MICROCHIP PIC16F18114/15/24/25/44/45

PIC16F18114/15/24/25/44/45 Full-Featured 8/14/20-Pin
Microcontrollers

Introduction

The PIC16F181 microcontroller family has a suite of analog peripherals that enables precision sensor applications.
This product family is available from 8 to 44-pin packages in a memory range of 7 KB to 28 KB, with speeds up to
32 MHz. This product includes a 12-bit differential Analog-to-Digital Converter with Computation (ADCC), two 8-bit
Digital-to-Analog Converters (DAC), a 16-bit Pulse-Width Modulation (PWM) peripheral, and many more waveform
control and communication peripherals. This small form factor, feature-rich device is well suited for low-cost, energy-

efficient analog sensor applications with higher resolution requirements.
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PIC16F181 Family Summary

Table 1. Devices Included in This Data Sheet

Program Flash Memory
Data SRAM
Memory Access Partition/
Device Information Area
110 Pins(1)/
Peripheral Pin Select
8-Bit Timers with HLT/
16-Bit Timers(2)
16-Bit PWM/
12-Bit ADC Channels
(External+/External-/Internal)
EUSART
8-bit DAC
SMBus Compatible /0 Pads
External Interrupt Pins
Interrupt-on-Change Pins
Windowed Watchdog Timer
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PIC16F18114 | 7k 128 512 YIY  6lY 212 | 22 5/5/7 22 2 2 1 Y |1 6 Y
PIC16F18115 | 14k 128 1024 Y/Y 6/IY 22  2/2 5/5/7 22 2 1.1 4 2 2 2 1 Y 1 6 Y
PIC16F18124 | 7k 128 512 Y/Y 12y 202 | 202 M7 22 2 11 4 22 2 1Y 1 12 Y
PIC16F18125 14k 128 1024 | Y/Y 12/Y 22 22 1M/7 22 2 1 1 4 2 2 2 1. Y 1 12 Y
PIC16F18144 | 7k 128 512 Y/Y 18/Y 202 | 2;2 177/ 022 2 11 4,22 2 1Y 1 18 Y
PIC16F18145 14k 128 1024 | Y/Y 18/Y 22 2/2 1717/7 22 2 1 1 4 2 2 2 1 Y 1 18 Y
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Table 2. Devices Not Included in This Data Sheet

Program Flash Memory
Data SRAM
Device Information Area
Peripheral Pin Select
8-Bit Timers with HLT/
16-Bit Timers(2)
16-Bit PWM/

CCP
12-Bit ADC Channels
(External+/External-/Internal)
EUSART

Memory Access Partition/
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PIC16F18126 | 28k 256 | 2048 | Y/Y [12/Y | 2/2 | 202 M7 22 2 1 1
PIC16F18146 28k 256 | 2048 | Y/Y 18/Y | 22 202 A717/7 212 2 1 1
PIC16F18154 | 7k 128 | 512 | Y/Y | 25/Y | 3/2 | 42 241117 202 | 2 1 1
PIC16F18155 14k 128 1024 | Y/Y [ 25/Y  3/2 42 24117 22 2 1 1
PIC16F18156 | 28k 256 | 2048 | Y/Y 25/Y | 3/2 @ 4/2 24117 212 | 2 1 1
PIC16F18174 7k 128 512 Y/Y 36/Y 3/2 42 3516/7 202 2 1 1
PIC16F18175 14k 128 | 1024 | Y/Y | 36/Y | 3/2 | 42 3516/7 22 | 2 1 1

PIC16F18176 28k 256 | 2048 Y/Y 36/Y 3/2 4/2 3516/7 2/2 2 1 1

Notes:
1. Total I/O count includes one input-only pin (MCLR).
2. TimerO can be configured as either an 8 or 16-bit timer.

Core Features

8-bit DAC
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» C Compiler Optimized RISC Architecture
» Operating Speed:
— DC - 32 MHz clock input
— 125 ns minimum instruction time
* 16-Level Deep Hardware Stack
* Low-Current Power-on Reset (POR)
» Configurable Power-up Timer (PWRT)
» Brown-out Reset (BOR)
* Low-Power Brown-out Reset (LPBOR)
*  Windowed Watchdog Timer (WWDT)

Memory

* Up to 28 KB of Program Flash Memory
* Up to 2 KB of Data SRAM Memory
* Up to 256 Bytes of Data EEPROM Memory

* Memory Access Partition (MAP) with Program Flash Memory Partitioned into:

— Application block

— Boot block

— Storage Area Flash (SAF) block
» Programmable Code Protection and Write Protection
* Device Information Area (DIA) Stores:

© 2022 Microchip Technology Inc. Preliminary Datasheet
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— Temperature Indicator calibration coefficients
— Fixed Voltage Reference (FVR) measurement data
— Microchip Unique Identifier (MUI)
» Device Characteristics Area (DCI) Stores:
— Program/erase row sizes
— Pin count details
« Direct, Indirect, and Relative Addressing Modes

Operating Characteristics

» Operating Voltage Range:
- 1.8Vto 5.5V

» Temperature Range:
— Industrial: -40°C to 85°C
— Extended: -40°C to 125°C

Power-Saving Functionality

» Doze: CPU and Peripherals Running at Different Cycle Rates (typically CPU is lower)

» Idle: CPU Halted While Peripherals Operate
» Sleep:
— Lowest power consumption
— Reduce system electrical noise while performing ADC conversions

» Peripheral Module Disable (PMD): Selectively Minimize the Active Power Consumption of Unused Peripherals

* Low Power Mode Features:
— Sleep current:
* <900 nA typical @ 3V/25°C (WDT enabled)
¢ <600 nA typical @ 3V/25°C (WDT disabled)
— Operating current:
+ 48 pA typical @ 32 kHz, 3V/25°C
* <1 mA typical @ 4 MHz, 5V/25°C

Digital Peripherals

»  Two Capture/Compare/PWM (CCP) Modules:
— 16-bit resolution for Capture/Compare modes
— 10-bit resolution for PWM mode
* Up to Four Pulse-Width Modulators (PWM):
— 16-bit resolution
— Independent pulse outputs
— External Reset Signal (ERS) inputs
» Four Configurable Logic Cells (CLC):
— Integrated combinational and sequential logic
* One Complimentary Waveform Generator (CWG):
— Rising and falling edge dead-band control
— Full-bridge, half-bridge, 1-channel drive
— Multiple signal sources
— Programmable dead band
— Fault-shutdown input

© 2022 Microchip Technology Inc. Preliminary Datasheet
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* One Configurable 8/16-Bit Timer (TMRO)
« Two 16-Bit Timers (TMR1/3) with Gate Control
* Up to Three 8-Bit Timers (TMR2/4/6) with Hardware Limit Timer (HLT)
* One Numerically Controlled Oscillator (NCO):
— Generates true linear frequency control and increased frequency resolution
— Input clock up to 64 MHz
* Programmable CRC with Memory Scan:
— Reliable data/program memory monitoring for Fail-Safe operation (e.g., Class B)
— Calculate 32-bit CRC over any portion of Program Flash Memory
» Two Enhanced Universal Synchronous Asynchronous Receiver Transmitters (EUSART):
— RS-232, RS-485, LIN compatible
— Auto-wake-up on Start
* Two Host Synchronous Serial Ports (MSSP):
— Serial Peripheral Interface (SPI) mode
» Chip Select Synchronization
— Inter-Integrated Circuit (12C) mode
» 7/10-bit Addressing modes
» Peripheral Pin Select (PPS):
— Enables pin mapping of digital /0O
» Device I/O Port Features:
— Upto 35 1/0 pins
— One input-only pin
— Individual I/O direction, open-drain, input threshold, slew rate, and weak pull-up control
— Interrupt-on-Change (IOC) on up to 25 pins
— One external interrupt pin

Analog Peripherals

» Differential Analog-to-Digital Converter with Computation (ADCC):
— 12-bit resolution
— Up to 35 external positive input channels
— Up to 17 external negative input channels
— Seven internal input channels
Internal ADC oscillator (ADCRC)
Operates in Sleep
Selectable Auto-Conversion Trigger (ACT) sources
» Two 8-Bit Digital-to-Analog Converters (DAC):
— Output available on up to two 1/O pins
— Internal connections to ADC and Comparators
* Two Comparators (CMP):
— Up to four external inputs
— Configurable output polarity
— External output via Peripheral Pin Select
» Zero-Cross Detect (ZCD):
— Detect when AC signal on pin crosses ground
» Two Fixed Voltage References (FVR):
— Selectable 1.024V, 2.048V and 4.096V output levels
— FVR1 internally connected to ADC
— FVR2 internally connected to Comparator

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 4
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Clocking Structure

» High-Precision Internal Oscillator Block (HFINTOSC):

— Selectable frequencies up to 32 MHz

— 12% at calibration

— Active Clock Tuning of HFINTOSC for improved accuracy
» Internal 31 kHz Oscillator (LFINTOSC)
» External 32 kHz Secondary Oscillator (SOSC)
» External High-Frequency Clock Input:

— Three Crystal/Resonator modes

— Two External Clock (EC) Power modes

— 4x PLL available for external sources
» Fail-Safe Clock Monitor:

— Allows for operational recovery if the external clock source stops
» Oscillator Start-up Timer (OST):

— Ensures the stability of crystal oscillator sources

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

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 5
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Block Diagram

Figure 1. PIC16F18114/15/24/25/44/45 Block Diagram
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Notes:
1. Available on 20-pin devices only.
2. Available on 14/20-pin devices only.
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Packages

1. Packages

Table 1-1. Packages

Device 8-Pin |8-Pin |8-Pin | 14-Pin | 14-Pin | 14-Pin 20-Pin | 20-Pin | 20-Pin
PDIP |SOIC |DFN PDIP | SOIC | TSSOP PDIP | SOIC | SSOP

PIC16F18114

PIC16F18115 c 0 0

PIC16F18124 0 0 0 c

PIC16F18125 0 0 0 0

PIC16F18144 0 0 0 0
PIC16F18145 . . . .

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 9
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Pin Diagrams

Pin Diagrams
Figure 2-1. 8-Pin PDIP, SOIC, DFN

VDDE 1 e 8:|Vss
RAS[ |2 7 JRA0/ICSPDAT
RA4[ |3 6] |RA1/ICSPCLK
MCLR/VPPIRA3[|4 5[ |RA2
Figure 2-2. 14-Pin PDIP, SOIC, TSSOP
VDD[:l - 14:]Vss
RA5[ |2 13[_|RAO/ICSPDAT
RA4[ |3 12[ JRA1/ICSPCLK
MCLR/VPPIRA3[_|4 11] |rRA2
Rcs[ |5 10[ JrRCO
rRc4[ |6 9 Jrc1
rRc3[ 7 8 JrRC2
Figure 2-3. 16-Pin VQFN
8 o o 3
> P4 P4 >
@16 15 14 13
RAS5|1 12| RAO/ICSPDAT
RA4]2 11| RAL/ICSPCLK
MCLR/VPP/RA3 |3 10| RA2
RC5)4 9lrco
5 6 1 8
< ™ N —
O O O O
@ @ @ o

Note: It is recommended that the exposed bottom pad be connected to Vgg, however, it must not be the only Vgg
connection to the device.
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Pin Diagrams

Figure 2-4. 20-Pin PDIP, SOIC, SSOP

Figure 2-5. 20-Pin VQFN

vool |1 20[ Jvss
RAS5[ |2 19[ JRAO/ICSPDAT
rRA4[]3 18[ JRA1/ICSPCLK
MCLR/Ver/RA3[ |4 17[JrA2
rRcsL5 16[ 1rRCO
rRcalle 15 JrRC1
rRcal]7 14[JrRC2
rRcel s 13[IrRB4
rc7l]o 12[1rRB5
rB7L]10 11[1rB6
'—
<
[a)]
o
)
O
I 23 9 %
xr > >
20 19 18 17 16
°
MCLR/VPP/IRA3| 1 15| RA1/ICSPCLK
RC5] 2 14| rRA2
RC4]3 13| RCO
RC3] 4 12| rRC1
RC6]5 ulrc2

Note: It is recommended that the exposed bottom pad be connected to Vgg, however, it must not be the only Vgg

connection to the device.

© 2022 Microchip Technology Inc.
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Table 3-1. 8-Pin Allocation Table

. 16-Bit
1o ADC Reference Comparator Timers PWM
RAO 7 ANAO(4) DAC10UT1 C1INO+ T3cki(1) PwmINo(1) =
T3c(1) PWMIN1(1)
TaN(T) PwM2ERS(T)
RA1 6 ANA1(4) VREF*+ (ADC) C1INO- = = = = =
DAC1REFO0+
DAC2REF0+
RA2 5 ANA2(4) DAC1REFO- = zcp1 | Tocki(!) = = cwa1(1)
DAC2REFO0-
RA3 4 = = = = = = = —
RA4 3 ANA4(4) - C1IN1- = T16(1) = = =
RA5 2 ANA5(4) — — — TickM | cep1(M) PWM1ERS(T) —
ADACT(1) T2N®  ccp2(h)
VDD 1 — — — — — — — —
Vss 8 — — — — — — — —
out(® — ADGRDA — CMP1 — TMRO cCP1 PWM11 CWG1A
ADGRDB Eei2 PRI CWG1B
PWM21 cWG1C
PWM22 CWG1D
Notes:
1. This is a PPS remappable input signal. The input function may be moved from the default location shown to any PORTXx pin.
2. All output signals shown in this row are PPS remappable.
3. This is a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output registers.
4. This pin can be used as either a positive or negative analog input channel to the ADC.

CcLC

cLeina(M

cLcin2(M)

cLciNo (D)

cLeint(h)

CLC10UT
CLC20UT
CLC30UT
CLC40UT

scLal
scKa(
spA2(1,
spi2(1.3)

ss2(1)

1,3)
1,3)
3)

scL1(1.3)
sck1(1:3)

spA1(1:3)
spi1(1:3)

557(1)

SCL1
SCK1

SDA1
SDO1
SCL2
SCK2
SDA2
SDO2

EUSART

ck1(1.3)
ck2(1.3)

rRx1(1)
pT1(1.3)

Rx2(1)
pT2(1.3)

™1
DT1

CK1
TX2
DT2
CK2

1oC

I0CAO0

I0CA1

I0CA2

IOCA3

I0CA4

IOCA5

INT(1)

ICSPDAT
ICDDAT

ICSPCLK
ICDCLK

MCLR
Vpp

CLKOUT
0sC2
SOSCO
CLKIN
0OscC1
SOSCI
VDD
Vss

€

sa|qeL uoNeso||y uld

sajqeL uoneso||y uld
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Table 3-2. 14/16-Pin Allocation Table

RAO

RA2

RA4

RA5

RCO

RC1

RC2

RC3

RC4

RC5

VbD
Vss

16
13

ANA0(5)

ANA1(5)

ANA2(5)

ANA4(5)

ANAS5(5)

ANCo(5)

ANC1(5)
ANC2(5)
ADACT(1)
ANC3(5)

ANC4(5)

ANC5(5)

16-Pin et
VQFN eference

DAC10UT1

VREF+(ADC)
DAC1REF0+
DAC2REF0+
DAC10UT2
DAC1REFO-
DAC2REFO0-

Comparator

C1INO+

C1INO-
C2INO-

C2INO+

C1IN1-
C2IN1-
C1IN2-
C2IN2-
C1IN3-
C2IN3-

ZCD

ZCD1

Timers

Tocki(1)

T16("

T1cki(™)
T2IN(1)

T4IN(1)

T36(")

T3cki(™)

ccpP

ccp2(h)

ccp1(1)

16 =]l t
..ﬂ b
ss2(1

pwM1ERS(1)

pwMm2ERS(1)

PWMIN1(1)

PwMINo(1)

cwa1(h)

cLeina(1)

cLeinz(h)

cLciNo(!)

cLeiNt(M)

scL1(1.34)
sck1(1.34)

sDA1(1.3.4)
spI1(1.3:4)

sck2(1,34)
scL2(1.34)
spA2(1:34)
spi2(1.3:4)

ck2(1.3)

rx2(1)
pT12(1.3)

I0CAQ

I0CA1

I0CA2

IOCA3

I0CA4

IOCA5

10CCO

I0CC1

10CC2

10CC3

10CC4

10CC5

ICSPDAT
ICDDAT

= ICSPCLK
ICDCLK

INT(T) =

— MCLR
Vpp

— CLKOUT
0sC2

SOSCO
— CLKIN
0OSC1
SOSCI

— VDD
— Vss
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SyIvvISeive/sLivigl49101d



seleIpISqns S)I pue

*ou| ABojouyos] diyoouoIN 2202 ©

j99ysejeq Ateulwijoid

¥1 ebed-y¥0¥2000vSA

........... continued
10 16-Pin ADC Ref
VQFN ererence
out(2) = = ADGRDA =
ADGRDB
Notes:

[ t ZCD | Ti ccp 16-Bit
omparator imers PWM

CMP1 = TMRO CCP1 PWM11
CMP2 CCP2 PWM12
PWM21
PWM22

This is a PPS remappable input signal. The input function may be moved from the default location shown to any PORTXx pin.

CWGIA | CLCIOUT SCL1
CWGIB | CLC20UT SEN
CWGIC | CLC30UT SRs
cweiD | cLcaour = SPO
scL2
SCK2
SDA2
SDO2

“ b MH
1 = = =

DT1
CK1
TX2
DT2
CK2

2. All output signals shown in this row are PPS remappable.

3. This is a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output registers.

4. These pins can be configured for 12C or SMBus logic levels via the Rxyl2C registers. The SCL1/SDA1 signals may be assigned to these pins for expected operation. PPS assignments of these signals to other pins will
operate; however, the logic levels will be standard TTL/ST as selected by the INLVL register.

5. This pin can be used as either a positive or negative analog input channel to the ADC.
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Table 3-3. 20-Pin Allocation Table

RAO
RA1

RA2

RA3

RA4
RAS5

RB4

RB5

RB6

RB7

RCO
RC1

RC2

RC3

1

20-Pin
VQFN
16

20

=
=

4

ANAO(5)

ANA1(5)

ANA2(5)

ANA4(5)

ANA5(5)

ANB4(5)

ANB5(5)

ANB6(5)

ANB7(5)

ANCo(5)
ANC1(5)

ANC2(5)
ADACT(1)

ANC3(5)

Reference

DAC10UT1

VREF+(ADC)
DAC1REFO0+
DAC2REF0+
DAC10UT2

DAC1REF0-
DAC2REFO0-

C1INO+

C1INO-
C2INO-

C2INO+
C1IN1-
C2IN1-

C1IN2-
C2IN2-

C1IN3-
C2IN3-

ZCD1

Timers

Tocki(!)

T1c(M

T1cki(h)
T2IN(1)

T4IN(1)

CccpP

ccp2(1)

16-Bit
PWM

PWM1ERS(T)

PWM2ERS()

PWMIN1(1)

CWG

cwa1(h)

CLC

cLciNo(™)

cLcina(h)

cLeina(™)

cLeiNg(M)

ﬂ b

552(1)

sDA1(1.3:4)
spi1(1.3:4)

spA2(1.3.4)
spi2(1,3,4)

scL1(1.34)
sck1(1.3.4)

scL2(1.3.4)
sck2(1.3:4)

ck1(1:3)

ck2(1.3)

rx2(1)
pr2(1.3)

M

IOCAO

I0CA1

I0CA2

I0CA3

I0CA4

I0CA5

10CB4

10CB5

10CB6

10CB7

[[e]eles}
10CC1

10CC2

10CC3

= ICSPDAT
ICDDAT

= ICSPCLK
ICDCLK

INT(T) =

— MCLR
Vpp

— CLKOUT
0sc2
SOSCO
— CLKIN
0OSC1
SOSCI
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........... continued

RC4

RC5
RC6
RC7
VDD
Vss

ouT(2)

Notes:

> obN

6 3
5 2
8 5
9 6
1 18
20 17

This is a PPS remappable input signal. The input function may be moved from the default location shown to any PORTXx pin.

All output signals shown in this row are PPS remappable.

ANC4(5)
ANC5(5)
ANC6(5)
ANC7(3)

ADGRDA
ADGRDB

20-Fin ADC Ref c t
VQFN ererence omparator

CMP1
CMP2

T36(1)
T3cki(h)

TMRO

ccp1(1)

CCP1
CCP2

16-Bit CWG cLc EUSART
PWM

PwmINo(1)

PWM11
PWM12

PWM21
PWM22

CWG1A
CWG1B

CWG1C
CWG1D

CLC10uUT
CLC20uUT

CLC30UT
CLc40UT

This is a bidirectional signal. For normal operation, user software must map this signal to the same pin via the PPS input and PPS output registers.

557(1)

SCL1
SCK1
SDA1
SDO1
SCL2
SCK2
SDA2
SDO2

X1
DT1
CK1
X2
DT2
CK2

n

10CC4
10CC5
10CC6
10CC7

— VbD
— Vss

These pins can be configured for 12C or SMBus logic levels via the Rxyl2C registers. The SCL1/SDA1 signals may be assigned to these pins for expected operation. PPS assignments of these signals to other pins will
operate; however, the logic levels will be standard TTL/ST as selected by the INLVL register.

This pin can be used as either a positive or negative analog input channel to the ADC.
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Guidelines for Getting Started with PIC16F181 Microcontrollers

Basic Connection Requirements

Getting started with the PIC16F181 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 4.2. Power Supply Pins)
* MCLR pin (see 4.3. Master Clear (MCLR) Pin)

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

« PGC/PGD pins used for In-Circuit Serial Programming” (ICSP™) and debugging purposes (see 4.4. In-Circuit
Serial Programming (ICSP) Pins)

* CLKIN pin when an external clock source is used.
Additionally, the following may be required:

*  Vgert/VRer- pins are used when external voltage reference for analog modules is implemented
The minimum recommended connections are shown in the figure below.

Figure 4-1. Minimum Recommended Connections

VDD ﬁz)‘i
R £ ¢

2 JR—
MCLR

R1
1

PIC® MCU

J: Vss

Key (all values are recommendations):
C1: 10 nF, 16V ceramic

C2: 0.1 puF, 16V 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 Vgg) is required.

Consider the following criteria when using decoupling capacitors:

» Value and type of capacitor: A 0.1 yF (100 nF), 10-25V capacitor is recommended. The capacitor may 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 may 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).

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 17
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» 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 pF 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

With 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 uF.

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 4-1. 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 (V|4
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 4-2).
The jumper is replaced for normal run-time operations.

Any components associated with the MCLR pin may be placed within 0.25 inch (6 mm) of the pin.
Figure 4-2. Example of MCLR Pin Connections

\obp e
R1
R2
MCLR
PIC® MCU
JP

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.

In-Circuit Serial Programmingm (ICSPTM) 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.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 18
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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 may 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|4) 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.

Unused I/Os

Unused I/O pins may be configured as outputs and driven to a Logic Low state. Alternatively, connect a 1 kQ to 10 kQ
resistor to Vgg on unused pins to drive the output to Logic Low.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 19
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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, ON, in the ADCONO register can be setin C
programs with the instruction ADCONObits.ON = 1.

Short names are not useful in assembly programs because the same name may be used by different peripherals in
different bit positions. When it occurs, during the include file generation, the short bit name instances are appended
with an underscore plus the name of the register where 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 ADC enable bit is the ADC
prefix, AD, appended with the enable bit short name, ON, resulting in the unique bit name ADON.

Long bit names are useful in both C and assembly programs. For example, in C the ADCONO enable bit can be set
with the ADON = 1 instruction. In assembly, this bit can be set with the BSF ADCONO, ADON 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 ADCONZ2 register contain the ADC Operating Mode Selection bit.
The short name for this field is MD and the long name is ADMD. Bit field access is only possible in C programs. The
following example demonstrates a C program instruction for setting the ADC to operate in Accumulate mode:

ADCON2bits.MD = 0b001;

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 ADMD2. The following two examples demonstrate assembly program sequences for
setting the ADC to operate in Accumulate mode:

MOVLW ~ (1<<MD2 | 1<<MD1
ANDWF ADCON2,F

MOVLW 1<<MDO

IORWF ADCON2,F

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 20
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BCF ADCON2 , ADMD2
BCF ADCON2 , ADMD1
BSF ADCON2 , ADMDO

5.3 Register and Bit Naming Exceptions

5.31 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.
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Register Legend

Table 6-1. Register Legend

R
W
HS

Readable bit
Writable bit
Hardware settable bit
Hardware clearable bit
Set only bit
Clear only bit
Unimplemented bit, read as ‘0’
Bit value is set
Bit value is cleared
Bit value is unknown
Bit value is unchanged
Bit value depends on condition

Bit value is predefined
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7. Enhanced Mid-Range CPU

This family of devices contains an enhanced mid-range 8-bit CPU core. The CPU has 50 instructions. Interrupt
capability includes automatic context saving. The hardware stack is 16-level deep and has overflow and underflow
Reset capability. Direct, Indirect, and Relative Addressing modes are available. Two File Select Registers (FSR)
provide the ability to read program and data memory.

Figure 7-1. Core Data Path Diagram

Data Bus

PCLATH| PCL
Program Counter

Data Latch

Data Memory

Address Latch

|

Data Address

16-Level Stack
STKPTR

Address Latch

Program Memory

Data Latch

Instruction Bus

Instruction
Latch

sng eleq

Address
Decode

STATUS

‘ ALU

W Register

Instruction
Decode and
Control

| |

State Machine
Control Signals

B

71 Automatic Interrupt Context Saving

During interrupts, certain registers are automatically saved in shadow registers and restored when returning from the
interrupt. This saves stack space and user code.
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16-Level Stack with Overflow and Underflow

These devices have a hardware stack memory 15 bits wide and 16 words deep. A Stack Overflow or Underflow will
set the appropriate bit (STKOVF or STKUNF), and if enabled, will cause a software Reset.

File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs can access all file registers and program memory, which
allows one Data Pointer for all memory. When an FSR points to program memory, there is one additional instruction
cycle in instructions using INDF to allow the data to be fetched. General purpose memory can also be addressed
linearly, providing the ability to access contiguous data larger than 80 bytes.

Instruction Set

There are 50 instructions for the enhanced mid-range CPU to support the features of the CPU. See the “Instruction
Set Summary” section for more details.
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Device Configuration

Device configuration consists of the Configuration Words, User ID, Device ID, Device Information Area (DIA) and the
Device Configuration Information (DCI) regions.

Configuration Words

There are five Configuration Words that allow the user to select the device oscillator, Reset and memory protection
options. These are implemented at addresses 0x8007 - 0x800B.

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

Code Protection

Program memory code protection is controlled using the CP bit, while data EEPROM memory code protection is
controlled using the CPD bit. When code protection is enabled, all program memory and Data EEPROM locations
read as ‘0’. Further programming is disabled for the program memory and Data EEPROM, until a Bulk Erase
operation is performed on the configuration memory region. Program memory and Data EEPROM can still be
programmed and read during program execution.

The User ID locations and Configuration Bytes can be programmed and read out regardless of the code protection
settings.

The only way to disable code protection is to use the Bulk Erase Program Memory command with bit 4 of the payload
set to ‘1’. This will disable code protection and erase all memory locations.

Write Protection

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

The WRTn Configuration bits determine which of the program memory blocks are protected.

User ID

Four words in the memory space (8000h-8003h) 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
“NVMREG Access to DIA, DCI, User ID, DEV/REV ID, and Configuration Words” section for more information on
accessing these memory locations. For more information on checksum calculation, see the “Memory Programming
Specification” section in the “Electrical Specifications” chapter for more information on accessing these memory
locations. For more information on checksum calculation, see the “Family Programming Specification” section.

Device ID and Revision ID

The 14-bit Device ID word is located at address 8006h and the 14-bit Revision ID is located at 8005h. These
locations are read-only and cannot be erased or modified.

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

Register Definitions: Configuration Settings

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 25
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8.6.1 CONFIG1
Name: CONFIG1
Offset: 0x8007
Configuration Word 1
Bit 15 14 13 12 1 10 9 8
| | FCMEN VDDAR CSWEN CLKOUTEN
Access R/W R/W R/W R/wW
Reset 1 1 1 1
Bit 7 6 5 4 3 2 1 0
RSTOSC[2:0] FEXTOSCI[2:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 1 0 0 1

Bit 13 — FCMEN Fail-Safe Clock Monitor Enable

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

Bit 12 - VDDAR Vpp Analog Range Calibration Selection

Value Description
1 Internal analog systems are calibrated for operation between Vpp = 2.3V - 5.5V
0 Internal analog systems are calibrated for operation between Vpp = 1.8V - 3.6V

Bit 11 — CSWEN Clock Switch Enable

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

Bit 8 - CLKOUTEN Clock Out Enable

Value Description
1 CLKOUT function is disabled; 1/O function on CLKOUT pin
0 CLKOUT function is enabled; Fosc/4 clock appears on CLKOUT pin

Bits 6:4 — RSTOSC[2:0] Power-up Default Value for the NOSC/COSC bits
Selects the oscillator source used by user software.
Value Description

111 EXTOSC operating per the FEXTOSC bits

110 HFINTOSC = 1 MHz (FRQ = 4 MHz, CDIV = 4:1)

101 LFINTOSC

100 SOSC

011 Reserved

010 EXTOSC with 4x PLL, EXTOSC operating per FEXTOSC bits
001 HFINTOSC = 16 MHz (FRQ = 16 MHz, CDIV = 1:1)

000 HFINTOSC = 32 MHz (FRQ = 32 MHz, CDIV = 1:1)

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

111 ECH (16 MHz and higher)
110 Reserved
101 ECL (below 16 MHz)
100 Oscillator not enabled
011 Reserved
© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 26
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Value Description
010 HS (crystal oscillator) above 4 MHz
001 XT (crystal oscillator) between 100 kHz and 4 MHz
000 LP (crystal oscillator) 32 kHz
© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 27
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CONFIG2
Name: CONFIG2
Offset: 0x8008

Configuration Word 2

15 14 13 12 1 10 9 8
| | | DEBUG STVREN PPS1WAY ZCD BORV DACAUTOEN
RIW RIW RIW RIW RIW RIW
1 1 1 1 1 1
7 6 5 4 3 2 1 0
BOREN([1:0] LPBOREN PWRTS[1:0] MCLRE
R/W RIW RIW RIW RIW RIW

1 1 1 1 1 1

Bit 13 - DEBUG Debugger Enable(")

Value Description
1 Background debugger disabled
0 Background debugger enabled

Bit 12 — STVREN Stack Overflow/Underflow Reset Enable

Value Description
1 Stack Overflow or Underflow will cause a Reset
0 Stack Overflow or Underflow will not cause a Reset

Bit 11 — PPS1WAY PPSLOCKED One-Way Set Enable

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

Bit 10 — ZCD Zero-Cross Detect Disable

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

Bit 9 - BORV Brown-out Reset (BOR) Voltage Selection(?
Value Description

1 Brown-out Reset voltage (Vgor) set to 1.9V

0 Brown-out Reset voltage (VgoR) set to 2.65V

Bit 8 - DACAUTOEN DAC Buffer Automatic Range Select Enable(®)

Value Description

1 DAC Buffer reference range is determined by the REFRNG bit of DACxCON
0 DAC Buffer reference range is automatically determined by module hardware

Bits 7:6 — BOREN[1:0] Brown-out Reset (BOR) Enable
Value Description

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

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

00 Brown-out Reset disabled

Bit 5— LPBOREN Low-Power BOR Enable

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 28
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Value Description
1 Low-Power BOR disabled
0 Low-Power BOR enabled

Bits 2:1 — PWRTS[1:0] Power-Up Timer (PWRT) Selection
Value Description

11 PWRT disabled

10 PWRT is set at 64 ms
01 PWRT is set at 16 ms
00 PWRT is set at 1 ms

Bit 0 - MCLRE Master Clear (MCLR) Enable

Value Condition Description

x IfLVP =1 MCLR pin is MCLR

1 If LVP =0 MCLR pin is MCLR

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

1. The DEBUG bit is managed automatically by device development tools including debuggers and
programmers. For normal device operation, this bit needs to be maintained as a ‘1°.

2. The higher voltage selection is recommended for operation at or above 16 MHz.
3. The REFRNG bit is not available on the internal-only DAC (DAC2).
4. When enabled, Brown-out Reset voltage (VgoR) is set by the BORV bit.
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8.6.3 CONFIG3
Name: CONFIG3
Offset: 0x8009
Configuration Word 3

Note: This register is reserved.

Bit 15 14 13 12 11 10 9 8
| | | WDTCCS[2:0] WDTCWS[2:0]
Access R/W 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 R/W 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

Value Condition Description

x WDTE = 00 These bits have no effect

111 WDTE # 00 Software control

110 to WDTE # 00 Reserved

011

010 WDTE # 00 WDT reference clock is the SOSC

001 WDTE # 00 WDT reference clock is the 31.25 kHz MFINTOSC
000 WDTE # 00 WDT reference clock is the 31.0 kHz LFINTOSC

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

WDTCON1[WINDOW] at POR
WDTCWS Software Control of Keyed Access
Window Delay Window Opening WINDOW Required?
Value . . q ?
Percent of 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

Value Description

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

10 WDT enabled while Sleep = 0, suspended when Sleep = 1; the SEN bit in WDTCONO 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

WDTCONO[WDTPS] at POR

WDTCPS Typical Time-Out
Value Divider Ratio (Fin = 31 kHz)

11111 01011 1:65536 216 2s Yes

Software Control of WDTPS?
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........... continued

WDTCONO[WDTPS] at POR

Typical Time-Out
(Fin = 31 kHz)

Software Control of WDTPS?

WDTCPS . . .
Value Divider Ratio

11110 to 10011 | 11110 to 10011

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

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

1:32
1:8388608
1:4194304
1:2097152
1:1048576

1:524288
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
2%
2%

1ms
256s
128s
64s
32s
16s
8s
4s
2s
1s
512 ms
256 ms
128 ms
64 ms
32 ms
16 ms
8 ms
4 ms
2ms
1ms

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
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8.6.4

Bit

Access
Reset

Bit

Access
Reset

CONFIG4
Name: CONFIG4
Offset: 0x800A

Configuration Word 4

15 14 13 12 1 10 9 8
| [ [ P WRTSAF WRTD WRTC WRTB
R/W R/W R/W R/W R/W
1 1 1 1 1
7 6 5 4 3 2 1 0
WRTAPP SAFEN BBEN BBSIZE[2:0]
R/W R/W R/W R/W R/W R/W

1 1 1 1 1 1

Bit 13 - LVP Low-Voltage Programming Enable()

Value Description
1 Low-Voltage Programming is enabled. MCLR/Vpp pin function is MCLR. The MCLRE bit is ignored.
0 High voltage (HV) on MCLR/Vpp must be used for programming

Bit 11 - WRTSAF Storage Area Flash (SAF) Write Protection(2:3)

Value Description
1 SAF is not write-protected
0 SAF is write-protected

Bit 10 - WRTD Data EEPROM Write Protection

Value Description
1 Data EEPROM is not write-protected
0 Data EEPROM is write-protected

Bit 9 - WRTC Configuration Registers Write Protection(?

Value Description
1 Configuration registers are not write-protected
0 Configuration registers are write-protected

Bit 8 - WRTB Boot Block Write Protection(24)

Value Description
1 Boot Block is not write-protected
0 Boot Block is write-protected

Bit 7 - WRTAPP Application Block Write Protection(?

Value Description
1 Application Block is not write-protected
0 Application Block is write-protected

Bit 4 - SAFEN Storage Area Flash (SAF) Enable®

Value Description
1 SAF is disabled
0 SAF is enabled

Bit 3 - BBEN Boot Block Enable(?

Value Description
1 Boot Block is disabled
0 Boot Block is enabled
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Bits 2:0 — BBSIZE[2:0] Boot Block Size Selection(5:6)
Table 8-1. Boot Block Size

BBEN Boot Block Size (words)
BBEN BBSIZE End Address of _

Boot Block

1 XXX - —

0 111 01FFh 512

0 110 03FFh 1024

0 101 07FFh 2048

0 100 OFFFh —©) 4096

0 011 1FFFh —©)

0 010 3FFFh —6)

0 001 3FFFh —©)

0 000 3FFFh —©)

Notes:

1. 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.

Once protection is enabled through ICSP or a self-write, it can only be reset through a Bulk Erase.
Applicable only if SAFEN = 0.

Applicable only if BBEN = 0.

BBSIZE[2:0] bits can only be changed when BBEN = 1. Once BBEN = 0, BBSIZE[2:0] can only be changed
through a Bulk Erase.

6. The maximum Boot Block size is half of the user program memory size. Any selection that will exceed the half
of a device’s program memory will default to a maximum Boot Block size of half PFM.

o~ wb
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8.6.5 CONFIG5

Name: CONFIG5
Offset: 0x800B

Configuration Word 5(")

Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
CPD CP
Access R/W R/W
Reset 1 1

Bit 1 — CPD Data EEPROM Code Protection(?

Value Description

1 Data EEPROM code protection is disabled
0 Data EEPROM code protection is enabled

Bit 0 —- CP User Program Flash Memory (PFM) Code Protection(®

Value Description

1 User PFM code protection is disabled
0 User PFM code protection is enabled
Notes:

1. Since device code protection takes effect immediately, this Configuration Word may be written last.

2. Once code protection is enabled, it can only be removed through a Bulk Erase.

8.7 Register Definitions: Device ID and Revision ID
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8.7.1 Device ID

Name: DEVICEID
Offset: 0x8006

Device ID Register

Bit 15 14 13 12 1 10 9 8
| | Reserved Reserved DEVI[11:8]
Access R R R R R R
Reset 1 1 q q q q
Bit 7 6 5 4 3 2 1 0
DEV[7:0]

Access R

Reset q q q q q q q q

Bit 13 — Reserved Reserved - Read as ‘1’
Bit 12 — Reserved Reserved - Read as ‘1’

Bits 11:0 — DEV[11:0] Device ID

PIC16F18114 3107h
PIC16F18115 310Ch
PIC16F18124 3108h
PIC16F18125 310Dh
PIC16F18144 3109h
PIC16F18145 310Eh
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8.7.2 Revision ID

Name: REVISIONID
Offset: 0x8005

Revision ID Register

Bit 15 14 13 12 11 10 9 8
| | Reserved Reserved MJRREV[5:2]
Access R R R R R R
Reset 1 0 q q q q
Bit 7 6 5 4 3 2 1 0
MJRREV[1:0] MNRREV[5:0]

Access R

Reset q q q q q q q q

Bit 13 — Reserved Reserved - Read as ‘1’
Bit 12 — Reserved Reserved - Read as ‘0’

Bits 11:6 — MURREV[5:0] Major Revision ID
These bits are used to identify a major revision (A0, BO, CO, etc.).

Bits 5:0 — MNRREV[5:0] Minor Revision ID
These bits are used to identify a minor revision.
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Memory Organization

There are three types of memory in PIC16F 181 microcontroller devices:

* Program Memory

— Program Flash Memory

— Configuration Words

— Device ID

— Revision ID

— UserID

— Device Information Area (DIA)

— Device Configuration Information (DCI)
» Data Memory
Core Registers
Special Function Registers (FSR)
General Purpose RAM (GPR)
Common RAM
+ Data EEPROM

In Harvard architecture devices, the data and program memories use separate buses that allow 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 “NVM - Nonvolatile Memory Module” section.

Program Memory Organization

The enhanced mid-range core has a 15-bit Program Counter capable of addressing 32K x 14 program memory
space. The table below shows the memory sizes implemented. Accessing a location above these boundaries will
cause a wrap-around within the implemented memory space.

The Reset vector is at 0000h and the interrupt vector is at 0004h. Refer to the “Interrupts” chapter for more details.

Table 9-1. Device Sizes and Addresses

m Program Memory Size (Words) Last Program Memory Address

PIC16F18114 4,096 OFFFh
PIC16F18115 8,192 1FFFh
PIC16F18124 4,096 OFFFh
PIC16F18125 8,192 1FFFh
PIC16F18144 4,096 OFFFh
PIC16F18145 8,192 1FFFh
© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 37

and its subsidiaries



PIC16F18114/15/24/25/44/45

Memory Organization

Figure 9-1. Program Memory and Stack (PIC16F181x4)

PC[14:0]

CALL, CALLW 1
RETURN, RETLW S
Interrupt, RETFIE

A

A

Stack Level 0

Stack Level 1

Stack Level 15

Reset Vector

A

0000h

Interrupt Vector

0004h

On-chip
Program
Memory

0005h

OFFFh

Unimplemented

1000h

7FFFh
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Figure 9-2. Program Memory and Stack (PIC16F181x5)

PC[14:0]

CALL, CALLW

A

RETURN, RETLW 15

Interrupt, RETFIE

Y

Stack Level 0

Stack Level 1

Stack Level 15

A

Reset Vector

0000h

Interrupt Vector

0004h

On-chip
Program
Memory

0005h

1FFFh

Reading Program Memory as Data

Unimplemented

2000h

7FFFh

There are three methods of accessing constants in program memory. The first method is to use tables of RETLW
instructions, the second, to set an FSR to point to the program memory, and the third is to use the NVMREG interface

to access the program memory.

RETLW Instruction

The RETLW instruction can be used to provide access to tables of constants. The recommended way to create such a

table is shown in the following example.

Example 9-1. Accessing Table of Constants Using the RETLW Instruction

constants

BRW ;Add Index in W to
;program counter to
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;select data
RETLW DATAO ;Index0 data
RETLW DATAl ; Indexl data
RETLW DATAZ2
RETLW DATA3
my function
;.. LOTS OF CODE..
MOVLW DATA INDEX
call constants
;... THE CONSTANT IS IN W

The BRW instruction eases the implementation of this type of table.

Indirect Read with FSR

The program memory can be accessed as data by setting bit 7 of an FSRxH register and reading the matching
INDFx register. The MOVIW instruction will place the lower eight bits of the addressed word in the W register. Writes
to the program memory cannot be performed via the INDFx registers. Instructions that read the program memory via
the FSR require one extra instruction cycle to complete. The following example demonstrates reading the program
memory via an FSR.

The high directive will set bit 7 if a label points to a location in the program memory. This applies to the assembly
code shown below.

Example 9-2. Read of Program Memory Using FSR Register

constants
RETLW DATAO ; Index0 data
RETLW DATAl ; Indexl data

RETLW DATA2
RETLW DATA3

my function
;.. LOTS OF CODE..

MOVLW LOW constants

MOVWE FSR1L

MOVLW HIGH constants

MOVWE FSR1H

MOVIW 2 [FSR1] ;DATA2 IS IN W

Memory Access Partition (MAP)
User Flash is partitioned into:

» Application Block

* Boot Block

» Storage Area Flash (SAF) Block

The user can allocate the memory usage by setting the BBEN bit, selecting the size of the partition defined by
BBSIZE bits and enabling the Storage Area Flash by the SAFEN bit.

Application Block
Default settings of the Configuration bits (BBEN = 1 and SAFEN = 1) assign all memory in the user Flash area to the
application block.

Boot Block

If BBEN = 1, the Boot Block is enabled and a specific address range is allotted as the Boot Block, based on the value
of the BBSIZE bits.

Storage Area Flash

Storage Area Flash (SAF) is enabled by clearing the SAFEN bit. If enabled, the SAF block is placed at the end of
memory and spans 128 words. If the Storage Area Flash (SAF) is enabled, the SAF area is not available for program
execution.
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Important: Storage Area Flash, when enabled, may be used to store variables or other information, often
in devices without EEPROM; however, the SAF is accessed in the same manner as other Flash memory
areas.

Memory Write Protection

All the memory blocks have corresponding write protection bits (WRTAPP, WRTB, WRTC, WRTD, and WRTSAF). If
write-protected locations are written from NVMCON registers, the memory is not changed and the WRERR bit of the
NVMCONT1 register is set as explained in the “WRERR Bit” section from the “NVM - Nonvolatile Memory Control”
chapter.

Memory Violation

A Memory Execution Violation Reset occurs while executing an instruction that has been fetched from outside a valid
execution area, clearing the MEMV bit. Refer to the “Memory Execution Violation” section in the “Resets” chapter
for the available valid program execution areas and the PCON1 register definition for MEMV bit conditions.

