selected by T1GPPS

POR/BOR = 0000

Gate Source

Reserved
ZCDOUT
CMP30UT
CMP20OUT
CMP10OUT
PWM70UT
PWM6OUT
CCP50UT
CCP40UT
CCP30UT
CCP20UT
CCP10OUT
SMT2 overflow
SMT1 overflow
TMR8OUT (post-scaled)
TMRY7 overflow
TMR60UT (post-scaled)
TMR5 overflow
TMR4OUT (post-scaled)
Reserved
TMR20UT (post-scaled)
TMR1 overflow
TMRO overflow
Pin selected by T3GPPS

All Other Resets = uuuu

Reserved
ZCDOUT
CMP30UT
CMP20OUT
CMP10OUT
PWM70UT
PWM6OUT
CCP50UT
CCP40UT
CCP30UT
CCP20UT
CCP10OUT
SMT2 overflow
SMT1 overflow
TMR8OUT (post-scaled)
TMRY7 overflow
TMR60UT (post-scaled)
Reserved
TMR4OUT (post-scaled)
TMR3 overflow
TMR20UT (post-scaled)
TMR1 overflow
TMRO overflow
Pin selected by T5GPPS

Reserved
ZCDOUT
CMP30UT
CMP20OUT
CMP10OUT
PWM70UT
PWM6OUT
CCP50UT
CCP40UT
CCP30UT
CCP20UT
CCP10OUT
SMT2 overflow
SMT1 overflow
TMR8OUT (post-scaled)
Reserved
TMR60UT (post-scaled)
TMR5 overflow
TMR4OUT (post-scaled)
TMR3 overflow
TMR20UT (post-scaled)
TMR1 overflow
TMRO overflow
Pin selected by T7GPPS
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19.14.5 TMRxCLK

Name:
Address:

Timer Clock Source Selection Register

TMRxCLK
0xFD2,0xFCC,0xFC6,0xF33

Bit 7 6 5 4 3 2 1 0
| | | | CS[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bits 3:0 - CS[3:0] Timer Clock Source Selection bits

a L dedksouree

1111-1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

Reserved
TMR7 overflow
TMRS5 overflow
TMR3 overflow

Reserved
TMRO overflow

CLKREF
SOSC
MFINTOSC (500 kHz)
LFINTOSC
HFINTOSC
Fosc
Fosc/4
T1CKIPPS

Reset States: POR/BOR = 0000
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All Other Resets = uuuu

Clock Source

Reserved
TMR7 overflow
TMRS5 overflow

Reserved
TMR1 overflow
TMRO overflow

CLKREF
SOSC
MFINTOSC (500 kHz)
LFINTOSC
HFINTOSC
Fosc
Fosc/4
T3CKIPPS

Reserved
TMR7 overflow
Reserved
TMR3 overflow
TMR1 overflow
TMRO overflow
CLKREF
SOSC
MFINTOSC (500 kHz)
LFINTOSC
HFINTOSC
Fosc
Fosc/4
T5CKIPPS

Reserved
Reserved
TMRS5 overflow
TMR3 overflow
TMR1 overflow
TMRO overflow
CLKREF
SOSC
MFINTOSC (500 kHz)
LFINTOSC
HFINTOSC
Fosc
Fosc/4
T7CKIPPS
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20. TMR2 - Timer2 Module

The Timer2 module is a 8-bit timer that incorporates the following features:

+ 8-Bit Timer and Period Registers

+ Readable and Writable

+ Software Programmable Prescaler (1:1 to 1:128)
+ Software Programmable Postscaler (1:1 to 1:16)
* Interrupt on T2TMR Match with T2PR

* One-Shot Operation

+ Full Asynchronous Operation

* Includes Hardware Limit Timer (HLT)

+ Alternate Clock Sources

+ External Timer Reset Signal Sources

+ Configurable Timer Reset Operation

See Figure 20-1 for a block diagram of Timer2.

Important: References to module Timer2 apply to all the even numbered timers on this

device (Timer2, Timer4, etc.).