Table 9-2. Memory Access Partition

Partition
Address BBEN =1 BBEN =1 BBEN BBEN
SAFEN = 1 SAFEN = 0 SAFEN=1 SAFEN

00 0000h ... Last Block
Memory Address

Last Boot Block Memory Applica(ti?n
Address + 1(1 . Block Application
Last Program Memory Application Block
Address - 80h Block(®) Application

Block(®)

Boot Block® Boot Block®

PFM

Last Program Memory
Address - 7Fh@) .
Last Program Memory
Address

SAF@) SAF@4

Config Memory
Address(®

EEPROM FOOOh-FOFFh EEPROM

CONFIG CONFIG

Notes:

1. Last Boot Block Memory Address is based on the BBSIZE Configuration bits.

2. Last Program Memory Address is the Flash size given in the “Program Memory Organization” section in the
“NVM - Nonvolatile Memory Control” chapter.

3. Config Memory Address are the address locations of the Configuration Words given in the “NVMREG Access
to DIA, DCI, User ID, DEV/REV ID, and Configuration Words” section in the “NVM - Nonvolatile Memory
Control” chapter.

4. Each memory block has a corresponding write protection fuse defined by the WRTAPP, WRTB, WRTC,
WRTD, and WRTSAF Configuration bits.

Device Information Area (DIA)

The Device Information Area (DIA) is a dedicated region in the Program Flash Memory. The data is mapped from
address 8100h to 813Fh. These locations are read-only and cannot be erased or modified. The DIA contains the
Microchip Unique Identifier words, Temperature Indicator range data, and the Fixed Voltage Reference (FVR) voltage
readings in millivolts (mV). The DIA Table holds the DIA information for the PIC16F181 family of microcontrollers.
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Table 9-3. Device Information Area

Address Range Name of Region Standard Device Information

8100h - 8108h

8109h

810Ah - 8111h

8112h

8113h

8114h
8115h

8116h

8117h
8118h
8119h
811Ah
811Bh
811Ch
811Dh
811Eh - 811Fh

MUIO
MU
MUI2
MUI3
MUI4
MUI5
MUI6
MUI7
MUI8
MUI9
EUIO
EUI1
EUI2
EUI3
EUI4
EUI5S
EUI6
EUI7
TSLR1(M

TSLR2(")

TSLR3("M
TSHR1()

TSHR2(2)

TSHR3()
FVRA1X
FVRA2X
FVRA4X
FVRC1X
FVRC2X
FVRC4X

Reserved

Microchip Unique Identifier (9 Words)

Reserved (1 Word)

Optional External Unique Identifier (8 Words)

0.1C x 256

Gain = count

(low range setting)

Temperature sensor ADC reading at 90°C (low range
setting)

Offset (low range setting)

0.1C x 256

Gain = count

(high range setting)

Temperature sensor ADC reading at 90°C (high range
setting)

Offset (high range setting)

ADC FVR1 output voltage for 1x setting (in mV)

ADC FVR1 output voltage for 2x setting (in mV)

ADC FVR1 output voltage for 4x setting (in mV)
Comparator FVR2 output voltage for 1x setting (in mV)
Comparator FVR2 output voltage for 2x setting (in mV)
Comparator FVR2 output voltage for 4x setting (in mV)
Reserved (2 Words)
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........... continued
Address Range Name of Region Standard Device Information
Notes:

1. TSLR: Addresses 8112h - 8114h store the measurements for the low range setting of the temperature sensor
at VDD =3.0V, VREF+ =2.048V from FVR1.

2. TSHR: Addresses 8115h - 8117h store the measurements for the high range setting of the temperature
sensor at Vpp = 3.0V, Vggrt+ = 2.048V from FVR1.

9.1.3.1  Microchip Unique Identifier (MUI)

The PIC16F181 devices are individually encoded during final manufacturing with a Microchip Unique Identifier (MUI).
The MUI cannot be erased by a Bulk Erase command or any other user-accessible means. This feature allows for
manufacturing traceability of Microchip Technology devices in applications where this is required. It may also be used
by the application manufacturer for a number of functions that require unverified unique identification, such as:

» Tracking the device
* Unique serial number

The MUI consists of nine program words. When taken together, these fields form a unique identifier. The MUl is
stored in read-only locations, located between 8100h to 8108h in the DIA space. The DIA Table lists the addresses of
the identifier words.

Important: For applications requiring verified unique identification, contact the Microchip Technology
sales office to create a serialized quick turn programming option.

9.1.3.2 External Unique Identifier (EUI)

The EUI data is stored at locations 810Ah to 8111h in the program memory region. This region is an optional space
for placing application specific information. The data is coded per customer requirements during manufacturing. The
EUI cannot be erased by a Bulk Erase command.

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

9.1.3.3 Standard Parameters for the Temperature Sensor

The purpose of the temperature indicator module is to provide a temperature-dependent voltage that can be
measured by an analog module. The DIA Table contains standard parameters for the temperature sensor for low
and high range. The values are measured during test and are unique to each device. The calibration data can be
used to plot the approximate sensor output voltage, Vtsense Vs. Temperature curve. The “Temperature Indicator
Module” chapter explains the operation of the Temperature Indicator module and defines terms such as the low
range and high range settings of the sensor.

9.1.3.4 Fixed Voltage Reference Data

The Fixed Voltage Reference (FVR) is a stable voltage reference, independent of Vpp, with 1.024V, 2.048V or 4.096V
selectable output levels. The output of the FVR can be configured to supply a reference voltage to the following:

* ADC input channel

» ADC positive reference

» Comparator positive input

» Digital-to-Analog Converter (DAC)

For more information on the FVR, refer to the “FVR - Fixed Voltage Reference” chapter.

The DIA stores measured FVR voltages for this device in mV for the different buffer settings of 1x, 2x or 4x.
*  FVRA1X stores the value of ADC FVR1 Output Voltage for 1x setting (in mV)
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*  FVRAZ2X stores the value of ADC FVR1 Output Voltage for 2x setting (in mV)
* FVRAA4X stores the value of ADC FVR1 Output Voltage for 4x setting (in mV)
* FVRC1X stores the value of Comparator FVR2 Output Voltage for 1x setting (in mV)
*  FVRC2X stores the value of Comparator FVR2 Output Voltage for 2x setting (in mV)
* FVRC4X stores the value of Comparator FVR2 Output Voltage for 4x setting (in mV)

9.1.4 Device Configuration Information (DCI)
The Device Configuration Information (DCI) is a dedicated region in the memory that holds information about the
device, which is useful for programming and bootloader applications. The data stored in this region is read-only and
cannot be modified/erased. Refer to the table below for complete DCI table addresses and description.

Table 9-4. Device Configuration Information

Address Description
PIC16F181x4 PIC16F181x5
32

8200h ERSIZ Erase Row Size

Words

8201h WESIZE [ LmbEroTwitE 32 Words
latches per row

8202h URsz O mloErel sy 256 512 Rows
erasable rows

8203h g || 2R EEERO 128 Bytes
memory size

8204h PCNT Pin Count 8/14/20 Pins

9.1.41 DIA and DCI Access
The DIA and DCI data are read-only and cannot be erased or modified. See the “NVMREG Access to DIA, DCI,
User ID, DEV/REV ID, and Configuration Words” section in the “NVM - Nonvolatile Memory Control” chapter for
more information on accessing these memory locations.

Development tools, such as device programmers and debuggers, may be used to read the DIA and DCI regions,
similar to the Device ID and Revision ID.

9.2 Data Memory Organization
The data memory is partitioned into up to 64 memory banks with 128 bytes in each bank. Each bank consists of:
* 12 core registers
* Up to 20 Special Function Registers (SFR)
* Up to 80 bytes of General Purpose RAM (GPR)
* 16 bytes of common RAM
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Figure 9-3. Banked Memory Partition

Rev. 10-000 041C.
1182017

7-bit Bank Offset Typical Memory Bank

Bank Selection

00h
Core Registers
(12 bytes)

0Bh
0Ch

Special Function Registers

(up to 20 bytes maximum)
1Fh
20h

Special Function Registers
or
General Purpose RAM
(80 bytes maximum)

6Fh
70h
Common RAM
(16 bytes)
7Fh

The active bank is selected by writing the bank number into the Bank Select Register (BSR). All data memory can
be accessed either directly via instructions that use the file registers, or indirectly via the two File Select Registers
(FSRs). Data memory uses a 13-bit address. The upper six bits of the address define the Bank Address and the
lower seven bits select the registers/RAM in that bank.

Core Registers

The core registers contain the registers that directly affect the basic operation. The core registers occupy the first 12
addresses of every data memory bank. These registers are listed in the Core Registers table below.

Table 9-5. Core Registers

Addresses in BANKXx Core Registers

x00h or x80h INDFO
x01h or x81h INDF1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
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........... continued

x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
x08h or x88h BSR
x09h or x89h WREG
X0Ah or x8Ah PCLATH
Xx0Bh or x8Bh INTCON

Special Function Register

The Special Function Registers (SFR) are registers used by the application to control the desired operation of
peripheral functions in the device. The SFRs occupy the first 20 bytes of the data banks 0-59 and the first 100 bytes
of the data banks 60-63, after the core registers.

The SFRs associated with the operation of the peripherals are described in the appropriate peripheral chapter of this
data sheet.

General Purpose RAM

There are up to 80 bytes of GPR in each data memory bank. The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify access to large memory structures.

Refer to the “Linear Data Memory” section in the “Memory Organization” chapter for details about linear memory
accessing.

Common RAM
There are 16 bytes of common RAM accessible from all banks.

Device Memory Maps
The memory maps for the devices in this data sheet are listed in the following figures.
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Figure 9-4. Memory Map Banks 0 - 7

BANK O BANK 1 BANK 2 BANK 3 BANK 4 BANK 5 BANK 6 BANK 7
000h 080h 100h 180h 200h 280h 300h 380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
00Bh 08Bh 10Bh 18Bh 208h 28Bh 308Bh 388h
00ch PORTA 08Ch PIRO 10Ch PMDO 18Ch ‘WDTCONO 20Ch FVRCON 28Ch CPUDOZE 30Ch TMRI1L 38Ch T2TMR
00Dh PORTB" 08Dh PIR1 10Dh PMD1 18Dh WDTCON1 20Dh CPCON 28Dh OSCCON1 30Dh TMR1H 38Dh T2PR
00Eh PORTC? 08Eh PIR2 10Eh PMD2 18Eh WDTPSL 20Eh - 28Eh OSCCON2 30Eh T1CON 38Eh T2CON
00Fh = 08Fh PIR3 10Fh PMD3 18Fh WDTPSH 20Fh = 28Fh OSCCON3 30Fh T1GCON 38Fh T2HLT
010h = 090h PIR4 110h PMD4 190h WDTTMR 210h = 290h OSCSTAT 310h T1GATE 390h T2CLK
011h - 091h PIRS 111h — 191h BORCON 211h = 291h OSCEN 311h T1CLK 391h T2RST
012h TRISA 092h PIR6 112h — 192h PCONO 212h = 292h OSCTUNE 312h TMR3L 392h T4ATMR
013h TRISBY 093h —_ 113h — 193h PCON1 213h —_ 293h 0SCFRQ 313h TMR3H 393h T4PR
014h TRISC® 094h — 114h — 194h — 214h — 294h ACTCON 314h T3CON 394h T4CON
015h = 095h = 115h = 195h = 215h = 295h = 315h T3GCON 395h T4HLT
016h = 096h PIEO 116h = 196h = 216h — 296h CLKRCON 316h T3GATE 396h T4CLK
017h — 097h PIE1 117h — 197h — 217h — 297h CLKRCLK 317h T3CLK 397h T4RST
018h LATA 098h PIE2 118h - 198h - 218h - 298h - 318h - 398h -
019h LaT™ 099h PIE3 119h — 199h — 219h — 299h — 319h — 399h —
01Ah LaTc® 09Ah PIE4 11Ah — 19Ah — 21Ah — 29Ah — 31Ah — 39Ah —
018h — 098h PIES 11Bh - 198h - 21Bh - 298h - 318h - 398h -
01cCh = 09Ch PIE6 11Ch = 19Ch TMROL 21ch = 29Ch = 31ch = 39ch =
01Dh = 09Dh = 11Dh = 19Dh TRMOH 21Dh = 29Dh = 31Dh = 39Dh =
01Eh — 09Eh — 11Eh — 19Eh TOCONO 21Eh — 29th — 31Eh — 39th —
01Fh = 09Fh = 11Fh = 19Fh TOCON1 21Fh ZCDCON 29Fh = 31Fh = 39Fh =
020h 0AOh 120h 1A0h 220h 2A0h 320h General 3A0h
Purpose
Registers

General General General General General General 32Fh 16 Bytes General

Purpose Purpose Purpose Purpose Purpose Purpose 330h Purpose

Registers Registers Registers Registers Registers Registers General Registers

80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes 80 Bytes Purpose 80 Bytes®

Registers
64 Bytes®®

06Fh OEFh 16Fh 1EFh 26Fh 2EFh 36Fh 3EFh
070h [ Common RAM OFOh [ Common RAM 170h | Common RAM 1FOh | Common RAM 270h | Common RAM 2FOh | Common RAM 370h [ Common RAM 3FOh | Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
07Fh 70h-7Fh) OFFh 70h-7Fh) 17Fh 70h-7Fh) 1FFh 70h-7Fh) 27Fh 70h-7Fh) 2FFh 70h-7Fh) 37Fh 70h-7Fh) 3FFh 70h-7Fh)

Note: 1. Available on 20-pin devices only

2. Available on 14/20-pin devices
3. Available on PIC16F181x5 devices only
Legend:

Unimplemented data memory locations, read as '0'

Figure 9-5. Memory Map Banks 8 - 15

BANK 8 BANK 9 BANK 10 BANK 11 BANK 12 BANK 13 BANK 14 BANK 15
400h 480h 500h 580h 600h 680h 700h 780h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
40Bh 48Bh 508h 58Bh 60Bh 688h 70Bh 78Bh
40Ch CCPR1L 48Ch PWM1ERS 50Ch PWM2ERS 58Ch NCO1ACCL 60Ch CWG1CLKCON 68Ch CLCnCON 70Ch RCIREG 78Ch SSP1BUF
40Dh CCPR1H 48Dh PWM1CLK 50Dh PWM2CLK 58Dh NCO1ACCH 60Dh CWG1DAT 68Dh CLCnPOL 70Dh TX1REG 78Dh SSP1ADD
40Eh CCP1CON 48Eh PWM1LDS 50Eh PWM2LDS 58Eh NCO1ACCU 60Eh CWG1DBR 68Eh CLCnSELO 70Eh SP1GRBL 78Eh SSPIMSK
40Fh CCP1CAP 48Fh PWM1PRL 50Fh PWM2PRL 58Fh NCO1INCL 60Fh CWG1DBF 68Fh CLCnSEL1 70Fh SP1BRGH 78Fh SSP1STAT
410h CCPR2L 490h PWM1PRH 510h PWM2PRH 590h NCO1INCH 610h CWG1CONO 690h CLCnSEL2 710h RCISTA 790h SSP1CON1
411h CCPR2H 491h PWM1CPRE 511h PWM2CPRE 591h NCO1INCU 611h CWG1CON1 691h CLCnSEL3 711h TX1STA 791h SSP1CON2
412h CCP2CON 492h PWM1PIPOS 512h PWM2PIPOS 592h NCO1CON 612h CWG1ASO 692h CLCnGLSO 712h BAUD1CON 792h SSP1CON3
413h CCP2CAP 493h PWM1GIR 513h PWM2GIR 593h NCO1CLK 613h CWG1AS1 693h CLCnGLS1 713h — 793h —
414h = 494h PWM1GIE 514h PWM2GIE 594h = 614h CWGI1STR 694h CLCnGLS2 714h = 794h =
415h — 495h PWM1CON 515h PWM2CON 595h — 615h — 695h CLCnGLS3 715h — 795h —
416h — 496h PWM1S1CFG 516h PWM2S1CFG 596h = 616h = 696h CLCSELECT 716h RC2REG 796h SSP2BUF
417h — 497h PWM1S1P1L 517h PWM2S1P1L 597h — 617h — 697h CLCDATA 717h TX2REG 797h SSP2ADD
418h — 498h PWM1S1P1H 518h PWM2S1P1H 598h = 618h = 698h = 718h SP2GRBL 798h SSP2MSK
419h — 499h PWM1S1P2L 519h PWM2S1P2L 599h — 619h — 699h — 71%9h SP2BRGH 79%h SSP2STAT
41Ah = 49Ah PWM1S1P2H 51Ah PWM2S1P2H 59Ah — 61Ah — 69Ah — 71Ah RC2STA 79Ah SSP2CON1
41Bh - 498h - 51Bh - 598h - 61Bh - 69Bh — 71Bh TX2STA 79Bh SSP2CON2
41Ch - 49Ch - 51Ch = 59Ch = 61Ch = 69Ch — 71Ch BAUD2CON 79Ch SSP2CON3
41Dh - 49Dh - 51Dh - 59Dh — 61Dh - 69Dh - 71Dh - 79Dh -
41Eh = 49Eh PWMLOAD 51Eh = 59Eh = 61Eh = 69Eh = 71Eh - 79Eh -
41Fh CCPTMRSO 49Fh PWMEN 51Fh - 59Fh - 61Fh - 69Fh - 71Fh - 79Fh -
420h 4A0h 520h 5A0h 620h 6A0h 720h 7A0h
General
Purpose
General General General General Registers
Purpose Purpose Purpose Purpose 48 Bytes(3) Unimpl d Unimpl d Unimplemented
Registers Registers Registers Registers 64Fh Read as '0' Read as '0" Read as '0
80 Bytes® 80 Bytes® 80 Bytes™ 80 Bytes' 650h
Unimplemented
Read as '0
46Fh 4EFh 56Fh SEFh 66Fh 6EFh 76Fh 7EFh
470h Common RAM 4FOh Common RAM 570h Common RAM SFOh Common RAM 670h Common RAM 6FOh Common RAM 770h Common RAM 7FOh Common RAM
(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
47Fh 70h-7Fh) 4FFh 70h-7Fh) 57Fh 70h-7Fh) 5FFh 70h-7Fh) 67Fh 70h-7Fh) 6FFh 70h-7Fh) 77Fh 70h-7Fh) 7FFh 70h-7Fh)
Note: 1. Available on 20-pin devices only
2. Available on 14/20-pin devices
3. Available on PIC16F181x5 devices only
Legend:
Unimplemented data memory locations, read as '0"
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Figure 9-6. Memory Map Banks 16 - 23

BANK 16 BANK 17 BANK 18 BANK 19 BANK 20 BANK 21 BANK 22 BANK 23
800h 880h 900h 980h A0Ch A80Oh BOOh B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
80Bh 88Bh 90Bh 98Bh AOBh A8Bh BOBh B8Bh
80Ch CM1CONO 88Ch DAC1CONO 90Ch — 98Ch - AOCh = A8Ch — BOCh - B8Ch —
80Dh CM1CON1 88Dh DAC1DATL 90Dh - 98Dh — AODh - A8Dh - BODh - B8Dh -
80Eh CM1INCH 88Eh = 90Eh = 98Eh = AOEh = A8Eh - BOEh — B8Eh —
80Fh CM1PCH 88Fh - 90Fh - 98Fh - AOFh - A8Fh - BOFh - B8Fh -
810h CM2CONO 890h DAC2CONO 910h = 990h = A10h = A90h = B10h = B90h —
811h CM2CON1 891h DAC2DATL 911h - 991h - Allh - A91h - Bllh - B91h -
812h CM2NCH 892h = 912h = 992h = A12h = A92h — B12h — B92h —
813h CM2PCH 893h - 913h - 993h - A13h - A93h - B13h - B93h -
814h = 894h = 914h = 994h = Al4h = A94h = B14h = B94h =
815h - 895h — 915h — 995h — Al5h - A95h - B15h - B95h -
816h = 896h = 916h = 996h = Al6h = A96h = B16h = B96h =
817h — 897h — 917h - 997h — Al7h - A97h - B17h — B97h —
818h = 898h = 918h = 998h = A18h = A98h = B18h = B98h =
819h — 899h — 919h — 999h - Al9h - A99h - B19h — B99h —
81Ah = 89Ah = 91Ah = 99Ah = AlAh = A9Ah = B1Ah = B9Ah =
81Bh = 898h = 91Bh = 998h = AlBh = A9Bh = B1Bh = B9Bh =
81Ch = 89Ch = 91Ch = 99Ch = AlCh = A9Ch = BiCh = B9Ch =
81Dh = 89Dh = 91Dh = 99Dh = A1Dh = A9Dh = B1Dh = B9Dh =
81Eh = 89Eh = 91Eh = 99th = AlEh = A9Eh = B1Eh = B9Eh =
81Fh cMouT 89Fh = 91Fh = 99Fh = AlFh = A9Fh - B1Fh - B9Fh -
820h 8AOh 920h 9A0h A20h AAOh B20h BAOh
Uni Unil Uni Unimpl d Unil Uni Unii Unimplemented

Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0'
86Fh 8EFh 96Fh 9EFh A6Fh AEFh B6Fh BEFh
870h | Common RAM 8FOh | Common RAM 970h [ Common RAM 9FOh | Common RAM A70h | Common RAM AFOh | Common RAM B70h | Common RAM BFOh | Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
87Fh 70h-7Fh) 8FFh 70h-7Fh) 97Fh 70h-7Fh) 9FFh 70h-7Fh) A7Fh 70h-7Fh) AFFh 70h-7Fh) B7Fh 70h-7Fh) BFFh 70h-7Fh)

Legend:

Unimplemented data memory locations, read as '0'

Figure 9-7. Memory Map Banks 24 - 31

BANK 24 BANK 25 BANK 26 BANK 27 BANK 28 BANK 29 BANK 30 BANK 31
cooh C80h DOOh D80h EOOh E8Oh FOOh F80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
CoBh C8Bh DOBh D8Bh EOBh E8Bh FOBh F8Bh
Ccoch = C8ch = DOCh = D8Ch = EOCh = E8Ch = FOCh = F8Ch =
Ccobh = C8Dh = DODh = D8Dh = EODh = E8Dh = FODh = F8Dh =
COEh = C8th = DOEh = D8Eh = EOEh = ESEh = FOEh = F8Eh =
COFh = C8Fh = DOFh = D8Fh = EOFh = E8Fh = FOFh = F8Fh =
C10h = C90h = D10h = D90h = E10h = E9Oh = F10h = F90h =
Clih = C91h = Di1h = D91h = Ellh = E91h = F1ih = F91h =
Ci2h = C92h = D12h = D92h = E12h = E92h = F12h = F92h =
Ci3h = Cc93h = D13h = D93h = E13h = E93h = F13h = Fo3h =
Cl4h = C94h = D14h = D94h = El4h = E94h = F14h = F94h =
C15h = C95h = D15h = D95h = E15h = E9Sh = F15h = F95h =
Cieh = C96h = D16h = D96h = El6h = E96h = F1eh = Fo6h =
C17h = Cc97h = D17h = D97h = E17h = E97h = F17h = F97h =
Ci8h - C9gh = D18h = D98h = E18h = E98h = F18h = Fogh =
C1%h = C99%h = D1gh = D99%h = E1%h = E9%h = F19h = F99h =
Cl1Ah — C9Ah — D1Ah — D9Ah — E1Ah — E9Ah — F1Ah — F9Ah —
CiBh = C9Bh = D1Bh = D9Bh = E1Bh = E9Bh = F1Bh = F9Bh =
Cich = coch = DiCh = D9Ch = EiCh = E9Ch = FiCh = FoCh =
C1Dh = C9Dh = D1Dh = D9Dh = E1Dh = E9Dh = F1Dh = FoDh =
C1Eh = C9Eh = D1Eh = D9Eh = E1lEh = E9Eh = F1Eh = F9Eh =
C1Fh — C9Fh — D1Fh — D9Fh — E1Fh — ESFh — F1Fh — F9Fh —
C20h CAOh D20h DAOh E20h EAOh F20h FAOh
Unil Unii Uni Unil Unii Uni Unil Unimplemented

Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0'
C6Fh CEFh DéFh DEFh E6Fh EEFh F6Fh FEFh
C70h | Common RAM CFOh | Common RAM D70h [ Common RAM DFOh [ Common RAM E70h | Common RAM EFOh | Common RAM F70h | Common RAM FFOh |  Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
C7Fh 70h-7Fh) CFFh 70h-7Fh) D7Fh 70h-7Fh) DFFh 70h-7Fh) E7Fh 70h-7Fh) EFFh 70h-7Fh) F7Fh 70h-7Fh) FFFh 70h-7Fh)

Legend:

Unimplemented data memory locations, read as '0'
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Figure 9-8. Memory Map Banks 32 - 39

BANK 32 BANK 33 BANK 34 BANK 35 BANK 36 BANK 37 BANK 38 BANK 39
1000h 1080h 1100h 1180h 1200h 1280h 1300h 1380h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
1008h 1088h 1108h 1188h 1208h 1288h 1308h 1388h
100Ch = 108Ch = 110Ch = 118Ch = 120Ch = 128Ch = 130Ch = 138Ch =
100Dh — 108Dh — 110Dh — 118Dh — 120Dh — 128Dh — 130Dh — 138Dh —
100Eh = 108Eh = 110Eh = 118tEh = 120Eh = 128th = 130Eh = 138Eh =
100Fh — 108Fh — 110Fh — 118Fh — 120Fh — 128Fh — 130Fh — 138Fh —
1010h = 1090h = 1110h = 1190h = 1210h = 1290h = 1310h = 1390h =
1011h = 1091h = 1111h = 1191h = 1211h = 1291h = 1311h = 1391h =
1012h — 1092h — 1112h — 1192h — 1212h - 1292h - 1312h - 1392h -
1013h = 1093h = 1113h = 1193h = 1213h = 1293h = 1313h = 1393h =
1014h - 1094h - 1114h - 1194h - 1214h - 1294h - 1314h - 1394h -
1015h = 1095h = 1115h = 1195h = 1215h = 1295h = 1315h = 1395h =
1016h — 1096h — 1116h — 1196h — 1216h — 1296h — 1316h — 1396h —
1017h = 1097h = 1117h = 1197h = 1217h = 1297h = 1317h = 1397h =
1018h — 1098h — 1118h — 1198h — 1218h — 1298h — 1318h — 1398h —
1019h = 1099h = 1119h = 1199h = 1219h = 1299h = 1319h = 1399h =
101Ah = 109Ah = 111Ah = 119Ah = 121Ah = 129Ah = 131Ah = 139Ah =
101Bh - 1098h - 111Bh - 1198Bh - 121Bh - 1298Bh - 131Bh - 1398h -
101Ch = 109Ch = 111Ch = 119Ch = 121Ch = 129Ch = 131Ch = 139Ch =
101Dh - 109Dh - 111Dh - 119Dh - 121Dh - 129Dh - 131Dh - 139Dh -
101Eh = 109Eh = 111Eh = 119Eh = 121Eh = 129Eh = 131Eh = 139Eh =
101Fh — 109Fh — 111Fh — 119Fh — 121Fh — 129Fh — 131Fh — 139Fh —
1020h 10A0h 1120h 11A0h 1220h 12A0h 1320h 13A0h
Unil Unil Unil Unil Unil ted Unil ted Unil Unimplemented

Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0' Read as '0'
106Fh 10EFh 116Fh 11EFh 126Fh 12EFh 136Fh 13EFh
1070h| Common RAM 10FOh| Common RAM 1170h| Common RAM 11FOh| Common RAM 1270h| Common RAM 12FOh| Common RAM 1370h| Common RAM 13F0h| Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
107Fh 70h-7Fh) 10FFh 70h-7Fh) 117Fh 70h-7Fh) 11FFh 70h-7Fh) 127Fh 70h-7Fh) 12FFh 70h-7Fh) 137Fh 70h-7Fh) 13FFh 70h-7Fh)

Legend:

Unimplemented data memory locations, read as '0'

Figure 9-9. Memory Map Banks 40 - 47

BANK 40 BANK 41 BANK 42 BANK 43 BANK 44 BANK 45 BANK 46 BANK 47
1400h 1480h 1500h 1580h 1600h 1680h 1700h 1780h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
1408h 1488h 1508h 1588h 1608h 1688h 1708h 1788h
140Ch = 148Ch = 150Ch = 158Ch = 160Ch = 168Ch = 170Ch = 178Ch =
140Dh — 148Dh - 150Dh - 158Dh - 160Dh - 168Dh - 170Dh - 178Dh -
140Eh = 148Eh = 150Eh = 158Eh = 160Eh = 168Eh = 170Eh = 178Eh =
140Fh — 148Fh — 150Fh — 158Fh — 160Fh — 168Fh — 170Fh — 178Fh —
1410h = 1490h = 1510h = 1590h = 1610h = 1690h = 1710h = 1790h =
1411h = 1491h = 1511h = 1591h = 1611h = 1691h = 1711h = 1791h =
1412h — 1492h — 1512h — 1592h — 1612h - 1692h - 1712h - 1792h -
1413h = 1493h = 1513h = 1593h = 1613h = 1693h = 1713h = 1793h =
1414h - 1494h — 1514h - 1594h - 1614h = 1694h = 1714h - 1794h -
1415h = 1495h = 1515h = 1595h = 1615h = 1695h = 1715h = 1795h =
1416h — 1496h — 1516h — 1596h — 1616h — 1696h — 1716h — 1796h —
1417h = 1497h = 1517h = 1597h = 1617h = 1697h = 1717h = 1797h =
1418h — 1498h — 1518h — 1598h — 1618h — 1698h — 1718h — 1798h —
1419h = 1499h = 1519h = 1599h = 1619h = 1699h = 1719h = 1799h =
141Ah = 149Ah = 151Ah = 159Ah = 161Ah = 169Ah = 171Ah = 179Ah =
141Bh — 1498h — 151Bh — 159Bh — 161Bh - 169Bh - 171Bh - 1798h -
141Ch = 149Ch = 151Ch = 159Ch = 161Ch = 169Ch = 171Ch = 179Ch =
141Dh — 149Dh — 151Dh - 159Dh - 161Dh - 169Dh - 171Dh - 179Dh -
141Eh = 149Eh = 151Eh = 159Eh = 161Eh = 169Eh = 171Eh = 179Eh =
141Fh — 149Fh — 151Fh — 159Fh — 161Fh - 169Fh - 171Fh — 179Fh -
1420h 14A0h 1520h 15A0h 1620h 16A0h 1720h 17A0h
Unil Unil Unil Unil Unil ted Unil ted Unil Unimplemented

Read as '0' Read as '0' Read as '0' Read as '0' Read as '0" Read as '0' Read as '0' Read as '0'
146Fh 14EFh 156Fh 15EFh 166Fh 16EFh 176Fh 17€Fh
1470h| Common RAM 14FOh| Common RAM 1570h| Common RAM 15F0h| Common RAM 1670h| Common RAM 16FOh| Common RAM 1770h| Common RAM 17F0h| Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
147Fh 70h-7Fh) 14FFh 70h-7Fh) 157Fh 70h-7Fh) 15FFh 70h-7Fh) 167Fh 70h-7Fh) 16FFh 70h-7Fh) 177Fh 70h-7Fh) 17FFh 70h-7Fh)

Legend:

Unimplemented data memory locations, read as '0'
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Figure 9-10. Memory Map Banks 48 - 55

BANK 48 BANK 49 BANK 50 BANK 51 BANK 52 BANK 53 BANK 54 BANK 55
1800h 1880h 1900h 1980h 1A00h 1A80h 1B0Oh 1B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
1808h 1888h 1908h 1988h 1A0Bh 1A8Bh 1B0Bh 1B8Bh
180Ch - 188Ch - 190Ch - 198Ch - 1A0Ch - 1A8Ch - 1BOCh - 1B8Ch -
180Dh — 188Dh — 190Dh — 198Dh — 1A0Dh — 1A8Dh — 1B0Dh — 1B8Dh —
180Eh = 188Eh = 190Eh = 198Eh = 1A0Eh = 1A8Eh = 1BOEh = 1B8Eh =
180Fh = 188Fh = 190Fh = 198Fh = 1A0Fh = 1A8Fh = 1BOFh = 1B8Fh =
1810h - 1890h - 1910h — 1990h - 1A10h - 1A90h = 1B10h - 1B90h -
1811h = 1891h = 1911h = 1991h = 1A11h = 1A91h = 1B11h = 1B91h =
1812h - 1892h - 1912h - 1992h - 1A12h - 1A92h - 1B12h - 1892h -
1813h = 1893h = 1913h = 1993h = 1A13h = 1A93h = 1B13h = 1B93h =
1814h — 1894h — 1914h — 1994h — 1A14h — 1A94h — 1B14h — 1B94h —
1815h = 1895h = 1915h = 1995h = 1A15h = 1A95h = 1B15h = 1B95h =
1816h = 1896h = 1916h = 1996h = 1A16h = 1A96h = 1B16h = 1B96h =
1817h = 1897h = 1917h = 1997h = 1A17h = 1A97h = 1B17h = 1B97h =
1818h = 1898h = 1918h = 1998h = 1A18h = 1A98h = 1B18h = 1B98h =
1819h — 1899h - 1919h - 1999h - 1A19h - 1A99h - 1B19h - 1B99h -
181Ah = 189Ah = 191Ah = 199Ah = 1A1Ah = 1A9Ah = 1B1Ah = 1B9Ah =
1818Bh - 1898h - 191Bh - 1998h - 1A1Bh - 1A9Bh - 1B1Bh - 1B9Bh -
181Ch = 189Ch = 191Ch = 199Ch = 1A1Ch = 1A9Ch = 1B1Ch = 1B9Ch =
181Dh — 189Dh — 191Dh — 199Dh — 1A1Dh — 1A9Dh — 1B1Dh — 1B9Dh —
181Eh = 189Eh = 191Eh = 199th = 1A1Eh = 1A9Eh = 1B1Eh = 1B9Eh =
181Fh = 189Fh = 191Fh = 199Fh = 1A1Fh = 1A9Fh = 1B1Fh = 1B9Fh =
1820h 18A0h 1920h 19A0h 1A20h 1AAOh 1B20h 1BAOh
Unil Unil Unil Unil Unil Unil ted Unil Unimplemented

Read as '0' Read as '0' Read as '0' Read as '0' Read as '0" Read as '0' Read as '0'
186Fh 18EFh 196Fh 19EFh 1A6Fh 1AEFh 1B6Fh 1BEFh
1870h| Common RAM 18FOh| Common RAM 1970h| Common RAM 19FOh| Common RAM 1A70h| Common RAM 1AFOh| Common RAM 1B70h| Common RAM 1BFOh| Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
187Fh 70h-7Fh) 18FFh 70h-7Fh) 197Fh 70h-7Fh) 19FFh 70h-7Fh) 1A7Fh 70h-7Fh) 1AFFh 70h-7Fh) 1B7Fh 70h-7Fh) 1BFFh 70h-7Fh)

Legend:
Unimplemented data memory locations, read as '0'
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Figure 9-11. Memory Map Banks 56 - 63

BANK 56 BANK 57 BANK 58 BANK 59 BANK 60 BANK 61 BANK 62 BANK 63
1C00h 1C80h 1D00h 1D80h 1E00h 1E80h 1FOOh 1F80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
1D0Bh

1CoBh 1C8Bh 1D8Bh 1EO0Bh 1E8Bh 1FOBh 1F8Bh

1coch 1C8Ch NVMADRL 1Doch ADLTHL 1D8Ch RAOPPS 1EOCh 1E8Ch 1FOCh UMTOAP 1F8Ch
1c8bh NVMADRH 1D0Dh ADLTHH 1D8Dh| RA1PPS 1FODh UMTOAL
1C8tEh NVMDATL 1DOEh ADUTHL 1D8Eh RA2PPS 1FOEh UMTOAH
1C8Fh NVMDATH 1DOFh ADUTHH 1D8Fh = 1FOFh
1C90h NVMCON1 1D10h ADERRL 1D90h RA4PPS
1C91h NVMCON2 1D11h ADERRH 1D91h RASPPS
1C92h SCANLADRL 1D12h ADSTPTL 1D92h =
1C93h SCANLADRH 1D13h ADSTPTH 1D93h =
1C94h = 1D14h ADFLTRL 1D94h =
1C95h SCANHADRL 1D15h ADFLTRH 1D95h =
1C96h SCANHADRH 1D16h ADACCL 1D96h =
1C97h — 1D17h ADACCH 1D97h —
1C98h SCANCON 1D18h ADACCU 1D98h RB4PPS™Y
1C99h SCANDTI 1D19h ADCNT 1D9%h RB5PPS™ Unimplemented
1C9Ah CRCDATAL 1D1Ah ADRPT 1D9Ah RB6PPST Read as '0'
1C98h CRCDATAH 1D1Bh ADPREVL 1D9Bh rB7PPS™
1c9ch|  CRCDATAU 1D1Ch ADPREVH 1D9Ch RCOPPS®
1C9Dh CRCDATAT 1D1Dh ADRESL 1D9Dh| RC1PPS®
1C9Eh CRCOUTL 1D1Eh ADRESH 1D9Eh RC2PPS® See Table 3 for

See Table 2 for

Read as '0' 1C9Fh CRCOUTH 1D1Fh ADPCH 1D9Fh RC3pPS®? regitor mepping register mapping
1CAOh CRCOUTU 1D20h ADNCH 1DAOh Rcapps® details details Wil
1CA1h CRCOUTT 1D21h ADACQL 1DA1h RCsPPS®? Read as '0'
1CA2h CRCCONO 1D22h ADACQH 1DA2h RcePPs™
1CA3h CRCCON1 1D23h ADCAP 1DA3h RC7PPS™
1CA4h CRCCON2 1D24h ADPREL 1DA4h
1CA5h 1D25h ADPREH
1D26h ADCONO
1D27h ADCON1 1FE3h
1D28h ADCON2 1FE4h| STATUS_SHAD
1D2%h ADCON3 1FESh WREG_SHAD
1D2Ah ADSTAT 1FE6h BSR_SHAD
. 1D2Bh ADREF Uni 1FE7h| PCLATH_SHAD
Ummpleme:nvted 1D2ch ADACT Read as '0' 1FE8h FSROL_SHAD
Relest® 1DCDh ADCLK 1FESh|  FSROH_SHAD
1D2Eh ADCG1A 1FEAh FSR1L_SHAD
1D2Fh ADCG1e® 1FEBh|  FSR1H_SHAD
1D30h ADCG1C? 1FECh —
1D31h . 1FEDh STKPTR
Unimplemented
Read as '0' 1FEEh TOSL
1C6Fh 1CEFh 1D6Fh 1DEFh 1E6Fh 1EEFh 1F6Fh 1FEFh TOSH
1C70h| Common RAM 1CFOh Common RAM 1D70h Common RAM 1DFOh| Common RAM 1E70h Common RAM 1EFOh Common RAM 1F70h Common RAM 1FFOh Common RAM
(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
1C7Fh 70h-7Fh) 1CFFh 70h-7Fh) 1D7Fh 70h-7Fh) 1DFFh 70h-7Fh) 1E7Fh 70h-7Fh) 1EFFh 70h-7Fh) 1F7Fh 70h-7Fh) 1FFFh 70h-7Fh)
Note: 1. Available on 20-pin devices only
2. Available on 14/20-pin devices
Legend:
Unimplemented data memory locations, read as '0'
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Figure 9-12. Memory Map Bank 61

1EOOh

1EOBh
1EOCh
1EODh
1EOEh
1EOFh
1E10h
1E11h
1E12h
1E13h

1E18h
1E19h
1E1Ah
1E1Bh
1E1Ch
1E1Dh
1E1Eh
1E1Fh
1E20h
1E21h
1E22h
1E23h
1E24h
1E25h
1E26h
1E27h
1E28h

1E38h
1E39h
1E3Ah
1E3Bh
1E3Ch

BANK 60

Core Registers

PPSLOCK

INTPPS

TOCKIPPS

T1CKIPPS

T1GPPS

T3CKIPPS

T3GPPS

Unimplemented
Read as '0'

T2INPPS

T4INPPS

CCP1PPS

CCP2PPS

PWMINOPPS

PWMIN1PPS

PWM1ERSPPS

PWM2ERSPPS

Unimplemented
Read as '0'

CWG1PPS

Legend:

Unimplemented data memory locations, read as '0'

1E3Dh
1E3Eh
1E3Fh
1E40h
1E41h
1E42h
1E43h
1E44h
1E45h
1E46h
1E47h
1E48h
1E49h
1E4Ah
1E4Bh
1E4Ch
1E4Dh
1E4Eh
1E4Fh
1E50h
1E51h
1E52h
1E53h
1E54h

1E6Fh
1E70h

1E7Fh

CLCINOPPS

CLCIN1PPS

CLCIN2PPS

CLCIN3PPS

DT1PPS

RX1PPS

DT2PPS

RX2PPS

SSP1CLKPPS

SSP1DATPPS

SSP1SSPPS

SSP2CLKPPS

SSP2DATPPS

SSP2SSPPS

ADACTPPS

Unimplemented
Read as '0'

Common RAM
(Accesses
70h-7Fh)
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Figure 9-13. Memory Map Bank 62

1E80h

1E8Bh
1E8Ch
1E8Dh
1E8Eh
1E8Fh
1E90h

1E91h
1E92h
1E93h

1E94h
1E95h
1E96h

1E97h
1E98h
1E99h
1E9Ah

1E9Bh
1E9Ch
1E9Dh
1E9Eh
1ESFh
1EAOh
1EA1h
1EA2h
1EA3h
1EA4h
1EA5h
1EA6h

1EA7h

BANK 61

Core Registers

ANSELA

WPUA

ODCONA

SLRCONA

INLVLA

IOCAP

IOCAN

IOCAF

ANSELB™

wpug™

oDCONB™

SLRCONBY

INLVLB™

locep!?

loceN™

locsrFY

ANSELC®?

wpuc?

opconc?

SLRCONC?

INLVLC?

loccp®

loccN®

loccF?

Note:

Legend:

1EA8h Unimplemented
Read as '0'
1EEOh
1EE1lh RAL12c?
1EE2h rRA212c
1EE3h —
1EE4h —
1EESh RB412cY
1EE6h rRB512cY
1EE7h rB6I2c
1EE8h RB712cY
1EESh Rcolc®
1EEAh RC112¢®
1EEBh —
1EECh Rca2c®
1EEDh RCs12¢c®
1EEEh —
1EEFh —
1EFOh Common RAM
(Accesses
1EFFh 70h-7Fh)

1. Available on 20-pin devices only

2. Available on 14/20-pin devices

3. Available on PIC16F181x5 devices only

4. Available on PIC16F18114/15 devices only
5. Available on PIC16F18124/25 devices only

Unimplemented data memory locations, read as '0'
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STATUS Register
The STATUS register contains:

» the arithmetic status of the ALU

» the Reset status
The STATUS register can be the destination for any instruction, like any other register. If the STATUS register is the
destination for an instruction that affects the Z, DC or C bits, then writes to these three bits are disabled. These bits
are set or cleared according to the device logic. Furthermore, the TO and PD bits are not writable. Therefore, the
result of an instruction with the STATUS register as destination may be different than intended.
For example, CLRF STATUS will clear bits [4:3] and [1:0], and set the Z bit. This leaves the STATUS register as
‘000u uluu’ (where u = unchanged).

It is recommended, therefore, that only BCF, BSF, SWAPF and MOVWF instructions are used to alter the STATUS
register, because these instructions do not affect any Status bits. For other instructions not affecting any Status bits,
refer to the “Instruction Set Summary” chapter.

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

PCL and PCLATH

The Program Counter (PC) is 15 bits wide. The low byte comes from the PCL register, which is a readable and
writable register. The high byte (PC[14:8]) is not directly readable or writable and comes from PCLATH. On any
Reset, the PC is cleared. Loading of PC in Different Situations shows the five situations for the loading of the PC.
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Figure 9-14. Loading of PC in Different Situations

Rev. 10-000042A
713012013

o R
e - wnhECFas
1 Destination
6 ' 0 8
PCLATH ALU result
14 PCH PCL 0
GOTO,
PCITTITTTTTIITTIT] S0
—
64“ o 1
PCLATH[ [ [ [ [ [T [ ] OPCODE [10:0]

14 PCH PCL 0
PCLITTITITTTITITITT] caLLw
. A
6 7 0 81
PCLATH W
14 pcH PCL 0
PCLITIITITITTIITTITTI] Bru
15
PC+W
14 PCH PCL 0
PCL||||||||||||||| BRA

ok
PC + OPCODE [8:0]

Modifying PCL

Executing any instruction with the PCL register as the destination simultaneously causes the Program Counter
PC[14:8] bits (PCH) to be replaced by the contents of the PCLATH register. This allows the entire contents of the
Program Counter to be changed by writing the desired upper seven bits to the PCLATH register. When the lower
eight bits are written to the PCL register, all 15 bits of the Program Counter will change to the values contained in the
PCLATH register and those being written to the PCL register.

Computed GOTO

A computed GOTO is accomplished by adding an offset to the Program Counter (ADDWF PCL). When performing a
table read using a computed GOTO method, care has to be exercised if the table location crosses a PCL memory
boundary (each 256-byte block). Refer to application note AN556, “Implementing a Table Read” (DS00556).

Computed Function Calls

A computed function CALL allows programs to maintain tables of functions and provide another way to execute
state machines or Look-up Tables. When performing a table read using a computed function CALL, care has to be
exercised if the table location crosses a PCL memory boundary (each 256-byte block).

If using the CALL instruction, the PCH[2:0] and PCL registers are loaded with the operand of the CALL instruction.
PCHI[6:3] is loaded with PCLATHI[6:3].

The CALLW instruction enables computed calls by combining PCLATH and W to form the destination address. A
computed CALLW is accomplished by loading the W register with the desired address and executing CALLW. The PCL
register is loaded with the value of W and PCH is loaded with PCLATH.
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Branching

The branching instructions add an offset to the PC. This allows relocatable code and code that crosses page
boundaries. There are two forms of branching, BRW and BRA. The PC will have incremented to fetch the next
instruction in both cases. When using either branching instruction, a PCL memory boundary may be crossed.

If using BRW, load the W register with the desired unsigned address and execute BRW. The entire PC will be loaded
with the address PC + 1 + W.

If using BRA, the entire PC will be loaded with PC + 1 + the signed value of the operand of the BRA instruction.

Stack

All devices have a 16-level by 15-bit wide hardware stack. The stack space is not part of either program or data
space. The PC is PUSHed onto the stack when the CALL or CALLW instructions are executed or an interrupt causes
a branch. The stack is POPed in the event of a RETURN, RETLW or a RETFIE instruction execution. PCLATH is not
affected by a PUSH or POP operation.

The stack operates as a circular buffer if the STVREN Configuration bit is programmed to ‘0’. This means that after
the stack has been PUSHed sixteen times, the seventeenth PUSH overwrites the value that was stored from the first
PUSH. The eighteenth PUSH overwrites the second PUSH, and so on. The STKOVF and STKUNF flag bits will be
set on an Overflow/Underflow, regardless of whether the Reset is enabled.

If the STVREN bit is programmed to ‘1’, the device will be reset if the stack is PUSHed beyond the sixteenth level or
POPed beyond the fist level, setting the appropriate bits (STKOVF or STKUNF, respectively).

Important: There are no instructions/mnemonics called PUSH or POP. These are actions that occur
from the execution of the CALL, CALLW, RETURN, RETLW and RETFIE instructions or the vectoring to an
interrupt address.

Accessing the Stack

The stack is accessible through the TOSH, TOSL and STKPTR registers. STKPTR is the current value of the Stack
Pointer. The TOSH:TOSL register pair points to the TOP of the stack. Both registers are read/writable. TOS is split
into TOSH and TOSL due to the 15-bit size of the PC. To access the stack, adjust the value of STKPTR, which will
position TOSH:TOSL, then read/write to TOSH:TOSL. STKPTR also allows the detection of Overflow and Underflow
condition.

Important: Care must be taken when modifying STKPTR while interrupts are enabled.

During normal program operation, CALL, CALLW and interrupts will increment STKPTR, while RETLW, RETURN and
RETFIE will decrement STKPTR. STKPTR can be monitored to obtain the value of stack memory left at any given
time. STKPTR always points at the currently used place on the stack. Therefore, a CALL or CALLW will increment
STKPTR and then write the PC, and a return will unload the PC value from the stack and then decrement STKPTR.

Reference the following figures for examples of accessing the stack.
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Figure 9-15. Accessing the Stack Example 1

Rev. 10-000043A
/3012013

. Stack Reset Disabled
TOSH:TOSL <: OXOF (STVREN = 0)

Ox0E

0x0D

0x0C

0x0B

X Initial Stack Configuration:

Ox0A

0x09 After Reset, the stack is empty. The
empty stack is initialized so the Stack

0x08 Pointer is pointing at Ox1F. If the Stack

0x07 Overflow/Underflow Reset is enabled, the
TOSH/TOSL register will return ‘0’. If the

0x06 Stack Overflow/Underflow Reset is

0x05 disabled, the TOSH/TOSL register will
return the contents of stack address

0x04 OxOF.

0x03

0x02

0x01

0x00

. Stack Reset Enabled
TOSH:TOSL <: Ox1F 0x0000 (STVREN = 1)

Figure 9-16. Accessing the Stack Example 2

Rev. 10-0000438
71302013

OxOF
OxOE
0x0D
0x0C
0x0B
Ox0A

0x09 This figure shows the stack configuration
after the first CALL or a single interrupt.
0x08 If a RETURN instruction is executed, the
0x07 return address will be placed in the
Program Counter and the Stack Pointer
decremented to the empty state (Ox1F).

0x06
0x05
0x04
0x03
0x02

0x01
TOSH:TOSL <): 0x00 | Return Address
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Figure 9-17. Accessing the Stack Example 3

OxOF
Ox0E
0x0D
0x0C
0x0B
Ox0A
0x09
0x08
0x07
0x05
0x04
0x03
0x02
0x01
0x00

Rev. 10-000043C
713012013

After seven CALLS or Six CALLS and an

interrupt, the stack looks like the figure on

the left. A series of RETURN instructions will
repeatedly place the return addresses into

the Program Counter and pop the stack.

Return Address

Return Address

STKPTR = 0x06

Return Address

Return Address

Return Address

Return Address

Return Address

Figure 9-18. Accessing the Stack Example 4

OxOF

Return Address

OxO0E

Return Address

0x0D

Return Address

0x0C

Return Address

0x0B

Return Address

Ox0A

Return Address

0x09

Return Address

0x08

Return Address

0x07

Return Address

0x06

Return Address

0x05

Return Address

0x04

Return Address

0x03

Return Address

0x02

Return Address

0x01

Return Address

TOSH:TOSL <: 0x00

Return Address

Rev. 10-000043D
71302013

When the stack is full, the next CALL or
an interrupt will set the Stack Pointer to
0x10. This is identical to address 0x00 so
the stack will wrap and overwrite the
return address at 0x00. If the Stack
Overflow/Underflow Reset is enabled, a
Reset will occur and location 0x00 will
not be overwritten.

STKPTR = 0x10
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Overflow/Underflow Reset

If the STVREN bit is programmed to ‘1’, the device will be reset if the stack is PUSHed beyond the sixteenth level or

POPed beyond the first level, setting the appropriate bits (STKOVF or STKUNF, respectively).

Indirect Addressing

The INDFn registers are not physical registers. Any instruction that accesses an INDFn register actually accesses
the register at the address specified by the File Select Registers (FSR). If the FSRn address specifies one of the two
INDFn registers, the read will return ‘0’ and the write will not occur (though Status bits may be affected). The FSRn

register value is created by the pair FSRnH and FSRnL.

The FSR registers form a 16-bit address that allows an addressing space with 65536 locations. These locations are

divided into three memory regions:
» Traditional/Banked Data Memory
* Linear Data Memory
* Program Flash Memory

Figure 9-19. Indirect Addressing

(" 0x0000

Ox1FFF
0x2000

FSR
Address < oxeFEF
Range Ox2FFO

OX7FFF
0x8000

\_ OXFFFF

Traditional/Banked Data Memory

0x0000

Traditional
Data Memory

Linear Data
Memory

Reserved

PC value = 0x0000

Program Flash
Memory

PC value = Ox7FFF

The traditional or banked data memory is a region from FSR address 0x0000 to FSR address Ox1FFF. The

addresses correspond to the absolute addresses of all SFR, GPR and common registers.
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Figure 9-20. Traditional/Banked Data Memory Map

Rev. 10-0000568
1211412016

Direct Addressing Indirect Addressing
From Opcode
BSR 0 6 0 7 FSRxH 0 7 FSRxL 0
LTI T Ol TTTTICITTITTTT]
-
Bank Select | Location Select Bank Select Location Select
—» 000000 000001 000010 111111
0x00
o o o
OX7F
Bank 0 Bank1l Bank?2 Bank 63

9.6.2 Linear Data Memory

The linear data memory is the region from FSR address 0x2000 to FSR address Ox2FEF. This region is a virtual
region that points back to the 80-byte blocks of GPR memory in all the banks. Refer to Figure 9-21 for the Linear
Data Memory Map.

Figure 9-21. Linear Data Memory Map

Rev. 10-0000578
812412016

7 FSRNH 0 7 FSRnL 0
(I et

Location Select  0x2000

0x020
Bank O
Ox06F

0x0A0
Bank 1
OXOEF

0x120
s Bank 2
Ox16F

0x1920
Bank 50
0x196F

— Ox2FEF

Important: The address range 0x2000 to Ox2FEF represents the complete addressable Linear Data
Memory for PIC® devices (up to Bank 50). The actual implemented Linear Data Memory will differ from one
device to the other in a family.

Unimplemented memory reads as 0x00. Use of the linear data memory region allows buffers to be larger than 80
bytes because incrementing the FSR beyond one bank will go directly to the GPR memory of the next bank.
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The 16 bytes of common memory are not included in the linear data memory region.

Program Flash Memory

To make constant data access easier, the entire Program Flash Memory is mapped to the upper half of the FSR
address space. When the MSB of FSRnH is set, the lower 15 bits are the address in program memory which will be
accessed through INDF. Only the lower eight bits of each memory location are accessible via INDF. Writing to the
Program Flash Memory cannot be accomplished via the FSR/INDF interface. All instructions that access Program
Flash Memory via the FSR/INDF interface will require one additional instruction cycle to complete.

Figure 9-22. Program Flash Memory Map

Rev. 10-000058A
713112013

7 FSRAH 0 7 FSRaL 0
HENEEEEEREEEEEEEN

Location Select — 0x8000

0x0000

Program
Flash

- Memory

(low 8 bits)

OX7FFF

\— OXFFFF

Data EEPROM Memory

The EEPROM memory can be read or written through the NVMCON register interface. However, to make access to
the EEPROM easier, read-only access to the EEPROM contents are also available through indirect addressing via an
FSR. When the MSP of the FSR (ex: FSRxH) is set to 0x70, the lower 8-bit address value (in FSRxL) determines the
EEPROM location that may be read via the INDF register). In other words, the EEPROM address range 0x00-0xFF is
mapped into the FSR address space between 0x7000 and 0x70FF. Writing to the EEPROM cannot be accomplished
via the FSR/INDF interface. Reads from the EEPROM through the FSR/INDF interface will require one additional
instruction cycle to complete.

Register Definitions: Memory Organization
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9.7.1 INDFO
Name: INDFO
Offset: 0x0000

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

Bit 7 6 5 4 3 2 1 0
| INDFO[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 — INDFO0[7:0]
Indirect data pointed to by the FSRO register
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9.7.2 INDF1
Name: INDF1
Offset: 0x0001

Indirect Data Register. This is a virtual register. The GPR/SFR register addressed by the FSR1 register is the target
for all operations involving the INDF1 register.

Bit 7 6 5 4 3 2 1 0
| INDF1[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 — INDF1[7:0]
Indirect data pointed to by the FSR1 register
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9.7.3 PCL
Name: PCL
Offset: 0x0002

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 RIW 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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9.7.4

Bit

Access
Reset

STATUS
Name: STATUS
Offset: 0x0003

Status Register

7 6 5 4 3 2 1 0

| | TO PD z DC C
R R RIW RIW RIW

1 1 0 0 0

Bit 4 —- TO Time-Out
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 3 — PD Power-Down
Reset States: POR/BOR =1
All Other Resets = q
Value Description
1 Set at power-up or by execution of CLRWDT instruction
0 Cleared by execution of the SLEEP instruction

Bit2-2Z Zero
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(")
ADDWF, ADDLW, SUBLW, SUBWF instructions
Reset States: POR/BOR =0

All Other Resets = u

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(")
ADDWF, ADDLW, SUBLW, SUBWF instructions
Reset States: POR/BOR =0

All Other Resets = u

Value Description

1 A carry-out from the Most Significant bit of the result occurred
0 No carry-out from the Most Significant bit of the result occurred
Note:

1. For Borrow, the polarity is reversed. A subtraction is executed by adding the two’s complement of the second
operand. 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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9.7.5 FSRO
Name: FSRO
Offset: 0x0004

Indirect Address Register
The FSRO value is the address of the data to which the INDFO register points.

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

Bits 15:0 — FSR0[15:0] Address of INDFO data

Notes: The individual bytes in this multibyte register can be accessed with the following register names:

1. FSROH: Accesses the high byte FSR0[15:8].
2. FSROL: Accesses the low byte FSRO[7:0].

© 2022 Microchip Technology Inc. Preliminary Datasheet
and its subsidiaries

DS40002404A-page 66



PIC16F18114/15/24/25/44/45

Memory Organization

9.7.6 FSR1
Name: FSR1
Offset: 0x0006

Indirect Address Register
The FSR1 value is the address of the data to which the INDF1 register points.

Bit 15 14 13 12 11 10 9 8
| FSR1[15:8]
Access R/W R/W RIW R/W RIW R/W RIW R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
FSR1[7:0]
Access R/W R/W R/W R/W R/W R/W RIW R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — FSR1[15:0]
Address of INDF1 data

Notes: The individual bytes in this multibyte register can be accessed with the following register names:

1. FSR1H: Accesses the high byte FSR1[15:8].
2. FSR1L: Accesses the low byte FSR1[7:0].

© 2022 Microchip Technology Inc. Preliminary Datasheet
and its subsidiaries

DS40002404A-page 67



PIC16F18114/15/24/25/44/45

Memory Organization

9.7.7 BSR
Name: BSR
Offset: 0x0008

Bank Select Register

The BSR indicates the data memory bank by writing the bank number into the register. All data memory can be

accessed directly via instructions, or indirectly via FSRs.

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

Bits 5:0 — BSR[5:0]
Six Most Significant bits of the data memory address
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9.7.8 WREG
Name: WREG
Offset: 0x0009

Working Data Register

Bit 7 6 5 4 3 2 1 0
| WREG[7:0]
Access RIW RIW RIW RIW RW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — WREG[7:0]
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9.7.9 PCLATH

Name: PCLATH
Offset: 0x000A

Program Counter Latches

Write Buffer for the upper seven bits of the Program Counter

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

Bits 6:0 — PCLATH[6:0] High PC Latch Register
Holding register for Program Counter bits [6:0]
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Register Summary - Memory Organization

Cor | e e |+
7:0

0x00 INDFO INDFO[7:0]
0x01 INDF1 7:0 INDFA[7:0]
0x02 PCL 7:0 PCLI7:0]
0x03 STATUS 7:0 O PD z DC c
7:0 FSRO[7:0]
0x04 FSRO
15:8 FSRO[15:8]
7:0 FSRA[7:0]
0x06 FSR 15:8 FSR1[15:8]
0x08 BSR 7:0 BSR[5:0]
0x09 WREG 7:0 WREG[7:0]
0X0A PCLATH 7:0 PCLATHI6:0]
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Resets

There are multiple ways to reset this device:

* Power-on Reset (POR)
» Brown-out Reset (BOR)
+ 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 Figure 10-1.
Figure 10-1. Simplified Block Diagram of On-Chip Reset Circuit

ICSP™ Programming Mode Exit
RESET Instruction

Memory Violation

Stack Underflow
Stack Overflow

X > )
|/

VrP/MCLR MCLRE —

WWDT Time-out/ J )
Window Violation Device

Reset
|E Power-on

Reset

VDD
Brown-out Power-up
— -
Reset Timer
LFINTOSC —,_ 4

PWRTSJ[1:0]

| | LPBOR

Reset

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.

Programming Mode Exit
Upon exit of Programming mode, the device will behave as if a POR had just occurred.
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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 bits. The four operating modes are:

*+ BORis always on

* BOR s off when in Sleep

+ BOR s controlled by software
+ BORs always off

Refer to Table 10-1 for more information.
The Brown-out Reset voltage level is selectable by configuring the BORYV bits.

A Vpp noise rejection filter prevents the BOR from triggering on small events. If Vpp falls below Vg for a duration
greater than parameter Tgorpc, the device will reset and the BOR bit will be cleared, indicating the Brown-out Reset
condition occurred. See Figure 10-2.

BOR Is Always On

When the BOREN bits 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 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 10-1. BOR Operating Modes

Instruction Execution upon:
BOREN SBOREN Device Mode BOR Mode y
Release of POR HUEL TR T
Sleep
X X

Wait for release of BOR Begins

11(M
(BORRDY = 1) immediately

Active

Wait for release of BOR

Awake Active (BORRDY = 1) N/A
10 X Wait for release
Sleep Hibernate N/A of BOR
(BORRDY = 1)
i . X Active Wait for release of BOR Begins
0 X Hibernate (BORRDY = 1) immediately
00 X X Disabled Begins immediately
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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 bits.

Figure 10-2. Brown-Out Situations

aaaaaaaaa
<<<<<<<

VDD
______________\\_f _________________ VBOR

Internal

Reset TpwrT(
VDD
_____________ W_____________ VBOR
N\
I 1, ¢ 1 |
Internal [ <TPwRTe———>
Reset TpwrT(M
VDD
_____ \_____________7[______________ VBOR
. |
Internal e _
Reset " Tpwrt(M

Note: Tpywgrt delay when the PWRTS bits are enabled (PWRTS != 00).

10.2.4 BOR/Is Always Off
When the BOREN bits are programmed to ‘00’, the BOR is always disabled. In the configuration, setting the
SBOREN bit will have no affect on BOR operations.

10.3 MCLR Reset

The MCLR is an optional external input that can reset the device. The MCLR function is controlled by the MCLRE bit
and the LVP bit (see Table 10-2). The RMCLR bit will be set to ‘0’ if a MCLR has occurred.

Table 10-2. MCLR Configuration

MCLRE LVP MCLR

% 1 Enabled
1 0 Enabled
0 0 Disabled

10.3.1 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.

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

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

Watchdog Timer (WDT) Reset

The Watchdog Timer generates a Reset if the firmware does not issue a CLRWDT instruction within the time-out
period. The TO, PD and RWDT bits are changed to indicate a WDT Reset caused by the timer overflowing.

RESET Instruction

A RESET instruction will cause a device Reset. The RI bit will be set to ‘0’. See Table 10-4 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 indicate the Reset
condition. These Resets are enabled by setting the STVREN bit.

Power-Up Timer (PWRT)

The Power-up Timer provides up to a 64 ms time-out period on POR or BOR. 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 controlled by the PWRTS bits. The Power-up Timer starts after the release of the POR and
BOR. For additional information, refer to the “Power-up Trouble Shooting” Application Note AN607.

Start-Up Sequence
Upon the release of a POR or BOR, the following must occur before the device will begin executing:

1. Power-up Timer runs to completion (if enabled).
2. MCLR must be released (if enabled).
The Power-up Timer runs independently of MCLR Reset. If MCLR is kept low long enough, the Power-up Timer will

expire. Upon bringing MCLR high, the device will begin execution after 10 Fogc cycles (see Figure 10-3). This is
useful for testing purposes or for synchronizing more than one device operating in parallel.
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Figure 10-3. Reset Start-Up Sequence

VDD

Internal POR
Power-up Timer
MCLR __/ . 4

Internal RESET
Int. Oscillator

L
L

< TPWRT »

Fosc

Begin Execution / [

\ code execution ‘ code execution @

Internal Oscillator, PWRTS = 00 Internal Oscillator, PWRTS # 00

VDD

Internal POR
Power-up Timer
MCLR _ LT

Internal RESET
Ext. Clock (EC)

Fosc

Begin Execution / /

i code execution @ i code execution @
External Clock (EC modes), PWRTS = 00 External Clock (EC modes), PWRTS # 00

L
L

< TPWRT >

Note:
1. Code execution begins 10 Fogc cycles after the Fogc clock is released.

Memory Execution Violation

A memory execution violation Reset occurs if executing an instruction being fetched from outside the valid execution
area. The invalid execution areas are:

1.  Addresses outside implemented program memory. Refer to the “Memory Organization” chapter for details
about available Flash size.

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

When a memory execution violation is generated, the device is reset and the MEMV bit is cleared to signal the cause
of the Reset. The MEMV bit must be set in the user code after a memory execution violation Reset has occurred to
detect further violation Resets.

Determining the Cause of a Reset

Upon any Reset, multiple bits in the STATUS, PCONO and PCON1 registers are updated to indicate the cause of the
Reset. The following tables show the Reset conditions of these registers.

Table 10-3. Reset Status Bits and Their Significance
0 0 1 1 1 0 x 1 1 1 Power-on Reset

llegal, TO is set on

POR
llegal, PD is set on
0 0 1 1 1 0 0 ’
% % Y POR
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........... continued

u u
u u
u u
u u
u u
u u
1 u
u 1
u u

u u 0
u u 0
u u 1
u u u
u u 1
u u u
u u u
u u u
u u u

Table 10-4. Reset Conditions for Special Registers

Condition ACHIEI] e PCONO Register HECL
Counter Register Register

Power-on Reset ---1 1000
Brown-out Reset 0 ---1 1000
MCLR Reset during normal operation 0 -uuu uuuu
MCLR Reset during Sleep 0 ---1 Ouuu
WDT Time-out Reset 0 ---0 uuuu
WDT Wake-up from Sleep PC +1 ---0 Ouuu
Interrupt Wake-up from Sleep PC + 11 ---1 Ouuu
RESET Instruction Executed 0 ---u uuuu
Stack Overflow Reset (STVREN = 1) 0 ---u uuuu
Stack Underflow Reset (STVREN = 1) 0 ---u uuuu
Memory Violation Reset 0 -uuu uuuu
Legend: u = unchanged, x = unknown, — = unimplemented bit, reads as ‘0’.

Note:

0011

0011

uuuu

uuuu

uuu0

uuuu

uuuu

uuuu

luuu

uluu

uuuu

Brown-out Reset

u WDT Reset

WDT Wake-up
from Sleep

Interrupt Wake-up
from Sleep

MCLR Reset

1 during normal

operation

MCLR Reset
during Sleep

RESET Instruction
Executed

Stack Overflow

u Reset (STVREN =

1)

Stack Underflow

u Reset (STVREN =

1)

Memory Violation
Reset

110x -—-- --1-
11u0 ---- --u-
Ouuu -——- —--1-
Ouuu -——-- —-u-
uuuu ---- --u-
uuuu ---- --u-
uuuu ---- --u-
uluu -—-- —-u-
uuuu ---- --u-
uuuu ---- --u-
uuuu --—-- —-0-

1. When the wake-up is due to an interrupt and Global Interrupt Enable (GIE) bit is set, the return address is
pushed on the stack and PC is loaded with the interrupt vector (0004h) after execution of PC + 1.
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10.11 Power Control (PCONXx) Register

The Power Control (PCONX) registers contain 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)

» Stack Underflow Reset (STKUNF)
» Stack Overflow Reset (STKOVF)
+ Memory Violation Reset (MEMV)

Hardware will change the corresponding register bit during the Reset process; if the Reset was not caused by the
condition, the bit remains unchanged.

Software may reset the bit to the Inactive state after restart (hardware will not reset the bit).

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

10.12 Register Definitions: Power Control
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10.12.1 BORCON
Name: BORCON
Offset: 0x0191
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
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
Reset States: POR/BOR = q
All Other Resets = u

Value Description

1 The Brown-out Reset circuit is active and armed
0 The Brown-out Reset circuit is disabled or is warming up
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10.12.2 PCONO

Name: PCONO

Offset: 0x0192

Power Control Register 0

Bit 7 6 5 4 3 2 1 0
| STKOVF | STKUNF | RWDT RMCLR 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

Reset 0 0 1 1 1 0 q

Bit 7 - STKOVF Stack Overflow Flag
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
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 4 —- RWDT WDT Reset Flag
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
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 - RI RESET Instruction Flag
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)

Bit 1 — POR Power-on Reset Status
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
Reset States: POR/BOR = q
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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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10.12.3 PCON1

Name: PCON1

Offset: 0x0193

Power Control Register 1

Bit 7 6 5 4 3 2 1 0
| | | MEMV
Access R/W/HC
Reset 1

Bit 1 - MEMV Memory Violation Flag
Reset States: POR/BOR = 1

All Other Resets = u
Value Description

1 No Memory Violation Reset occurred or set to ‘1’ by firmware
0 A Memory Violation Reset occurred (set to ‘0’ in hardware when a Memory Violation occurs)
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10.13 Register Summary - Power Control

I I = 2 I RN AN (N I I

0x00
Reserved
0x0190
0x0191 BORCON 7:0 SBOREN BORRDY
0x0192 PCONO 7:0 STKOVF STKUNF RWDT RMCLR RI POR BOR
0x0193 PCON1 7:0 MEMV
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OSC - Oscillator Module (With Fail-Safe Clock Monitor)

The oscillator module contains 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.
Clock sources can be supplied either internally or externally. External sources include:

« External clock oscillators

* Quartz crystal resonators

» Ceramic resonators

» Secondary Oscillator (SOSC)

Internal sources include:
* High-Frequency Internal Oscillator (HFINTOSC)
* Low-Frequency Internal Oscillator (LFINTOSC)
* Analog-to-Digital Converter RC Oscillator (ADCRC)

Special features of the oscillator module include:
» Oscillator Start-up Timer (OST): Ensures stability of quartz crystal or ceramic resonators.
* 4x Phase-Locked Loop (PLL): Frequency multiplier for external clock sources.
* HFINTOSC Frequency Adjustment: Provides the ability to adjust the HFINTOSC frequency.

» Clock switching: Allows the system clock to switch between internal or external sources via software during run
time.

» Fail-Safe Clock Monitor (FSCM): Designed to detect a failure of the external clock source and automatically
switch to an internal clock source.

The Reset Oscillator (RSTOSC) Configuration bits determine the type of oscillator that will be used when the device
runs after a Reset, including when the device is first powered up (see the table below).

Table 11-1. RSTOSC Selection Table

SFR Reset Values

RSTOSC Clock Source
NOSC /COSC NDIV / CDIV OSCFRQ
111 111 0000 (1:1) EXTOSC per FEXTOSC
110 110 0010 (4:1) HFINTOSC @ 1 MHz
010 (4 MHz)
101 101 0000 (1:1) LFINTOSC
100 100 0000 (1:1) SOSC
011 Reserved
010 010 0000 (1:1) 010 (4 MHz) EXTOSC + 4x PLL(™
001 Reserved
000 110 0000 (1:1) 101 (32 MHz) HFINTOSC @ 32 MHz
Note:

1.  EXTOSC must meet the PLL specifications (see the data sheet Electrical Specifications).
If an external clock source is selected by the RSTOSC bits, the External Oscillator Mode Select (FEXTOSC)
Configuration bits must be used to select the External Clock mode. These modes include:

« ECL: External Clock Low Power mode

» ECH: External Clock High Power mode

* LP: 32 kHz Low-Gain Crystal mode

* XT: Medium-Gain Crystal or Ceramic Resonator mode

* HS: High-Gain Crystal or Ceramic Resonator mode
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The ECH and ECL modes rely on an external logic-level signal as the device clock source. The LP, XT and HS
modes rely on an external quartz crystal or ceramic resonator as the device clock source. Each mode is optimized
for a specific frequency range. The internal oscillator block produces both low-frequency and high-frequency clock
signals, designated LFINTOSC and HFINTOSC, respectively. Multiple system operating frequencies may be derived
from these clock sources.

The figure below illustrates a block diagram of the oscillator module.

Figure 11-1. Clock Source Block Diagram
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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 of external clock sources
include:

» Digital oscillator modules

* Quartz crystal resonators

» Ceramic resonators

A 4x PLL is provided for use with external clock sources.

Internal clock sources are contained within the oscillator module. The internal oscillator block features two

internal oscillators that are used to generate internal system clock sources. The High-Frequency Internal Oscillator
(HFINTOSC) can produce a wide range of frequencies which are determined via the HFINTOSC Frequency Selection
(OSCFRQ) register. The Low-Frequency Internal Oscillator (LFINTOSC) generates a fixed nominal 31 kHz clock
signal. The internal oscillator block also features an RC oscillator which is dedicated to the Analog-to-Digital
Converter (ADC).
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The oscillator module allows the system clock source or system clock frequency to be changed through clock
switching. Clock source selections are made via the New Oscillator Source Request (NOSC) bits. Once the clock
source has been selected, the clock source base frequency can be divided (post-scaled) via the New Divider
Selection Request (NDIV) bits.

The instruction clock (Fposc/4) can be routed to the OSC2/CLKOUT pin when the pin is not in use. The Clock Out
Enable (CLKOUTEN) Configuration bit controls the functionality of the CLKOUT signal. When CLKOUTEN is clear
(CLKOUTEN = 0), the CLKOUT signal is routed to the OSC2/CLKOUT pin. When CLKOUTEN is set (CLKOUTEN =
1), the OSC2/CLKOUT pin functions as an 1/O pin.

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

* Program the RSTOSC and FEXTOSC Configuration bits to select an external clock source that will be used as
the default system clock upon a device Reset.

»  Write the NOSC and NDIV bits to switch the system clock source during run time.

11.1.1.1 EC Mode

The External Clock (EC) mode allows an externally generated logic level signal to be the system clock source. When
operating in EC mode, an external clock source is connected to the OSC1/CLKIN input pin. The OSC2/CLKOUT pin
is available as a general purpose I/O pin or as the CLKOUT signal pin.
EC mode provides two Power mode selections:

» ECH: High Power mode

» ECL: Low Power mode
The Oscillator Start-up Timer (OST) is disabled when the 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.

The figure below shows the pin connections for EC mode.

Figure 11-2. External Clock (EC) Mode Operation

External clock PIC® MCU
source

OSC1/CLKIN

CLKOUT (Foscl/4) <—>|X 0SC2/CLKOUT
or 110"

Note:
1. Output depends on the setting of the CLKOUTEN Configuration bit.

11.1.1.2 LP, XT, HS Modes
The LP, XT and HS modes support the use of quartz crystals or ceramic resonators connected to the OSC1 and
OSC2 pins, as shown in the figures below. These three modes select a low, medium, or high-gain setting of the
internal inverter-amplifier to support various resonator types and speeds.

The LP Oscillator mode selects the lowest gain setting of the internal inverter-amplifier, and consumes the least
amount of current. LP mode is designed to drive 32.768 kHz tuning-fork type crystals (watch crystals), but can
operate up to 100 kHz.
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The XT Oscillator mode selects the intermediate gain setting of the internal inverter-amplifier. Current consumption
is at a medium level when compared to the other two modes. XT mode is best suited to drive crystal and ceramic
resonators with a frequency range up to 4 MHz.

The HS Oscillator mode selects the highest gain setting of the internal inverter-amplifier, and consumes the most
current. This mode is best suited for crystal and ceramic resonators that require operating frequencies up to 20 MHz.

The figures below show typical circuits for quartz crystal and ceramic resonators.

Figure 11-3. Quartz Crystal Operation

®
0SC1/ PIC” MCU

1 CLKIN
| >
I >
logic
Quartz ——
Crystal = Re® ; ; Sleep

RS(1)
|

| AVAVAY

- C2 0scC2/

CLKOUT

—3)

A

Notes:
1. A series resistor (Rg) 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 and 10 MQ).

Figure 11-4. Ceramic Resonator Operation

®
0SC1/ PIC® MCU
C1 CLKIN
! - >
To internal
o § logic
T
g s R Re? v Sleep
o0 T
o9
o R
| | <
I ANN—X =
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Notes:
1. A series resistor (Rg) 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 and 10 MQ).
3. An additional parallel feedback resistor (Rp) may be required for proper ceramic resonator operation.

Oscillator Start-Up Timer (OST)

The Oscillator Start-up Timer (OST) ensures that the oscillator circuit has started and is providing a stable system
clock to the oscillator module. Quartz crystals or ceramic resonators do not start immediately, and may take a

few hundred cycles before the oscillator becomes stable. The oscillations must build up until sufficient amplitude

is generated to properly toggle between logic states. The OST counts 1024 oscillation periods from the OSC1
input following a Power-on Reset (POR), Brown-out Reset (BOR), or wake-up from Sleep event to ensure that the
oscillator has enough time to reach stable and accurate operation. Once the OST has completed its count, module
hardware sets the External Oscillator Ready (EXTOR) bit, indicating that the oscillator is stable and ready to use.

4x PLL

The oscillator module contains a 4x Phase-Locked Loop (PLL) circuit that can be used with the external clock
sources to provide a system clock source. The input frequency for the PLL must fall within a specified range. See the
PLL Clock Timing Specifications found in the “Electrical Specifications” chapter for more information.

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

1. Program the RSTOSC Configuration bits to select the ‘EXTOSC with 4x PLL’ option.
2. Write the NOSC bits to select the ‘EXTOSC with 4x PLL’ option.

Secondary Oscillator

The Secondary Oscillator (SOSC) is a separate external oscillator block that can be used as an alternate system
clock source or as a Timer clock source. The SOSC is optimized for 32.768 kHz, and can be used with either an
external quartz crystal connected to the SOSCI and SOSCO pins, or with an external clock source connected to the
SOSCI pin, as shown in the figures below.

Figure 11-5. SOSC 32.768 kHz Quartz Crystal Oscillator Operation

PIC® MCU
c1 SOSCI
| | > . I > >
I o
To internal
logic
32.768 kHz _|
Quartz ] Re Sleep
Crystal ~ |
| <
1+l X<
- Cc2 SOSCO
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Figure 11-6. SOSC 32.768 kHz External Clock Operation

32.768 kHz
external clock ®
source PIC” MCU
SOSCI

General Purpose <_>|X SOSCO
110

The SOSC can be enabled through one of two methods:

*  Programming the RSTOSC Configuration bits to select the SOSC as the system clock
* Programming the NOSC bits to select the SOSC during run time

Two Power modes are available for the secondary oscillator, and are selected using the Secondary Oscillator Power
Mode Select (SOSCPWR) bit. When SOSCPWR is clear (SOSCPWR = 0), the oscillator operates in Low Power
mode, which is ideal for crystal oscillators with low drive strength. When SOSCPWR is set (SOSCPWR = 1),

the oscillator operates in High Power mode, which is ideal for crystal oscillators with high drive strength or high
Equivalent Series Resistance (ESR).

Important: The SOSC module must be disabled before changing Power modes. Changes to the Power
mode during operation may result in undefined oscillator behavior.

11.1.1.5.1 SOSC Start-Up Timing
The SOSC utilizes the Oscillator Start-up Timer (OST) to ensure that the 32.768 kHz crystal oscillator has started
and is available for use. Since crystal oscillators do not start immediately and may take a few hundred cycles before
achieving stable operation, the OST counts 1024 oscillation periods from the SOSCI input. Once the OST completes
its count, module hardware sets the Secondary Oscillator Ready (SOR) bit, indicating that the SOSC is stable and
ready to use.

11.1.2 Internal Clock Sources
The internal oscillator block contains two independent oscillators that can produce two internal system clock sources:
» High-Frequency Internal Oscillator (HFINTOSC)
* Low-Frequency Internal Oscillator (LFINTOSC)

Internal oscillator selection is performed one of two ways:
1. Program the RSTOSC Configuration bits to select one of the INTOSC sources which will be used upon a
device Reset.

2. Write the New Oscillator Source Request (NOSC) bits to select an internal oscillator during run time.

In INTOSC mode, the OSC1/CLKIN and OSC2/CLKOUT pins are available for use as a general purpose 1/Os,
provided that no external oscillator is connected. The function of the OSC2/CLKOUT pin is determined by the
CLKOUTEN Configuration bit. When CLKOUTEN is set (CLKOUTEN = 1), the pin functions as a general-purpose
I/O. When CLKOUTEN is clear (CLKOUTEN = 0), the system instruction clock (Fosc/4) is available as an output
signal on the pin.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 89
and its subsidiaries



PIC16F18114/15/24/25/44/45
OSC - Oscillator Module (With Fail-Safe Clock ...

11.1.2.1 HFINTOSC
The High-Frequency Internal Oscillator (HFINTOSC) is a factory-calibrated, precision digitally-controlled internal
clock source that produces a wide range of stable clock frequencies. The HFINTOSC can be enabled through one of
the following methods:

* Program the RSTOSC Configuration bits to select the HFINTOSC upon device Reset or power-up
» Write to the New Oscillator Source Request (NOSC) bits to select the HFINTOSC during run time.

The HFINTOSC frequency is selected via the HFINTOSC Frequency Selection (FRQ) bits. Fine-tuning of the
HFINTOSC is done via the HFINTOSC Frequency Tuning (TUN) bits. The HFINTOSC output frequency can be
divided (post-scaled) via the New Divider Selection Request (NDIV) bits.

11.1.2.1.1 HFINTOSC Frequency Tuning
The HFINTOSC frequency can be fine-tuned via the HFINTOSC Tuning (OSCTUNE) register. The OSCTUNE
register is used by Active Clock Tuning hardware or user software to provide small adjustments to the HFINTOSC
nominal frequency.

The OSCTUNE register contains the HFINTOSC Frequency Tuning (TUN) bits. The TUN bits default to a 6-bit, two’s
complement value of 0x00, which indicates that the oscillator is operating at the selected frequency. When a value
between 0x01 and 0x1F is written to the TUN bits, the HFINTOSC frequency is increased. When a value between
0x3F and 0x20 is written to the TUN bits, the HFINTOSC frequency is decreased.

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

Important: OSCTUNE tuning does not affect the LFINTOSC frequency.

11.1.2.2 MFINTOSC
The Medium-Frequency Internal Oscillator (MFINTOSC) generates two constant clock outputs (500 kHz and 31.25
kHz). The MFINTOSC clock signals are created from the HFINTOSC using dynamic divider logic, which provides
constant MFINTOSC clock rates regardless of selected HFINTOSC frequency.

The MFINTOSC cannot be used as the system clock, but can be used as a clock source for certain peripherals, such
as a Timer.

11.1.2.3 SFINTOSC
The Specified-Frequency Internal Oscillator (SFINTOSC) generates a constant 1MHz clock output. The SFINTOSC
clock signal is created from the HFINTOSC using dynamic divider logic, which provides constant SFINTOSC clock
rates regardless of the selected HFINTOSC frequency.

The SFINTOSC cannot be used as the system clock, but provides a constant 1 MHz clock signal that is used for
NVM Write and Erase operations. Additionally, SFINTOSC can be used as a clock source for certain peripherals.

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

The LFINTOSC can be used as a system clock source, and may be used by certain peripheral modules as a clock
source. Additionally, the LFINTOSC provides a time base for the following:

*  Power-up Timer (PWRT)

» Watchdog Timer (WDT)/Windowed Watchdog Timer (WWDT)

» Fail-Safe Clock Monitor (FSCM)

The LFINTOSC is enabled through one of the following methods:
* Program the RSTOSC Configuration bits to select LFINTOSC
»  Write the NOSC bits to select LFINTOSC during run time

11.1.2.5 ADCRC
The Analog-to-Digital RC (ADCRC) oscillator is dedicated to the ADC module. This oscillator is also referred to as the
FRC clock. The ADCRC operates at a fixed frequency of approximately 600 kHz, and is used as a conversion clock
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source. The ADCRC allows the ADC module to operate in Sleep mode, which can reduce system noise during the

ADC conversion. The ADCRC is automatically enabled when it is selected as the clock source for the ADC module,
or when selected as the clock source of any peripheral that may use it. The ADCRC may also be manually enabled
via the ADC Oscillator Enable (ADOEN) bit, thereby avoiding start-up delays when this source is used intermittently.

Oscillator Status and Manual Enable

The Oscillator Status (OSCSTAT) register displays the Ready status for each of the following oscillators:
« External oscillator
*+ HFINTOSC
*« MFINTOSC
+ LFINTOSC
+ SOSC
« ADCRC
+ SFINTOSC

The OSCSTAT register also displays the Ready status for the 4xPLL.

The HFINTOSC Oscillator Ready (HFOR), MFINTOSC Oscillator Ready (MFOR), LFINTOSC Oscillator Ready
(LFOR), ADCRC Oscillator Ready (ADOR) and SFINTOSC Oscillator Ready (SFOR) Status bits indicate whether
the respective oscillators are ready for use. These clock sources are available for use at any time, but may require
a finite amount of time before they have reached the specified accuracy levels. When the oscillators are ready and
have achieved the specified accuracy, module hardware sets the respective bits.

When a new value is loaded into the OSCFRQ register, the HFOR bit is cleared by hardware, and will be set again
once the HFINTOSC is ready. During pending OSCFRQ changes, the HFINTOSC will stall at either a high or a low
state until the oscillator locks in the new frequency and resumes operation.

The External Oscillator Ready (EXTOR) and SOSC Oscillator Ready (SOR) Status bits indicate whether the
respective external clock sources are ready for use. The external clock sources use the Oscillator Start-up Timer
(OST) to determine when the oscillator is ready. Once the OST has expired, the external oscillator is ready for use,
and module hardware sets the respective bits.
The Oscillator Enable (OSCEN) register can be used to manually enable the following oscillators:

» External oscillator

* HFINTOSC

* MFINTOSC

* LFINTOSC

+ SOSC

+ ADCRC

Important: OSCEN cannot be used to manually enable the 4xPLL.

Clock Switching

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

» External Oscillator (EXTOSC)

+ EXTOSC with 4x PLL

» High-Frequency Internal Oscillator (HFINTOSC)
» Low-Frequency Internal Oscillator (LFINTOSC)
» Secondary Oscillator (SOSC)
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The Clock Switch Enable (CSWEN) Configuration bit can be used to enable or disable the clock switching capability.
When CSWEN is set (CSWEN = 1), writes to NOSC and NDIV by user software will allow the system clock to switch
between sources or frequencies. When CSWEN is clear (CSWEN = 0), writes to NOSC and NDIV are ignored,
preventing the system clock from switching from one source to another.

NOSC and NDIV Bits

The New Oscillator Source Request (NOSC) and the New Divider Selection Request (NDIV) bits are used to select
the system clock source and clock frequency divider that will be used by the CPU and peripherals (see the tables
below).

When new values are written into NOSC and/or NDIV, the current oscillator selection will continue to operate as the
system clock while waiting for the new source to indicate that it is ready. Writes to NDIV without changing the clock

source (e.g., changing the HFINTOSC frequency from 1 MHz to 2 MHz) are handled in the same manner as a clock
switch.

When the new oscillator selection is ready, the New Oscillator is Ready (NOSCR) bit and the Clock Switch Interrupt
Flag (CSWIF) are set by module hardware. If the Clock Switch Interrupt Enable (CSWIE) bit is set (CSWIE = 1),

an interrupt will be generated when CSWIF is set. Additionally, the Oscillator Ready (ORDY) bit can be polled to
determine that the clock switch has completed and the new oscillator source has replaced the old source as the
system clock.

Important: The CSWIF interrupt does not wake the device from Sleep.

Table 11-2. NOSC/COSC Clock Source Selection Table

111 EXTOSC()
110 HFINTOSC(?)
101 LFINTOSC

100 SOSsC

011 Reserved

010 EXTOSC + 4xPLL®)
001 Reserved

000 Reserved

Notes:
1.  EXTOSC is configured via the FEXTOSC Configuration bits.
2. HFINTOSC frequency is determined by the FRQ bits.
3. EXTOSC must meet the PLL specifications (see the data sheet Electrical Specifications).