Figure 20-1. Timer2 with Hardware Limit Timer (HLT) Block Diagram

RSEL
TxINPPS :
TxIN X-{PPS]

MODE[3]

(
[

. MODE
External Lr\
Reset TMRx_ers Edge Detector |_reset

(2) Level Detector

Sources Mode Control

. (2 clock Sync)
CKPOL enable MODE[4:3] = ' b01
T™MRx clk MODE[4:1] = 'b1011

X_cl
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TXINPPS :
TxIN [X-{PPS]

See
TxCLKCON

)

register®
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Notes:

1. Signal to the CCP to trigger the PWM pulse.

2. See TxRST for external Reset sources.

3. See the Clock Source Selection table for clock source selection.

20.1 Timer2 Operation

Timer2 operates in three major modes:

+ Free Running Period
+ One Shot
+ Monostable

Within each mode there are several options for starting, stopping, and reset. Table 20-2 lists the
options.

In all modes, the T2TMR count register is incremented on the rising edge of the clock signal from the
programmable prescaler. When T2TMR equals T2PR, a high level is output to the postscaler counter.
T2TMR is cleared on the next clock input.

An external signal from hardware can also be configured to gate the timer operation or force a
T2TMR count Reset. In Gate modes, the counter stops when the gate is disabled and resumes when
the gate is enabled. In Reset modes, the T2TMR count is reset on either the level or edge from the
external source.

The T2TMR and T2PR registers are both directly readable and writable. The T2TMR register is cleared
and the T2PR register initializes to FFh on any device Reset. Both the prescaler and postscaler
counters are cleared on the following events:

* Awrite to the T2TMR register

+ Awrite to the T2CON register

* Any device Reset

+ External Reset Source event that resets the timer.

Important: T2TMR is not cleared when T2CON is written.

20.1.1 Free-Running Period Mode

The value of T2ZTMR is compared to that of the Period register, T2PR, on each clock cycle. When

the two values match, the comparator resets the value of T2TMR to 00h on the next cycle and
increments the output postscaler counter. When the postscaler count equals the value in the OUTPS
bits of the T2CON register then a one clock period wide pulse occurs on the TMR2_postscaled
output, and the postscaler count is cleared.

20.1.2 One Shot Mode

The One Shot mode is identical to the Free-Running Period mode, except that the ON bit is cleared
and the timer is stopped when T2TMR matches T2PR and will not restart until the ON bit is cycled
off and on. Postscaler (OUTPS) values other than zero are ignored in this mode because the timer is
stopped at the first period event and the postscaler is reset when the timer is restarted.

20.1.3 Monostable Mode

Monostable modes are similar to One Shot modes except that the ON bit is not cleared and the
timer can be restarted by an external Reset event.
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20.2 Timer2 Output

The Timer2 module’s primary output is TMR2_postscaled, which pulses for a single TMR2_clk
period upon each match of the postscaler counter and the OUTPS bits of the T2CON register. The
postscaler is incremented each time the T2TMR value matches the T2PR value. This signal can be
selected as an input to several other input modules:

+ The ADC module, as an auto-conversion trigger

« CWG, as an auto-shutdown source

+ The CRC memory scanner, as a trigger for triggered mode

+ Gate source for odd numbered timers (Timer1, Timer3, etc.)

+ Alternate SPI clock

+ Reset signals for other instances of even numbered timers (Timer2, Timer4, etc.)

In addition, the Timer2 is also used by the CCP module for pulse generation in PWM mode. See
“PWM Overview"” and “Pulse-Width Modulation” sections for details on setting up Timer2 for use
with the CCP and PWM modules.

Related Links

21.4. PWM Overview

22. (PWM) Pulse-Width Modulation

20.3 External Reset Sources

In addition to the clock source, the Timer2 also takes in an external Reset source. This external Reset
source is selected for each timer with the corresponding TxRST register. This source can control
starting and stopping of the timer, as well as resetting the timer, depending on which mode the
timer is in. Reset source selections are shown in the following table.