Table 11-3. NDIV/CDIV Clock Divider Selection Table

NDIV / CDIV Clock Divider

1111-1010 Reserved
1001 512
1000 256
0111 128
0110 64
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........... continued
0101 32
0100 16
0011 8
0010 4
0001 2
0000 1

COSC and CDIV Bits

The Current Oscillator Source Select (COSC) bits and the Current Divider Select (CDIV) bits indicate the current
oscillator source and clock divider, respectively. When a new oscillator or divider is requested via the NOSC/NDIV
bits, the COSC and CDIV bits remain unchanged until the clock switch actually occurs. When the switch actually
occurs, hardware copies the NOSC and NDIV values into COSC and CDIV, the Oscillator Ready (ORDY) bit is set,
and the NOSCR bit is cleared by hardware, indicating that the clock switch is complete.

CSWHOLD

When the system oscillator changes frequencies, peripherals using the system clock may be affected. For example,
if the 12C module is actively using the system clock as its Serial Clock (SCL) time base, changing the system

clock frequency will change the SCL frequency. The Clock Switch Hold (CSWHOLD) bit can be used to suspend a
requested clock switch. In this example, software can request a new clock source, use the CSWHOLD bit to suspend
the switch, wait for the 12C bus to become Idle, then reconfigure the SCL frequency based on the new clock source.
Once the I2C has been reconfigured, software can use CSWHOLD to complete the clock switch without causing any
issues with the 12C bus.

When CSWHOLD is set (CSWHOLD = 1), a write to NOSC and/or NDIV is accepted, but the clock switch is
suspended and does not automatically complete. While the switch is suspended, code execution continues using the
old (current) clock source. Module hardware will still enable the new oscillator selection and set the NOSCR bit. Once
the NOSCR bit is set, software may either:

» clear CSWHOLD so that the clock switch can complete, or
» copy the Current Oscillator Source Select (COSC) value into NOSC to abandon the clock switch.

When CSWHOLD is clear (CSWHOLD = 0), the clock switch will occur when the NOSCR bit is set. When NOSCR is
set, the CSWIF is also set, and if CSWIE is set, the generated interrupt will be serviced using the new oscillator.

PLL Input Switch
Switching between the PLL and any non-PLL source is handled in the same manner as any other clock source
change.

When the NOSC selects a source with a PLL, the system continues to operate using the current oscillator until the
new oscillator is ready. When the new source is ready, the associated Status bit in the Oscillator Status (OSCSTAT)
register is set, and once the PLL is locked and ready for use, the PLL is Ready (PLLR) bit is set. Once both the
source and PLL are ready, the switch will complete.

Clock Switch and Sleep
If the NOSC/NDIV bits are written with new values and the device is put to Sleep before the clock switch completes,
the switch will not take place and the device will enter Sleep mode.

When the device wakes up from Sleep and CSWHOLD is clear (CSWHOLD = 0), the clock switch will complete and
the device will wake with the new clock active, setting CSWIF.

When the device wakes from Sleep and CSWHOLD is set (CSWHOLD = 1), the device will wake up with the old
clock active, and the new clock source will be requested again.

If Doze mode is in effect, the clock switch occurs on the next clock cycle regardless of whether or not the CPU is
active during that clock cycle.
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Figure 11-7. Clock Switch (CSWHOLD = 0)
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1.  CSWIF is asserted coincident with NOSCR; interrupt is serviced at OSC#2 speed.
2. The assertion of NOSCR may not be seen by the user as it is only set for the duration of the switch.
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Figure 11-8. Clock Switch (CSWHOLD = 1)
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Note:
1. CSWIF may be cleared before or after clearing CSWHOLD.
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Figure 11-9. Clock Switch Abandoned
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Note:

1.  CSWIF may be cleared before or after rewriting NOSC; CSWIF is not automatically cleared.

11.3  Fail-Safe Clock Monitor (FSCM)

The Fail-Safe Clock Monitor (FSCM) allows the device to continue operating if the external oscillator fails. The FSCM
is applicable to all external Oscillator modes. The FSCM is enabled by setting the Fail-Safe Clock Monitor Enable

(FCMEN) Configuration bit.
The figure below shows the FSCM block diagram.
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Figure 11-10. FSCM Block Diagram
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Fail-Safe Detection

The FSCM 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. The fail detector block contains a latch that is set upon each
falling edge of the external clock. The latch is cleared on the rising edge of the sample clock. A failure is detected
when a half-period of the sample clock elapses before the external clock goes low.

Fail-Safe Operation

When the external clock fails, the FSCM overwrites the NOSC/COSC bits to select the HFINTOSC, and sets the
Oscillator Fail Interrupt Flag (OSFIF) bit of the PIR registers. If the Oscillator Fail Interrupt Enable (OSFIE) bit is set,
an interrupt will be generated when OSFIF is set. The frequency of HFINTOSC depends on the previous state of the
FRQ bits and the NDIV/CDIV bits.

Once a failure is detected, software can take steps to mitigate the effects of a failed oscillator. The system clock
will continue to be sourced from the HFINTOSC until the external oscillator is restarted. Once the external source is
operational, software can switch back to the external oscillator via the NOSC/NDIV bits.

Fail-Safe Condition Clearing

The Fail-Safe condition is cleared after a device Reset, execution of a SLEEP instruction, or a change to the NOSC/
NDIV bits. When switching to the external oscillator or PLL, the Oscillator Start-up Timer (OST) is restarted. While the
OST is running, the device continues to from HFINTOSC. When the OST expires, the Fail-Safe condition is cleared
after successfully switching to the external clock source.

Important: Software must clear the OSFIF bit before switching to the external oscillator. If the Fail-Safe
condition still exists, the OSFIF bit will be set again by module hardware.

Reset or Wake-Up from Sleep

The FSCM is designed to detect an oscillator failure after the OST has expired. The OST is used after waking up
from Sleep or after any type of Reset, when in either LP, XT or HS mode. If the device is using the EC mode, the
FSCM will be active as soon as the Reset or wake-up event has completed.
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Active Clock Tuning (ACT)

Many applications, such as those using UART communication, require an oscillator with an accuracy of + 1% over
the full temperature and voltage range. To meet this level of accuracy, the Active Clock Tuning (ACT) feature utilizes
the SOSC frequency of 32.768 kHz to adjust the frequency of the HFINTOSC over voltage and temperature.

Important: Active Clock Tuning requires the use of a 32.768 kHz external oscillator connected to the
SOSCI/SOSCO pins.

Active Clock Tuning is enabled via the Active Clock Tuning Enable (ACTEN) bit. When ACTEN is set (ACTEN =
1), the ACT module uses the SOSC time base to measure the HFINTOSC frequency, and uses the HFINTOSC
Frequency Tuning (TUN) bits to adjust the HFINTOSC frequency. When ACTEN is clear (ACTEN = 0), the ACT
feature is disabled, and user software can utilize the TUN bits to adjust the HFINTOSC frequency.

Important: When the ACT feature is enabled, the TUN bits are controlled directly through module
hardware and become read-only bits to user software. Writes to the TUN bits when the ACT feature is
enabled are ignored.

The figure below shows the Active Clock Tuning block diagram.

Figure 11-11. Active Clock Tuning (ACT) Block Diagram
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ACT Lock Status

The Active Clock Tuning Lock Status (ACTLOCK) bit can be used to determine when the HFINTOSC has been
tuned. When ACTLOCK is set (ACTLOCK = 1), the HFINTOSC frequency has been locked to within £ 1% of the

nominal frequency. When ACTLOCK is clear (ACTLOCK = 0), the following conditions may be true:
* The HFINTOSC frequency has not been locked to within + 1%
+ A device Reset occurred
* The ACT feature is disabled

Important: The ACTLOCK bit is read-only. Writes to ACTLOCK are ignored.
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11.4.2 ACT Out-of-Range Status
When Active Clock Tuning is enabled, module hardware uses the TUN bits to achieve high accuracy levels. If the

module requires a TUN value outside of its range, the ACT Out-of-Range Status (ACTORS) bit is set by hardware
(ACTORS =1).
The ACTORS bit will be set when:
» The HFINTOSC is tuned to its lowest frequency as determined by the TUN bits, and may require a value lower
than the TUN bits can provide to achieve accuracy within + 1%.

» The HFINTOSC is tuned to its highest frequency as determined by the TUN bits, and may require a value higher
than the TUN bits can provide to achieve accuracy within + 1%.

When an ACT out-of-range event occurs, the HFINTOSC will continue to use the last TUN value until the HFINTOSC
frequency returns to the tunable range. Once the HFINTOSC returns to the tunable range, module hardware clears
the ACTORS bit.

Important: The ACTORS bit is read-only. Writes to ACTORS are ignored.

11.4.3 ACT Update Disable
When Active Clock Tuning is enabled, the OSCTUNE register is continuously updated every ACT clock cycle. The
ACT Update Disable (ACTUD) bit can be used to suspend updates to the OSCTUNE register. When ACTUD is
set (ACTUD = 1), updates to OSCTUNE are suspended, although the module continues to operate. The last value
written to OSCTUNE is used for tuning, and the ACTLOCK bit is continually updated for each ACT cycle. When
ACTUD is clear (ACTUD = 0), the module updates OSCTUNE register every ACT cycle.

11.4.4 ACT Interrupts
When Active Clock Tuning is enabled (ACTEN = 1) and either the ACTLOCK or ACTORS bits change state (e.g.,
from a Locked to an Unlocked state), the ACT Interrupt Flag (ACTIF) of the PIR registers is set (ACTIF = 1). If
the ACT Interrupt Enable (ACTIE) bit is set (ACTIE = 1), an interrupt will be generated when ACTIF becomes set.

No interrupts are generated for each OSCTUNE update unless the update results in a change of Lock status or
Out-of-Range status.

11.5 Register Definitions: Oscillator Module
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11.51 ACTCON
Name: ACTCON
Offset: 0x0294
Active Clock Tuning Control Register
Bit 7 6 5 4 3 2 1 0

[ ACTEN | ACTUD | ACTLOCK ACTORS

Access R/W R/W R R

Reset 0 0 0 0

Bit 7 — ACTEN Active Clock Tuning Enable

Value Description

1 ACT enabled: HFINTOSC tuning is controlled by the ACT

0 ACT disabled: HFINTOSC tuning is controlled by the OSCTUNE register via user software
Bit 6 — ACTUD Active Clock Tuning Update Disable

Value Condition Description

1 ACTEN =1 Updates to the OSCTUNE register from ACT hardware are disabled

0 ACTEN = 1 Updates to the OSCTUNE register from ACT hardware are allowed

1 ACTEN =0 Updates to the OSCTUNE register through user software are disabled

0 ACTEN =0 Updates to the OSCTUNE register through user software are allowed

Bit 3 - ACTLOCK Active Clock Tuning Lock Status

Value Description

1 Locked: HFINTOSC is within + 1% of its nominal value
0 Not locked: HFINTOSC may or may not be within = 1% of its nominal value

Bit 1 — ACTORS Active Clock Tuning Out-of-Range Status

Value Description

1 Value required for tuning is outside of the OSCTUNE range
0 Value required for tuning is within the OSCTUNE range
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11.5.2 OSCCON1

Name: OSCCON1
Offset: 0x028D

Oscillator Control Register 1

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

Bits 6:4 — NOSC[2:0] New Oscillator Source Request(:2:3)
Requests a new oscillator source per the NOSC/COSC Clock Source Selection Table

Bits 3:0 — NDIV[3:0] New Divider Selection Request
Requests the new post-scaler division ratio per the NDIV/CDIV Clock Divider Selection Table

Notes:

1. The default value is determined by the RSTOSC Configuration bits. See the Reset Oscillator (RSTOSC)
selection table for RSTOSC selections.

2. If NOSC is written with a reserved value, the operation is ignored and neither NOSC nor NDIV is written.
3.  When CSWEN = 0, these bits are read-only and cannot be changed from the RSTOSC value.
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11.5.3 OSCCON2
Name: OSCCON2
Offset: 0x028E
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 f f f f f f f
Bits 6:4 — COSC[2:0] Current Oscillator Source Select (read-only)(")
Indicates the current oscillator source per the NOSC/COSC Clock Source Selection Table
Bits 3:0 — CDIV[3:0] Current Divider Select (read-only)
Indicates the current post-scaler divider ratio per the NDIV/CDIV Clock Divider Table
Note:
1. The RSTOSC value is the value present when user code execution begins. Refer to the RSTOSC
configuration bits or the RSTOSC selection table for the Reset Oscillator selections.
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OSCCON3
Name: OSCCON3
Offset: 0x028F

Oscillator Control Register 3

7 6 5 4 3 2 1 0
| CSWHOLD | SOSCPWR | ORDY NOSCR
R/W/HC RIW R R
0 1 0 0

Bit 7 — CSWHOLD Clock Switch Hold Control

Value Description

Clock switch (and interrupt) will hold when the oscillator selected by NOSC is ready
O Clock switch will proceed when the oscillator selected by NOSC is ready

Bit 6 — SOSCPWR Secondary Oscillator Power Mode Select

Value Description

Secondary Oscillator operates in High Power mode
O Secondary Oscillator operates in Low Power mode

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

Value Description

OSCCON1 = OSCCONZ2; the current system clock is the clock specified by NOSC
O A clock switch is in progress

Bit 3 - NOSCR New Oscillator is Ready (read-only)(")

Value Description

A clock switch is in progress and the oscillator selected by NOSC indicates a ‘ready’ condition
O A clock switch is not in progress, or the NOSC-selected oscillator is not ready

Note:
1. If CSWHOLD = 0, the user may not see this bit set (NOSCR = 1). When the oscillator becomes ready, there
may be a delay of one instruction cycle before NOSCR is set. The clock switch occurs in the next instruction
cycle and NOSCR is cleared.
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11.5.5 OSCTUNE

Name: OSCTUNE
Offset: 0x0292

HFINTOSC Frequency Tuning Register

Bit 7 6 5 4 3 2 1 0
| | | TUN[5:0]
Access RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0

Bits 5:0 — TUN[5:0] HFINTOSC Frequency Tuning

01 1111 | Maximum frequency

00 0000 | Center frequency. Oscillator is operating at the selected nominal frequency. (Default value)

10 0000 | Minimum frequency
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11.5.6 OSCFRQ

Name: OSCFRQ
Offset: 0x0293

HFINTOSC Frequency Selection Register

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

Bits 2:0 — FRQ[2:0] HFINTOSC Frequency Selection

FRQ Nominal Freq (MHz)

111-110 Reserved

101 32
100 16
011 8
010 4
001 2

000 1
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11.5.7 OSCSTAT

Name: OSCSTAT
Offset: 0x0290

Oscillator Status Register

Bit 7 6 5 4 3 2 1 0

[ EXTOR | HFOR | MFOR LFOR SOR ADOR SFOR PLLR
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit 7 - EXTOR External Oscillator Ready

Value Description
1 The External oscillator is ready for use
0 The External oscillator is not enabled, or is not ready for use

Bit 6 - HFOR HFINTOSC Ready

Value Description
1 The HFINTOSC is ready for use
0 The HFINTOSC is not enabled, or it is not ready for use

Bit 5 - MFOR MFINTOSC Ready

Value Description
1 The MFINTOSC is ready for use
0 The MFINTOSC is not enabled, or it is not ready for use

Bit 4 — LFOR LFINTOSC Ready

Value Description
1 The LFINTOSC is ready for use
0 The LFINTOSC is not enabled, or is not ready for use

Bit 3 - SOR Secondary Oscillator (SOSC) Ready

Value Description
1 The Secondary oscillator is ready for use
0 The Secondary oscillator is not enabled, or is not ready for use

Bit 2 — ADOR ADCRC Oscillator Ready

Value Description
1 The ADCRC oscillator is ready for use
0 The ADCRC oscillator is not enabled, or is not ready for use

Bit 1 - SFOR SFINTOSC Oscillator Ready

Value Description
1 The SFINTOSC oscillator is ready for use
0 The SFINTOSC oscillator is not enabled, or is not ready for use

Bit 0 — PLLR PLL is Ready
Value Description
1 The PLL is ready for use
0 The PLL is not enabled, the required input source is not ready, or the PLL is not locked
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11.5.8 OSCEN

Name: OSCEN
Offset: 0x0291

Oscillator Enable Register

Bit 7 6 5 4 3 2 1 0

| EXTOEN | HFOEN | MFOEN LFOEN SOSCEN ADOEN PLLEN

Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 7 — EXTOEN External Oscillator Enable

Value Description
1 EXTOSC is explicitly enabled, operating as specified by FEXTOSC
0 EXTOSC can be enabled by a peripheral request

Bit 6 - HFOEN HFINTOSC Enable

Value Description
1 HFINTOSC is explicitly enabled, operating as specified by OSCFRQ
0 HFINTOSC can be enabled by a peripheral request

Bit 5 — MFOEN MFINTOSC Enable

Value Description
1 MFINTOSC is explicitly enabled
0 MFINTOSC can be enabled by a peripheral request

Bit 4 — LFOEN LFINTOSC Enable

Value Description
1 LFINTOSC is explicitly enabled
0 LFINTOSC can be enabled by a peripheral request

Bit 3 - SOSCEN Secondary Oscillator Enable

Value Description
1 SOSC is explicitly enabled, operating as specified by SOSCPWR
0 SOSC can be enabled by a peripheral request

Bit 2—- ADOEN ADCRC Oscillator Enable

Value Description
1 ADCRC is explicitly enabled
0 ADCRC may be enabled by a peripheral request

Bit 0 — PLLEN PLL Enable(")

Value Description

1 EXTOSC multiplied by the 4x system PLL is used by a peripheral request
0 EXTOSC is used by a peripheral request
Note:

1. This bit only controls external clock source supplied to the peripherals and has no effect on the system clock.
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11.6  Register Summary - Oscillator Module

ome | Name JEeres ] 7 e s e ]2 | | 0

0x00
Reserved
0x028C
0x028D OSCCON1 7.0 NOSC[2:0] NDIV[3:0]
0x028E OSCCON2 7:0 COSCJ[2:0] CDIV[3:0]
0x028F OSCCON3 7:0 CSWHOLD | SOSCPWR ORDY NOSCR
0x0290 OSCSTAT 7:0 EXTOR HFOR MFOR LFOR SOR ADOR SFOR PLLR
0x0291 OSCEN 7:0 EXTOEN HFOEN MFOEN LFOEN SOSCEN ADOEN PLLEN
0x0292 OSCTUNE 7:0 TUN[5:0]
0x0293 OSCFRQ 7.0 FRQ[2:0]
0x0294 ACTCON 7:0 ACTEN ACTUD ACTLOCK ACTORS
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INT - Interrupts

Overview

The interrupt feature allows certain events to preempt normal program flow. Firmware is used to determine the
source of the interrupt and act accordingly. Some interrupts can be configured to wake the MCU from Sleep mode.

Many peripherals can produce interrupts. Refer to the corresponding chapters for details.
A block diagram of the interrupt logic is shown in Figure 12-1.

Figure 12-1. Interrupt Logic

TMROIF — Wake-up
TMROIE — (If in Sleep mode)
i
| Peripheral lterupts | it
| eripheral Interrupts I INTE —
l ! N
I
[ PIRO — | —
| } | locIF —] —
| PIEO | IOCIE Interrupt
| | to CPU
| o L4 |
| ° ° ) !
' I
' I
| PIRn — |
: PIEN — ! GIE
' I

INTCON Register

The Interrupt Control (INTCON) register is readable and writable, and contains the Global Interrupt Enable (GIE),
Peripheral Interrupt Enable (PEIE) and External Interrupt Edge Select (INTEDG) bits.

PIE Registers

The Peripheral Interrupt Enable (PIE) registers contain the individual enable bits for the peripheral interrupts. Due to
the number of peripheral interrupt sources, there are seven PIE registers in the PIC16F181 family.

PIR Registers

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

Operation

Interrupts are disabled upon any device Reset. They are enabled by setting the following bits:
+ GIE bit
» PEIE bit (if the Interrupt Enable bit of the interrupt event is contained in the PIE registers)
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» Interrupt Enable bit(s) for the specific interrupt event(s)

The PIR registers record individual interrupts via interrupt flag bits. Interrupt flag bits will be set, regardless of the
status of the GIE, PEIE and individual interrupt enable bits.
The following events happen when an interrupt event occurs while the GIE bit is set:
» Current prefetched instruction is flushed
* GIE bit is cleared
* Current Program Counter (PC) is pushed onto the stack
« Critical registers are automatically saved to the shadow registers (see the “Automatic Context Saving” section)
» PCis loaded with the interrupt vector 0004h
The firmware within the Interrupt Service Routine (ISR) may determine the source of the interrupt by polling the
interrupt flag bits. The interrupt flag bits must be cleared before exiting the ISR to avoid repeated interrupts. Because

the GIE bit is cleared, any interrupt that occurs while executing the ISR will be recorded through its interrupt flag, but
will not cause the processor to redirect to the interrupt vector.

The RETFIE instruction exits the ISR by popping the previous address from the stack, restoring the saved context
from the shadow registers and setting the GIE bit.

For additional information on a specific interrupts operation, refer to its peripheral chapter.

Important:
1. Individual interrupt flag bits are set, regardless of the state of any other enable bits.

2. Allinterrupts will be ignored while the GIE bit is cleared. Any interrupt occurring while the GIE bit is
clear will be serviced when the GIE bit is set again.

12.6 Interrupt Latency

Interrupt latency is defined as the time from when the interrupt event occurs to the time code execution at the
interrupt vector begins. The interrupt is sampled during Q1 of the instruction cycle. The actual interrupt latency then
depends on the instruction that is executing at the time the interrupt is detected. See the following figures for more
details.
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Figure 12-2. Interrupt Latency
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Notes:
1. Aninterrupt may occur at any time during the interrupt window.
2. Since an interrupt may occur any time during the interrupt window, the actual latency can vary.

Figure 12-3. INT Pin Interrupt Timing
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Instruction : : : :
Fetched Inst (PC) Inst(PC+1) — + Inst (0004h) ' Inst (0005h)
Instruction : : : :
Executed { ! Inst (PC — 1) Inst (PC) : foreed NOP | foreed NOP : Inst (0004h) |

Notes:
1. INTF flag is sampled here (every Q1).

2. Asynchronous interrupt latency = 3-5 Tgy. Synchronous latency = 3-4 Tcy, where Ty = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a two-cycle instruction.

3. For minimum width of INT pulse, refer to AC specifications in the “Electrical Specifications” chapter.
4. INTF may be set any time during the Q4-Q1 cycles.
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Interrupts During Sleep

Interrupts can be used to wake from Sleep. To wake from Sleep, the peripheral must be able to operate without the
system clock. The interrupt source must have the appropriate Interrupt Enable bit(s) set prior to entering Sleep.

On waking from Sleep, if the GIE bit is also set, the processor will branch to the interrupt vector. Otherwise, the
processor will continue executing instructions after the SLEEP instruction. The instruction directly after the SLEEP
instruction will always be executed before branching to the ISR.

INT Pin

The INT pin can be used to generate an asynchronous edge-triggered interrupt. This interrupt is enabled by setting
the External Interrupt Enable (INTE) bit. The External Interrupt Edge Select (INTEDG) bit determines on which edge
the interrupt will occur. When the INTEDG bit is set, the rising edge will cause the interrupt. When the INTEDG bit

is clear, the falling edge will cause the interrupt. The External Interrupt Flag (INTF) bit will be set when a valid edge
appears on the INT pin. If the GIE and INTE bits are also set, the processor will redirect program execution to the
interrupt vector.

Automatic Context Saving
Upon entering an interrupt, the return PC address is saved on the stack. Additionally, the following registers are
automatically saved in the shadow registers:

*  WREG register

+ STATUS register (except for TO and PD)

* BSRregister

* FSRregisters

* PCLATH register

Upon exiting the Interrupt Service Routine, these registers are automatically restored. Any modifications to these
registers during the ISR will be lost. If modifications to any of these registers are desired, the corresponding shadow
register may be modified and the value will be restored when exiting the ISR. The shadow registers are available in
Bank 63 and are readable and writable. Depending on the user’s application, other registers may also need to be
saved.

Register Definitions: Interrupt Control
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12.10.1 INTCON

Name: INTCON

Offset: 0x000B

Interrupt Control Register

Bit 7 6 5 4 3 2 1 0
| GIE | PEE | INTEDG
Access R/W R/wW R/W

Reset 0 0 1

Bit 7 — GIE Global Interrupt Enable

Value Description

1 Enables all active interrupts
0 Disables all interrupts

Bit 6 — PEIE Peripheral Interrupt Enable

Value Description
1 Enables all active peripheral interrupts
0 Disables all peripheral interrupts

Bit 0 — INTEDG External Interrupt Edge Select

Value Description
1 Interrupt on rising edge of INT pin
0 Interrupt on falling edge of INT pin

Note: Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable bit. User software may ensure the appropriate interrupt flag bits are clear prior to
enabling an interrupt. This feature allows for software polling.
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12.10.2 PIEO
Name: PIEO
Offset: 0x0096
Peripheral Interrupt Enable Register 0
Bit 7 6 5 4 3 2 1 0
| | | TMROE | IOCIE INTE
Access R/W R/W R/W
Reset 0 0 0

Bit 5 — TMROIE TimerO Interrupt Enable

Value Description

1 TMRO interrupts are enabled
0 TMRO interrupts are disabled

Bit 4 — IOCIE Interrupt-on-Change Enable

Value Description
1 IOC interrupts are enabled
0 IOC interrupts are disabled

Bit 0 — INTE External Interrupt Enable(!)

Value Description
1 External interrupts are enabled
0 External interrupts are disabled
Notes:

1. The External Interrupt INT pin is selected by INTPPS.

2. Bit PEIE in the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEG. Interrupt sources controlled by the PIEO register do not require the PEIE bit to be set to allow
interrupt vectoring (when the GIE bit in the INTCON register is set).
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12.10.3 PIE1

Name: PIE1

Offset: 0x0097

Peripheral Interrupt Enable Register 1

Bit 7 6 5 4 3 2 1 0
| TMRIGEE | TMRIEE | OSFIE | CSWIE ACTIE SCANIE CRCIE NVMIE
Access RIW RIW RIW RIW RIW RIW RIW RIW

Reset 0 0 0 0 0 0 0 0

Bit 7 - TMR1GIE TMR1 Gate Interrupt Enable

Value Description
1 TMR1 Gate interrupts are enabled
0 TMR1 Gate interrupts are disabled

Bit 6 — TMR1IE TMR1 Interrupt Enable

Value Description
1 TMR1 interrupts are enabled
0 TMR1 interrupts are disabled

Bit 5 — OSFIE Oscillator Failure Interrupt Enable

Value Description
1 Oscillator Failure interrupts are enabled
0 Oscillator Failure interrupts are disabled

Bit 4 — CSWIE Clock Switch Interrupt Enable

Value Description
1 Clock Switch interrupts are enabled
0 Clock Switch interrupts are disabled

Bit 3 — ACTIE Active Clock Tuning Interrupt Enable

Value Description
1 Active Clock Tuning interrupts are enabled
0 Active Clock Tuning interrupts are disabled

Bit 2 — SCANIE Memory Scanner Interrupt Enable

Value Description
1 Memory Scanner interrupts are enabled
0 Memory Scanner interrupts are disabled

Bit 1 - CRCIE CRC Interrupt Enable

Value Description
1 CRC interrupts are enabled
0 CRC interrupts are disabled

Bit 0 — NVMIE NVM Interrupt Enable
Value Description
1 NVM interrupts are enabled
0 NVM interrupts are disabled

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEB.
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12.10.4 PIE2
Name: PIE2
Offset: 0x0098

Peripheral Interrupt Enable Register 2

Bit 7 6 5 4 3 2 1 0
| | ccP2E | CCPIE | TMR4IE TMR2IE TMR3GIE TMR3IE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bit 6 — CCP2IE CCP2 Interrupt Enable

Value Description
1 CCP2 interrupts are enabled
0 CCP2 interrupts are disabled

Bit 5 — CCP1IE CCP1 Interrupt Enable

Value Description
1 CCP1 interrupts are enabled
0 CCP1 interrupts are disabled

Bit 3 - TMR4IE TMR4 Interrupt Enable

Value Description
1 TMR4 interrupts are enabled
0 TMR4 interrupts are disabled

Bit 2 — TMR2IE TMR2 Interrupt Enable

Value Description
1 TMR2 interrupts are enabled
0 TMR2 interrupts are disabled

Bit 1 - TMR3GIE TMR3 Gate Interrupt Enable

Value Description
1 TMR3 Gate interrupts are enabled
0 TMRS3 Gate interrupts are disabled

Bit 0 — TMR3IE TMR3 Interrupt Enable

Value Description
1 TMR3 interrupts are enabled
0 TMR3 interrupts are disabled

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEB.
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12.10.5 PIE3

Name: PIE3

Offset: 0x0099

Peripheral Interrupt Enable Register 3

Bit 7 6 5 4 3 2 1 0
| | | | PWM2IE PWM2PIE PWM1IE PWM1PIE
Access R/W R/W R/W R/W

Reset 0 0 0 0

Bit 3 - PWM2IE PWM2 Parameter Interrupt Enable

Value Description

1 PWM2 Parameter interrupts are enabled
0 PWM2 Parameter interrupts are disabled

Bit 2 — PWM2PIE PWM2 Period Interrupt Enable

Value Description

1 PWMZ2 Period interrupts are enabled
0 PWMZ2 Period interrupts are disabled

Bit 1 - PWM1IE PWM1 Parameter Interrupt Enable

Value Description

1 PWM1 Parameter interrupts are enabled
0 PWM1 Parameter interrupts are disabled

Bit 0 —- PWM1PIE PWM1 Period Interrupt Enable

Value Description
1 PWM1 Period interrupts are enabled
0 PWM1 Period interrupts are disabled

Note: Bit PEIE in the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEB.
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12.10.6 PIE4

Name: PIE4

Offset: 0x009A

Peripheral Interrupt Enable Register 4

Bit 7 6 5 4 3 2 1 0

[ RCIE | TXME | CLC4IE | CLC3IE CLC2IE CLC1IE CWGTIE NCO1IE
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 7 - RC1IE EUSART1 Receive Interrupt Enable
Value Description
1 EUSART1 receive interrupts are enabled
0 EUSART1 receive interrupts are disabled

Bit 6 — TX1IE EUSART1 Transmit Interrupt Enable
Value Description
1 EUSART1 transmit interrupts are enabled
0 EUSART1 transmit interrupts are disabled

Bit 5 — CLC4IE CLC4 Interrupt Enable

Value Description
1 CLC4 interrupts are enabled
0 CLC4 interrupts are disabled

Bit 4 — CLC3IE CLCS3 Interrupt Enable

Value Description
1 CLC3 interrupts are enabled
0 CLC3 interrupts are disabled

Bit 3 — CLC2IE CLC2 Interrupt Enable

Value Description
1 CLC2 interrupts are enabled
0 CLC2 interrupts are disabled

Bit 2 — CLC1IE CLC1 Interrupt Enable
Value Description
1 CLCH1 interrupts are enabled
0 CLC1 interrupts are disabled

Bit 1 - CWG1IE CWGH1 Interrupt Enable

Value Description
1 CWGH1 interrupts are enabled
0 CWGH1 interrupts are disabled

Bit 0 — NCO1IE NCO1 Interrupt Enable
Value Description
1 NCO1 interrupts are enabled
0 NCO1 interrupts are disabled

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEB.
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12.10.7 PIE5

Name: PIE5

Offset: 0x009B

Peripheral Interrupt Enable Register 5

Bit 7 6 5 4 3 2 1 0

[ CM2E | CMIE | BCL2E | SSP2IE BCL1IE SSP1IE RC2IE TX2IE
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 7 — CM2IE Comparator 2 Interrupt Enable

Value Description
1 Comparator 2 interrupts are enabled
0 Comparator 2 interrupts are disabled

Bit 6 — CM1IE Comparator 1 Interrupt Enable
Value Description
1 Comparator 1 interrupts are enabled
0 Comparator 1 interrupts are disabled

Bit 5 - BCL2IE MSSP2 Bus Collision Interrupt Enable

Value Description
1 MSSP2 Bus Collision interrupts are enabled
0 MSSP2 Bus Collision interrupts are disabled

Bit 4 — SSP2IE MSSP2 Interrupt Enable

Value Description
1 MSSP2 interrupts are enabled
0 MSSP2 interrupts are disabled

Bit 3 - BCL1IE MSSP1 Bus Collision Interrupt Enable

Value Description
1 MSSP1 Bus Collision interrupts are enabled
0 MSSP1 Bus Collision interrupts are disabled

Bit 2 — SSP1IE MSSP1 Interrupt Enable

Value Description
1 MSSP1 interrupts are enabled
0 MSSP1 interrupts are disabled

Bit 1 - RC2IE EUSART2 Receive Interrupt Enable
Value Description
1 EUSART2 receive interrupts are enabled
0 EUSART2 receive interrupts are disabled

Bit 0 — TX2IE EUSART2 Transmit Interrupt Enable
Value Description
1 EUSART2 transmit interrupts are enabled
0 EUSART2 transmit interrupts are disabled

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIEB.
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12.10.8 PIE6
Name: PIE6
Offset: 0x009C

Peripheral Interrupt Enable Register 6

Bit 7 6 5 4 3 2 1 0

| | | | ZCDIE ADTIE ADIE

Access R/W R/W R/W
Reset 0 0 0

Bit 2 - ZCDIE ZCD Interrupt Enable

Value Description

1 ZCD interrupts are enabled
0 ZCD interrupts are disabled

Bit 1 — ADTIE ADC Threshold Interrupt Enable
Value Description
1 ADC Threshold interrupts are enabled
0 ADC Threshold interrupts are disabled

Bit 0 — ADIE ADC Interrupt Enable

Value Description
1 ADC interrupts are enabled
0 ADC interrupts are disabled

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by registers PIE1
through PIE6.
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INT - Interrupts
Name: PIRO
Offset: 0x008C
Peripheral Interrupt Request Register 0
7 6 5 4 3 2 1 0
| | | TMROIF | IOCIF INTF
R/W/IHS R R/WIHS
0 0 0
Bit 5 — TMROIF TimerO Interrupt Flag
Value Description
1 TMRO register has overflowed (must be cleared by software)
0 TMRO register has not overflowed
Bit 4 - IOCIF Interrupt-on-Change Flag®
Value Description
1 One or more of the IOCAF-IOCCF register bits are currently set, indicating an enabled edge was
detected by the IOC module.
0 None of the IOCAF-IOCCEF register bits are currently set

Bit 0 — INTF External Interrupt Flag("

Value Description

1 External Interrupt has occurred

0 External Interrupt has not occurred
Notes

1. The External Interrupt INT pin is selected by INTPPS.

2. The IOCIF bit is the logical OR of all the IOCAF-IOCCF flags. Therefore, to clear the IOCIF flag, application
firmware must clear all of the lower level IOCAF-IOCCF register bits.

3. Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are
cleared before enabling an interrupt.
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12.10.10 PIR1
Name: PIR1
Offset: 0x008D
Peripheral Interrupt Request Register 1
Bit 7 6 5 4 3 2 1 0
[ TMRIGIF | TMR1IF | OSFIF [ CSWIF ACTIF SCANIF CRCIF NVMIF
Access  R/WI/HS RIW/HS R R R/W/HS R/W/HS RIW/HS R/W/HS
Reset 0 0 0 0 0 0 0 0

Bit 7 - TMR1GIF TMR1 Gate Interrupt Flag

Value Description
1 The TMR1 Gate has gone inactive (must be cleared in software)
0 TMR1 Gate is active

Bit 6 —- TMR1IF TMR1 Interrupt Flag

Value Description
1 TMR1 interrupt has occurred (must be cleared in software)
0 TMR1 interrupt event has not occurred

Bit 5 — OSFIF Oscillator Failure Interrupt Flag

Value Description
1 An oscillator failure event has been detected (must be cleared in software)
0 An oscillator failure event has not been detected

Bit 4 — CSWIF Clock Switch Interrupt Flag

Value Description
1 A Clock Switch interrupt has occurred (must be cleared in software)
0 A Clock Switch interrupt event has not occurred

Bit 3 — ACTIF Active Clock Tuning Interrupt Flag

Value Description
1 Active Clock Tuning interrupt occurred (must be cleared in software)
0 Active Clock Tuning interrupt event has not occurred

Bit 2 — SCANIF Memory Scanner Interrupt Flag

Value Description

1 Memory Scanner interrupt has occurred (must be cleared in software)
0 Memory Scanner interrupt event has not occurred

Bit 1 — CRCIF CRC Interrupt Flag

Value Description
1 CRC interrupt has occurred (must be cleared in software)
0 CRC interrupt event has not occurred

Bit 0 — NVMIF Nonvolatile Memory (NVM) Interrupt Flag

Value Description
1 The requested NVM operation has completed (must be cleared in software)
0 NVM interrupt event has not occurred

Note: Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are cleared
before enabling an interrupt.
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12.10.11 PIR2
Name: PIR2
Offset: 0x008E
Peripheral Interrupt Request Register 2
Bit 7 6 5 4 3 2 1 0
| | ccp2iF | CCPIF | TMRA4IF TMR2IF TMR3GIF TMR3IF
Access RIW/HS RIW/HS RIW/HS RIW/HS R/W/HS RIW/HS
Reset 0 0 0 0 0 0

Bit 6 —- CCP2IF CCP2 Interrupt Flag
CCP Mode

Value
e w1 e
1 Capture occurred (must be Compare match occurred (must be | Output trailing edge occurred (must
cleared in software) cleared in software) be cleared in software)
0 Capture did not occur Compare match did not occur Output trailing edge did not occur

Bit 5 — CCP1IF CCP1 Interrupt Flag
CCP Mode

Value
e w1 e
1 Capture occurred (must be Compare match occurred (must be | Output trailing edge occurred (must
cleared in software) cleared in software) be cleared in software)
0 Capture did not occur Compare match did not occur Output trailing edge did not occur

Bit 3 — TMR4IF TMR4 Interrupt Flag
Value Description
1 TMRA4 interrupt has occurred (must be cleared in software)
0 TMR4 interrupt event has not occurred

Bit 2 - TMR2IF TMR2 Interrupt Flag
Value Description
1 TMR2 interrupt has occurred (must be cleared in software)
0 TMR2 interrupt event has not occurred

Bit 1 - TMR3GIF TMR3 Gate Interrupt Flag
Value Description
1 The TMR3 Gate has gone inactive (must be cleared in software)
0 TMR3 Gate is active

Bit 0 —- TMR3IF TMR3 Interrupt Flag

Value Description
1 TMRS interrupt has occurred (must be cleared in software)
0 TMR3 interrupt event has not occurred

Note: Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are cleared
before enabling an interrupt.
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12.10.12 PIR3

Name: PIR3

Offset: 0x008F

Peripheral Interrupt Request Register 3

Bit 7 6 5 4 3 2 1 0
| | | | PWM2IF PWM2PIF PWM1IF PWM1PIF
Access R/W/HS R/W/HS R/W/HS R/W/HS

Reset 0 0 0 0

Bit 3 — PWM2IF PWM2 Parameter Interrupt Flag

Value Description

1 PWM2 Parameter interrupt has occurred (must be cleared in software)
0 PWM2 Parameter interrupt event has not occurred

Bit 2 - PWM2PIF PWM2 Period Interrupt Flag

Value Description

1 PWM2 Period interrupt has occurred (must be cleared in software)
0 PWM2 Period interrupt event has not occurred

Bit 1 — PWM1IF PWM1 Parameter Interrupt Flag

Value Description

1 PWM1 Parameter interrupt has occurred (must be cleared in software)
0 PWM1 Parameter interrupt event has not occurred

Bit 0 - PWM1PIF PWM1 Period Interrupt Flag

Value Description
1 PWM?1 Period interrupt has occurred (must be cleared in software)
0 PWM1 Period interrupt event has not occurred

Note: Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are cleared
before enabling an interrupt.
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INT - Interrupts
12.10.13 PIR4
Name: PIR4
Offset: 0x0090
Peripheral Interrupt Request Register 4
Bit 7 6 5 4 3 2 1 0
[ RC1HIF | TX1IF | CLC4IF | CLC3IF CLC2IF CLC1IF CWG1IF NCO1IF
Access R R 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

Bit 7 - RC1IF EUSART1 Receive Interrupt Flag(")

Value Description
1 The EUSART1 receive buffer RC1REG) is not empty (contains at least one byte)
0 The EUSART1 receive buffer is empty

Bit 6 — TX1IF EUSART1 Transmit Interrupt Flag®®
Value Description
1 The EUSART1 transmit buffer (TX1REG) is empty
0 The EUSART1 transmit buffer is not empty

Bit 5 — CLC4IF CLC4 Interrupt Flag

Value Description
1 CLC4 interrupt has occurred (must be cleared in software)
0 CLC4 interrupt event has not occurred

Bit 4 — CLC3IF CLC3 Interrupt Flag

Value Description
1 CLC3 interrupt has occurred (must be cleared in software)
0 CLC3 interrupt event has not occurred

Bit 3 — CLC2IF CLC2 Interrupt Flag

Value Description
1 CLC2 interrupt has occurred (must be cleared in software)
0 CLC2 interrupt event has not occurred

Bit 2 — CLC1IF CLC1 Interrupt Flag

Value Description
1 CLC1 interrupt has occurred (must be cleared in software)
0 CLC1 interrupt event has not occurred

Bit 1 - CWG1IF CWGH1 Interrupt Flag

Value Description
1 CWGH1 interrupt has occurred (must be cleared in software)
0 CWG1 interrupt event has not occurred

Bit 0 — NCO1IF NCO1 Interrupt Flag
Value Description

1 NCO1 interrupt has occurred (must be cleared in software)
0 NCO1 interrupt event has not occurred
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Notes:
1. RCH1IF is read-only. User software must read RC1REG to clear RC1IF.
2. TX1IF is read-only. User software must load TX1REG to clear TX1IF. TX1IF does not indicate a completed
transmission (use TMRT for this purpose instead).
3. Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are
cleared before enabling an interrupt.
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12.10.14 PIRS

INT - Interrupts
Name: PIR5
Offset: 0x0091
Peripheral Interrupt Request Register 5
7 6 5 4 3 2 1 0
[ oM2F | oCMIIF | BCL2IF | SSP2IF BCL1IF SSP1IF RC2IF TX2IF
R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R/W/HS R R
0 0 0 0 0 0 0 0

Bit 7 — CM2IF Comparator 2 Interrupt Flag

Value Description
1 Comparator 2 interrupt has occurred (must be cleared in software)
0 Comparator 2 interrupt event has not occurred

Bit 6 — CM1IF Comparator 1 Interrupt Flag

Value Description
1 Comparator 2 interrupt has occurred (must be cleared in software)
0 Comparator 2 interrupt event has not occurred

Bit 5 - BCL2IF MSSP2 Bus Collision Interrupt Flag

Value Description
1 An MSSP2 Bus Collision interrupt has occurred (must be cleared in software)
0 No MSSP2 Bus Collision event was detected

Bit 4 — SSP2IF MSSP2 Interrupt Flag

Value Description
1 MSSP 2 interrupt has occurred (must be cleared in software)
0 MSSP2 interrupt event has not occurred

Bit 3 - BCL1IF MSSP1 Bus Collision Interrupt Flag

Value Description
1 An MSSP1 Bus Collision was detected (must be cleared in software)
0 No MSSP1 Bus Collision event was detected

Bit 2 — SSP1IF MSSP1 Interrupt Flag

Value Description
1 MSSP1 interrupt has occurred (must be cleared in software)
0 MSSP1 interrupt event has not occurred

Bit 1 — RC2IF EUSART2 Receive Interrupt Flag(")

Value Description
1 The EUSART2 receive buffer (RC2REG) is not empty (contains at least one byte)
0 The EUSART2 receive buffer is empty

Bit 0 — TX2IF EUSART2 Transmit Interrupt Flag®®

Value Description
1 The EUSART2 transmit buffer (TX2REG) is empty
0 The EUSART2 transmit buffer is not empty
© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 127

and its subsidiaries



PIC16F18114/15/24/25/44/45
INT - Interrupts

Notes:
1. RC2IF is read-only. User software must read RC2REG to clear RC2IF.
2. TX2IF is read-only. User software must load TX2REG to clear TX2IF. TX2IF does not indicate a completed
transmission (use TMRT for this purpose instead).
3. Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are
cleared before enabling an interrupt.
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INT - Interrupts
12.10.15 PIR6

Name: PIR6

Offset: 0x0092

Peripheral Interrupt Request Register 6

Bit 7 6 5 4 3 2 1 0
| | | | ZCDIF ADTIF ADIF
Access R/W/HS R/W/HS R/W/HS

Reset 0 0 0

Bit 2 — ZCDIF Zero-Cross Detect (ZCD) Interrupt Flag

Value Description

1 A ZCD interrupt occurred (must be cleared in software)
0 A ZCD interrupt has not occurred

Bit 1 — ADTIF ADC Threshold Interrupt Flag

Value Description
1 ADC Threshold interrupt has occurred (must be cleared in software)
0 ADC Threshold interrupt event has not occurred

Bit 0 — ADIF ADC Interrupt Flag

Value Description
1 ADC interrupt has occurred (must be cleared in software)
0 ADC interrupt event has not occurred

Note: Interrupt flag bits are set when an Interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Enable (GIE) bit. User software may ensure the appropriate interrupt flag bits are cleared
before enabling an interrupt.
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0x00
0x0A
0x0B
0x0C
0x8B
0x8C
0x8D
0x8E
0x8F
0x90
0x91
0x92
0x93
0x95
0x96
0x97
0x98
0x99
0x9A
0x9B
0x9C
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INT - Interrupts

Register Summary - Interrupt Control

I I = 2 I RN AN (N I I

Reserved

INTCON

Reserved

PIRO
PIR1
PIR2
PIR3
PIR4
PIRS
PIR6

Reserved

PIEO
PIE1
PIE2
PIE3
PIE4
PIES
PIE6

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

GIE

TMR1GIF

RC1IF
CM2IF

TMR1GIE

RC1IE
CM2IE

PEIE

TMR1IF
CCP2IF

TX1IF
CM1IF

TMR1IE
CCP2IE

TX1IE
CM1IE

TMROIF
OSFIF
CCP1IF

CLC4IF
BCL2IF

TMROIE
OSFIE
CCP1IE

CLC4IE
BCL2IE

I0CIF
CSWIF

CLC3IF

SSP2IF

I0CIE

CSWIE

CLC3IE
SSP2IE

ACTIF
TMR4IF
PWM2IF
CLC2IF
BCL1IF

ACTIE
TMR4IE
PWM2IE
CLC2IE
BCL1IE

SCANIF
TMR2IF
PWM2PIF
CLC1IF
SSP1IF
ZCDIF

SCANIE
TMR2IE
PWM2PIE
CLC1IE
SSP1IE
ZCDIE

CRCIF
TMR3GIF
PWM1IF
CWG1IF
RC2IF
ADTIF

CRCIE
TMR3GIE
PWM1IE
CWGH1IE
RC2IE
ADTIE

INTEDG

INTF
NVMIF
TMR3IF
PWM1PIF
NCO1IF
TX2IF
ADIF

INTE
NVMIE
TMR3IE
PWM1PIE
NCO1IE
TX2IE
ADIE

© 2022 Microchip Technology Inc.

and its subsidiaries

Preliminary Datasheet

DS40002404A-page 130



13.

13.1

13.11

PIC16F18114/15/24/25/44/45

Power-Saving Modes

Power-Saving Modes

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

* Doze mode
» Sleep mode
* |dle mode

Doze Mode

Doze mode allows for power saving by reducing CPU operation and Program Flash 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 = ‘b1) 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 13-1. As with normal operation, the instruction is fetched for the next
instruction cycle while the previous instruction is executed. The Q-clocks to the peripherals continue throughout the
periods in which no instructions are fetched or executed. The following configuration settings apply for this example:

* Doze enabled (DOZEN = 1)
» CPU instruction cycle to peripheral instruction cycle ratio of 1:4
» Recover-on-Interrupt enabled (ROI = 1)

Figure 13-1. Doze Mode Operation Example
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Notes:
1. Multicycle instructions are executed to completion before fetching 0x0004.

2. If the prefetched instruction clears GIE, the ISR will not occur, but DOZEN is still cleared and the CPU wiill
resume execution at full speed.

13.1.2 Interrupts During Doze

System behavior for interrupts that may occur during Doze mode are configured using the ROI and DOE bits. Refer
to the example below for details about system behavior in all cases for a transition from Main to ISR back to Main.

Example 13-1. Doze Software Example

// 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 = 0

Note: User software can change the DOE bit in the ISR.

13.2 Sleep Mode

Sleep mode provides the greatest power savings because both the CPU and selected peripherals cease to operate.
However, some peripheral clocks continue to operate during Sleep. The peripherals that use those clocks also
continue to operate. Sleep mode is entered by executing the SLEEP instruction, while the IDLEN bit is clear. Upon
entering Sleep mode, the following conditions exist:

1. The 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 clock is disabled.

LFINTOSC, SOSC, HFINTOSC and ADCRC (FRC) are unaffected. Peripherals using them may continue
operation during Sleep.

1/0 ports maintain the status they had before Sleep was executed (driving high, low, or high-impedance).
7. Resets other than WDT are not affected by Sleep mode.

o~ v

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

To minimize current consumption, consider the following conditions:

* 1/O pins must not be floating
» External circuitry sinking current from 1/O pins
* Internal circuitry sourcing current to I/O pins
* Current draw from pins with internal weak pull-ups
» Peripherals using clock source unaffected by Sleep
1/0 pins that are high-impedance inputs need to be pulled to Vpp or Vgg externally to avoid switching currents caused

by floating inputs. Examples of internal circuitry that might be consuming current include modules such as the DAC
and FVR peripherals.

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

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

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.

o ok wbh

Important: The first five events will cause a device Reset. The last event in the list is considered a
continuation of program execution. Fore more information about determining whether a device Reset or
wake-up event occurred, refer to the “Resets” chapter.

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 in the PIEx register. Wake-up will
occur regardless of the state of the Global Interrupt Enable (GIE) bit. If the GIE bit is disabled, the device will continue
execution at the instruction after the SLEEP instruction. If the GIE bit is enabled, the device executes the instruction
after the SLEEP instruction and then call the Interrupt Service Routine (ISR).

Important: It is recommended to add a NOP as the immediate instruction 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-
Sleep event, the core will wait for a combination of three conditions before beginning execution. The conditions are:

* PFM Ready
» System Clock 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:

» If the interrupt occurs before the execution of a SLEEP instruction
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The SLEEP instruction will execute as a NOP
— The 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
+ If the interrupt occurs during or after the execution of a SLEEP instruction
— The SLEEP instruction will be completely executed
— The device will immediately wake up from Sleep
— The 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

In the event where flag bits were checked before executing a SLEEP instruction, it may be possible for flag bits to
have 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 13-2. Wake-Up from Sleep through Interrupt
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lnstruction{: Inst(PC-1) |  Sleep . Inst(PC + 1) . Forced NOP . Forced NOP . Inst(0x0004)
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Notes:
1. External clock - High, Low mode assumed.
2. CLKOUT is shown here for timing reference.
3. Tost = 1024 Tposc. 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 0x0004. If GIE = 0, execution will
continue in-line.

13.3 Idle Mode

When the IDLEN bit is clear, the SLEEP instruction will put the device into full Sleep mode. When IDLEN is set,
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
program memory are shut off.

Important:

1. Peripherals using Fogc will continue to operate while in Idle (but not in Sleep). Peripherals using
HFINTOSC:LFINTOSC will continue running in both Idle and Sleep.

2. When the Clock Out Enable (CLKOUTEN) Configuration bit is cleared, the CLKOUT pin will
continue operating while in Idle.
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13.3.1 Idle and Interrupts
Idle mode ends when an interrupt occurs (even if global interrupts are disabled), but IDLEN is not changed. The
device can re-enter Idle by executing the SLEEP instruction. If Recover-on-Interrupt is enabled (ROl = 1), the interrupt
that brings the device out of Idle also restores full-speed CPU execution when Doze is also enabled.

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

therefore ROI does not apply.

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.

13.4 Peripheral Operation in Power-Saving Modes

All selected clock sources and the peripherals running from them are active in both Idle and Doze modes. Only in
Sleep mode, both the Fosc and Fogc/4 clocks are unavailable. However, all other clock sources enabled specifically
or through peripheral clock selection before the part enters Sleep, remain operating in Sleep.

13.5 Register Definitions: Power-Savings Control
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13.5.1

Bit

Access
Reset

CPUDOZE
Name: CPUDOZE
Offset: 0x028C

Doze and Idle Register

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

Bit 7 — IDLEN Idle Enable

Value Description
1 A SLEEP instruction places device into Idle mode
0 A SLEEP instruction places the device into Sleep mode

Bit 6 — DOZEN Doze Enable("

Value Description
1 Places devices into Doze setting
0 Places devices into Normal mode

Bit 5 - ROl Recover-on-Interrupt(

Value Description
1 Entering the Interrupt Service Routine (ISR) makes DOZEN = 0
0 Entering the Interrupt Service Routine (ISR) does not change DOZEN

Bit 4 — DOE Doze-on-Exit(!)

Value Description
1 Exiting the ISR makes DOZEN = 1
0 Exiting the ISR does not change DOZEN

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

111 1:256
110 1:128
101 1:64
100 1:32
011 1:16
010 1:8
001 1:4
000 1:2
Note

1. When ROl =1 or DOE = 1.
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13.6 Register Summary - Power-Savings Control

I I = 2 I RN AN (N I I

0x00

Reserved
0x028B
0x028C CPUDOZE 7:0 IDLEN DOZEN ROI DOE DOZE[2:0]
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WWDT - Windowed Watchdog Timer

A 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. A Watchdog Timer is typically used to recover the system from unexpected
events. The Windowed Watchdog Timer (WWDT) differs from nonwindowed operation 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
— WWHODT is off when in Sleep
— WWDT is controlled by software
— WWDT is always off
» Configurable time-out period 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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Figure 14-1. Windowed Watchdog Timer Block Diagram

WWDT

CLRWDT

WINDOW
RESETJ

/
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— WDT Time-out

WDTE = ‘b01—
SEN—

WDTE = ‘b10—
Sleep—

WDTE = ‘bll

141 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 WDT Operating Mode (WDTE) Configuration bits. If WDTE = ‘b1x, then the clock

source will be enabled depending on the WDTCCS Configuration bits. If WDTE = *b01, the SEN bit will be set by
software to enable WWDT, and the clock source is enabled by the CS bits. Time intervals in this chapter are based
on a minimum nominal interval of 1 ms. See the device Electrical Specifications for LFINTOSC and MFINTOSC

tolerances.
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WWDT Operating Modes

The Windowed Watchdog Timer module has four operating modes that are controlled by the WDTE Configuration bit.
The table below summarizes the different WWDT operating modes.

Table 14-1. WWDT Operating Modes

11 X X

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

WWDT Is Always On

When the WDTE Configuration bits are set to *‘b11, the WWDT is always on. WWDT protection is active during
Sleep.

WWDT Is Off in Sleep

When the WDTE Configuration bits are set to *b10, the WWDT is on, except in Sleep mode. WWDT protection is not
active during Sleep.

WWDT Controlled by Software

When the WDTE Configuration bits are set to *b01, the WWDT is controlled by the SEN bit. WWDT protection is
unchanged by Sleep. See Table 14-1 for more details.

Time-Out Period

When the WDTCPS Configuration bits are set to the default value of *‘b11111, the PS bits set the time-out

period from 1 ms to 256 seconds (nominal). If any value other than the default value is assigned to the WDTCPS
Configuration bits, then the timer period will be based on the WDTCPS Configuration bits. After a Reset, the default
time-out period is 2s.

Watchdog Window

The Windowed Watchdog Timer has an optional Windowed mode that is controlled by either the WDTCWS
Configuration bits or the WINDOW bits. In the Windowed mode (WINDOW < *b1111), 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 14-2 for an
example.

When the WDTCWS Configuration bits are *b111, then the window size is controlled by the WINDOW bits,
otherwise the window size is controlled by the WDTCWS bits. The five Most Significant bits of the WDTTMR register
are used to determine whether the window is open, as defined by the window size. 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 and
can be set by software.
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Figure 14-2. Window Period and Delay
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(window violation can occur)

Clearing the Watchdog Timer

The Watchdog Timer is cleared when any of the following conditions occur:
* Any Reset
» Avalid CLRWDT instruction is executed
» The device enters Sleep
» The devices exits Sleep by Interrupt
* The WWDT is disabled
* The Oscillator Start-up Timer (OST) is running
* Any write to the WDTCONO or WDTCON1 registers

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 14-2 for more
information.

Operation During Sleep

When the device enters Sleep, the Watchdog Timer is cleared. If the WWDT is enabled during Sleep, the Watchdog
Timer resumes counting. When the device exits Sleep, the Watchdog Timer is cleared again. The Watchdog Timer
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 indicates that a
Watchdog Reset has occurred.

Table 14-2. WWDT Clearing Conditions
WDTE = ‘b00

WDTE = *‘b01 and SEN = 0

WDTE = ‘b10 and enter Sleep

Cleared
CLRWDT Command
Oscillator Fail Detected
Exit Sleep + System Clock = SOSC, EXTRC, INTOSC, EXTCLK
Exit Sleep + System Clock = XT, HS, LP Cleared until the end of OST
Change INTOSC divider (NOSC bits) Unaffected
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14.7 Register Definitions: Windowed Watchdog Timer Control

Long bit name prefixes for the Windowed Watchdog Timer peripherals are shown in the following table. Refer to the
"Long Bit Names" section in the “Register and Bit Naming Conventions” chapter for more information.

Table 14-3. WWDT Long Bit Name Prefixes

Peripheral Bit Name Prefix

WDT WDT
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1471 WDTCONO

Name: WDTCONO
Offset: 0x018C

Watchdog Timer Control Register 0

Bit 7 6 5 4 3 2 1 0
| | | PS[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 — PS[4:0] Watchdog Timer Prescaler Select(®

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 (221) (Interval 64s nominal)

01111 1:1048576 (229) (Interval 32s nominal)

01110 1:524288 (29) (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

x If WDTE = 1x This bit is ignored
1 If WDTE = 01 WDT is turned on
0 If WDTE = 01 WDT is turned off
x If WDTE = 00 This bit is ignored

Notes:

1. When the WDTCPS Configuration bits = *b11111, the Reset value (q) of WDTPS is ‘b01011. Otherwise, the
Reset value of WDTPS is equal to the WDTCPS in Configuration bits.

2. When the WDTCPS in Configuration bits # ‘b11111, these bits are read-only.
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14.7.2 WDTCON1

Name: WDTCON1
Offset: 0x018D

Watchdog Timer Control Register 1

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

Bits 6:4 — CS[2:0] Watchdog Timer Clock Select(?:3)

111-100 Reserved
011 EXTOSC
010 SOSC
001 MFINTOSC (32 kHz)
000 LFINTOSC (31 kHz)

Bits 2:0 — WINDOW[2:0] Watchdog Timer Window Select(4)

W 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.

When the WDTCCS in Configuration bits = *0b111, the Reset value of WDTCS is *‘b000.

2. The Reset value (q) of WINDOW is determined by the value of WDTCWS in the Configuration bits.
3. When the WDTCCS in Configuration bits # ‘b111, these bits are read-only.
4.  When the WDTCWS in Configuration bits # ‘b111, these bits are read-only.
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14.7.3 WDTPSH

Name: WDTPSH
Offset: 0x018F

WWDT Prescaler Select Register (Read-Only)

Bit 7 6 5 4 3 2 1 0
| PSCNTH[7:0]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bits 7:0 — PSCNTH[7:0] Prescaler Select High Byte(")

Note:

1. The 18-bit WDT prescaler 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 will be read during normal operation.
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1474 WDTPSL

Name: WDTPSL
Offset: 0x018E

WWDT Prescaler Select Register (Read-Only)

Bit 7 6 5 4 3 2 1 0
| PSCNTL[7:0]

Access R R R R R R R R

Reset 0 0 0 0 0 0 0 0

Bits 7:0 — PSCNTL[7:0] Prescaler Select Low Byte(")

Note:

1. The 18-bit WDT prescaler 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 will be read during normal operation.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 146
and its subsidiaries



PIC16F18114/15/24/25/44/45
WWDT - Windowed Watchdog Timer

14.7.5 WDTTMR
Name: WDTTMR
Offset: 0x0190
WDT Timer Register (Read-Only)
Bit 7 6 5 3 2 1 0
| TMR[4:0] STATE PSCNT[17:16]
Access R R R R R R R
Reset 0 0 0 0 0 0 0
Bits 7:3 — TMR[4:0] Watchdog Window Value
WDT Window State Open Percent

111
110
101
100
011
010
001
000

N/A

00000-00011
00000-00111
00000-01011
00000-01111
00000-10011
00000-10111
00000-11011

Bit 2 - STATE WDT Armed Status

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

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[17:16] Prescaler Select Upper Byte(1)

Note:

1. The 18-bit WDT prescaler 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 will not be read during normal
operation.
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14.8 Register Summary - WDT Control

I I = 2 I RN AN (N I I

0x00
Reserved
0x018B
0x018C WDTCONO 7:0 PS[4:0] SEN
0x018D WDTCON1 7:0 CS[2:0] WINDOW[2:0]
0x018E WDTPSL 7:0 PSCNTL[7:0]
0x018F WDTPSH 7:0 PSCNTH[7:0]
0x0190 WDTTMR 7:0 TMR[4:0] STATE PSCNT[17:16]
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15. NVM - Nonvolatile Memory Control

The Nonvolatile Memory (NVM) module provides run-time read and write access to the Program Flash Memory
(PFM), Data Flash Memory (DFM), and Configuration bits. PFM includes the program memory and user ID space.
DFM is also referred to as EEPROM which is accessed one byte at a time and the erase before write is automatic.

NVM is accessible using both FSR and INDF registers, or through the NVMREG register interface (see Table 15-1).

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.

PFM and DFM can be protected in two ways: code protection and write protection. Code protection (Configuration
bits CP (PFM)/CPD (DFM)) disables PFM/DFM read and write access through an external device programmer. Write
protection prevents user software writes to NVM areas tagged for protection by the WRTn Configuration bits. Code
protection does not affect the self-write and erase functionality, whereas write protection does. Attempts to write a
protected location will set the WRERR bit. Code protection and write protection can only be reset on a Bulk Erase
performed by an external programmer.

The Bulk Erase command is used to completely erase program memory. The Bulk Erase command can only be
issued through an external programmer. There is no run time access for this command.

If the device is code-protected and a Bulk Erase command for the configuration memory is issued; all other memory
regions are also erased. Refer to the ”Programming Specifications” document for more details.

Table 15-1. NVM Organization and Access Information

Program
Memory Counter | NVMREGS bit _ Allowed FSR FSR Programming
Function LACTIEIRTTETR0 (PC), ICSP™ | (NVMCONA1) AL ARl RY Operations Address Access
Address
Reset Vector 0x0000 0 0x0000 0x8000
0x0001 0x0001 0x8001
User Memory 0
Program Flash 0x0003 0x0003 . 0x8003
Read/Write Read-Only
INT Vector Memory 0x0004 0 0x0004 0x8004
User Memo 0x0005 . 0x0005 0x8005
. Ox3FFF(M Ox3FFF( OXFFFF
0x8000 0x0000
User ID e AR X 1 X Read/Write
Memory 0x8003 0x0003
Reserved — — — 0x0004 —
Revision ID Hard Coded in 0x8005 1 0x0005
i Program Flash Read
Device ID Memory 0x8006 1 0x0006
CONFIG1 0x8007 1 0x0007 No Access
CONFIG2 0x8008 1 0x0008
CONFIG3 Pro&frrnno';;“h 0x8009 1 0x0009 Read/Write
CONFIG4 0x800A 1 0x000A
CONFIG5 0x800B 1 0x000B
Hard Coded in 0x8100 1 0x0100
DIA and DCI Program Flash Read
Memory 0x82FF 1 0x02FF
0xF000 0x7000 0x7000
EEPROM Data Flash X 1 X Read/Write X Read
Memory OxFOFF 0x70FF 0x70FF
Note:
1. The maximum Program Flash Memory address for the PIC16F181 family is Ox3FFF.
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15.1  Program Flash Memory (PFM)

The Program Flash Memory (PFM) is readable, writable and erasable over the entire Vpp range.

PFM consists of the following regions:
» User program memory (read/write)
» Configuration Words (read/write)
» Device ID (read-only)
* Revision ID (read-only)
» User ID (read-write)
» Device Information Area (read-only)
» Device Configuration Information (read-only)

PFM can be read and/or written to through:
» CPU instruction fetch (read-only)
* FSRJ/INDF indirect access (read-only)
* NVMREG access (read-write)
+ In-Circuit Serial Programming™ (ICSP™) (external read-write)

It is important to understand the program memory structure for erase and programming operations. Program memory
is arranged in rows. A row consists of 32 14-bit program memory words. A row is the minimum size that can be
erased by user software. A Bulk Erase command cannot be issued from user code.

Read operations return a single word of memory. Write and erase operations are done on a row basis. Program
memory will erase to a logic ‘1’ and program to a logic ‘0’.

All or a portion of a row can be programmed. Data to be written into the program memory row is written to 14-bit
wide data write latches. These latches are not directly accessible, but may be loaded via sequential writes to the
NVMDATH:NVMDATL register pair.

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

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, so code cannot execute. An internal programming timer
controls the write time of 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.

15.1.1 FSR and INDF Access

The File Select (FSR) and INDF registers allow indirect access to the Program Flash Memory. Indirect addressing
is a mode in which the memory address in the instruction is determined by another register. The value of the FSR
registers is used to determine the memory address location to be accessed.

15.1.1.1 FSR Read
The FSRs are used to provide read access to program memory.

Program memory is accessed by loading the FSRxH:FSRXL register pair with the address to be read, and setting
bit 7 of the FSRxH register to ‘1’. When a MOVIW instruction, or any instruction that accesses INDFx, is executed,
the value loaded into the FSRXx register pair points to the location in program memory to be accessed. If the FSRx
register pair points to an INDFx register, the read will return ‘0’.

Reading from NVM requires one instruction cycle. The CPU operation is suspended during the read and resumes
immediately after. Read operations return a single byte of memory.
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15.1.1.2 FSR Write

15.1.2

15.1.21

Writing/erasing the NVM through the FSR registers (e.g., the MOVWI instruction) is not supported in the PIC16F 181
microcontroller family.

NVMREG Access
The NVMREG interface allows read/write access to all the locations accessible by FSRs, read/write access to the
User ID locations, and read-only access to the device identification, revision, and configuration data.

Writing or erasing of NVM via the NVMREG interface is prevented when the device is write-protected.

NVMREG Read Operation
To read a NVM location using the NVMREG interface, the user must:
1. Clear the NVMREGS bit if the user intends to access program memory locations, or set NMVREGS if the user
intends to access User ID or configuration locations.

2. Write the desired address into the NVMADRH:NVMADRL register pair.
3. Set the RD bit to initiate the read.

Once the read control bit is set, the CPU operation is suspended during the read and resumes immediately after. The
data is available in the very next cycle, in the NVMDATH:NVMDATL register pair; therefore, it can be read as two
bytes in the following instructions.

The NVMDATH:NVMDATL register pair will hold this value until another read or until it is written to by the user.
Upon completion, the RD bit is cleared by hardware.

Figure 15-1. Program Flash Memory Read Sequence

Rev. 10-000046E

Start
Read Operation

4
Select Memory:
Program Memory, DIA, DCI,
Config Words, User ID (NVMREGS)

4
Select
Word Address
(NVMADRH:NVMADRL)

h J

Data read now in
NVMDATH:NVMDATL

A4

End
Read Operation

Example 15-1. Program Memory Read

// This code block will read 1 word of program memory

NVMCON1lbits.NVMREGS = 0 // Point to PFM
NVMADR = PFM_ADDRESS // Load NVMADRH:NVMADRL with PFM address
NVMCON1lbits.RD = 1 // Initiate read cycle
PFM DATA LOW = NVMDATL // PFM data low byte
PFM DATA HIGH = NVMDATH // PFM data high byte
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15.1.2.2 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 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 Configuration Words

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

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

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

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

Figure 15-2. NVM Unlock Sequence

Rev, 10-0000478
812412015

Start
Unlock Sequence

y

Write 0x55 to
NVMCON2

y

Write 0xAA to
NVMCON2

y
Initiate
Write or Erase operation
(WR=1)

End
Unlock Sequence

Example 15-2. NVM Unlock Sequence

NVMCON1lbits.WREN = 1 // Enable write/erase
INTCONbits.GIE = 0 // Disable global interrupts
// The next three steps are the required unlock sequence
NVMCON2 = 0x55 // First unlock code

NVMCON2 = OxAA // Second unlock code
NVMCON1lbits . WR = 1 // Initiate write/erase cycle

INTCONbits.GIE =
NVMCON1bits . WREN

[y

// Enable global interrupts
// Disable further write/erase cycles

[
[=

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 152
and its subsidiaries



PIC16F18114/15/24/25/44/45
NVM - Nonvolatile Memory Control

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

15.1.2.3 NVMREG Erase of Program Memory
Before writing to program memory, the word(s) to be written must be erased or previously unwritten. Program
memory can only be erased one row at a time. No automatic erase occurs upon the initiation of the write to program
memory. To erase a program memory row:

1.

2.
3.
4.

Clear the NVMREGS bit to erase program memory locations, or set the NMVREGS bit to erase User ID
locations.

Write the desired address into the NVMADRH:NVMADRL register pair.
Set the FREE and WREN bits.
Perform the unlock sequence as described in the NVM Unlock Sequence section.

If the program memory address is write-protected, the WR bit will be cleared and the erase operation will not take

place.

While erasing program memory, the CPU operation is suspended and resumes when the operation is complete.
Upon completion, the NVMIF bit is set, and an interrupt will occur if the NVMIE bit is also set.

Write latch data is not affected by erase operations, and WREN will remain unchanged.
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Figure 15-3. NVM Erase Sequence

Note:

Rev. 10-0000488
812412015

Start
Erase Operation

\ 4
Select Memory:
PFM, Config Words, User ID
(NVMREGS)

v

Select Word Address
(NVMADRH:NVMADRL)

v

Select Erase
Operation (FREE = 1)

v

Enable Write/Erase
Operation (WREN = 1)

v

Disable Interrupts
(GIE=0)

v

Unlock Sequence
(See Note 1)

A4
CPU stalls while
Erase operation completes
(2 ms typical)

— T

Disable Write/Erase Operation
(WREN = 0)

v

Re-enable Interrupts
(GIE=1)

y

End
Erase Operation

1. See the NVM Unlock Sequence section.
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Example 15-3. Erasing One Row of Program Flash Memory

NVMCON1bits.NVMREGS = 0 //

NVMADR = PFM ADD
NVMCON1bits.FREE
NVMCON1bits . WREN
INTCONbits.GIE =

//The next three

//
1 //
1 //
//

on

Point to PFM

14-bit PFM address

Specify an erase operation

Enable write/erase cycle

Disable interrupts during unlock sequence

steps are the required unlock sequence

NVMCON2 = 0x55 // First unlock code
NVMCON2 = OxAA // Second unlock code
NVMCON1lbits.WR = 1 // Initiate write/erase cycle

INTCONbits.GIE =
NVMCON1bits . WREN

1 //
=1 //

15.1.2.4 NVMREG Write to Program Memory

Enable interrupts
Disable writes

Program memory is programmed using the following steps:
1. Load the address of the row to be programmed into NVMADRH:NVMADRL.
2. Load each write latch with data via the NMVDATH:NVMDATL registers.
3. Initiate a programming operation.
4. Repeat steps 1 through 3 until all data is written.

Before writing to program memory, the word(s) to be written must be erased or previously unwritten. Program
memory can only be erased one row at a time. No automatic erase occurs upon the initiation of the write.

Program memory can be written one or more words at a time. The maximum number of words written at one time is
equal to the number of write latches. See Figure 15-4 for more details.

The write latches are aligned to the Flash row address boundary defined by the upper ten bits of
NVMADRH:NVMADRL, (NVMADRHI6:0]:NVMADRL[7:5]) with the lower five bits of NVMADRL, (NVMADRL[4:0])
determining the write latch being loaded. Write operations do not cross these boundaries. At the completion of a
program memory write operation, the data in the write latches is reset to contain Ox3FFF.

The following steps must be completed to load the write latches and program a row of program memory. These steps
are divided into two parts. First, each write latch is loaded with data from the NVMDATH:NVMDATL using the unlock
sequence with LWLO = 1. When the last word to be loaded into the write latch is ready, the LWLO bit is cleared and
the unlock sequence executed. This initiates the programming operation, writing all the latches into Flash program
memory.

Important: The special unlock sequence is required to load a write latch with data or initiate a Flash
programming operation. If the unlock sequence is interrupted, writing to the latches or program memory
will not be initiated.

1. Set the WREN bit.
Clear the NVMREGS bit.

Set the LWLO bit. When the LWLO bit is set (LWLO = 1), the write sequence will only load the write latches
and will not initiate the write to Program Flash Memory.

Load the NVMADRH:NVMADRL register pair with the address of the location to be written.
Load the NVMDATH:NVMDATL register pair with the program memory data to be written.
Execute the unlock sequence. The write latch is now loaded.

Increment the NVMADRH:NVMADRL register pair to point to the next location.

Repeat steps 5 through 7 until all except the last write latch has been loaded.

Clear the LWLO bit. When the LWLO bit is clear (LWLO = 0), the write sequence will initiate the write to
Program Flash Memory.

10. Load the NVMDATH:NVMDATL register pair with the program memory data to be written.

w N
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1.

Important:

Execute the unlock sequence. The entire program memory latch content is now written to Flash program
memory.

The program memory write latches are reset to the Blank state (0x3FFF) at the completion
of every write or erase operation. As a result, it is not necessary to load all the program memory write
latches. Unloaded latches will remain in the Blank state.

An example of the complete write sequence is shown in Example 15-4. The initial address is loaded into the
NVMADRH:NVMADRL register pair; the data is loaded using indirect addressing.

Figure 15-4. NVMREG Writes to Program Flash Memory with 32 Write Latches

7 6 07 5 4 0 7 5 0 7
NVMADRH NVMADRL [-1-1 NVMDATH ] NVMDATL |
v9|ra|r7|ve|r5|m|r3 r2|11|r0 ca|c3fc2|c1]co ts }8
Y
14
o r Program Memory Write Latches ¥ !
14 14 14 14 |
Y Y Y Y |
Write Latch #0 | Write Latch #1 | QQ | Write Latch #30 | Write Latch #31

00h 01h 1Eh 1Fh

NVMADRL[4:0] 4 — ] - — — — 1 — ] _l
14 14 14 14

[y v v v
| Row Addr Addr QQ Addr Addr |
000h 0000h 0001h QQ 001Eh 001Fh |

| 001h 0010h 0011h QQ 003Eh 003Fh
| 002h 0020h 0021h QQ 005Eh 005Fh |
NVMREGS = 0 |
_ A;t:\gss || | [ B | (C | End Addr ||

NVMADRH(6:0] Decode Program Flash Memory
NVMADRL[7:5] - -]
r Y T . T — —— — — — —
Configuration Memory
—>ﬂ | User ID, Device ID, Revision ID, Configuration Words, DIA, DCI | |
NVMREGS = 1

-
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Figure 15-5. Program Flash Memory Write Sequence

( Start Write Operation )

A 4

A

Load the value to write
Determine number of (NVMDATHZNVMDATL)

words to be written into
PFM or Configuration

Memory. The number of

words cannot exceed the Y
number of words per row Update the word counter
(word_cnt) (word_cnt--)

Y
Write Latches to PFM

(LWLO =0)
Select
PFM or Config. Memory Last word to write?
(NVMREGS) A\
Disable interrupts
v (GIE=0)
Select Row Address
(NVMADRH:NVMADRL) Disable interrupts \
(GIE=0)
Unlock Sequence®
A
Select Write Operation A
(FREE = 0) !
Unlock Sequence® A
CPU stalls while Write
v operation completes
- (2 ms typical)
Load Write Latches Only Y
(LWLO = 1)
No delay when writing to
PFM Latches
4
Enable Write/Erase Re-enable interrupts
Operation (WREN = 1) (GIE=1)
Re-enable interrupts A
. (GIE=1) Disable Write/Erase
A Operation (WREN = 0)
A A
Increment Address A
(NVMADRH:NVMADRL++)
End Write Operation
© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 157

and its subsidiaries



PIC16F18114/15/24/25/44/45
NVM - Nonvolatile Memory Control

Note:
1. See the NVM Unlock Sequence section.

Example 15-4. Writing to Program Flash Memory

INTCONbits.GIE = 0; // Disable interrupts

// PFM row must be erased before writes can occur

NVMCON1lbits.NVMREGS = 0; // Point to PFM

NVMADR = PFMStartAddress; // Must start at beginning of PFM row
NVMCONlbits.FREE = 1; // Specify an erase operation
NVMCON1lbits . WREN = 1; // Allow erase cycle

// Required unlock sequence
NVMCON2 = 0x55;

NVMCON2 = OxAA;
NVMCONlbits . WR = 1;

NVMCON1lbits .LWLO = 1; // Load write latches

// Write to the data latches
for (i = 0; i < PFM_ROW_SIZE; i++)
{
NVMADR
NVMDAT

PFMStartAddress; // Load starting address
PFM WRITE_DATA; // Load data

// Required unlock sequence
NVMCON2 = 0x55;

NVMCON2 = OxAA;
NVMCON1lbits . WR = 1;

PFMStartAddress++; // Increment address
if (i = (PFM_ROW_SIZE - 1)) // All latches loaded?
{

NVMCON1lbits.LWLO = 0; // Start PFM write

}
}

0; // Disable writes

NVMCON1lbits.WREN =
=1; // Enable interrupts

INTCONbits.GIE

15.1.2.5 Modifying Flash Program Memory

When modifying existing data in a program memory, data within the memory row must be read and saved in a RAM
image. Program memory is modified using the following steps:

Load the starting address of the row to be modified.

Read the existing data from the row into a RAM image.

Modify the RAM image to contain the new data to be written into program memory.
Load the starting address of the row to be rewritten.

Erase the program memory row.

Load the write latches with data from the RAM image.

Initiate a programming operation.

No ok wh=
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Figure 15-6. Program Flash Memory Modify Sequence

Rev. 10-0000508

Start
Modify Operation

Y

Read Operation
(See Note 1)

v

An image of the entire row
read must be stored in RAM

Modify Image
The words to be modified are
changed in the RAM image

v

Erase Operation
(See Note 2)

v

Write Operation
Use RAM image
(See Note 3)

v

End
Modify Operation

Notes:
1. See Figure 15-1.
2. See Figure 15-3.
3. See Figure 15-5.

15.1.2.6 NVMREG Access to DIA, DCI, User ID, Device ID, Revision ID, and Configuration Words
NVMREGS can be used to access the following memory regions:
» Device Information Area (DIA)
» Device Configuration Information (DCI)
* User ID region
» Device ID and Revision ID
» Configuration Words

The value of NVMREGS is set to ‘1’ to access these regions. The memory regions listed above will be pointed to

by PC[15] = 1, but not all addresses reference valid data. Different access may exist for reads and writes. Refer to
the table below. When read access is initiated on an address outside the parameters listed in the following table, the
NVMDATH: NVMDATL register pair is cleared, reading back ‘0’s.
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Table 15-2. NVMREG Access to DIA, DCI, User ID, Device ID, Revision ID and Configuration Words

(NVMREGS = 1)

I T Y

0x8000 - 0x8003
0x8005 - 0x8006
0x8007 - 0x800B
0x8100 - Ox82FF
0xFO000 - OxFOFF

15.1.2.7 Write Verify

User IDs
Device ID/Revision ID
Configuration Words 1-5
DIA and DCI
EEPROM

Yes
Yes
Yes

Yes

No
Yes
No

Yes

It is considered good programming practice to verify that program memory writes agree with the intended value.
Since program memory is stored as a full row then the stored program memory contents are compared with the
intended data stored in RAM after the last write is complete.
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15.1.2.8

Figure 15-7. Program Flash Memory Write Verify Sequence

Rev. 10-000518

Start
Verify Operation

A

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

N

A

Read Operation®

NVMDAT =
RAM image ?

A

Fail
Verify Operation

End
Verify Operation

Note:
1.  See Figure 15-1.

WRERR Bit
The WRERR bit can be used to determine if a write error occurred. WRERR will be set if one of the following

conditions occurs:
* If WR is set while the NVMADRH:NMVADRL points to a write-protected address

* A Reset occurs while a self-write operation was in progress
* Anunlock sequence was interrupted

The WRERR bit is normally set by hardware, but can be set by the user for test purposes. Once set, WRERR must
be cleared in software.
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Table 15-3. Actions for PFM When WR =1

If WP is enabled, WR is cleared and WRERR is set
Erase the 32-word row of
1 X . . * All 32 words are erased
NVMADRH:NVMADRL location. . NVMDATH:NVMDATL is ignored

Copy NVMDATH:NVMDATL to the write * Write protection is ignored
latch corresponding to NVMADR LSBs. * No memory access occurs

« If WP is enabled, WR is cleared and WRERR is set

0 0 Write the write-latch data to PFM row. * Write latches are reset to 0x3FFF
« NVMDATH:NVMDATL is ignored

Data Flash Memory (DFM)

The Data Flash Memory is a nonvolatile memory array, also referred to as EEPROM. The DFM is mapped above
program memory space. The DFM can be accessed using the FSRs or NVM Special Function Registers (SFRs). The
DFM is readable and writable during normal operation over the entire Vpp range.

The DFM can only be read and written one byte at a time. When interfacing to the data memory block, the NVMDATL
register holds the 8-bit data for read/write and the NVMADR register pair holds the address of the DFM location being
accessed.

The DFM 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 device-to-device. Refer to the data EEPROM memory parameters in the “Electrical
Specifications” chapter for more information.

FSR and INDF Access

The File Select (FSR) and INDF registers allow read-only access to the DFM. The value of the FSR registers is used
to determine the memory address location to be accessed.

FSR DFM Read

DFM is accessed by loading the FSRxH:FSRXL register pair with the address to be read, and loading bits [7-4] of
the FSRxH register with a value of ‘0111’. When a MOV IW instruction, or any instruction that accesses INDFYX, is
executed, the value loaded into the FSRXx register pair points to the location in program memory to be accessed. If
the FSRXx register pair points to an unimplemented address location, the read will return ‘0’.

FSR DFM Write
Writing/erasing the DFM through the FSR registers (e.g., the MOVWI instruction) is not supported in the PIC16F181
microcontroller family.

NVMREG Access
The NVMREG interface allows read/write access to the DFM.

Writing or erasing of DFM via the NVMREG interface is prevented when the DFM is write-protected (Configuration bit
WRTD = ‘0’).

NVMREG Read Operation
To read a DFM location using the NVMREG interface, the user must:
1. Setthe NVMREGS bit.
2. Write the desired address into the NVMADRH:NVMADRL register pair.
3. Setthe RD bit to initiate the read.
Once the read control bit is set, the CPU operation is suspended during the read and resumes immediately after.

The data is available in the very next cycle, in the NVMDATL register; therefore, it can be read in the following
instructions.
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The NVMDATL register will hold this value until another read or until it is written to by the user.

Upon completion, the RD bit is cleared by hardware.
Figure 15-8. Program Flash Memory Read Sequence

( Start Read operation )

A

Select DFM memory
(NVMREGS = 1)

A

Select Word Address
(NVMADRH:NVMADRL)

A

Initiate Read operation
(RD =1)

A

Data read now in
NVMDATL

A

C End Read operation )

Example 15-5. DFM Read

// This code block will read 1 word (byte) of DFM

NVMCON1lbits.NVMREGS = 1 // Point to DFM

NVMADR = DFM_ADDRESS // NVMADRH = 0x70, NVMADRL = DFM address
NVMCON1lbits.RD = 1 // Initiate read cycle

MY 8BIT VARIABLE = NVMDATL // DFM data byte is in NVMDATL

NVM Unlock Sequence
The unlock sequence is a mechanism that protects the DFM from unintended self-write programming or erasing. The
sequence must be executed and completed without interruption to successfully complete an erase or write operation.
The unlock sequence consists of the following steps and must be completed in order:

*  Write 55h to NVMCON2

*  Write AAh to NMVCON2

» Setthe WR bit
Once the WR bit is set, the processor will stall internal operations until the operation is complete and then resume
with the next instruction.
Since the unlock sequence must not be interrupted, global interrupts must be disabled prior to the unlock sequence
and re-enabled after the unlock sequence is completed.
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Figure 15-9. NVM Unlock Sequence

Rev. 10-0000478
812412015

Start
Unlock Sequence

y

Write 0x55 to
NVMCON2

Y

Write 0xAA to
NVMCON2

y
Initiate
Write or Erase operation
(WR=1)

Y

End
Unlock Sequence

Example 15-6. NVM Unlock Sequence

1 // Enable write/erase

NVMCON1lbits . WREN =
=0 // Disable global interrupts

INTCONbits.GIE

// The next three steps are the required unlock sequence

NVMCON2 = 0x55 // First unlock code

NVMCON2 = OxAA // Second unlock code

NVMCONlbits.WR = 1 // Initiate write/erase cycle
INTCONbits.GIE = 1 // Enable global interrupts
NVMCON1lbits.WREN = 0 // Disable further write/erase cycles

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

15.2.2.3 NVMREG Erase of DFM
DFM can be erased by writing ‘0xFF’ to all locations that need to be erased. To erase a DFM word:
1. Set the NVMREGS bit.
2. Write the desired address into the NVMADRH:NVMADRL register pair.
3. Set the WREN bit.
4. Perform the unlock sequence as described in the NVM Unlock Sequence section.
5. Set the WR bit.

A single byte (0xFF) is written into the DFM location. The DFM circuitry automatically erases the memory location
before performing the write operation. If the DFM address is write-protected, the WR bit will be cleared and the write
operation will not take place.

While erasing/writing data memory, CPU operation is suspended and resumes when the operation is complete. Upon
completion, hardware clears the WR bit, the NVMIF bit is set, and an interrupt will occur if the NVMIE bit is also set.
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Figure 15-10. DFM Erase Sequence

< Start Erase Operation >

!

Set NVMREGS =1

!

Select Word Address
(NVMADRH:NVMADRL)

!

Load 0xFF into NVMDATL

!

Enable Write/Erase Operation
(WREN = 1)

!

Disable Interrupts
(GIE = 0)

!

Unlock Sequence

!

Initiate Write/Erase Operation
(WR=1)

!

CPU stalls while Erase/Write
operation is in progress

!

Enable Interrupts
(GIE=1)

!

Disable Write/Erase Operation
(WREN = 0)

!

< End Erase Operation >

Example 15-7. Erasing One Byte of Data Flash Memory

// Code sequence to erase one byte of DFM

NVMCON1bits . NVMREGS = 1; // Point to DFM
NVMADR = DFM ADDR; // NVMADRH = 0x70, NVMADRL = DFM address

NVMDATL = OxFF; // Load NVMDATL with OxFF
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NVMCON1bits . WREN
INTCONbits.GIE =

=1 // Allows program/erase cycles
0 // Disable interrupts

// Perform required unlock sequence
NVMCON2 = 0x55
NVMCON2 = OxAA

NVMCONlbits .WR = 1 // Begin program/erase cycle
INTCONbits.GIE = 1 // Restore interrupt enable bit value
NVMCON1lbits .WREN = 0 // Disable program/erase

// Verify byte erase operation success and call the recovery function if needed
if (NVMCON1lbits.WRERR

ERASE FAULT RECOVERY

15.2.2.4 NVMREG Write to DFM

15.2.2.5

15.3

DFM is programmed using the following steps:
1. Setthe NVMREGS bit.
Load the NVMADRH:NVMADRL registers with the DFM address.
Load the NVMDATL register with the data byte to be written.
Set the WREN bit to allow write/erase cycles.
Disable the GIE bit.
Perform the NVM Unlock Sequence.
7. Setthe WR bit.

o ok whN

A single byte (0xFF) is written into the DFM location. The DFM circuitry automatically erases the memory location
before performing the write operation. If the DFM address is write-protected, the WR bit will be cleared and the write
operation will not take place.