Table 20-1. External Reset Sources

RSEL[3:0] Reset Source

1111 ZCD_OUT ZCD_OUT ZCD_OUT ZCD_OUT
1110 CMP30UT CMP30UT CMP30UT CMP30UT
1101 CMP20OUT CMP20OUT CMP20OUT CMP20OUT
1100 CMP10OUT CMP10UT CMP10OUT CMP10OUT
1011 PWM70UT PWM70UT PWM70UT PWM70UT
1010 PWM60OUT PWM6OUT PWM60OUT PWM6OUT
1001 CCP50UT CCP50UT CCP50UT CCP50UT
1000 CCP40OUT CCP40UT CCP40UT CCP40UT
0111 CCP30UT CCP30UT CCP30UT CCP30UT
0110 CCP20UT CCP20UT CCP20OUT CCP20UT
0101 CCP10OUT ccP1ouUT CCP10OUT CCP1OUT
0100 TMR8 post-scaled TMR8 post-scaled TMR8 post-scaled Reserved
0011 TMR6 post-scaled TMR6 post-scaled Reserved TMRE6 post-scaled
0010 TMR4 post-scaled Reserved TMR4 post-scaled TMR4 post-scaled
0001 Reserved TMR2 post-scaled TMR2 post-scaled TMR2 post-scaled

0000 Pin selected by T2INPPS Pin selected by T4INPPS Pin selected by T6INPPS Pin selected by T8INPPS

20.4 Timer2 Interrupt

Timer2 can also generate a device interrupt. The interrupt is generated when the postscaler counter
matches with the selected postscaler value (OUTPS bits of T2CON register). The interrupt is enabled
by setting the TMR2IE interrupt enable bit. Interrupt timing is illustrated in the figure below.
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Figure 20-2. Timer2 Prescaler, Postscaler, and Interrupt Timing Diagram

CKPS \ 0b010 \
PRX‘ 1 \
OUTPS \ 0b0001 \

TMRx_clk
TMRx 0 X 1 >< 0 >< 1 >< 0 >< 1 >< 0 >
TMRx_postscaled ﬂ ﬂ

TMRXIF 4] ‘ ‘ @ )

Notes:
1. Setting the interrupt flag is synchronized with the instruction clock.

2. Cleared by software.

20.5 PSYNCBit

Setting the PSYNC bit synchronizes the prescaler output to Fosc/4. Setting this bit is required for
reading the Timer2 counter register while the selected Timer clock is asynchronous to Fosc/4.

Note: Setting PSYNC requires that the output of the prescaler is slower than Fosc/4. Setting PSYNC
when the output of the prescaler is greater than or equal to Fosc/4 may cause unexpected results.

20.6 CSYNC Bit

All bits in the Timer2 SFRs are synchronized to Fosc/4 by default, not the Timer2 input clock. As such,
if the Timer2 input clock is not synchronized to Fosc/4, it is possible for the Timer2 input clock to
transition at the same time as the ON bit is set in software, which may cause undesirable behavior
and glitches in the counter. Setting the CSYNC bit remedies this problem by synchronizing the ON
bit to the Timer2 input clock instead of Fosc/4. However, as this synchronization uses an edge of the
TMR2 input clock, up to one input clock cycle will be consumed and not counted by the Timer2 when
CSYNC is set. Conversely, clearing the CSYNC bit synchronizes the ON bit to Fosc/4, which does not
consume any clock edges, but has the previously stated risk of glitches.

20.7 Operating Modes

The mode of the timer is controlled by the MODE bits of the T2HLT register. Edge-Triggered

modes require six Timer clock periods between external triggers. Level-Triggered modes require
the triggering level to be at least three Timer clock periods long. External triggers are ignored while
in Debug mode.
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Table 20-2. Operating Modes Table

MODE[40 o o )
utput eration
pur0»

Free-

Running Period 00

One Shot 01

Monostable

10
Reserved
Reserved

One Shot

Reserved 11

Notes:

000

001

011
100
101

011

100
101

XXX

Period Pulse

Period Pulse
with
Hardware Reset

One-shot

Edge-
Triggered Start

(Note 1)