While erasing/writing data memory, the CPU operation is suspended and resumes when the operation is complete.
Upon completion, hardware clears the WR bit, the NVMIF bit is set, and an interrupt will occur if the NVMIE bit is also
set.

WRERR Bit
The WRERR bit can be used to determine if a write error occurred. WRERR will be set if one of the following
conditions occurs:
+ If WR is set while the NVMADRH:NMVADRL points to a write-protected DFM address
* A Reset occurs while a self-write operation was in progress
* An unlock sequence was interrupted
The WRERR bit is normally set by hardware, but can be set by the user for test purposes. Once set, WRERR must
be cleared in software.
Register Definitions: Nonvolatile Memory Control
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15.3.1 NVMADR
Name: NVMADR
Offset: 0x1C8C
Nonvolatile Memory Address Register
Bit 15 14 13 12 1" 10 9 8
| | NVMADR[14:8]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
NVMADR[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 14:0 - NVMADR[14:0] NVM Address Bits

Notes:
1.

2.

The individual bytes in this multibyte register can be accessed with the following register names:
— NVMADRH: Accesses the high byte NVMADR[15:8]
— NVMADRL: Accesses the low byte NVMADR][7:0].

Bit [15] is undefined while WR = 1.
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15.3.2 NVMDAT

Name: NVMDAT
Offset: 0x1C8E

Nonvolatile Memory Data Register

Bit 15 14 13 12 11 10 9 8
| | | NVMDAT([13:8]
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X
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 X X X X X X X X

Bits 13:0 —- NVMDAT[13:0] NVM Data bits
Reset States: POR/BOR = XXXXXXXXXXXXXX

All Other Resets = uuuuuuuuuuuuuu

Notes: The individual bytes in this multibyte register can be accessed with the following register names:

*  NVMDATH: Accesses the high byte NVMDAT[13:8]
* NVMDATL: Accesses the low byte NVMDAT[7:0]
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15.3.3 NVMCON1

Name: NVMCON1
Offset: 0x1C90

Nonvolatile Memory Control 1 Register

Bit 7 6 5 4 3 2 1 0
| | NVMREGS | LWLO | FREE WRERR WREN WR RD
Access RIW RIW R/S/HC R/W/HS RIW RIS/HC R/S/HC
Reset 0 0 0 0 0 0 0

Bit 6 - NVMREGS NVM Region Selection

Value Description
1 Access DFM (EEPROM), DIA, DCI, Configuration, User ID, Revision 1D, and Device ID Registers
0 Access Program Flash Memory

Bit 5 — LWLO Load Write Latches Only
Value Condition Description

1 When FREE = 0  The next WR command updates the write latch for this word within the row; no
memory operation is initiated
0 When FREE = 0 The next WR command writes data or erases

= Otherwise: This bit is ignored

Bit 4 - FREE Program Flash Memory Erase Enable
Value Description

1 Performs an erase operation with the next WR command; the 32-word pseudo-row containing the
indicated address is erased (to all 1s) to prepare for writing
0 The next WR command writes without erasing
Bit 3 — WRERR
Write-Reset Error Flag(1:2:3)

Value Description
1 A write operation error has occurred
0 All write operations have completed normally

Bit 2 - WREN Program/Erase Enable

Value Description
1 Allows program/erase cycles
0 Inhibits programming/erasing of program Flash

Bit 1 - WR Write Control(#:5:6)

Value Description

1 Initiates the program/erase operation at the corresponding NVM location
0 NVM program/erase operation is complete and inactive

Bit 0 — RD Read Control
Value Description

1 Initiates a read at address = NVMADR
0 NVM read operation is complete and inactive
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Notes:

1.

Bit is undefined while WR = 1.

2. Bit must be cleared by software; hardware will not clear this bit.
3. Bit may be written to ‘1’ by the user to implement test sequences.
4. This bit can only be set by following the sequence described in the “NVM Unlock Sequence” section.
5. Operations are self-timed and the WR bit is cleared by hardware when complete.
6. Once a write operation is initiated, setting this bit to zero will have no effect.
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15.3.4 NVMCON2

Name: NVMCON2
Offset: 0x1C9I1

Nonvolatile Memory Control 2 Register

Bit 7 6 5 4 3 2 1 0
| NVMCON2[7:0]
Access WO \We} WO \\'e] WO WO WO WO
Reset 0 0 0 0 0 0 0 0

Bits 7:0 - NVMCON2[7:0] Flash Memory Unlock Pattern bits

Note: To unlock writes, a 0x55 must be written first followed by an 0xAA before setting the WR bit of the NVMCON1
register. The value written to this register is used to unlock the writes.
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15.4 Register Summary - NVM Control

I I = 2 I RN AN (N I I

0x00
Reserved

0x1C8B
7.0 NVMADR[7:0]

0x1C8C NVMADR
15:8 NVMADR[14:8]

0x1C8E NVMDAT 7:0 NVMDAT[7:0]
15:8 NVMDAT[13:8]

0x1C90 NVMCON1 7:0 NVMREGS LWLO FREE WRERR WREN WR RD

0x1C91 NVMCON2 7:0 NVMCONZ2[7:0]
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1/0 Ports

Overview
Table 16-1. Port Availability per Device

[ )

8-pin devices
14/16-pin devices ° °

20-pin devices . ° °

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)

» ANSELXx registers (analog select)

*  WPUXx registers (weak pull-up)

* INLVLx (input level control)

» SLRCONX registers (slew rate control)

+ ODCONX registers (open-drain control)

In this section, the generic names such as PORTx, LATx, TRISx, etc. can be associated with PORTA, PORTB,
PORTC, etc., depending on availability per device.

A simplified model of a generic I/O port, without the interfaces to other peripherals, is shown in the following figure:

Figure 16-1. Generic 1/0 Port Operation

Rev. 10-000052A
21172019

Read LATX
TRISX
— D Q
Write LATxX v
Write PORTx bo
>ek A
Data Register

1/0 pin

Data bus 1./ &
Read PORTx j\‘

To digital peripherals

ANSELXx

To analog peripherals «¢———

Vss —

PORTXx - Data Register

PORTX is a bidirectional port, and its corresponding data direction register is TRISx.
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Reading the PORTX 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, and
this value is modified, 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. The example below shows how to initialize PORTA.

Example 16-1. Initializing PORTA in Assembly

; This code example illustrates initializing the PORTA register.
; The other ports are initialized in the same manner.

BANKSEL PORTA

CLRF PORTA ;Clear PORTA

BANKSEL LATA 2

CLRF LATA ;Clear Data Latch

BANKSEL ANSELA ;

CLRF ANSELA ;Enable digital drivers
BANKSEL TRISA ;

MOVLW B'00111000"' ;Set RA[5:3] as inputs
MOVWF TRISA ;and set others as outputs

Example 16-2. Initializing PORTA in C

// This code example illustrates initializing the PORTA register.
// The other ports are initialized in the same manner.

PORTA = 0x00 // Clear PORTA

LATA = 0x00 // Clear Data Latch

ANSELA = 0x00 // Enable digital drivers

TRISA = 0x38 // Set RA[5:3] as inputs and set others as outputs

Important: 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.

LATXx - Output Latch

The Data Latch (LATx registers) is useful for Read-Modify-Write operations on the value that the 1/O 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/O PORT latches, while a read of the PORTXx register reads the
actual I/O pin value.

Important: As a general rule, output operations to a port must use the LAT register to avoid Read-
Modify-Write issues. For example, a bit set or clear operation reads the port, modifies the bit, and writes
the result back to the port. When two bit operations are executed in succession, output loading on the
changed bit may delay the change at the output in which case the bit will be misread in the second bit
operation and written to an unexpected level. The LAT registers are isolated from the port loading and
therefore changes are not delayed.
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TRISx - Direction Control

The TRISx register controls the PORTXx pin output drivers, even when the pins are being used as analog inputs. The
user must ensure the bits in the TRISx register are set when using the pins as analog inputs. I/O pins configured as
analog inputs always read ‘0’.

Setting a TRISx bit (TRISx = 1) will make the corresponding PORTX pin an input (i.e., disable the output driver).
Clearing a TRISx bit (TRISx = 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).

ANSELXx - Analog Control

Ports that support analog inputs have an associated ANSELX register. The ANSELX register is used to configure the
Input mode of an I/O pin to analog. Setting an ANSELX bit high will disable the digital input buffer associated with
that bit and cause the corresponding input value to always read ‘0’, whether the value is read in PORTX register or
selected by PPS as a peripheral input.

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.

The state of the ANSELX bits has no effect on digital or analog 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 PORTX register.

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 changed to ‘0’ by the user.

WPUx - Weak Pull-Up Control

The WPUXx register controls the individual weak pull-ups for each PORT pin. When a WPUXx bit is set (WPUx = 1), the
weak pull-up will be enabled for the corresponding pin. When a WPUXx bit is cleared (WPUx = 0), the weak pull-up will
be disabled for the corresponding pin.

INLVLX - 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. If that feature is enabled, the input
threshold is important in determining the value of a read of the PORTXx register and also all other peripherals which
are connected to the input. Refer to the 1/0 Ports table in the “Electrical Specifications” chapter for more details on
threshold levels.

Important: Changing the input threshold selection must 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.

SLRCONX - 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 a SLRCONX bit is set (SLRCONXx = 1), the corresponding PORT pin drive is slew
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rate limited. When a SLRCONX bit is cleared (SLRCONXx = 0), the corresponding PORT pin drive slews at the
maximum rate possible.

ODCONXx - Open-Drain Control

The ODCONX register controls the open-drain feature of the port. Open-drain operation is independently selected for
each pin. When a ODCONX bit is set (ODCONXx = 1), the corresponding port output becomes an open-drain driver
capable of sinking current only. When a ODCONX bit is cleared (ODCONXx = 0), the corresponding port output pin is
the standard push-pull drive capable of sourcing and sinking current.

Important: It is necessary to set open-drain control when using the pin for I2C.

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. Refer to the “IOC - Interrupt-on-Change”
chapter for more details.

I12C Pad Control

For this family of devices, the 12C specific pads are available on RA1, RA2, RB4, RB5, RB6, RB7, RCO, RCH1,

RC4 and RC5 pins. The I2C characteristics of each of these pins is controlled by the Rxyl2C registers. These
characteristics include enabling I12C specific slew rate (over standard GPIO slew rate), selecting internal pull-ups for
I2C pins, and selecting appropriate input threshold as per SMBus specifications.

Important: Any peripheral using the I12C pins reads the I2C input levels when enabled via Rxyl2C.

1/0 Priorities
Each pin defaults to the data latch after Reset. Other functions are selected with the Peripheral Pin Select logic.
Refer to the “PPS - Peripheral Pin Select Module” chapter for more details.

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/O pin is set for Analog mode using the ANSELX register. Digital output functions may
continue to control the pin when it is in Analog mode.

Analog outputs, when enabled, take priority over digital outputs and force the digital output driver into a High-
Impedance state.

The pin function priorities are as follows:
Port functions determined by the Configuration bits.
Analog outputs (input buffers must be disabled).

Analog inputs.
Port inputs and outputs from PPS.

b=
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MCLR/Vpp/RA3 Pin

The MCLR/Vpp pin is an input-only pin. Its operation is controlled by the MCLRE Configuration bit. When selected
as a PORT pin (MCLRE = 0), it functions as a digital input-only pin; as such, it does not have TRISx and LATXx bits
associated with its operation. Otherwise, it functions as the device’s Master Clear input. In either configuration, the
MCLR/Vpp pin also functions as the programming voltage input pin during high-voltage programming.

The MCLR/Vpp pin is a read-only bit and will read ‘1’ when MCLRE = 1 (i.e., Master Clear enabled).

Important: On a Power-on Reset (POR), the MCLR/Vpp pin is enabled as a digital input-only if Master
Clear functionality is disabled.

The MCLR/Vpp pin has an individually controlled internal weak pull-up. When set, the corresponding WPU bit
enables the pull-up. When the MCLR/Vpp pin is configured as MCLR (MCLRE = 1 and LVP = 0), or configured for
Low-Voltage Programming (MCLRE = x and LVP = 1), the pull-up is always enabled and the WPU bit has no effect.

16.14 Register Definitions: Port Control
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16.14.1 PORTX
Name: PORTXx
PORTXx Register
Bit 7 6 5 4 3 2 1 0
| Rx7 | Rx6 Rx5 Rx4 Rx3 Rx2 Rx1 Rx0
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 — Rxn Port I/O Value
Reset States: POR/BOR = XXXXXXXX
All Other Resets = uuuuuuuu

Value Description

1 PORT pinis 2 V|4
0 PORT pinis <V,
Important:

» Writes to PORTXx are actually written to the corresponding LATXx register. Reads from PORTX register
return actual 1/O pin values.

+ The PORT bit associated with the MCLR pin is read-only and will read ‘1’ when the MCLR function is
enabled (LVP = 1 or (LVP = 0 and MCLRE = 1))

» Refer to the “Pin Allocation Table” for details about MCLR pin and pin availability per port

« Unimplemented bits will read back as ‘0’
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16.14.2 LATx
Name: LATx
Output Latch Register
Bit 7 6 5 4 3 2 1 0
| LATX7 | LATX6 LATX5 LATx4 LATx3 LATx2 LATx1 LATX0
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

Bits 0,1, 2, 3, 4, 5, 6, 7 — LATxn Output Latch Value
Reset States: POR/BOR = XXXXXXXX

All Other Resets = uuuuuuuu

Important:

Writes to LATx are equivalent to writes to the corresponding PORTX register. Reads from LATx
register return register values, not I/O pin values.

Refer to the “Pin Allocation Table” for details about pin availability per port
* Unimplemented bits will read back as ‘0’
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16.14.3 TRISx
Name: TRISx
Tri-State Control Register
Bit 7 6 5 4 3 2 1 0
[ TRISx7 | TRISx6 | TRISx5 TRISx4 TRISx3 TRISX2 TRISX1 TRISX0
Access RIW RIW RIW RW RIW RW RIW RW

Reset 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 — TRISxn Port I/O Tri-state Control

Value Description

1 PORTX output driver is disabled. PORTXx pin configured as an input (tri-stated)

0 PORTX output driver is enabled. PORTx pin configured as an output
Important:

» The TRIS bit associated with the MCLR pin is read-only and the value is ‘1’

1

» Refer to the “Pin Allocation Table” for details about MCLR pin and pin availability per port

* Unimplemented bits will read back as ‘0’
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16.14.4 ANSELXx
Name: ANSELXx
Analog Select Register
Bit 7 6 5 4 3 2 1 0
| ANSELx7 | ANSELXx6 ANSELXx5 ANSELx4 ANSELXx3 ANSELx2 ANSELx1 ANSELx0
Access R/W R/W R/W R/W R/W R/W R/W R/wW
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 — ANSELxn Analog Select on RX Pin

Value Description

1 Analog input. Pin is assigned as analog input. Digital input buffer disabled.
0 Digital I/0. Pin is assigned to port or digital special function.
Important:

* When setting a pin as an analog input, the corresponding TRIS bit must be set to Input mode to allow
external control of the voltage on the pin

* Refer to the “Pin Allocation Table” for details about pin availability per port

» Unimplemented bits will read back as ‘0’
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16.14.5 WPUx
Name: WPUXx
Weak Pull-Up Register
Bit 7 6 5 4 3 2 1 0
| WPUXx7 | WPUx6 WPUx5 WPUx4 WPUXx3 WPUx2 WPUx1 WPUXx0
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 — WPUxn Weak Pull-up PORTx Control
Value Description

1 Weak pull-up enabled
0 Weak pull-up disabled
Important:

* The weak pull-up device is automatically disabled if the pin is configured as an output, but this
register remains unchanged

* If MCLRE = 1, the weak pull-up on MCLR pin is always enabled and the corresponding WPU bit is
not affected

» Refer to the “Pin Allocation Table” for details about pin availability per port
* Unimplemented bits will read back as ‘0’
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16.14.6 INLVLx
Name: INLVLx
Input Level Control Register
Bit 7 6 5 4 3 2 1 0
| INLVLX7 | INLVLX6 | INLVLX5 INLVLx4 INLVLxX3 INLVLx2 INLVLx1 INLVLXO
Access R/W R/W R/W R/W R/W R/wW R/wW R/wW

Reset 1 1 1 1 1 1 1 1

Bits 0,1, 2, 3, 4, 5, 6, 7 — INLVLxn Input Level Select on RX Pin

Value Description

1 ST input used for port reads and interrupt-on-change
0 TTL input used for port reads and interrupt-on-change
Important:

» Refer to the “Pin Allocation Table” for details about pin availability per port
» Unimplemented bits will read back as ‘0’
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16.14.7 SLRCONx
Name: SLRCONXx
Slew Rate Control Register
Bit 7 6 5 4 3 2 1 0
[ SLRx7 | SLRx6 | SLRx5 SLRx4 SLRx3 SLRx2 SLRx1 SLRx0
Access RIW RIW RIW RIW RIW RW RW RW
Reset 1 1 1 1 1 1 1 1

Bits 0, 1, 2, 3, 4, 5, 6, 7 — SLRxn Slew Rate Control on RX Pin

Value Description

1 PORT pin slew rate is limited
0 PORT pin slews at maximum rate
Important:

» Refer to the “Pin Allocation Table” for details about pin availability per port
» Unimplemented bits will read back as ‘0’
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16.14.8 ODCONXx
Name: ODCONXx
Open-Drain Control Register
Bit 7 6 5 4 3 2 1 0
[ oDCx7 | oODCx6 | ODCx5 ODCx4 ODCx3 ODCx2 ODCx1 ODCx0
Access R/W R/W R/W R/W R/W RW R/W RW

Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3, 4, 5, 6, 7 — ODCxn Open-Drain Configuration on Rx Pin

Value Description

1 PORT pin operates as open-drain drive (sink current only)
0 PORT pin operates as standard push-pull drive (source and sink current)
Important:

» Refer to the “Pin Allocation Table” for details about pin availability per port
» Unimplemented bits will read back as ‘0’
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16.14.9 Rxyl2C
Name: Rxyl2C
I2C Pad Rxy Control Register
Bit 7 6 5 4 3 2 1 0
| SLEW[1:0] | PU[1:0] TH[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 7:6 — SLEW[1:0] 12C Specific Slew Rate Limiting Control

Value Description

11 I2C Fast mode Plus (1 MHz) slew rate enabled. The SLRxy bit is ignored.

10 Reserved

01 I2C Fast mode (400 kHz) slew rate enabled. The SLRxy bit is ignored.

00 Standard GPIO Slew Rate; enabled/disabled via the SLRxy bit
Bits 5:4 — PU[1:0] 12C Pull-Up Selection

Value Description

11 Reserved

10 10x current of standard weak pull-up

01 2x current of standard weak pull-up

00 Standard GPIO weak pull-up, enabled via the WPUxy bit

Bits 1:0 — TH[1:0] 12C Input Threshold Selection

11 SMBus 3.0 (1.35V) input threshold

10 SMBus 2.0 (2.1V) input threshold

01 I2C-specific input thresholds

00 Standard GPIO Input pull-up, enabled via the INLVLxy registers
Important:

» Refer to the “Pin Allocation Table” for details about pin availability per port
* Unimplemented bits will read back as ‘0’

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 186
and its subsidiaries



PIC16F18114/15/24/25/44/45

1/0 Ports

16.15 Register Summary - 10 Ports

I I = 2 I RN AN (N I I

0x00
0x0B
0x0C
0x0D
0x0E
OxOF
0x11

0x12
0x13
0x14
0x15
0x17
0x18
0x19

O0x1A
0x1B

Ox1E8B
0x1E8C
O0x1E8D
Ox1E8E
Ox1E8F
0x1E90
0x1E91

0x1E95
0x1E96
0x1E97
0x1E98
0x1E99
Ox1E9A
0x1E9B

Ox1E9QF
O0x1EAO0
Ox1EA1
Ox1EA2
Ox1EA3
Ox1EA4
Ox1EAS

Ox1EEO
Ox1EE1
Ox1EE2
Ox1EE3

Ox1EE4
Ox1EE5
Ox1EE6
Ox1EE7
Ox1EE8
Ox1EE9
Ox1EEA
Ox1EEB

Reserved

PORTA
PORTB
PORTC

Reserved

TRISA
TRISB
TRISC

Reserved

LATA
LATB
LATC

Reserved

ANSELA
WPUA
ODCONA
SLRCONA
INLVLA

Reserved

ANSELB
WPUB
ODCONB
SLRCONB
INLVLB

Reserved

ANSELC
WPUC
ODCONC
SLRCONC
INLVLC

Reserved

RA112C
RA2I2C

Reserved

RB412C
RB5I2C
RB6I2C
RB712C
RCOI2C
RC112C
Reserved

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

RA3

RC3

Reserved

TRISC3

LATC3

ANSELA3

WPUA3

INLVLA3

ANSELC3

WPUC3
ODCC3
SLRC3

INLVLC3

RC2

TRISA2

TRISC2

LATA2

LATC2

ANSELA2

WPUA2
ODCA2
SLRA2

INLVLA2

ANSELC2

WPUC2
oDcCcC2
SLRC2

INLVLC2

RC1

TRISA1

TRISC1

LATA1

LATC1

ANSELA1
WPUA1
ODCA1

SLRA1
INLVLA1

ANSELC1
WPUC1
OoDCcC1
SLRC1
INLVLCA

RAOQ

RCO

TRISAO

TRISCO

LATAO

LATCO

ANSELAOQ
WPUAO
ODCAO0

SLRAO
INLVLAO

ANSELCO
WPUCO
ODCCO0
SLRCO

INLVLCO

THI1:0]
TH[1:0]

RB7 RB6
RC7 RC6
TRISB7 TRISB6
TRISC7 TRISC6
LATB7 LATB6
LATC7 LATC6
ANSELB7 | ANSELB6
WPUB7 WPUB6
ODCB7 ODCB6
SLRB7 SLRB6
INLVLB7 INLVLB6
ANSELC7 | ANSELC6
WPUC7 WPUC6
oDcc7 oDCC6
SLRC7 SLRC6
INLVLC7 INLVLC6
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]
SLEW[1:0]

RA5 RA4
RB5 RB4
RC5 RC4

TRISA5 TRISA4
TRISB5 TRISB4
TRISC5 TRISC4
LATA5 LATA4
LATB5 LATB4
LATC5 LATC4
ANSELA5 | ANSELA4
WPUA5 WPUA4
ODCA5 ODCA4
SLRA5 SLRA4
INLVLAS5 INLVLA4
ANSELB5 | ANSELB4
WPUBS5 WPUB4
ODCB5 ODCB4
SLRB5 SLRB4
INLVLB5 INLVLB4
ANSELC5 | ANSELC4
WPUC5 WPUC4
ODCC5 oDcc4
SLRC5 SLRC4
INLVLC5 INLVLC4
PU[1:0]
PU[1:0]
PU[1:0]
PU[1:0]
PU[1:0]
PU[1:0]
PU[1:0]
PU[1:0]

TH[1:0]
TH[1:0]
TH[1:0]
TH[1:0]
TH[1:0]
TH[1:0]
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........... continued
I TN T I IO T I N N N O
OX1EEC RC4I2C SLEW[1:0] PU[1:0] TH[1:0]
Ox1EED RC5I12C 7.0 SLEW[1:0] PU1:0] TH[1:0]
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17. 10C - Interrupt-on-Change

171 Overview

The pins denoted in the table below can be configured to operate as interrupt-on-change (I0C) pins for this device.
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.

Table 17-1. I0C Pin Availability per Device

[ )

8-pin devices
14/16-pin devices ° °

20-pin devices . ° °

Important: If MCLRE =1 or LVP = 1, the MCLR pin port functionality is disabled and IOC on that pin is
not available.

The interrupt-on-change module has the following features:
* Interrupt-on-change enable (Host Switch)
* Individual pin configuration
* Rising and falling edge detection
* Individual pin interrupt flags

The following figure is a block diagram of the IOC module.

Figure 17-1. Interrupt-on-Change Block Diagram (PORTA Example)

Positive
[ | Edge
Detect F
I0C

IOCAPX Flag > Write to IOCAFXf
RAX |X|7 Set/Reset > vniefo xfag
Logic
) IOCIE IOC interrupt
|| Negative } to CPU core
Edge
Detect F

IOCANX

From all other %
I0CnFx flags «

17.2 Enabling the Module

For individual PORT pins to generate an interrupt, the I0C Interrupt Enable (IOCIE) bit of the Peripheral Interrupt
Enable (PIEXx) register must be set. If the IOC Interrupt Enable bit is disabled, the edge detection on the pin will still
occur, but an interrupt will not be generated.
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Individual Pin Configuration

A rising edge detector and a falling edge detector are present for each PORT pin. To enable a pin to detect a rising
edge, the associated bit of the IOCxP register must be set. To enable a pin to detect a falling edge, the associated bit
of the IOCxN register must be set. A PORT 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 bits located in the IOCXxF registers are status flags that correspond to the interrupt-on-change pins of each 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 located in the corresponding Peripheral Interrupt
Request (PIRXx) register, is all the IOCxF bits ORd together. The IOCIF bit is read-only. All of the IOCxF Status bits
must be cleared to clear the IOCIF bit.

Clearing Interrupt Flags

The individual status flags (IOCxF register bits) will 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 clearing an 10C interrupt flag using this method.

Example 17-1. Clearing Interrupt Flags (PORTA Example)

MOVLW Oxff
XORWF IOCAF, W
ANDWF IOCAF, F

Operation in Sleep

An interrupt-on-change event 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.

Register Definitions: Interrupt-on-Change Control
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17.7.1  10CxF
Name: IOCxF
Interrupt-on-Change Flag Register
Bit 7 6 5 4 3 2 1 0
[ 1OCxF7 | 1OCxF6 | IOCxF5 IOCxF4 IOCxF3 IOCxF2 IOCxF1 IOCxFO
Access  R/W/HS RIW/HS RIW/HS RIW/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 — IOCxFn Interrupt-on-Change Flag
Description

Value Condition

1 IOCxP[n] = 1

i IOCxN[n] = 1

0 IOCxP[n] = x and IOCxNI[n] = x
Important:

A positive edge was detected on the Rx[n] pin

A negative edge was detected on the Rx[n] pin
No change was detected, or the user cleared the detected change

* IfMCLRE =1 or LVP = 1, the MCLR pin port functionality is disabled and IOC on that pin is not

available

» Refer to the “Pin Allocation Table” for details about pins with configurable IOC per port
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17.7.2 10CxN
Name: IOCxN

Interrupt-on-Change Negative Edge Register Example

Bit 7 6 5 4 3 2 1 0
[ 10CxN7 | 10CxN6 | 10CxN5 | 1OCxN4 | IOCxN3 IOCXN2 IOCxN1 IOCXNO
Access R/W R/W R/W R/W R/W R/W R/W R/wW
Reset 0 0 0 0 0 0 0 0
Bits 0, 1, 2, 3, 4, 5, 6, 7 — IOCxNn Interrupt-on-Change Negative Edge Enable
Value Description
1 Interrupt-on-change enabled on the IOCx pin for a negative-going edge. Associated Status bit and
interrupt flag will be set upon detecting an edge.
0 Falling edge interrupt-on-change disabled for the associated pin
Important:

* IfMCLRE =1 or LVP = 1, the MCLR pin port functionality is disabled and IOC on that pin is not

available

» Refer to the “Pin Allocation Table” for details about pins with configurable I0C per port
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17.7.3 10CxP
Name: IOCxP

Interrupt-on-Change Positive Edge Register

Bit 7 6 5 4 3 2 1 0
[ 10CxP7 | 10CxP6 | 10CxP5 | 1OCxP4 IOCxP3 IOCxP2 IOCxP1 IOCxPO
Access RIW RIW RW RIW RIW RW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 0,1, 2, 3, 4, 5, 6, 7 — IOCxPn Interrupt-on-Change Positive Edge Enable

Value Description
1 Interrupt-on-change enabled on the IOCx pin for a positive-going edge. Associated Status bit and
interrupt flag will be set upon detecting an edge.
0 Rising edge interrupt-on-change disabled for the associated pin.
Important:
* IfMCLRE =1 or LVP = 1, the MCLR pin port functionality is disabled and IOC on that pin is not
available

» Refer to the “Pin Allocation Table” for details about pins with configurable I0C per port
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Register Summary - Interrupt-on-Change

I I = 2 I RN AN (N I I

0x00

0x1E90
O0x1E91
0x1E92
0x1E93
0x1E94

Ox1E9A
O0x1E9B
0x1E9C
0x1E9D
Ox1E9E

Ox1EA4
Ox1EA5
Ox1EA6
Ox1EA7

Reserved

IOCAP
IOCAN
IOCAF

Reserved

I0CBP
IOCBN
I0CBF

Reserved

I0CCP

IOCCN
IOCCF

7:0
7:0
7:0

7:0
7:0
7:0

7:0
7:0
7:0

10CBP7
I0CBN7
IOCBF7

10CCP7
IOCCN7
I0CCF7

10CBP6
I0CBN6
IOCBF6

10CCP6
I0OCCN6
IOCCF6

IOCAPS
IOCAN5
IOCAF5

10CBP5
I0OCBN5
IOCBF5

I0CCP5
IOCCNS
I0CCF5

IOCAP4
I0OCAN4
IOCAF4

10CBP4
I0CBN4
IOCBF4

I0CCP4
IOCCN4
IOCCF4

I0OCAP3
IOCAN3
IOCAF3

I0CCP3
IOCCN3
I0CCF3

IOCAP2
IOCAN2
IOCAF2

10CCP2
I0OCCN2
IOCCF2

IOCAP1 I0CAPO
IOCAN1 IOCANO
IOCAF1 IOCAFO
I0CCP1 10CCPO
IOCCN1 IOCCNO
I0OCCF1 I0CCFO0
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18.  PPS - Peripheral Pin Select Module

18.1 Overview

The Peripheral Pin Select (PPS) module connects peripheral inputs and outputs to the device I/O pins. Only digital
signals are included in the selections.

Important: All analog inputs and outputs remain fixed to their assigned pins and cannot be changed
through PPS.

Input and output selections are independent as shown in the figure below.
Figure 18-1. PPS Block Diagram

o T T 1
| abcPPS | | RAOPPS |
: RAO [ | : |
Peripheral abc |
| | | RAO |
1
| | ! |
| | | |
| | | |
| |
| | ! |
Rx
| Peripheral xyz | y |
: Rxy X | : |
|
| xyzPPS | | RxyPPS |
Input selections Output selections

18.2 PPS Inputs

Each digital peripheral has a dedicated PPS Peripheral Input Selection (xxxPPS) register with which the input pin to
the peripheral is selected. Devices that have 20 leads or less (8/14/16/20) allow PPS routing to any I/O pin, while
devices with 28 leads or more allow PPS routing to I/Os contained within two ports (see the table below).

Important: The notation “xxx” in the generic register name is a placeholder for the peripheral identifier.
For example, xxx = TOCKI for the TOCKIPPS register.

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.
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Table 18-1. PPS Input Selection Table

Register Reset Value at POR Default Pin Selection at POR

Peripheral PPS | t Regist -Pi -Pi -Pi -Pi
eriphera nput Register 8-Pin Devices 14/1(? A 20-Pin Devices . F_’m 14[1? g A !’m
Devices Devices Devices Devices
RA2

External Interrupt INTPPS ‘b000 010
TimerQ Clock TOCKIPPS ‘b000 010 RA2
Timer1 Clock T1CKIPPS ‘b000 101 RA5
Timer1 Gate T1GPPS ‘b000 100 RA4
Timer3 Clock T3CKIPPS ‘b000 000 ‘b010 101 RAO RC5
Timer3 Gate T3GPPS ‘b000 000 ‘b010 100 RAO RC4
Timer2 Input T2INPPS ‘b000 101 RA5
Timer4 Input T4INPPS ‘b000 000 ‘b010 001 RAO RC1
CCP1 CCP1PPS ‘b000 101 ‘b010 101 RA5 RC5
CCP2 CCP2PPS ‘b000 101 ‘b010 011 RA5 RC3
PWM Input 0 PWMINOPPS ‘b000 000 ‘b010 101 RAO RC5
PWM Input 1 PWMIN1PPS ‘b000 000 ‘b010 011 RAO RC3
PWMée'izttema' PWMIN1ERSPPS 'b000 101 RA5
PWMée'i’éttema' PWMIN2ERSPPS ~ ‘'b000 000 'b010 001 RAO RC1
CWG1 Input CWG1PPS ‘b000 010 RA2
CLCINO CLCINOPPS ‘b000 011 ‘b010 011 ‘b000 010 RA3 RC3 RA2
CLCIN1 CLCIN1PPS ‘b000 101 ‘b010 100 ‘b010 011 RA5 RC4 RC3
CLCIN2 CLCIN2PPS ‘b000 001 ‘b010 001 ‘b001 100 RA1 RC1 RB4
CLCIN3 CLCIN3PPS ‘b000 000 ‘b000 101 ‘b001 101 RAO RA5 RB5
SCL1/SCK1 SSP1CLKPPS() ‘000 001 ‘b010 000 ‘b001 110 RA1 RCO RB6
SDA1/SDI1 SSP1DATPPS(") | ‘b000 010 ‘b010 001 ‘b001 100 RA2 RC1 RB4
SS1 SSP1SSPPS ‘b000 011 ‘b010 011 ‘b010 110 RA3 RC3 RC6
SCL2/SCK2 SSP2CLKPPS() | 'b000 000 ‘b010 100 ‘b001 111 RAO RC4 RB7
SDA2/SDI2 SSP2DATPPS() | ‘b000 000 ‘b010 101 ‘b001 101 RAO RC5 RB5
SS2 SSP2SSPPS ‘b000 000 ‘b000 001 RAO RA1
RX1/DT1 RX1PPS ‘b000 001 ‘b010 101 ‘b001 101 RA1 RC5 RB5
CK1 CK1PPS ‘b000 000 ‘b010 100 ‘b001 111 RAO RC4 RB7
RX2/DT2 RX2PPS ‘b000 001 ‘b010 001 RA1 RC1
CK2 CK2PPS ‘b000 000 ‘b010 000 RAO RCO
ADC_ﬁgggrs'on ADACTPPS "p000 101 'b010 010 RA5 RC2
Note:

1. Bidirectional pin. The corresponding output must select the same pin.

18.3

PPS Outputs

Each digital peripheral has a dedicated Pin Rxy Output Source Selection (RxyPPS) 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. The I2C module is an example of such a peripheral.
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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 the output codes for each peripheral, as well as the available Port selections.

Table 18-2. PPS Output Selection Table

RxyPPS Output Source

0x23 ADGRDB
0x22 ADGRDA
0x21 CLKR

0x20 NCO1

0x1F TMRO

0x1E SDA2/SDO2(M
0x1D ScL2/sck2(t
0x1C SDA1/SDO1(1
0x1B SCL1/scK1(
0x1A C2_0uT
0x19 C1_0OuT
0x18 DT2

0x17 Reserved
0x16 TX2/CK2
0x15 DT1

0x14 Reserved
0x13 TX1/CK1
0x12 Reserved
0x11 Reserved
0x10 Reserved
0xO0F Reserved
0x0E PWM2S1P2_OUT
0x0D PWM2S1P1_OUT
0x0C PWM1S1P2_OUT
0x0B PWM1S1P1_OUT
0x0A CCP2

0x09 CCP1

0x08 CWG1D
0x07 CWG1C
0x06 CWG1B
0x05 CWG1A
0x04 CLC4_OuT
0x03 CLC3_OuT
0x02 CLC2_OuT
0x01 CLC1_OuT
0x00 LATxy

Note:
1. Bidirectional pin. The corresponding input must select the same pin.
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18.4 Bidirectional Pins

PPS selections for peripherals with bidirectional signals on a single pin must be made so that the PPS input and PPS
output select the same pin. The 12C Serial Clock (SCL) and Serial Data (SDA) are examples of such pins.

Important: The |2C default pins and a limited number of other alternate pins are 12C and SMBus
compatible. SDA and SCL signals can be routed to any pin; however, pins without 12C compatibility will
operate at standard TTL/ST logic levels as selected by the port’s INLVL register.

18.5 PPS Lock

The PPS module provides an extra layer of protection to prevent inadvertent changes to the PPS selection registers.
The PPSLOCKED bit is used in combination with specific code execution blocks to lock/unlock the PPS selection
registers.

Important: The PPSLOCKED bit is clear by default (PPSLOCKED = 0), which allows the PPS selection
registers to be modified without an unlock sequence.

PPS selection registers are locked when the PPSLOCKED bit is set (PPSLOCKED = 1). Setting the PPSLOCKED bit
requires a specific lock sequence as shown in the examples below in both C and assembly languages.

PPS selection registers are unlocked when the PPSLOCKED bit is clear (PPSLOCKED = 0). Clearing the
PPSLOCKED bit requires a specific unlock sequence as shown in the examples below in both C and assembly
languages.

Important: All interrupts must be disabled before starting the lock/unlock sequence to ensure proper
execution.

Example 18-1. PPS Lock Sequence (assembly language)

; suspend interrupts
BCF INTCONO,GIE
BANKSEL PPSLOCK
; required sequence, next 5 instructions
MOVLW 0x55
MOVWF PPSLOCK
MOVLW OxAA
MOVWF PPSLOCK
; Set PPSLOCKED bit

BSF PPSLOCK , PPSLOCKED
; restore interrupts
BSF INTCONO,GIE

Example 18-2. PPS Lock Sequence (C language)

INTCONObits.GIE = 0 //Suspend interrupts
PPSLOCK = 0x55 //Required sequence
PPSLOCK = OxAA //Required sequence
PPSLOCKbits. PPSLOCKED = 1 //Set PPSLOCKED bit
INTCONObits.GIE = 1 //Restore interrupts
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Example 18-3. PPS Unlock Sequence (assembly language)

; suspend interrupts
BCF INTCONO,GIE
BANKSEL PPSLOCK
; required sequence, next 5 instructions
MOVLW 0x55
MOVWF PPSLOCK
MOVLW OxAA
MOVWF PPSLOCK
; Clear PPSLOCKED bit

BCF PPSLOCK, PPSLOCKED
; restore interrupts
BSF INTCONO,GIE

Example 18-4. PPS Unlock Sequence (C language)

INTCONObits.GIE = 0 //Suspend interrupts
PPSLOCK = 0x55 //Required sequence
PPSLOCK = OxAA //Required sequence
PPSLOCKbits.PPSLOCKED = 0 //Clear PPSLOCKED bit
INTCONObits.GIE = 1 //Restore interrupts

PPS One-Way Lock
The PPS1WAY Configuration bit can also be used to prevent inadvertent modification to the PPS selection registers.

When the PPST1WAY bit is set (PPSTWAY = 1), the PPSLOCKED bit can only be set one time after a device Reset.
Once the PPSLOCKED bit has been set, it cannot be cleared again unless a device Reset is executed.

When the PPS1WAY bit is clear (PPS1WAY = 0), the PPSLOCKED bit can be set or cleared as needed; however, the
PPS lock/unlock sequences must be executed.

Operation During Sleep

PPS input and output selections are unaffected by Sleep.

Effects of a Reset

A device Power-on Reset (POR) or Brown-out Reset (BOR) returns all PPS input selection registers to their default
values and clears all PPS output selection registers. All other Resets leave the selections unchanged. Default input
selections are shown in the PPS input register details table. The PPSLOCKED bit is cleared in all Reset conditions.

Register Definitions: Peripheral Pin Select (PPS)
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18.8.1 xxxPPS
Name: xxxPPS
Peripheral Input Selection Register
Bit 7 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 m m m m m m

Bits 5:3 — PORT[2:0] Peripheral Input PORT Selection(")
See the PPS Input Selection Table for the list of available Ports and default pin locations.
Reset States: POR = mmm
All other Resets = uuu
010 PORTC
001 PORTB
000 PORTA

Bits 2:0 — PIN[2:0] Peripheral Input PORT Pin Selection®
Reset States: POR = mmm
All other Resets = uuu

Value Description

111 Peripheral input is from PORTx Pin 7 (Rx7)

110 Peripheral input is from PORTx Pin 6 (Rx6)
101 Peripheral input is from PORTx Pin 5 (Rx5)
100 Peripheral input is from PORTXx Pin 4 (Rx4)
011 Peripheral input is from PORTx Pin 3 (Rx3)
010 Peripheral input is from PORTXx Pin 2 (Rx2)
001 Peripheral input is from PORTx Pin 1 (Rx1)
000 Peripheral input is from PORTXx Pin 0 (Rx0)
Notes:

1.  The Reset value ‘m’ is determined by device default locations for that input.
2. Refer to the “Pin Allocation Table” for details about available pins per port.
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18.8.2 RxyPPS
Name: RxyPPS

Pin Rxy Output Source Selection 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
See the PPS Output Selection Table for the list of RxyPPS Output Source codes
Reset States: POR = 000000

All other Resets = uuuuuu
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18.8.3 PPSLOCK
Name: PPSLOCK

PPS Lock Register

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

Bit 0 - PPSLOCKED PPS Locked
Reset States: POR =0
All other Resets =0

Value Description

1 PPS is locked. PPS selections cannot be changed. Writes to any PPS register are ignored.
0 PPS is not locked. PPS selections can be changed, but may require the PPS lock/unlock sequence.
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Register Summary - Peripheral Pin Select Module

I I = 2 I RN AN (N I I

0x00

0x1D8B
0x1D8C
0x1D8D
0x1D8E
Ox1D8F
0x1D90
0x1D91
0x1D92

0x1D97
0x1D98
0x1D99
O0x1D9A
0x1D9B
0x1D9C
0x1D9D
0x1D9E
0x1D9F
0x1DAO
Ox1DA1
0x1DA2
0x1DA3
0x1DA4

0x1EOB
0x1E0C
O0x1EOD
Ox1EQE
Ox1EOF
O0x1E10
Ox1E11
O0x1E12
O0x1E13

0x1E18
O0x1E19
Ox1E1A
0x1E1B

O0x1E1D
Ox1E1E
Ox1E1F
0x1E20

0x1E23
O0x1E24
0x1E25
0x1E26
Ox1E27
O0x1E28

0x1E38
0x1E39

Reserved

RAOPPS
RA1PPS
RA2PPS
Reserved
RA4PPS
RA5PPS

Reserved

RB4PPS
RB5PPS
RB6PPS
RB7PPS
RCOPPS
RC1PPS
RC2PPS
RC3PPS
RC4PPS
RC5PPS
RC6PPS
RC7PPS

Reserved

PPSLOCK
INTPPS
TOCKIPPS
T1CKIPPS
T1GPPS
T3CKIPPS
T3GPPS

Reserved

T2INPPS
T4INPPS

Reserved

CCP1PPS
CCP2PPS

Reserved
PWMINOPPS
PWMIN1PPS

PWM1ERSPPS
PWM2ERSPPS

Reserved

CWG1PPS

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([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[2:0]
PORT[2:0]
PORT[2:0]

PORT[2:0]

RAOPPSI[5:0]
RA1PPS[5:0]
RA2PPS[5:0]

RA4PPS[5:0]
RA5PPS[5:0]

RB4PPS[5:0]
RB5PPSI[5:0]
RB6PPS[5:0]
RB7PPS[5:0]
RCOPPS[5:0]
RC1PPS[5:0]
RC2PPS[5:0]
RC3PPS[5:0]
RC4PPS[5:0]
RC5PPS[5:0]
RC6PPS[5:0]
RC7PPS[5:0]

PPSLOCKED
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]

PIN[2:0]
PIN[2:0]

PIN[2:0]
PIN[2:0]

PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]

PIN[2:0]
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........... continued

et | Name JEeres] 7 e s e ]2 | | o

Ox1E3A

O0x1E3C
O0x1E3D
Ox1E3E
Ox1E3F
Ox1E40
Ox1E41
Ox1E42
Ox1E43
Ox1E44
0x1E45

0x1E46
Ox1E47
Ox1E48
Ox1E49
Ox1E4A
Ox1E4B
Ox1E4C
O0x1E4D

Ox1E4F
0x1E50

Reserved

CLCINOPPS
CLCIN1PPS
CLCIN2PPS
CLCIN3PPS
CK1PPS
RX1PPS
CK2PPS
RX2PPS

Reserved

SSP1CLKPPS
SSP1DATPPS
SSP1SSPPS
SSP2CLKPPS
SSP2DATPPS
SSP2SSPPS

Reserved

ADACTPPS

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[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[2:0]
PORT[2:0]
PORT[2:0]

PORT[2:0]

PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]

PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]
PIN[2:0]

PIN[2:0]
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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 32 bits can be used

» Configurable polynomial

* Any seed value up to 32 bits can be used

» Standard and reversed bit order available

* Augmented zeros can be added automatically or by the user

* Memory scanner for core-independent CRC calculations on any program memory locations

» Software configurable data registers for communication CRCs

Module Overview

The CRC module is coupled with a memory scanner that provides a means of performing CRC calculations in
hardware, without CPU intervention. The memory scanner can automatically provide data from program Flash
memory to the CRC module. The CRC module can also be operated by directly writing data to SFRs, without using a
scanner.