Edge-
Triggered Start

and
Hardware Reset
(Note 1)

Edge-
Triggered Start
(Note 1)

Level-
Triggered Start

and
Hardware Reset

Operation
Software gate (Figure 20-3) ON=1
Hardware gate, active-high ON=1and
(Figure 20-4) TMRx_ers=1
. ON=1and
Hardware gate, active-low TMRX_ers = 0
Rising or falling edge Reset
Rising edge Reset (Figure 20-5)
Falling edge Reset
ON=1
Low-level Reset
High-level Reset (Figure 20-6)
Software start (Figure 20-7) ON=1
. d ) ON =1 and
Rising edge start (Figure 20-8) TMRx_ers 4
i q ON =1 and
Falling edge start TMRx_ers 4,
q ON =1 and
Any edge start TMRx_ers
Rising edge start and ON =1 and
Rising edge Reset (Figure 20-9)  TMRx_ers M
Falling edge start and ON =1 and
Falling edge Reset TMRx_ers |
Rising edge start and ON =1 and
Low-level Reset (Figure 20-10) TMRx_ers 1
Falling edge start and ON =1 and
High-level Reset TMRx_ers |
Reserved
Rising edge start ON =1 and
(Figure 20-11) TMRx_ers 1
Fall d ON =1 and
alling edge start TMRx_ers 4
q ON =1 and
Any edge start TMRx_ers $
Reserved
Reserved
High-level start and ON =1 and
Low-level Reset (Figure 20-12) TMRx_ers =1
Low-level start and ON =1 and
High-level Reset TMRx_ers= 0

Timer Control

Reserved

1. If ON =0, then an edge is required to restart the timer after ON = 1.
2. When T2TMR = T2PR, then the next clock clears ON and stops T2TMR at 0x00.

3. When T2TMR = T2PR, then the next clock stops T2TMR at 0x00 but does not clear ON.
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TMRx_ers {
TMRx_ers 1
TMRx_ers

TMRx_ers =0

TMRx_ers =1

TMRx_ers 1

TMRx_ers

TMRx_ers =0

TMRx_ers =1

TMRx_ers =0

TMRx_ers=1

ON=0
ON=0or
TMRx_ers =0

ON=0o0r
TMRx_ers=1

ON=0

ON=0or
TMRx_ers =0

ON=0o0r
TMRx_ers =1

ON=0or
Next clock after

TMRx = PRx
(Note 2)

ON=0o0r
Next clock after

TMRx = PRx
(Note 3)

ON=o0or
Held in Reset

(Note 2)
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20.8 Operation Examples
Unless otherwise specified, the following notes apply to the following timing diagrams:

+ Both the prescaler and postscaler are set to 1:1 (both the CKPS and OUTPS bits in the T2CON
register are cleared).

« The diagrams illustrate any clock except Fosc/4 and show clock-sync delays of at least two full
cycles for both ON and Timer2_ers. When using Fosc/4, the clock-sync delay is at least one
instruction period for Timer2_ers; ON applies in the next instruction period.

+ ON and Timer2_ers are somewhat generalized, and clock-sync delays may produce results that
are slightly different than illustrated.

+ The PWM Duty Cycle and PWM output are illustrated assuming that the timer is used for the
PWM function of the CCP module as described in the “PWM Overview" section. The signals are not
a part of the Timer2 module.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.1 Software Gate Mode
This mode corresponds to legacy Timer2 operation. The timer increments with each clock input
when ON = 1 and does not increment when ON = 0. When the TMRx count equals the PRx period
count, the timer resets on the next clock and continues counting from 0. Operation with the ON bit
software controlled is illustrated in Figure 20-3. With PRx = 5, the counter advances until TMRx = 5,
and goes to zero with the next clock.