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. The CRC module can accept up to a 32-bit polynomial with up to a 32-bit seed value.

A CRC calculated check value (or checksum) will then be generated into the CRCOUT registers for user storage.
The CRC module uses an XOR shift register implementation to perform the polynomial division required for the
CRC calculation. This feature is useful for calculating CRC values of data being transmitted or received using
communications peripherals such as the SPI, UART or I2C.

Polynomial Implementation

The CRC polynomial equation is user configurable, allowing any polynomial equation to be used for the CRC
checksum calculation. 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. This allows the accumulator to be any
size up to 32 bits with a corresponding polynomial up to 33 bits. The MSb and LSb of the polynomial are always ‘1’
which is forced by hardware. Therefore, the LSb of the CRCXOR Low Byte register is hardwired high and always
reads as ‘1’.

All polynomial bits between the MSb and LSb are specified by the CRCXOR registers.

For example, when using the standard CRC32, the polynomial is defined as 0x4C11DB7

(x32 420 4+ x23 4 22 4 516 4 412 4 11 4 310 4 58 4 T h xS bt b x b x 4 1). In this polynomial, the X32 and
X0 terms are the MSb and LSb controlled by hardware. The X3! and X' terms are specified by setting the
CRCXOR[31:0] bits with the corresponding polynomial value, which in this example is 0x04C11DB6. Reading the

CRCXOR registers will return 0x04C11DB7 because the LSb is always ‘1’. Refer to the following example for more
details.

Example 19-1. CRC32 Example

Standard CRC32 Polynomial (33 bits):

(32 4+ 620 4223 4+ 222 4 510 4 212 4 5 4510 4 a8 a7 1 xS 4t 4 X2 4 x + 1)
Standard 32-bit Polynomial Representation: 0x04C11DB7

CRCXORT = 0x04 0p00000100

CRCXORU

0xC1l

011000001
CRCXORH = 0x1D = 0b00011101
0b1011011- (M

CRCXORL 0xB7
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Data Sequence: 0x55, 0x66, 0x77, 0x88

DLEN = 0b00111 // Number of bits written to CRCDATA registers (Data
Length)

PLEN = Obl1111 // MSb position of the polynomial (Polynomial Length)
Data Passed into the CRC:

// SHIFTM = 0(Shift Mode: MSb first)

0x55 0x66 0x77 0x88 = 01010101 01100110 01110111 10001000

// SHIFTM = 1(Shift Mode: LSb first)
0x55 0x66 0x77 0x88 = 10101010 01100110 11101110 00010001

CRC Check Value (AccM = 1, data is augmented with zeros)

// When SHIFTM = 0, CRC Result 0xC60D8323

CRCOUTT = 0xC6 = 0b11000110
CRCOUTU = 0x0D = 0b00001101
CRCOUTH = 0x83 = 0b10000011
CRCOUTL = 0x23 = 0b00100011
// When SHIFTM = 1, CRC Result = 0x843529CC
CRCOUTT = 0x84 = 0b10000100
CRCOUTU = 0x35 = 0b00110101
CRCOUTH = 0x29 = 0b00101001
CRCOUTL = 0xCC = 0b11001100

Note:
1. Bit 0 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’.

Data Sources

Data is supplied to the CRC module using the CRCDATA registers and can either be loaded manually or
automatically by using the scanner module. The length of the data word being supplied to the CRC module is
specified by the DLEN bits and can be configured for data words up to 32 bits in length. The DLEN field indicates
how many bits in the CRCDATA registers are valid and any bits outside of the specified data word size will be
ignored. Data is moved into the CRCSHIFT registers as an intermediate to calculate the check value located in the
CRCOUT registers. The SHIFTM bit is used to determine the bit order of the data being shifted into the accumulator
and the bit order of the result.
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Figure 19-1. CRC Process

MSb first (SHIFTM = 0)

MSb LSb MSb LSb
| |<—| CRC Feedback |<—| Input Data
Accumulator
After n sums

Industry standard LSb first
MSb LSb MSb LSb

Input Data |—>| CRC Feedback |—>| |

Accumulator
After n sums

LSb first (SHIFTM = 1)
LSb MSb

| |<—| CRC Feedback |<—

Accumulator MSb LSb

After n sums
(bit reversed) Input Data

When the SHIFTM bit is not set, data will be shifted into the CRC, MSb first and the result will be big-endian. When
the SHIFTM bit is set, data will be shifted into the accumulator in the reversed order (LSb first) and the result will be
little-endian. The CRC module can be seeded with an initial value by setting the CRCOUT registers to the appropriate
value before beginning the CRC process.

CRC from User Data

Data can be supplied to the CRC module by writing to the CRCDATA registers. Once data has been loaded into the
CRCDATA registers, it will then be latched onto the CRC Shift (CRCSHIFT) registers. If data is still being shifted from
an earlier write to the CRCDATA registers and the user attempts to write more data, the most recently written data will
be held in the CRCDATA registers until the previous shift has completed.

CRC from Flash

Data can also be supplied to the CRC module using the memory scanner, as opposed to writing the data manually
using the CRCDATA registers, allowing users to automate CRC calculations. An automated scan of Program Flash
Memory or Data EEPROM can be performed by configuring the scanner accordingly to copy data into the CRCDATA
registers. The user can initialize the program memory scanner as defined in the “Scanner Module Overview” and
“Configuring the Scanner” sections.

CRC Check Value

The CRC check value can be accessed using the CRCOUT registers after a CRC calculation has completed. The
check value is dependent on the configuration of the ACCM and SHIFTM mode settings. When the ACCM bit is set,
the CRC module will augment 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 and no additional zeroes will
be augmented to the final value. The user can manually augment a number of additional zeroes equal to the length
of the polynomial by entering them into the CRCDATA register, which will yield the same check value as Augmented
mode. Alternatively, the expected check value can be entered at this point to make the final result equal zero.

When the CRC check value is computed with the SHIFTM (LSb first) and ACCM bits set, the final value in the
CRCOUT registers will be reversed such that the LSb will be in the MSb position and vice versa (Figure 19-1).

When creating a check value to be appended to a data stream, then a reversal must be performed on the final value
to achieve the correct checksum. The CRC can be used to do this reversal by following the steps below.
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1 Save CRCOUT value in user RAM space.

2. Clear the CRCOUT registers.

3. Clear the CRCXOR registers.

4. Write the saved CRCOUT value to the CRCDATA input.

If the steps listed above were followed completely, the properly orientated check value will be in the CRCOUT
registers as the result.

CRC Interrupt

The CRC module will generate an interrupt when the BUSY bit transitions from ‘1’ to ‘0’. The CRC Interrupt Flag
(CRCIF) bit of the corresponding PIR register will be set every time the BUSY bit transitions, regardless of whether or
not the CRC Interrupt Enable (CRCIE) has been set. The CRCIF bit must be cleared by software by the user. If the
user has the CRCIE bit set, then the CPU will jump to the Interrupt Service Routine (ISR) every time that the CRCIF
bit is set.

Configuring the CRC Module

The following steps illustrate how to properly configure the CRC:

1. Determine if the automatic program memory scan will be used with the scanner or manual calculation through
the SFR interface and perform the actions specified in the CRC Data Sources section.

a. To configure the scanner module to be used with CRC, refer to the “Configuring the Scanner” section
for more information.

2. When applicable, seed a starting CRC value into the CRCOUT registers.
Program the CRCXOR registers with the desired generator polynomial.

Program the DLEN bits with the length of the data word (refer to Figure 19-1). This value determines how
many times the shifter will shift into the accumulator for each data word.

Program the PLEN bits with the length of the polynomial (refer to Figure 19-1).

Determine whether shifting in trailing zeroes is desired and set the ACCM bit accordingly.

Determine whether the MSb or LSb first shifting is desired, and write the SHIFTM bit accordingly.

Set the GO bit to begin the shifting process.

If manual SFR entry is used, monitor the FULL bit.

a. When FULL = 0, another word of data can be written to the CRCDATA registers. It is important to note

that the Most Significant Byte (CRCDATAH) must be written first if the data has more than eight bits, as
the shifter will begin upon the CRCDATAL register being written.

b. If the scanner is used, the scanner will automatically load words into the CRCDATA registers as needed,
as long as the GO bit is set.
10. If using the Flash memory scanner, monitor the SCANIF bit of the corresponding PIR register to determine
when the scanner has finished pushing data into the CRCDATA registers.
a. After the scan is completed, monitor the SGO bit to determine that the CRC has been completed and the
check value can be read from the CRCOUT registers.
b.  When both the interrupt flags are set (or both BUSY and SGO bits are cleared), the completed CRC
calculation can be read from the CRCOUT registers.
11. If manual entry is used, monitor the BUSY bit to determine when the CRCOUT registers hold the valid check
value.

o

© ® NGO

Register Overlay

The CRCOUT, CRCSHIFT and CRCXOR registers are grouped together and share SFR space. Since these register
groups are located within the same addresses, the SETUP bits must be configured accordingly, to access any of
these registers. Refer to the CRCCONZ2 register for more information about how the SETUP bits can be configured to
access each of the available CRC registers.
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Scanner Module Overview

The scanner allows segments of the Program Flash Memory or Data EEPROM to be read out (scanned) to the
CRC peripheral. The scanner module interacts with the CRC module and supplies it data, one word at a time. Data
is fetched from the address range defined by SCANLADR registers up to the SCANHADR registers. The scanner
begins operation when the SGO bit is set and ends when either SGO is cleared by the user or when SCANLADR
increments past SCANHADR. The SGO bit is also cleared when the EN bit in the CRCCONQO register is cleared.

Important: When using the scanner module in conjunction with the CRC module, the CRCEN and
CRCGO bits must be set before setting the SGO bit.

Scanning Modes
The interaction of the scanner with system operation is determined by the Scanner Memory Access Mode Select
(MD) bits. The MD bits also determine the operation of the scanner.
The following modes are determined by the MD bits:
» Concurrent mode
* Burst mode
* Peek mode
» Triggered mode

Concurrent Mode

In Concurrent mode, the scanner will access memory on the instruction cycle following the instruction that sets SGO.
During memory access, the CPU is stalled. Once the memory location has been accessed, the CPU resumes normal
operation until the scanner is ready to access the next location.

Burst Mode
Burst mode provides the highest scan throughput of all modes. CPU operation is stalled on the instruction following

the instruction that sets SGO, and remains stalled until the last NVM location has been transferred. Once hardware
clears SGO, the CPU resumes normal operation.

Important: In Burst mode, software cannot clear SGO while the scan is in progress since the CPU
cannot execute instructions while stalled.

Peek Mode

Peek mode provides the least impact on CPU operation. In Peek mode, the scanner waits until the CPU does not
need to access the NVM and ‘steals’ the instruction cycle to perform a scan. Program branching (GOTO, BRA, BRW),
subroutine entry (CALL, CALLW), or returns from interrupts or subroutines (RETURN, RETFIE, RETLW) operations take
two instruction cycles but do not access NVM, so the scanner may use one of those instruction cycles for scanning
operations.

While Peek mode may have the least impact on CPU operation, the time required to complete the scan will vary
depending on which instructions the CPU is executing.

Triggered Mode

Triggered mode uses a clock or timer source to set a minimum time interval between successive data transfers. The
trigger source is selected through the Scanner Data Trigger Input Selection (TSEL) bits. Triggered mode operation is
the same as in Concurrent mode, except that the scanner will wait until it detects a rising-edge trigger event before

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 209
and its subsidiaries



19.9

19.10

19.10.1

PIC16F18114/15/24/25/44/45
CRC - Cyclic Redundancy Check Module with Memory S...

performing a scan operation. The CPU operations are stalled while the scan is in progress and resume immediately
after the scan completes. If the Scanner Busy Indicator (BUSY) bit is set and a trigger event occurs, the event will be
ignored.

Note: The trigger source must be active for scanner operation to complete.

Configuring the Scanner

The scanner module may be used in conjunction with the CRC module to perform a CRC calculation over a range
of program memory or Data EEPROM addresses. To set up the scanner to work with the CRC, perform the following
steps:
1. Set up the CRC module (see the “Configuring the CRC Module” section) and enable the scanner module by
setting the EN bit in the SCANCONO register.
2. Choose the scanning mode by configuring the MD bits.
If Trigger mode is selected for scanner operation, select the trigger source using the TSEL bits.
4. Setthe SCANLADR and SCANHADR registers with the beginning and ending locations in memory that are to
be scanned.

5. Both EN and GO bits in the CRCCONO register must be enabled to use the scanner. Setting the SGO bit will
start the scanner operation.

w

Scanner Interrupts
Scanner hardware will generate an interrupt when any of the following events occur:
* The last memory location (as determined by the SCANHADR registers) has been read and the data loaded into
the CRCDATA registers
» The SCANLADR register pair points to an invalid address location
+ The CRCGO and/or CRCEN bits are cleared

When the last memory location has been scanned and the data has been entered into the CRCDATA registers,
scanner hardware clears SGO and sets the Scanner Interrupt Flag (SCANIF) bit in the PIR registers.

If the SCANLADR registers point to an invalid address location, or the CRCGO and/or CRCEN bits are cleared,
scanner hardware clears SGO, sets SCANIF, and sets the Scan Abort Signal (DABORT) bit.

The SCANIF bit can only be cleared by software. If the Scanner Interrupt Enable (SCANIE) bit is set and hardware
sets SCANIF, an interrupt event will occur.

Operation During Interrupts
The Scanner Interrupt Management Mode Select (INTM) bit determines scanner priority during an interrupt event.

When INTM = 0 and the MD bits select Burst mode, scanner operation is given higher priority than the interrupt
response. This allows the scanner to delay the interrupt response until the scan operation is complete, but at the
expense of increased interrupt response time.

When INTM = 0 and the MD bits select Concurrent or Triggered modes, the scanner accesses memory during the
interrupt response. Scanner hardware will stall the CPU while the scan operation is in progress. Once the scan is
complete, CPU operation resumes, allowing the interrupt response to resume. Interrupt response time is increased
by one instruction cycle each time the scanner accesses memory during the interrupt response.

When INTM = 1, the interrupt response is given higher priority than the scanner operation. Scanner operation is
delayed until the interrupt response is complete. This allows interrupts to be serviced immediately, but decreases
scanner throughput time.

The INTM bit has no effect on scanner or interrupt priority in Peek mode.
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WWDT Interaction

The Windowed Watch Dog Timer (WWDT) operates in the background during scanner activity. 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 must be considered when performing memory scans with an application that also utilizes WWDT.

Operation During Sleep

If a SLEEP instruction is executed during operation, the module will be suspended in its current state until the device
wakes from Sleep.

Peripheral Module Disable

Both the CRC and scanner module can be disabled individually by setting the CRCMD and SCANMD bits of one of
the PMD registers (see the “Peripheral Module Disable” chapter for more details). The SCANMD bit can be used to
enable or disable the scanner module only if the SCANE Configuration bit is set. If the SCANE bit is cleared, then the
scanner module is not available for use and the SCANMD bit is ignored.

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 in the
“Register and Bit Naming Conventions” chapter for more information.

Table 19-1. CRC Long Bit Name Prefixes

Peripheral Bit Name Prefix

CRC CRC
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19.14.1 CRCCONO

Name: CRCCONO
Offset: 0x1CA2

CRC Control Register 0

Bit 7 6 5 4 3 2 1 0

| EN | GO | BUSY ACCM SETUP[1:0] SHIFTM FULL
Access R/W R/W R R/W R/W R/W R
Reset 0 0 0 0 0 0 0

Bit 7 — EN CRC Enable

Value Description
1 CRC module is released from Reset
0 CRC is disabled and consumes no operating current

Bit 6 —- GO CRC Start

Value Description
1 Start CRC serial shifter
0 CRC serial shifter turned off

Bit 5 — BUSY CRC Busy

Value 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

Value Description

1 Data is augmented with zeros

0 Data is not augmented with zeros

Bits 4:3 — SETUP[1:0]
Register Overlay Setup

11 CRC Register Overlay Selection; Read / Write access to CRCOUT
10 CRC Register Overlay Selection; Read / Write access to CRCXOR
01 CRC Register Overlay Selection; Read / Write access to CRCSHIFT
00 CRC Register Overlay Selection; Read / Write access to CRCOUT

Bit 1 — SHIFTM Shift Mode

Value Description
1 Shift right (LSb first)
0 Shift left (MSDb first)

Bit 0 — FULL Data Path Full Indicator

Value Description
1 CRCDATAT/U/H/L registers are full
0 CRCDATAT/U/H/L registers have shifted their data into the shifter
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19.14.2 CRCCON1

Name: CRCCON1
Offset: 0x1CA3

CRC Control Register 1

Bit 7 6 5 4 3 2 1 0
| | | PLEN[4:0]
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bits 4:0 — PLEN[4:0] Polynomial Length
Denotes the length of the polynomial (n-1)
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19.14.3 CRCCON2

Name: CRCCON2
Offset: 0x1CA4

CRC Control Register 2

Bit 7 6 5 4 3 2 1 0
| | | DLEN[4:0]
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bits 4:0 — DLEN[4:0] Data Length
Denotes the length of the data word (n-1)
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19.14.4

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

CRCDATA
Name: CRCDATA
Offset: 0x1C9A

CRC Data Registers

31 30 29 28 27 26 25 24
| CRCDATAT[7:0]

R/W R/W R/W R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16

CRCDATAUI7:0]

R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8

CRCDATAHI[7:0]

R/W R/W R/W R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

CRCDATAL[7:0]

R/W R/W R/W R/W R/W R/W R/W R/W

0 0 0 0 0 0 0 0

Bits 31:24 — CRCDATAT[7:0] CRC Data Top Byte

Bits 23:16 — CRCDATAU[7:0] CRC Data Upper Byte

Bits 15:8 —- CRCDATAH[7:0] CRC Data High Byte

Bits 7:0 - CRCDATAL[7:0] CRC Data Low Byte
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19.14.5 CRCOUT
Name: CRCOUT
Offset: 0x1C9E
CRC Output Registers
Bit 31 30 29 28 27 26 25 24
| CRCOUTT(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 23 22 21 20 19 18 17 16
CRCOUTU[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 15 14 13 12 1" 10 9 8
CRCOUTHI7:0]
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
CRCOUTL[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 31:24 — CRCOUTT[7:0] CRC Output Register Top Byte
Writing to this register writes the Most Significant Byte of the CRC output register. Reading from this register reads
the Most Significant Byte of the CRC output.

Bits 23:16 — CRCOUTU[7:0] CRC Output Register Upper Byte

Bits 15:8 - CRCOUTH[7:0] CRC Output Register High Byte

Bits 7:0 - CRCOUTL[7:0] CRC Output Register Low Byte
Writing to this register writes the Least Significant Byte of the CRC output register. Reading from this register reads
the Least Significant Byte of the CRC output.
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19.14.6 CRCSHIFT

Name: CRCSHIFT
Offset: 0x1C9E

CRC Shift Registers

Bit 31 30 29 28 27 26 25 24
| CRCSHIFTT[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
CRCSHIFTU[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
CRCSHIFTHI[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CRCSHIFTL[7:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — CRCSHIFTT[7:0] CRC Shift Register Top Byte
Reading from this register reads the Most Significant Byte of the CRC Shifter.

Bits 23:16 — CRCSHIFTU[7:0] CRC Shift Register Upper Byte
Bits 15:8 — CRCSHIFTH[7:0] CRC Shift Register High Byte

Bits 7:0 —- CRCSHIFTL[7:0] CRC Shift Register Low Byte
Reading from this register reads the Least Significant Byte of the CRC Shifter.
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19.14.7 CRCXOR

Name: CRCXOR
Offset: 0x1C9E

CRC XOR Registers

Bit 31 30 29 28 27 26 25 24
| CRCXORT(7:0]
Access RIW RIW RW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
CRCXORU[7:0]
Access R/W RIW R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
CRCXORH[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CRCXORL[7:0]
Access R/W RIW R/W RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:24 — CRCXORT[7:0] XOR of Polynomial Term XN Enable Top Byte
Bits 23:16 — CRCXORU[7:0] XOR of Polynomial Term XN Enable Upper Byte
Bits 15:8 — CRCXORH[7:0] XOR of Polynomial Term XN Enable High Byte

Bits 7:0 - CRCXORL[7:0] XOR of Polynomial Term XN Enable Low Byte

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 218
and its subsidiaries



PIC16F18114/15/24/25/44/45
CRC - Cyclic Redundancy Check Module with Memory S...

19.14.8 SCANCONO

Name: SCANCONO
Offset: 0x1C98

Scanner Access Control Register 0

Bit 7 6 5 4 3 2 1 0
| EN | seco | Busy DABORT INTM MD[1:0]
Access R/W R/W/HC R R R R/W R/W
Reset 0 0 0 1 0 0 0

Bit 7—EN Scanner Enable()

Value Description
1 Scanner is enabled
0 Scanner is disabled

Bit 6 — SGO Scanner GO(23)

Value Description
1 Begin scanner operations
0 Scanner operations will not occur

Bit 5 — BUSY Scanner Busy Indicator

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

Bit 4 - DABORT Scanner Abort Signal

1 SCANLADR points to an invalid NVM address, or the CRC is disabled
0 SCANLADR points to a valid NVM address and the CRC is enabled
Bit 3 — INTM Scanner Interrupt Management Mode Select
Value Name Description
1 MD =00’,’01’, or ‘11’ | Scan operations are paused during the interrupt response and resume after
the interrupt has been serviced
0 MD =00 or ‘11’ Interrupt operations are stalled each time the scanner accesses memory and
resume between scan operations
0 MD =‘01’ Interrupt operations are stalled until SGO is cleared by hardware
X MD = ‘10’ This bit is ignored

Bits 1:0 — MD[1:0] Scanner Memory Access Mode Select®

11 Trigger Mode

10 Peek Mode

01 Burst Mode

00 Concurrent Mode
Notes

1. Setting EN = 0 does not affect any other register content.

2. This bit can be cleared in software. It is cleared in hardware when LADR > HADR (and a data cycle is not
occurring) or when CRCGO = 0.

3. CRCEN and CRCGO bits must be set before setting the SGO bit.
Trigger Mode source selection can be set using the SCANTRIG register.

&
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19.14.9 SCANLADR

Name: SCANLADR
Offset: 0x1C92

Scan Low Address Registers

Bit 15 14 13 12 11 10 9 8
| SCANLADRH[7:0]
Access R/W R/W R/W R/W RIW R/W RIW 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 R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

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 SCANLADRHY/L form a 16-bit value, but are not guarded for atomic or asynchronous access;
registers may only be read or written while SGO = 0.

2. While SGO = 1, writing to this register is ignored.
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19.14.10 SCANHADR

Name: SCANHADR
Offset: 0x1C95

Scan High Address Registers

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

Reset 1 1 1 1 1 1 1 1

Bits 15:8 — SCANHADRH[7:0] Scan End Address
High byte of the address at the end of the designated scan.

Bits 7:0 - SCANHADRL[7:0] Scan End Address
Low byte of the address at the end of the designated scan.

Notes:

1.  Registers SCANHADRH/L form a 16-bit value, but are not guarded for atomic or asynchronous access;
registers may only be read or written while SGO = 0.

2. While SGO = 1, writing to this register is ignored.
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19.14.11 SCANTRIG

Name: SCANTRIG
Offset: 0x1C99

SCAN Trigger Selection Register

Bit 7 6 5 4 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
Table 19-2. Scanner Data Trigger Input Sources(")

TSEL Value Trigger Input Sources

1111-1100 Reserved
1011 CLC4_ouT
1010 CLC3_OuUT
1001 CLC2_OuT
1000 CLC1_OuT
0111 Reserved
0110 TMR4_Postscaled_OUT
0101 TMR3_overflow
0100 TMR2_Postscaled_OUT
0011 TMR1_overflow
0010 TMRO_overflow
0001 CLKR_OUT
0000 LFINTOSC

Note:
1. The number of implemented bits varies by device.
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19.15 Register Summary - CRC

I I = 2 I RN AN (N I I

0x00
Reserved
0x1C91
7.0 SCANLADRL[7:0]
0x1C92 = SCANLADR
15:8 SCANLADRH[7:0]
0x1C9%4 Reserved
oxicos | SCANHADR 7.0 SCANHADRL[7:0]
15:8 SCANHADRH[7:0]
0x1C97 Reserved
0x1C98 = SCANCONO 7:0 EN SGO BUSY DABORT INTM MD[1:0]
0x1C99 SCANTRIG 7:0 TSEL[3:0]
7.0 CRCDATAL[7:0]
15:8 CRCDATAH[7:0]
Ox1CoA CRCDATA 23:16 CRCDATAU[7:0]
31:24 CRCDATAT[7:0]
7.0 CRCOUTL[7:0]
15:8 CRCOUTH[7:0]
Ox1CoE CReoOUT 23:16 CRCOUTU[7:0]
31:24 CRCOUTT[7:0]
7.0 CRCSHIFTL[7:0]
15:8 CRCSHIFTH[7:0]
Ox1CoE CRCSHIFT 23:16 CRCSHIFTU[T:0]
31:24 CRCSHIFTT[7:0]
7.0 CRCXORLI[7:0]
15:8 CRCXORH([7:0]
Ox1CoE CRCXOR 23:16 CRCXORUI[7:0]
31:24 CRCXORT[7:0]
0x1CA2 CRCCONO 7.0 EN GO BUSY ACCM SETUP[1:0] SHIFTM FULL
0x1CA3 CRCCON1 7.0 PLEN[4:0]
0x1CA4 CRCCON2 7:0 DLEN[4:0]
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20. PMD - Peripheral Module Disable

20.1 Overview

This module provides the ability to selectively enable or disable a peripheral. Disabling a peripheral places it in
its lowest possible Power state. The user can selectively disable unused modules to reduce the overall power
consumption.

Important: All modules are ON by default following any system Reset.

20.2 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:
* The module is held in Reset and does not function.
» All the SFRs pertaining to that peripheral become “unimplemented”
— Writing is disabled
— Reading returns 0x00
* Module outputs are disabled

20.3 Enabling a Module

Clearing the corresponding module disable bit in the PMDx register, re-enables the module and the SFRs will reflect
the Power-on Reset values.

Important: There will be no reads/writes to the module SFRs for at least two instruction cycles after it has
been re-enabled.

20.4 Register Definitions: Peripheral Module Disable
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20.4.1 PMDO
Name: PMDO
Offset: 0x010C

PMD Control Register 0

Bit 7 6 5 4 3 2 1 0
| TMROMD | CLKRMD | IOCMD ACTMD SYSCMD SCANMD CRCMD NVMMD
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 7 — TMROMD Disable TMRO

Value Description
1 TMRO module disabled
0 TMRO module enabled

Bit 6 — CLKRMD Disable Clock Reference

Value Description
1 Clock reference module disabled
0 Clock reference module enabled

Bit 5 — IOCMD Disable Interrupt-on-Change

Value Description
1 Interrupt-on-change module is disabled
0 Interrupt-on-change module is enabled

Bit 4 — ACTMD Disable Active Clock Tuning

Value Description
1 ACT module disabled
0 ACT module enabled

Bit 3 - SYSCMD Disable Peripheral System Clock Network(?

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

Bit 2 — SCANMD Disable NVM Memory Scanner

Value Description
1 NVM memory scanner module disabled
0 NVM memory scanner module enabled

Bit 1 — CRCMD Disable CRC Module

Value Description
1 CRC module disabled
0 CRC module enabled

Bit 0 — NVMMD Disable NVM access

Value Description

1 All memory reading and writing is disabled; NVMCON registers cannot be written
0 All memory reading and writing is enabled
Note:

1. Clearing the SYSCMD bit disables the system clock (Fosc) to peripherals, however peripherals clocked by
Fosc/4 are not affected.
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20.4.2 PMD1
Name: PMD1
Offset: 0x010D

PMD Control Register 1

Bit 7 6 5 4 3 2 1 0
| PWM1MD | CCP2MD | CCP1MD TMR4MD TMR2MD TMR3MD TMR1MD
Access R/wW R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bit 7—- PWM1MD Disable PWM1 Module

Value Description
1 PWM1 module disabled
0 PWM1 module enabled

Bit 6 — CCP2MD Disable CCP2 Module

Value Description
1 CCP2 module disabled
0 CCP2 module enabled

Bit 5—- CCP1MD Disable CCP1 Module

Value Description
1 CCP1 module disabled
0 CCP1 module enabled

Bit 3 - TMR4MD Disable Timer TMR4

Value Description
1 TMR4 module disabled
0 TMR4 module enabled

Bit 2 - TMR2MD Disable Timer TMR2

Value Description
1 TMR2 module disabled
0 TMR2 module enabled

Bit 1 - TMR3MD Disable Timer TMR3

Value Description
1 TMR3 module disabled
0 TMR3 module enabled

Bit 0 - TMR1MD Disable Timer TMR1

Value Description
1 TMR1 module disabled
0 TMR1 module enabled
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20.4.3 PMD2
Name: PMD2
Offset: 0x010E

PMD Control Register 2

Bit 7 6 5 4 3 2 1 0
| cLcamb | cLcamD | CLCIMD CWG1MD NCO1MD PWM2MD
Access RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0

Bit 7 — CLC3MD Disable CLC3

Value Description
1 CLC3 disabled
0 CLC3 enabled

Bit 6 — CLC2MD Disable CLC2

Value Description
1 CLC2 disabled
0 CLC2 enabled

Bit 5— CLC1MD Disable CLC1

Value Description
1 CLC1 disabled
0 CLC1 enabled

Bit 4 - CWG1MD Disable CWG1

Value Description
1 CWGH1 disabled
0 CWGH1 enabled

Bit 3 - NCO1MD Disable NCO1

Value Description
1 NCO1 disabled
0 NCO1 enabled

Bit 0 - PWM2MD Disable PWM2

Value Description
1 PWM2 disabled
0 PWM2 enabled
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20.4.4 PMD3
Name: PMD3
Offset: 0x010F

PMD Control Register 3

Bit 7 6 5 4 3 2 1 0
| CM2MD | CM1MD | FVRMD MSSP2MD MSSP1MD UART2MD UART1MD CLC4MD
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 - CM2MD Disable Comparator 2

Value Description
1 CM2 module disabled
0 CM2 module enabled

Bit 6 — CM1MD Disable Comparator 1

Value Description
1 CM1 module disabled
0 CM1 module enabled

Bit 5 - FVRMD Disable Fixed Voltage Reference Module

Value Description
1 FVR module disabled
0 FVR module enabled

Bit 4 —- MSSP2MD Disable MSSP2 Module

Value Description
1 MSSP2 module disabled
0 MSSP2 module enabled

Bit 3 - MSSP1MD Disable MSSP1 Module

Value Description
1 MSSP1 module disabled
0 MSSP1 module enabled

Bit 2 - UART2MD Disable UART2 Module

Value Description
1 UART2 module disabled
0 UART2 module enabled

Bit 1 - UART1MD Disable UART1 Module

Value Description
1 UART1 module disabled
0 UART1 module enabled

Bit 0 — CLC4MD Disable CLC4

Value Description
1 CLC4 disabled
0 CLC4 enabled
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PMD4
Name: PMD4
Offset: 0x0110

PMD Control Register 4

7 6 5 4 3 2 1 0
| | | ZCDMD DAC2MD DAC1MD ADCMD
RIW RIW RIW RIW
0 0 0 0

Bit 4 — ZCDMD Disable Zero Cross Detect(!)

Value Description

1 ZCD module disabled
0 ZCD module enabled

Bit 2 - DAC2MD Disable Digital-to-Analog Converter 2

Value Description

1 DAC2 module disabled
0 DAC2 module enabled

Bit 1 - DAC1MD Disable Digital-to-Analog Converter 1

Value Description

1 DAC1 module disabled
0 DAC1 module enabled

Bit 0 — ADCMD Disable Analog-to-Digital Converter

Value Description

1 ADC module disabled
0 ADC module enabled
Note:

1. Subject to the value of ZCD Configuration bit.
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Register Summary - PMD

I I = 2 I RN AN (N I I

0x00

0x010B
0x010C
0x010D
0x010E
0x010F
0x0110

Reserved

PMDO
PMD1
PMD2
PMD3
PMD4

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

TMROMD

PWM1MD
CLC3MD
CM2MD

CLKRMD

CCP2MD
CLC2MD
CM1MD

I0CMD ACTMD SYSCMD
CCP1MD TMR4MD
CLC1MD CWG1MD NCO1MD
FVRMD MSSP2MD | MSSP1MD

ZCDMD

SCANMD
TMR2MD

UART2MD
DAC2MD

CRCMD NVMMD
TMR3MD TMR1MD
PWM2MD
UART1MD CLC4MD
DAC1MD ADCMD
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21. CLKREF - Reference Clock Output Module

The reference clock output module provides the ability to send a clock signal to the clock reference output pin
(CLKR). The reference clock output can be routed internally as an input signal for other peripherals, such as the
timers and CLCs.

The reference clock output module has the following features:

» Selectable clock source using the CLKRCLK register
* Programmable clock divider
» Selectable duty cycle

The figure below shows the simplified block diagram of the clock reference module.

Figure 21-1. Clock Reference Block Diagram

Rev. 10-0002618
112312019

DIV
: EN > Counter Reset Q\
) s M2 111
See T |64 | DC RxyPPS
CLKRCLK . 2 110
Register < P2 101
. S |16 CLKR
. or.1 —{Duty Cycl PPS
* @ uty Cycle
o8 11
(0]
8 o010
¥ | 2
Xl2 o01 To Peripherals
CLK — eN | ‘ 0o

Figure 21-2. Clock Reference Timing

Rev. 10-0002648
11232019

PP P2
CLKRCLK
EN J}
CLKR Output
s IR N s I S
Duty Cycle
(50%)
CLKR Output ~CLKRCLK/2
S N Ny E N
Duty Cycle

(25%)

211 Clock Source

The clock source of the reference clock peripheral is selected with the CLK bits.
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Clock Synchronization

The CLKR output signal is ensured to be glitch-free when the EN bit 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.

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 clock frequency value

» Base clock frequency divided by 2

» Base clock frequency divided by 4

» Base clock frequency divided by 8

» Base clock frequency divided by 16
» Base clock frequency divided by 32
» Base clock frequency divided by 64
» Base clock frequency divided by 128

Selectable Duty Cycle

The DC bits 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 0b000. When DIV = 0b000, the duty cycle defaults to 50% for
all values of DC except 0b00, 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%.

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 will be changed only when the EN bit is clear.

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).

Register Definitions: Reference Clock

Long bit name prefixes for the Reference Clock peripherals are shown in the following table. Refer to the “Long Bit
Names” section in the “Register and Bit Naming Conventions” chapter for more information.

Table 21-1. CLKREF Long Bit Name Prefixes

Peripheral Bit Name Prefix

CLKR CLKR
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21.51 CLKRCON
Name: CLKRCON
Offset: 0x0296
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

Value Description

1 Reference clock module enabled
0 Reference clock module is disabled

Bits 4:3 — DC[1:0] Reference Clock Duty Cycle(")

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

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 DIV = 001. For DIV = 000, duty cycle is fixed at 50%.
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21.5.2

Bit

Access
Reset

CLKRCLK
Name: CLKRCLK
Offset: 0x0297

Clock Reference Clock Selection Register

7 6 5 4 3 2 1 0
| | | CLK[3:0]
RIW RIW RIW RIW
0 0 0 0

Bits 3:0 — CLK[3:0] CLKR Clock Selection
Table 21-2. Clock Reference Module Clock Sources

Clock Source

1111-1100

CLK

1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

Reserved
CLC4_ouT
CLC3_ouT
CLC2_ouT
CLC1_OouT
NCO1_OUT

EXTOSC

SOSC
MFINTOSC (32 kHz)
MFINTOSC (500 kHz)
LFINTOSC
HFINTOSC

Fosc
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21.6 Register Summary - Reference CLK

I I = 2 I RN AN (N I I

0x00

Reserved
0x0295
0x0296 CLKRCON 7:0 EN DCI[1:0] DIV[2:0]
0x0297 CLKRCLK 7:0 CLK[3:0]
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22. TMRO - Timer0 Module

The Timer0 module has the following features:

» 8-bit timer with programmable period

*  16-bit timer

» Selectable clock sources

» Synchronous and asynchronous operation

* Programmable prescaler (Independent of Watchdog Timer)
* Programmable postscaler

* Interrupt on match or overflow

« Output on I/O pin (via PPS) or to other peripherals

» Operation during Sleep

Figure 22-1. Timer0 Block Diagram

Rev. Timer0 Blo
201212019

See TOCON1 TOCKPS TMRO — Peripherals
Register body TOOUTPS TOIF

° Prescaler

° IN ouT| Postscaler [—4 » TO_out

[}

T [

TO16BIT TMRO
TOASYNC
TOCKIPPS 5 ck Q- RxyPPS
TOCS
8:bit TMRO Body Diagram (TO16BIT =0 _ _16-bit TMRO Body Diagram (TO16BIT=1) _

| l | , - '
| n—>b  TMROL Slear | | s> TMROL T'm%ry?eH'gh o,
| | | |
| @ | | AN 8 |
| | | |
: COMPARATOR > ouT : : — :ﬁig I’\'\:Egt:
| TO_match | | . Ng AN 7 |
[ [ [ g [
I - - I I TMROH |
| Timer 0 High | | |
| Byte | | |
: ﬁ % Latch : : 8 :
| Enable | | v |
| TMROH | | |
| | | 8 |
| | | |

Internal Data Bus

221 Timer0 Operation

Timer0 can operate as either an 8-bit or 16-bit timer. The mode is selected with the MD16 bit.
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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 the prescaler control bits, CKPS). In this mode, as shown in Figure 22-1, 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

16-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 the prescaler control bits, CKPS). In this mode, TMROH:TMROL form the 16-bit timer
value. As shown in Figure 22-1, reads and writes of the TMROH register are buffered. The TMROH register is updated
with the contents of the high byte of Timer0 when the TMROL register is read. Similarly, writing the TMROL register
causes a transfer of the TMROH register value to the TimerO high byte.

This buffering allows all 16 bits of Timer0 to be read and written at the same time. TimerO rolls over to 0x0000 on
incrementing past 0xFFFF. This makes the timer free-running. While actively operating in 16-bit mode, the Timer0
value can be read but not written.

Clock Selection

TimerO has several options for clock source selections, the option to operate synchronously/asynchronously and an
available programmable prescaler. The CS bits are used to select the clock source for TimerO.

Synchronous Mode

When the ASYNC bit is clear, Timer0 clock is synchronized to the system clock (Fosc/4). When operating in
Synchronous mode, TimerO0 clock frequency cannot exceed Fogc/4. During Sleep mode, the system clock is not
available and TimerO cannot operate.

Asynchronous Mode

When the ASYNC bit is set, TimerQ increments with each rising edge of the input source (or output of the prescaler,
if used). Asynchronous mode allows TimerOQ to continue operation during Sleep mode provided the selected clock
source operates during Sleep.

Programmable Prescaler

Timer0 has 16 programmable input prescaler options ranging from 1:1 to 1:32768. The prescaler values are selected
using the CKPS bits. The prescaler counter is not directly readable or writable. The prescaler 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

Programmable Postscaler

Timer0 has 16 programmable output postscaler options ranging from 1:1 to 1:16. The postscaler values are selected
using the OUTPS 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
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Timer0 Output and Interrupt

Timer0 Output

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. The Timer0 output can
be routed to an I/O pin via the RxyPPS output selection register, or internally to a number of Core Independent
Peripherals. The Timer0 output can be monitored through software via the OUT output bit.

TimerO0 Interrupt

The TimerO Interrupt Flag (TMROIF) bit is set when the TMRO_out toggles. If the TimerO0 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.

Timer0 Example

Timer0 Configuration:
» Timer0O mode = 16-bit
» Clock Source = Fpgc/4 (250 kHz)
» Synchronous operation
* 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*(1/250 kHz) = 524.28 ms

Operation During Sleep

When operating synchronously, TimerO will halt when the device enters Sleep mode. When operating asynchronously
and the selected clock source is active, Timer0 will continue to increment and wake the device from Sleep mode if the
TimerO interrupt is enabled.

Register Definitions: Timer0 Control
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TOCONO
Name: TOCONO
Offset: 0x019E

Timer0 Control Register 0

7 6 5 4 3 2 1 0
| EN | | out MD16 OUTPS[3:0]
RIW R RIW RIW RIW RIW RIW
0 0 0 0 0 0 0

Bit 7— EN TMRO Enable

Value Description

1 The module is enabled and operating
0 The module is disabled

Bit 5— OUT TMRO Output
Bit 4 —- MD16 16-Bit Timer Operation Select

Value Description

1 TMRO is a 16-bit timer
0 TMRO is an 8-bit timer

Bits 3:0 - OUTPS[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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Bit

TOCON1
Name: TOCON!1
Offset: 0x019F

Timer0 Control Register 1

7 6 5 4 3 2 1 0
| CS[2:0] ASYNC CKPS[3:0]
R/W R/W RIW R/W RIW R/W RIW R/W
0 0 0 0 0 0 0 0

Bits 7:5 — CS[2:0] Timer0 Clock Source Select
Table 22-1. Timer0 Clock Source Selections

TOCS Clock Source

111 CLC1_OuT

110 SOSC

101 MFINTOSC (500 kHz)

100 LFINTOSC

011 HFINTOSC

001 Pin selected by TOCKIPPS (Inverted)
000 Pin selected by TOCKIPPS (Noninverted)

Bit 4 - ASYNC TMRO Input Asynchronization Enable

Value Description

1 The input to the TMRO counter is not synchronized to system clocks
0 The input to the TMRO counter is synchronized to Fosc/4

Bits 3:0 — CKPS[3:0] Prescaler Rate Select

1111 1:32768
1110 1:16384
1101 1:8192
1100 1:4096
1011 1:2048
1010 1:1024
1001 1:512
1000 1:256
0111 1:128
0110 1:64
0101 1:32
0100 1:16
0011 1:8
0010 1:4
0001 1:2
0000 1:1
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22,53 TMROH

Name: TMROH
Offset: 0x019D

Timer0 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 RIW R/W
Reset 1 1 1 1 1 1 1 1

Bits 7:0 —- TMROH[7:0] TMRO Most Significant Counter

Value Condition Description
0 to 255 MD16 =0 |8-bit Timer0 Period Value. TMROL continues counting from O when this value is reached.