Figure 20-3. Software Gate Mode Timing Diagram (MODE = 00000)

Rev. 10-000195B
5/3012014

MODE \ 0b00000
Instruction" BSF BCF BSF

TMRx_postscaled ﬂ ﬂ l

PWM Duty
Cycle

PWM Output

Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

357

@ MICROCHIP



Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.2 Hardware Gate Mode

The Hardware Gate modes operate the same as the Software Gate mode except the TMRx_ers
external signal can also gate the timer. When used with the CCP, the gating extends the PWM period.
If the timer is stopped when the PWM output is high, then the duty cycle is also extended.

When MODE[4:0] = 00001 then the timer is stopped when the external signal is high. When
MODE[4:0] = 00010, then the timer is stopped when the external signal is low.

Figure 20-4 illustrates the Hardware Gating mode for MODE[4:0] = 00001 in which a high input level
starts the counter.

Figure 20-4. Hardware Gate Mode Timing Diagram (MODE =00001)

////////

MODE| 0b00001 |

TMRx_clk

TMRx_postscaled |_|

PWM Duty
Cycle

PWM Output / \ /

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.3 Edge-Triggered Hardware Limit Mode

In Hardware Limit mode, the timer can be reset by the TMRx_ers external signal before the timer
reaches the period count. Three types of Resets are possible:

+ Reset on rising or falling edge (MODE[4:0] = 00011)
+ Reset on rising edge (MODE[4:0] = 00100)
+ Reset on falling edge (MODE[4:0] = 00101)

When the timer is used in conjunction with the CCP in PWM mode, then an early Reset shortens the
period and restarts the PWM pulse after a two clock delay. Refer to Figure 20-5.
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Figure 20-5. Edge-Triggered Hardware Limit Mode Timing Diagram (MODE = 001 00)

Rev. 10-000 1978
5130/201 4

MODE| 0b00100 |
TMRx_clk
PRx| 5 |

Instruction™ @ {BCFH BS.}
o] ]
TMRx_ers |

TMRx

TMRx_postscaled

PWM Duty
Cycle

PWM Output

Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.4 Level-Triggered Hardware Limit Mode

In the Level-Triggered Hardware Limit Timer modes, the counter is reset by high or low levels of the
external signal TMRx_ers, as shown in Figure 20-6. Selecting MODE[4:0] = 00110 will cause the timer
to reset on a low-level external signal. Selecting MODE[4:0] = 00111 will cause the timer to reset on
a high level external signal. In the example, the counter is reset while TMRx_ers = 1. ON is controlled
by the BSF and BCF instructions. When ON = 0, the external signal is ignored.

When the CCP uses the timer as the PWM time base, then the PWM output will be set high when
the timer starts counting and then set low only when the timer count matches the CCPRx value.
The timer is reset when either the timer count matches the PRx value or two clock periods after the
external Reset signal goes true and stays true.

The timer starts counting, and the PWM output is set high, on either the clock following the PRx
match or two clocks after the external Reset signal relinquishes the Reset. The PWM output will
remain high until the timer counts up to match the CCPRx pulse-width value. If the external Reset
signal goes true while the PWM output is high, then the PWM output will remain high until the Reset
signal is released, allowing the timer to count up to match the CCPRx value.
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Figure 20-6. Level-Triggered Hardware Limit Mode Timing Diagram (MODE = 00111)

Rev. 10-0001988
51302014

MODE | 0b00111 |
PRX| 5 |
Instruction® BSF BCF BSF

oN__| ]
TMRx_ers—,—‘ ’—‘

TMRx_postscaled ﬂ m

PWM Duty
Cycle

PWM Output

Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.5 Software Start One Shot Mode

In One Shot mode, the timer resets and the ON bit is cleared when the timer value matches the PRx
period value. The ON bit must be set by software to start another timer cycle. Setting MODE[4:0] =
01000 selects One Shot mode, which is illustrated in Figure 20-7. In the example, ON is controlled
by the BSF and BCF instructions. In the first case, a BSF instruction sets ON and the counter

runs to completion and clears ON. In the second case, a BSF instruction starts the cycle, BCF/BSF
instructions turn the counter off and on during the cycle, and then it runs to completion.

When One Shot mode is used in conjunction with the CCP PWM operation, the PWM pulse drive
starts concurrent with setting the ON bit. Clearing the ON bit while the PWM drive is active will
extend the PWM drive. The PWM drive will terminate when the timer value matches the CCPRx
pulse-width value. The PWM drive will remain off until software sets the ON bit to start another
cycle. If the software clears the ON bit after the CCPRx match, but before the PRx match, then the
PWM drive will be extended by the length of time the ON bit remains cleared. Another timing cycle
can only be initiated by setting the ON bit after it has been cleared by a PRx period count match.
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Figure 20-7. Software Start One Shot Mode Timing Diagram (MODE =01000)

Rev. 10-0001998
4712016

MODE | 0b01000 |
PRX| 5 |
Instruction" BSF BSF BCF BSF

TMRx_postscaled

PWM Duty
Cycle

PWM Output

Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.6 Edge-Triggered One Shot Mode

The Edge-Triggered One Shot modes start the timer on an edge from the external signal input, after
the ON bit is set, and clear the ON bit when the timer matches the PRx period value. The following
edges will start the timer:

+ Rising edge (MODE[4:0] = 01001)
+ Falling edge (MODE[4:0] = 01010)
+ Rising or Falling edge (MODE[4:0] = 01011)

If the timer is halted by clearing the ON bit, then another TMRx_ers edge is required after the ON bit
is set to resume counting. Figure 20-8 illustrates operation in the rising edge One Shot mode.

When Edge-Triggered One Shot mode is used in conjunction with the CCP, the edge-trigger will
activate the PWM drive, and the PWM drive will deactivate when the timer matches the CCPRx
pulse-width value and stay deactivated when the timer halts at the PRx period count match.
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Figure 20-8. Edge-Triggered One Shot Mode Timing Diagram (MODE = 01001)
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Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.7 Edge-Triggered Hardware Limit One Shot Mode

In Edge-Triggered Hardware Limit One Shot modes, the timer starts on the first external signal edge
after the ON bit is set and resets on all subsequent edges. Only the first edge after the ON bit is

set is needed to start the timer. The counter will resume counting automatically two clocks after all
subsequent external Reset edges. Edge triggers are as follows:

* Rising edge start and Reset (MODE[4:0] = 01100)
+ Falling edge start and Reset (MODE[4:0] = 01101)

The timer resets and clears the ON bit when the timer value matches the PRx period value. External
signal edges will have no effect until after software sets the ON bit. Figure 20-9 illustrates the rising
edge hardware limit one-shot operation.

When this mode is used in conjunction with the CCP, the first starting edge trigger and all
subsequent Reset edges will activate the PWM drive. The PWM drive will deactivate when the timer
matches the CCPRx pulse-width value, and stay deactivated until the timer halts at the PRx period
match unless an external signal edge resets the timer before the match occurs.
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Figure 20-9. Edge-Triggered Hardware Limit One Shot Mode Timing Diagram (MODE = 01100)
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Note:

1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to set or
clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

Related Links
21.4. PWM Overview
22. (PWM) Pulse-Width Modulation

20.8.8 Level Reset, Edge-Triggered Hardware Limit One Shot Modes
In Level-Triggered One Shot mode, the timer count is reset on the external signal level and starts
counting on the rising/falling edge of the transition from the Reset level to the active level while the
ON bit is set. Reset levels are selected as follows:

* Low Reset level (MODE[4:0]1=01110)
+ High Reset level (MODE[4:0] =01111)

When the timer count matches the PRx period count, the timer is reset and the ON bit is cleared.
When the ON bit is cleared by either a PRx match or by software control, a new external signal edge
is required after the ON bit is set to start the counter.

When Level-Triggered Reset One Shot mode is used in conjunction with the CCP PWM operation,
the PWM drive goes Active with the external signal edge that starts the timer. The PWM drive goes
Inactive when the timer count equals the CCPRx pulse-width count. The PWM drive does not go
Active when the timer count clears at the PRx period count match.
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Figure 20-10. Low Level Reset, Edge-Triggered Hardware Limit One Shot Mode Ti