0 to 255 MD16 =1 16-bit TimerO Most Significant Byte
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2254 TMROL

Name: TMROL
Offset: 0x019C

TimerO Period/Count Low Register

Bit 7 6 5 4 3 2 1 0
| TMROL[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 7:0 —- TMROL[7:0] TMRO Least Significant Counter

Value Condition Description
0 to 255 MD16=0 8-bit Timer0 Counter bits
0 to 255 MD16=1 16-bit Timer0 Least Significant Byte
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Register Summary - Timer0

I I = 2 I RN AN (N I I

0x00

0x019B
0x019C
0x019D
0x019E
0x019F

Reserved

TMROL
TMROH
TOCONO
TOCON1

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

EN

CSJ[2:0]

TMROL[7:0]
TMROH(7:0]
ouT MD16
ASYNC

OUTPS[3:0]
CKPSJ[3:0]
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23. TMR1 - Timer1 Module with Gate Control

The Timer1 module is a 16-bit timer/counter with the following features:

» 16-bit timer/counter register pair (TMRxH:TMRxL)

* Programmable internal or external clock source

» 2-bit prescaler

» Clock source for optional comparator synchronization

» 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 module Timer1 apply to all the odd numbered timers on this device.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 244
and its subsidiaries



PIC16F18114/15/24/25/44/45
TMR1 - Timer1 Module with Gate Control

Figure 23-1. Timer1 Block Diagram

TXGATE

GSPM

i > Single Pulse b Q— GVAL

Acqg. Control

— Ql—+
D Q
GPOL A GGO/DONE
—— Pes Q Interrupt
ON = L P | setbit

GT™M det TMRXGIF

TMRx® P To Comparators (6)

Tx_overflow
= TMRXH | TMRXL <i—Q ob—

Synchronized Clock Input

TxCLK

O_I_C
— GE
set flag bit
TMRXIF L ON
EN
o]
5\

Prescaler ia®
1248 Synchronize ]
> det
bl
Fosc/2
CKPS Internal Sleep
Clock Input

Notes:
1. This signal comes from the pin selected by Timer1 PPS register.
TMRX register increments on rising edge.
Synchronize does not operate while in Sleep.
See TxCLK for clock source selections.
See TxGATE for gate source selections.
Synchronized comparator output must not be used in conjunction with synchronized input clock.

I

23.1  Timer1 Operation

The Timer1 module is a 16-bit incrementing counter accessed through the TMRX register. Writes to TMRx directly
update the counter. When used with an internal clock source, the module is a timer that 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. Table 23-1 shows the possible Timer1 enable selections.
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Table 23-1. Timer1 Enable Selections

s s Timer Operation

1 1 Count enabled
1 0 Always on

0 1 Off

0 0 Off

23.2 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.

23.2.1 Internal Clock Source

When the internal clock source is selected, the TMRXx register will increment on multiples of Fogc as determined by
the Timer1 prescaler.

When the Fpgc internal clock source is selected, the TMRXx register value will increment by four counts every
instruction clock cycle. Due to this condition, a two LSB error in resolution will occur when reading the TMRx 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 (ON = 0) when TxCKIl is high, then Timer1 is enabled (ON = 1) when TxCKl is low.
Refer to the figure below.

Figure 23-2. Timer1 Incrementing Edge

TxCKI=1 —
When TMRXx
Enabled

TXCKI=0
When TMRx
Enabled L

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.

23.2.2 External Clock Source
When the external clock source is selected, the TMRx module may work as a timer or a counter. When enabled to
count, Timer1 is incremented on the rising edge of the external clock input of the TxCKIPPS pin. This external clock
source can be synchronized to the system clock or it can run asynchronously.
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Timer1 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 TMRx.

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 must 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 secondary oscillator ready Status bit. Refer to the “OSC - Oscillator Module (with Fail-Safe Clock
Monitor)” chapter for more details.

Timer1 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 the 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.

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.

Reading and Writing TMRx in Asynchronous Counter Mode

Reading TMRxH or TMRxL while the timer is running from an external asynchronous clock will ensure a valid read
(taken care of in hardware). However, the user must keep in mind that reading the 16-bit timer in two 8-bit values
itself poses certain problems, since there may be a carry-out of TMRxL to TMRxH between the reads.

For writes, it is recommended that the user simply stop the timer and write the desired values. A write contention may
occur by writing to the timer registers, while the register is incrementing. This may produce an unpredictable value in
the TMRxH:TMRXL register pair.

Timer1 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. 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
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single instance in time (refer to Figure 23-3 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 TMRXxH 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 TMRXx register
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 23-3. Timer1 16-Bit Read/Write Mode Block Diagram

From
TMRXx
Circuitr
’ ircuitry
TMRX I Set TMRXIF
TMRXL High Byte on Overflow
AN 8
Read TMRxL
5 Write TMRXL
N8
TMRxH
8
V 8

< v > Internal Data Bus

Timer1 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.

Timer1 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 Figure 23-4 for timing details.

Table 23-2. Timer1 Gate Enable Selections

TMRxCLK GPOL Timer1 Operation
i 1 1

Counts
1 1 0 Holds Count
1 0 1 Holds Count
1 0 0 Counts
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Figure 23-4. Timer1 Gate Enable Mode

TMRXGE

TXGPOL

L. N O O

TXGVAL I :

Timer1 N X N+1X N+2 X N+3X N+4

Timer1 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.

Any of the above mentioned signals can be used to trigger the gate. The output of the CMPx can be synchronized
to the Timer1 clock or left asynchronous. For more information refer to the “Comparator Output Synchronization”
section.

Timer1 Gate Toggle Mode

When Timer1 Gate Toggle mode is enabled, it is possible to measure the full-cycle length of a Timer1 Gate signal,
as opposed to the duration of a single-level pulse. The Timer1 gate source is routed through a flip-flop that changes
state on every incrementing edge of the signal. See the figure below for timing details.

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.
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Figure 23-5. Timer1 Gate Toggle Mode

TMRxGE
TxGPOL

TXGTM
TXTXG_IN

TXCKI ! :

TXGVAL ] Fo

Timerl N (N+1XN+2XN+3X N+4 XN+ 5XN+6XN+7X N+8

23.7.4 Timer1 Gate Single Pulse Mode

When Timer1 Gate Single Pulse mode is enabled, it is possible to capture a single pulse gate event. Timer1 Gate
Single Pulse mode is first enabled by setting the GSPM bit. Next, the GGO/DONE 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.

Figure 23-6. Timer1 Gate Single Pulse Mode

TMRXxGE
TXGPOL
TXGSPM
Cleared by hardware on

TXGGO/ <— Set by software ‘ l falling edge of TXxGVAL
DONE

Counting enabled on
rising edge of TxG

L — S 1

TxGVAL :

TIMERL N XN+1X 0 N+2
| Cleared by
TMRXGIF |<€—Cleared by software |<— Set by hardware on +— Software
falling edge of TXxGVAL
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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.

Figure 23-7. Timer1 Gate Single Pulse and Toggle Combined Mode

TMRXGE

TxGPOL

TXGSPM
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TXGTM
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23.7.5 Timer1 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).

23.7.6 Timer1 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 one of the PIR registers will be set. If the
TMRXGIE bit in the corresponding PIE 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).

23.8 Timer1 Interrupt

The TMRX register increments to FFFFh and rolls over to 0000h. When TMRXx rolls over, the Timer1 interrupt flag bit
of the PIRx register is set. To enable the interrupt-on-rollover, the following bits must be set:

* The ON bit of the TXCON register
» The TMRXIE bits of the PIEx register
» Global interrupts must be enabled

The interrupt is cleared by clearing the TMRXIF bit as a task in the Interrupt Service Routine.
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Important: The TMRx register and the TMRXxIF bit must be cleared before enabling interrupts.

Timer1 Operation During Sleep
Timer1 can only operate during Sleep when configured as an asynchronous counter. In this mode, many clock
sources can be used to increment the counter. To set up the timer to wake the device:

» The ON bit must be set

* The TMRXIE bit of the PIEx register must be set

» Global interrupts must be enabled

* The SYNC bit must be set

» Configure the TxCLK register for using any clock source other than Fosc and Fpogc/4

The device will wake up on an overflow and execute the next instruction. If global interrupts are enabled, the device
will call the IRS. The secondary oscillator will continue to operate in Sleep regardless of the SYNC bit setting.

CCP Capture/Compare Time Base

The CCP modules use TMRXx as the time base when operating in Capture or Compare mode. In Capture mode, the
value in TMRXx is copied into the CCPRXx register on a capture event. In Compare mode, an event is triggered when
the value in the CCPRXx register matches the value in TMRx. This event can be a Special Event Trigger.

CCP Special Event Trigger

When any of the CCPs are configured to trigger a special event, the trigger will clear the TMRX register. 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 CCPRXx register 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.

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 PMDx
register. See the “PMD - Peripheral Module Disable” chapter for more information.

Register Definitions: Timer1 Control

Long bit name prefixes for the Timer registers are shown in the table below, where ‘X’ refers to the Timer instance
number. Refer to the “Long Bit Names” section in the “Register and Bit Naming Conventions” chapter for more
information.

Table 23-3. Timer1 Register Long Bit Name Prefixes

Peripheral Bit Name Prefix

Timer1 ™
Timer3 T3
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23.13.1 TxCON

Name: TxCON
Offset: 0x030E,0x0314

Timer Control Register

Bit 7 6 5 4 3 2 1 0
| | CKPS[1:0] SYNC RD16 ON
Access RIW R/W R/W RIW R/W

Reset 0 0 0 0 0

Bits 5:4 — CKPS[1:0] Timer Input Clock Prescaler Select
Reset States: POR/BOR = 00
All Other Resets = uu

11 1:8 Prescaler value
10 1:4 Prescaler value
01 1:2 Prescaler value
00 1:1 Prescaler value

Bit 2 - SYNC Timer External Clock Input Synchronization Control
Reset States: POR/BOR =0
All Other Resets = u

Value Condition Description

x CS = Fpscl4 or Fosc This bit is ignored. Timer uses the incoming clock as is.
1 All other clock sources Do not synchronize external clock input

0 All other clock sources Synchronize external clock input with system clock

Bit 1 — RD16 16-Bit Read/Write Mode Enable
Reset States: POR/BOR =0
All Other Resets = u

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

Value Description
1 Enables Timer
0 Disables Timer
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23.13.2

Bit

Access
Reset

TxGCON
Name: TxGCON
Offset: 0x030F,0x0315

Timer Gate Control Register

7 6 5 4 3 2 1 0
| GE | cGroL | GTM™ GSPM GGO/DONE GVAL
RIW RIW RIW RIW RIW R
0 0 0 0 0 X

Bit 7 — GE Timer Gate Enable
Reset States: POR/BOR =0
All Other Resets = u

Value Condition Description

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
Reset States: POR/BOR =0
All Other Resets = u

Value Description
1 Timer gate is active-high (Timer counts when gate is high)
0 Timer gate is active-low (Timer counts when gate is low)

Bit 5 — GTM Timer Gate Toggle Mode
Timer Gate flip-flop toggles on every rising edge when Toggle mode is enabled.
Reset States: POR/BOR =0

All Other Resets = u

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

Value Description
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
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
Indicates the current state of the timer gate that can be provided to TMRxH: TMRxL
Unaffected by the Timer Gate Enable (GE) bit
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23.13.3 TxCLK

Name: TxCLK
Offset: 0x0311,0x0317

Timer Clock Source Selection Register

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

Bits 4:0 — CS[4:0] Timer Clock Source Selection
Table 23-4. Timer Clock Sources

CS Clock Source

11111-10010 Reserved
10001 CLC4_OUT
10000 CLC3_OuT
01111 CLC2_OuT
01110 CLC1_OuT
01101 TMR3_overflow_OUT Reserved
01100 Reserved TMR1_overflow_OUT
01011 TMRO_overflow_OUT
01010 CLKR
01001 EXTOSC
01000 SOSC
00111 MFINTOSC (32 kHz)
00110 MFINTOSC (500 kHz)
00101 SFINTOSC (1 MHz)
00100 LFINTOSC
00011 HFINTOSC
00010 Fosc
00001 Foscl/4
00000 Pin selected by T1CKIPPS Pin selected by T3CKIPPS

Reset States: POR/BOR = 00000
All Other Resets = uuuuu
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23.13.4 TxGATE

Name: TxGATE
Offset: 0x0310,0x0316

Timer Gate Source Selection Register

Bit 7 6 5 4 3 2 1 0
| | | | GSS[4:0]
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bits 4:0 — GSS[4:0] Timer Gate Source Selection
Table 23-5. Timer Gate Sources

11111-11001 Reserved
11000 CLC4_ouT
10111 CLC3_OuT
10110 CLC2_OuT
10101 CLC1_OuUT
10100 ZCD_OUT
10011 C2_OuUT
10010 C1_0OuT
10001 NCO1_OuUT
10000-01101 Reserved
01100 PWM2S1P2_OUT
01011 PWM2S1P1_OUT
01010 PWM1S1P2_OUT
01001 PWM1S1P1_OUT
01000 CCP2_OuUT
00111 CCP1_OUT
00110 Reserved
00101 TMR4_Postscaled_OUT
00100 TMR3_overflow_OUT Reserved
00011 TMR2_Postscaled_OUT
00010 Reserved TMR1_overflow_OUT
00001 TMRO_overflow_OUT
00000 Pin selected by T1IGPPS Pin selected by T3GPPS
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23.13.5 TMRx

Name:
Offset:

Timer Register

TMRXx
0x030C,0x0312

Bit 15 12 11 10 9 8
| TMRX[15:8]
Access R/W R/W RIW R/W RIW R/W
Reset 0 0 0 0 0 0
Bit 7 4 3 2 1 0
TMRX[7:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 15:0 — TMRx[15:0] Timer Register Value
Reset States: POR/BOR = 0000000000000000

All Other Resets = uuuuuuuuuuuuuuuu

Notes: The individual bytes in this multibyte register can be accessed with the following register names:
»  TMRxH: Accesses the high byte TMRx[15:8]

* TMRXL: Accesses the low byte TMRXx[7:0]
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23.14 Register Summary - Timer1

I I = 2 I RN AN (N I I

0x00
0x030B
0x030C
0x030E
0x030F

0x0310
0x0311

0x0312

0x0314
0x0315
0x0316
0x0317

Reserved
TMR1 70
15:8
T1CON 7:0
T1GCON 7:0
T1GATE 7:0
T1CLK 7:0
TMR3 70
15:8
T3CON 7:0
T3GCON 7:0
T3GATE 7:0
T3CLK 7:0

TMRI1[7:0]
TMR1[15:8]
CKPS[1:0]
GE GPOL GTM GSPM | GGO/DONE
TMR3[7:0]
TMR3[15:8]
CKPS[1:0]
GE GPOL GTM GSPM | GGO/DONE

SYNC RD16 ON
GVAL

GSS[4:0]

CS[4:0]

SYNC RD16 ON
GVAL

GSS[4:0]

CS[4:0]
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24. TMR2 - Timer2 Module

The Timer2 module is an 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 below 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 24-1. Timer2 with Hardware Limit Timer (HLT) Block Diagram

RSEL
TxINPPS
TxIN[X]

Rev. 10-000168D.
4202019

. MODE MODE[3]
External Lr\ (
Reset TMRx_ers Edge Detector |_reset o
(2) Level Detector CCP_pset
Sources Mode Control
. (2 clock Sync)
d )
CKPOL enable MODE4:3] = 'me Clear ON
cs TMRx clk MODE[4:1] = 'b1011 | | D Q——
TxINPPS Xe
TxIN [ ol
=
' Set flag bit

See
TxCLKCON

register®

Sync
(2 Clocks)

ON

CKPS

Fosc/4 PSYNC

CSYNC

Notes:
1. Signal to the CCP peripheral for PWM pulse trigger in PWM mode.
2. See RSEL for external Reset sources.
3. See CS for clock source selections.

TMRxIF

Comparator e

o |

TMRx_postscaled
Postscaler >

© 2022 Microchip Technology Inc. Preliminary Datasheet

and its subsidiaries

DS40002404A-page 259



241

2411

24.1.2

2413

24.2

PIC16F18114/15/24/25/44/45
TMR2 - Timer2 Module

Timer2 Operation
Timer2 operates in three major modes:

* Free-Running Period
* One Shot
* Monostable

Within each operating mode, there are several options for starting, stopping and Reset. Table 24-1 lists the options.

In all modes, the T2TMR count register increments on the rising edge of the clock signal from the programmable
prescaler. When T2TMR equals T2PR, a high level output to the postscaler counter is generated. 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 0xFF on any device Reset. Both the prescaler and postscaler counters are cleared on the
following events:

* A write to the T2TMR register

* A write to the T2CON register

* Any device Reset

» External Reset source event that resets the timer

Important: T2TMR is not cleared when T2CON is written.

Free-Running Period Mode

The value of T2TMR 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 0x00 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.

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.

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.

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 also be selected as an input to other Core Independent
Peripherals.

In addition, the Timer2 is also used by the CCP module for pulse generation in PWM mode. See the “PWM
Overview” and “PWM Period” sections in the “CCP - Capture/Compare/PWM Module” chapter for more details on
setting up Timer2 for use with the CCP and PWM modules.
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External Reset Sources

In addition to the clock source, the Timer2 can also be driven by an external Reset source input. This external Reset
input is selected for each timer with the corresponding TxRST register. The external Reset input can control starting
and stopping of the timer, as well as resetting the timer, depending on the mode used.

Timer2 Interrupt

Timer2 can also generate a device interrupt. The interrupt is generated when the postscaler counter matches 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.

Figure 24-2. Timer2 Prescaler, Postscaler, and Interrupt Timing Diagram

Rev. 10-000 2058
36/2019

CKPS| %010
TXPR| 1 |
OUTPS| b0001 |

TXTMR 0 { 1 { 0 \ 1 { 0 { 1 \ 0 )
TMRx_postscaled |_| |_|

TMRXIF &) | | @ o)

Notes: 1. Setting the interrupt flag is synchronized with the instruction clock.
Synchronization may take as many as two instruction cycles.
2. Cleared by software.

PSYNC Bit

Setting the PSYNC bit synchronizes the prescaler output to Fogc/4. Setting this bit is required for reading the Timer2
counter register while the selected Timer clock is asynchronous to Fpogc/4.

Note: Setting PSYNC requires that the output of the prescaler is slower than Fogc/4. Setting PSYNC when the
output of the prescaler is greater than or equal to Fogc/4 may cause unexpected results.

CSYNC Bit

All bits in the Timer2 SFRs are synchronized to Fogc/4 by default, not the Timer2 input clock. As such, if the Timer2
input clock is not synchronized to Fpogc/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 Fogc/4, which
does not consume any clock edges, but has the previously stated risk of glitches.
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247 Operating Modes

The mode of the timer is controlled by the MODE bits. 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.

Table 24-1. Operating Modes Table

Timer Control

TMODE | Output .
[4:3][2:0 _ Operaton Spersron | Start | Reset |
000 Software gate (Figure 24-3) ON=1 — ON=0
001 Hardware gate, active-high ON =1 and — ON =0 or
Period Pulse (Figure 24-4) TMRx_ers = 1 TMRx_ers = 0
ON =1 and — ON=0or
010 Hardware gate, active-low TMRx_ers = 0 TMRx_ers = 1
011 isi i
Fres-Running Period| 00 .Rflsmg or falling edge Reset TMRx_ers
100 Rising edge Reset (Figure 24-5) TMRx_ers 1 ON=0
101 Period Pulse Falling edge Reset TMRx_ers |
with = ON =0 or
110 Low-level Reset ON=1 " TMRx_ers =0 TpRy ers < o
Hardware Reset -
High-level Reset (Figure 24-6) ON =0 or
Lo TMRx_ers =1 TMRx ers =1
000 One-shot Software start (Figure 24-7) ON=1 —
o ) ON=1and
001 Rising edge start (Figure 24-8) ' TMRx ers 1 —
Edge-Triggered Start ON =1 and
010 (Note 1) Falling edge start TMRx_ers | —
ON =1 and ON =0
011 Any edge start TMRx_ers | — or
One Shot 01 Rising edge start and ON =1 and Next clock after
— Rising edge Reset (Figure 24-9) TMRx_ers 1 = TMRX_€rs 1\t 1ye - TxpR
Edge-Triggered Start Falling edge start and ON =1 and (Note 2)
101 and Falling edge Reset TMRx_ers | TMRx_ers |
10 Hardware Reset Rising edge start and ON =1 and R N
(Note 1) Low-level Reset (Figure 24-10)  TMRx_ers 1 X_ers = 0
Falling edge start and ON =1 and _
i1l High-level Reset TMRx_ers | |[TMRx_ers =1
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........... continued
m Output : Timer Control
[4:3][2:0]_ Operaton Spereen _ Start | Reset | Stop |
000 Reserved
Rising edge start ON =1 and ON =
=0
001 (Figure 24-11) TMRx_ers 1 - or
Edge-Triggered Start ON = d
Monostable . lan Next clock after
010 Falling edge start TMRx_ers | =
(Note 1) - TXTMR = TxPR
ON =1 and Note 3
" 011 Any edge start TMRx_ers — (Note 3)
Reserved 100 Reserved
Reserved 101 Reserved
; High-level start and ON =1 and
Level-Triggered Start = =
10 2 Low-level Reset (Figure 24-12) TMRx_ers =1 TMRx_ers=0 ON=0or
One Shot and Held in Reset
Low-level start and ON =1 and _ (Note 2)
111 Hardware Reset High-level Reset TMRx_ers = 0 TMRx_ers =1
Reserved 11 | xxx Reserved
Notes:

1. IfON = 0, then an edge is required to restart the timer after ON = 1.
2. When T2TMR = T2PR, the next clock clears ON and stops T2TMR at 00h.
3. When T2TMR = T2PR, the next clock stops T2TMR at 00h but does not clear ON.

24.8 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).

» The diagrams illustrate any clock except Fosc/4 and show clock-sync delays of at least two full cycles for both
ON and TMRx_ers. When using Fosc/4, the clock-sync delay is at least one instruction period for TMRx_ers;
ON applies in the next instruction period.

* ON and TMRx_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.

2481 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 TXTMR count equals the TxPR period count, the timer resets on the next

clock and continues counting from zero. Operation with the ON bit software controlled is illustrated in Figure 24-3.
With TxPR = 5, the counter advances until TXTMR = 5, and goes to zero with the next clock.
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Figure 24-3. Software Gate Mode Timing Diagram (MODE = *b00000)

Rev. 10-000195C
3612019

TMRx_clk

Instruction® BSF {acr) [esA
= =

TMRx_postscaled ‘_l ‘_l

PWM Duty 3 |
Cycle

PWM Output /N / \

Note: 1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.

24.8.2 Hardware Gate Mode

The Hardware Gate modes operate the same as the Software Gate mode, except the TMRXx_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 = ‘b00001, then the timer is stopped when the external signal is high. When MODE = *‘b00010, then
the timer is stopped when the external signal is low.

Figure 24-4 illustrates the Hardware Gating mode for MODE = ‘b00001 in which a high input level starts the counter.

Figure 24-4. Hardware Gate Mode Timing Diagram (MODE = ‘b00001)

Rev. 10-000 196C
3612019

TMRx_clk

TMRx_postscaled I—I

PWM Duty 3 |
Cycle

PWM Output / \ /

24.8.3 Edge Triggered Hardware Limit Mode
In Hardware Limit mode, the timer can be reset by the TMRXx_ers external signal before the timer reaches the period
count. Three types of Resets are possible:
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* Reset on rising or falling edge (MODE = ‘b00011)
* Reset on rising edge (MODE = *b00100)
* Reset on falling edge (MODE = ‘b00101)

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 24-5.

Figure 24-5. Edge Triggered Hardware Limit Mode Timing Diagram (MODE = ‘b00100)

Rev. 10-000197C
30612019

TMRx_clk

TXPR‘ 5 \

Instruction™ BSF BCF}—{BSF

TMRXx_postscaled ﬂ

PWM Duty
Cycle

PWM Output

Note: 1.BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by
the CPU to set or clear the ON bit of TXCON. CPU execution is asynchronous
to the timer clock input.
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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 24-6. Selecting MODE = *b00110 will cause the timer to reset on a low-level external
signal. Selecting MODE = *b00111 will cause the timer to reset on a high-level external signal. In the example, the
counter is reset while TMRx_ers = 1. ON is controlled by BSF and BCF instructions. When ON = 0, the external signal
is ignored.

When the CCP uses the timer as the PWM time base, then 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 TxPR 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 TxPR 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.

Figure 24-6. Level Triggered Hardware Limit Mode Timing Diagram (MODE = ‘b00111)

Rev. 10-000 198C
31512019

TMRx_clk

TxPR| 5 |

)

Instruction® BSH BCF BSH

on_ | ]
e ]

C

TMRx_postscaled |_| |_|

PWM Duty
Cycle

PWM Output /—\—/ \ /

Note: 1.BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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Software Start One Shot Mode

In One Shot mode, the timer resets and the ON bit is cleared when the timer value matches the TxPR period value.
The ON bit must be set by software to start another timer cycle. Setting MODE = ‘b01000 selects One Shot mode
which is illustrated in Figure 24-7. In the example, ON is controlled by 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, the 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 the
software sets the ON bit to start another cycle. If the software clears the ON bit after the CCPRx match but before the
TxPR 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 TxPR period count match.

Figure 24-7. Software Start One Shot Mode Timing Diagram (MODE = *b01000)

Rev. 10000 199C
362019

TMRx_cIkl|||||||||||||||||||||||||||||||||||||||||||||

TxPRl 5 |
Instruction® ‘, BS r‘, ,‘ BS .A, BC BSF

oN__| L I N
TMRx_postscaled | | |

PWM Duty
Cycle

PWM Output / \ / \

Note: 1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU
to set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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24.8.6 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 TxPR period value. The following edges will start the timer:

* Rising edge (MODE = ‘b01001)
* Falling edge (MODE = ‘b01010)
* Rising or Falling edge (MODE = ‘b01011)

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 24-8 illustrates operation in the rising edge One Shot mode.

When Edge Triggered One Shot mode is used in conjunction with the CCP, then the edge-trigger will activate the
PWM drive and the PWM drive will deactivate when the timer matches the CCPRx pulse-width value and stay
deactivated when the timer halts at the TxPR period count match.

Figure 24-8. Edge Triggered One Shot Mode Timing Diagram (MODE = ‘b01001)

Rev. 10-000 200C
30612019

TxPR| 5 |
Instruction—(esr} fes1) =
| H —
CCP_pset [ ] ]

TMRx_postscaled | |

PWM Duty
Cycle

PWM Output / \ /

Note: 1.BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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24.8.7 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 = *b01100)
» Falling edge start and Reset (MODE = ‘b01101)
The timer resets and clears the ON bit when the timer value matches the TxPR period value. External signal edges

will have no effect until after software sets the ON bit. Figure 24-9 illustrates the rising edge hardware limit one-shot
operation.

When this mode is used in conjunction with the CCP, then the first starting edge trigger, and all subsequent Reset
edges, will activate the PWM drive. The PWM drive will deactivate when the timer matches the CCPRXx pulse-width
value and stay deactivated until the timer halts at the TxPR period match unless an external signal edge resets the
timer before the match occurs.

Figure 24-9. Edge Triggered Hardware Limit One Shot Mode Timing Diagram (MODE = ‘b01100)

Rev. 10000 201C
362019

TXPR| 5
Instruction® BSH [esA

L

ON J
TMRx_ers |
mamr(_ o faf2f3)4)s) (1l 2f o f1f2fsfafs)_o |

TMRXx_postscaled | |

'

o

PWM Duty
Cycle

PWM Output / \ /

Note: 1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TxCON. CPU execution is asynchronous to the timer clock input.
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24.8.8 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 Reset level to the active level while the ON bit is set. Reset levels are
selected as follows:

* Low Reset level (MODE = ‘b01110)
* High Reset level (MODE = ‘b01111)
When the timer count matches the TxPR period count, the timer is reset and the ON bit is cleared. When the ON bit

is cleared by either a TxPR 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 CCPRXx pulse-width count. The PWM drive does not go active when the timer count clears at the TxPR
period count match.

Figure 24-10. Low Level Reset, Edge Triggered Hardware Limit One Shot Mode Timing Diagram (MODE =

'b01110)
TMRx_clk
TxPR| 5
Instruction® BSF

L

oN_| L]
TMRx_ers
R o f1f2)f3)e)s] 0 o JafzfefaNsi o |

TMRx_postscaled | |

PWM Duty
Cycle

PWM Output / \ / \

Note: 1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TxCON. CPU execution is asynchronous to the timer clock input.

w

24.8.9 Edge Triggered Monostable Modes

The Edge Triggered Monostable modes start the timer on an edge from the external Reset signal input, after the ON
bit is set, and stop incrementing the timer when the timer matches the TxPR period value. The following edges will
start the timer:

* Rising edge (MODE = *‘b10001)

* Falling edge (MODE = ‘b10010)

» Rising or Falling edge (MODE = *‘b10011)
When an Edge Triggered Monostable mode is used in conjunction with the CCP PWM operation, the PWM drive
goes active with the external Reset signal edge that starts the timer, but will not go active when the timer matches

the TxPR value. While the timer is incrementing, additional edges on the external Reset signal will not affect the CCP
PWM.
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Figure 24-11. Rising Edge Triggered Monostable Mode Timing Diagram (MODE = ‘b10001)

TMRx_clk

TXPR| 5 ‘
ion™ face A
Instruction BSF| \‘j/ BSF BCF, BSF,

oN__ | I L]
TMRXx_ers ‘ ﬂ m
; :
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.

24.8.10 Level Triggered Hardware Limit One Shot Modes

The Level Triggered Hardware Limit One Shot modes hold the timer in Reset on an external Reset level and start
counting when both the ON bit is set and the external signal is not at the Reset level. If one of either the external
signal is not in Reset or the ON bit is set, then the other signal being set/made active will start the timer. Reset levels
are selected as follows:

* Low Reset level (MODE = ‘b10110)
* High Reset level (MODE = ‘b10111)

When the timer count matches the TxPR period count, the timer is reset and the ON bit is cleared. When the ON bit
is cleared by either a TxPR match or by software control, the timer will stay in Reset until both the ON bit is set and
the external signal is not at the Reset level.

When Level Triggered Hardware Limit One Shot modes are used in conjunction with the CCP PWM operation, the
PWM drive goes active with either the external signal edge or the setting of the ON bit, whichever of the two starts
the timer.

Figure 24-12. Level Triggered Hardware Limit One Shot Mode Timing Diagram (MODE = ‘b10110)

Rev. 100002048

TMRx_clk

TxPR| 5 |
Instruction®! {BsF) BC BS

[esd)

Ll
on__ ] L L]
. | |
E N 0 0 B 00 ; ; ;

TMRx_postscaled | | |_|

PWM Duty
Cycle

PWM Output / \ / \

Note: 1. BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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249 Timer2 Operation During Sleep

When PSYNC = 1, Timer2 cannot be operated while the processor is in Sleep mode. The contents of the T2TMR and
T2PR registers will remain unchanged while the processor is in Sleep mode.

When PSYNC = 0, Timer2 will operate in Sleep as long as the clock source selected is also still running. If any
internal oscillator is selected as the clock source, it will stay active during Sleep mode.

2410 Register Definitions: Timer2 Control

Long bit name prefixes for the Timer2 peripherals are shown in the table below. Refer to the “Long Bit Names”
section of the “Register and Bit Naming Conventions” chapter for more information.

Table 24-2. Timer2 Long Bit Name Prefixes

Peripheral Bit Name Prefix

Timer2 T2
Timer4 T4

Important: References to module Timer2 apply to all the even numbered timers on this device (Timer2,
Timer4, etc.).
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24.10.1 TxTMR

Name: TxTMR
Offset: 0x038C,0x0392

Timer Counter Register

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

Bits 7:0 — TXTMR[7:0] Timerx Counter
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24.10.2 TxPR
Name: TxPR
Offset: 0x038D,0x0393

Timer Period Register

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

Bits 7:0 — TxPR[7:0] Timer Period Register

Value Description

0 to 255  The timer restarts at ‘0’ when TxTMR reaches the TxPR value
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24.10.3 TxCON

Name: TxCON
Offset: 0x038E,0x0394

Timerx Control Register

Bit 7 6 5 4 3 2 1 0
| ON | CKPS[2:0] OUTPS[3:0]
Access  R/W/HC R/W RIW R/W RIW R/W RIW R/W
Reset 0 0 0 0 0 0 0 0

Bit 7— ON Timer On("

Value Description

1 Timer is on
0 Timer is off: All counters and state machines are reset

Bits 6:4 — CKPS[2:0] Timer Clock Prescale Select

111 1:128 Prescaler
110 1:64 Prescaler
101 1:32 Prescaler
100 1:16 Prescaler
011 1:8 Prescaler
010 1:4 Prescaler
001 1:2 Prescaler
000 1:1 Prescaler

Bits 3:0 — OUTPS[3:0] Timer Output Postscaler Select
Value Description

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
Note:

1. In certain modes, the ON bit will be auto-cleared by hardware. See Table 24-1.
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24.10.4

Bit

Access
Reset

TxHLT
Name: TxHLT
Offset: 0x038F,0x0395

Timer Hardware Limit Control Register

7 6 5 4 3 2 1 0
[ PSYNC | cPOL | CSYNC | MODE[4:0]
RIW RIW RW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bit 7 — PSYNC Timer Prescaler Synchronization Enable('- 2

Value Description

1 Timer Prescaler Output is synchronized to Fogc/4
0 Timer Prescaler Output is not synchronized to Fogc/4

Bit 6 — CPOL Timer Clock Polarity Selection(3)

Value Description

1 Falling edge of input clock clocks timer/prescaler
0 Rising edge of input clock clocks timer/prescaler

Bit 5— CSYNC Timer Clock Synchronization Enable(* 5)

Value Description

1 ON bit is synchronized to timer clock input
0 ON bit is not synchronized to timer clock input

Bits 4:0 — MODE[4:0] Timer Control Mode Selection(6: 7)

Value Description
00000 to | See Table 24-1
11111

Notes:

1. Setting this bit ensures that reading TxTMR will return a valid data value.

When this bit is ‘1’, the Timer cannot operate in Sleep mode.

CKPOL must not be changed while ON = 1.

Setting this bit ensures glitch-free operation when the ON is enabled or disabled.

When this bit is set, then the timer operation will be delayed by two input clocks after the ON bit is set.

Unless otherwise indicated, all modes start upon ON = 1 and stop upon ON = 0 (stops occur without affecting
the value of TXTMR).

7. When TxXTMR = TxPR, the next clock clears TXTMR, regardless of the operating mode.

ook Wb
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24.10.5 TxCLKCON

Name: TxCLKCON
Offset: 0x0390,0x0396

Timer Clock Source Selection Register

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
Table 24-3. Clock Source Selection

cs Clock Source
Timer2

1111 CLC4_OuT

1110 CLC3_OuT

1101 CLC2_OouT

1100 CLC1_OuT

1011 ZCD_OuUT

1010 NCO1_OuUT

1001 CLKR_OUT

1000 EXTOSC

0111 80SC

0110 MFINTOSC (32 kHz)

0101 MFINTOSC (500 kHz)

0100 LFINTOSC

0011 HFINTOSC

0010 Fosc

0001 Foscl4

0000 Pin selected by T2INPPS Pin selected by T4INPPS
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24.10.6 TxRST

Name: TxRST
Offset: 0x0391,0x0397

Timer External Reset Signal Selection Register

Bit 7 6 5 4 3 2 1 0
| | | | RSEL[4:0]
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bits 4:0 — RSEL[4:0] External Reset Source Selection
Table 24-4. External Reset Sources

e
TMR2 TMR4

11111-10101 Reserved
10100 CLC4_OUT
10011 CLC3_OuT
10010 CLC2_OuT
10001 CLC1_OuUT
10000 ZCD_OuUT
01111 C2_0uT
01110 C1_0uT
01101-01010 Reserved
01001 PWM2S1P2_OUT
01000 PWM2S1P1_OUT
00111 PWM1S1P2_OUT
00110 PWM1S1P1_OUT
00101 CCP2_OUT
00100 CCP1_OUT
00011 Reserved
00010 TMR4_Postscaled_OUT Reserved
00001 Reserved TMR2_Postscaled_OUT
00000 Pin selected by T2INPPS Pin selected by T4AINPPS
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2411 Register Summary - Timer2

I I = 2 I RN AN (N I I

0x00
Reserved
0x038B
0x038C T2TMR 7:0 T2TMRJ[7:0]
0x038D T2PR 7:0 T2PR[7:0]
0x038E T2CON 7:0 ON CKPS[2:0] OUTPS[3:0]
0x038F T2HLT 7:0 PSYNC CPOL CSYNC MODE[4:0]
0x0390 T2CLKCON 7:0 CS[3:0]
0x0391 T2RST 7:0 RSEL[4:0]
0x0392 T4TMR 7:0 T4TMR([7:0]
0x0393 T4PR 7:0 T4PR[7:0]
0x0394 T4CON 7:0 ON CKPS|[2:0] OUTPS[3:0]
0x0395 T4HLT 7:0 PSYNC CPOL CSYNC MODE[4:0]
0x0396 T4CLKCON 7:0 CSI[3:0]
0x0397 T4RST 7:0 RSEL[4:0]
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NCO - Numerically Controlled Oscillator Module

The Numerically Controlled Oscillator (NCO) module is a timer that uses overflow from the addition of an increment
value to divide the input frequency. The advantage of the addition method over a simple counter driven timer is that
the output frequency resolution does not vary with the divider value. The NCO is most useful for applications that

require frequency accuracy and fine resolution at a fixed duty cycle.

Features of the NCO include:
20-Bit Increment Function
Fixed Duty Cycle (FDC) mode
Pulse Frequency (PF) mode
Output Pulse-Width Control
Multiple Clock Input Sources

Output Polarity Control
Interrupt Capability

The following figure is a simplified block diagram of the NCO module.

Figure 25-1. Numerically Controlled Oscillator Module Simplified Block Diagram

NCOx Clock ~ |

Sources o

See .
NCOXxCLK

Register ®

NCOx_clk

NCOXINC

NCOxACC
NCO_interrupt Set NCOxIF
Fixed Duty
Cycle Mode
Circuitry
TRIS control
D Q D Q 0
NCOx_out Q -
1 PPS 1
o NCOXOUT
RxyPPS
PFM POL

®——» To Peripherals

EN S Q
OUT bitin
—_—>_Synchmnizer NCOXCON

Ripple o) Regi
R gister
Counter Q
Pulse
R Frequency
Mode Circuitry
PWS

Note 1: The increment registers are double-buffered to allow for value changes to be made without first disabling
the NCO module. The full increment value is loaded into the buffer registers on the second rising edge of the
NCOx_clk signal that occurs immediately after a write to the NCOXINCL register. The buffers are not user-
accessible and are shown here for reference.
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NCO Operation

The NCO operates by repeatedly adding a fixed value to an accumulator. Additions occur at the input clock rate.

The accumulator will overflow with a carry periodically, which is the raw NCO output (NCO_overflow). This effectively
reduces the input clock by the ratio of the addition value to the maximum accumulator value. See the following
equation.

Equation 25-1. NCO Overflow Frequency

NCO Clock Frequency X IncrementValue
FoveErrFLOW = 520

It is apparent from the equation that there is a linear relationship between the increment value and the overflow
frequency. This linear advantage over divide-by-n timers comes at the cost of output jitter. However, the jitter is
always plus or minus one NCO clock period that occurs periodically, depending on the division remainder. For
example, there is no jitter when there is no division remainder, whereas a division remainder of 0.5 will result in a jitter
frequency one half of the overflow frequency.

NCO Clock Sources

The NCO can be clocked from a variety of sources including the system clock, internal timers, and other peripherals.
The NCO clock source is selected by configuring the CKS bits.

Accumulator
The accumulator is a 20-bit register. Read and write access to the accumulator is available through three registers:
+ NCOxACCL

+ NCOxACCH
+ NCOxACCU
Adder

The NCO adder is a full adder, which operates synchronously from the source clock. The addition of the previous
result and the increment value replaces the accumulator value on the rising edge of each input clock.

Increment Registers

The increment value is stored in three registers making up a 20-bit word. In order of LSB to MSB, they are:
+ NCOxINCL
+ NCOxINCH
+ NCOxINCU

The increment registers are readable and writable and are double-buffered to allow value changes to be made
without first disabling the NCO module.

When the NCO module is enabled, the NCOxINCU and NCOXxINCH registers will be written first, then the NCOxINCL
register. Writing to the NCOXxINCL register initiates the increment buffer registers to be loaded simultaneously on the
second rising edge of the NCO_clk signal.

When the NCO module is disabled, the increment buffers are loaded immediately after a write to the increment
registers.

Important: The increment buffer registers are not user-accessible.
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Fixed Duty Cycle Mode

In Fixed Duty Cycle (FDC) mode, every time the accumulator overflows, the output is toggled. This provides a
50% duty cycle at half the FoyerrLow frequency, provided that the increment value remains constant. For more
information, see the figure below.

The FDC mode is selected by clearing the PFM bit.
Figure 25-2. FDC Output Mode Timing Diagram

NCOx
Clock W//
Source
NCOx : : : : : : : '
Increment ‘ 4000h // 4000h // 4000h
Value
NCOx ' ' ' ' ' ' ' '
Accumulator | 00000h X 04000h X 08000h // FC000h } 00000h % 04000h ) 08000h X // X FCo00h 00000h><04000h 08000h
Value
NCO_overflow // //
NCO_interrupt f/ //
NCOx Output . . . .
FDC Mode . . . .

NCOx Output . .
PF Mode .
NCOxPWS =

000

NCOx Output . .
PF Mode
NCOxPWS =

001

Pulse Frequency Mode

In Pulse Frequency (PF) mode, the output becomes active on the rising clock edge immediately following the
overflow event, and goes inactive 1 to 128 clock periods later, determined by the PWS bits. This provides a pulsed
output at the FoyerrLow frequency. For more information, refer to the figure above.

Important: When the selected pulse width is greater than the accumulator overflow time frame, then the
NCO output does not toggle.

The level of the Active and Inactive states is determined by the POL bit.

PF mode is selected by setting the PFM bit.
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Output Polarity Control

The last stage in the NCO module is the output polarity. The POL bit selects the output polarity. The active level of the
Pulse Frequency mode is high true when the POL bit is cleared.

Changing the polarity while the interrupts are enabled will cause an interrupt for the resulting output transition.

The NCO output signal (NCOx_out) is available by internal routing to several other peripherals.

Interrupts

When the accumulator overflows, the NCO Interrupt Flag bit, NCOXxIF, in the associated PIR register is set. To enable
interrupt service on this event, the following bits must be set:

* EN bit
» NCOKXIE bit in the associated PIE register
» Peripheral and Global Interrupt Enable bits

The interrupt must be cleared by software by clearing the NCOXIF bit in the Interrupt Service Routine.

Effects of a Reset
All of the NCO registers are cleared to zero as the result of any Reset.

Operation in Sleep

The NCO module operates independently from the system clock and will continue to run during Sleep, provided that
the clock source selected remains active.

The HFINTOSC remains active during Sleep when the NCO module is enabled and the HFINTOSC is selected as the
clock source, regardless of the system clock source selected.

In other words, if the HFINTOSC is simultaneously selected as the system clock and the NCO clock source, when
the NCO is enabled, the CPU will go Idle during Sleep, but the NCO will continue to operate and the HFINTOSC will
remain active.

With a clock running, it will have a direct effect on the Sleep mode current.

Register Definitions: NCO

Long bit name prefixes for the NCO peripherals are shown in the table below. Refer to the “Long Bit Names”
section in the “Register and Bit Naming Conventions” chapter for more information.

Table 25-1. NCO Long Bit Name Prefixes

Peripheral Bit Name Prefix

NCO1 NCO1
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25.8.1

NCOxCON
Name: NCOxCON
Offset: 0x0592

NCO Control Register

7 6 5 4 3 2 1 0
| EN | ouT POL PFM
RIW R RIW RIW

0 0 0 0

Bit 7 — EN NCO Enable

Value Description

1 NCO module is enabled
0 NCO module is disabled

Bit 5— OUT NCO Output
Displays the current logic level of the NCO module output.

Bit 4 - POL NCO Polarity

Value Description
1 NCO output signal is inverted
0 NCO output signal is not inverted

Bit 0 —- PFM NCO Pulse Frequency Mode

Value Description

1 NCO operates in Pulse Frequency mode. Output frequency is FoverrLow-

0 NCO operates in Fixed Duty Cycle mode. Output frequency is FoyerrLow divided by 2.
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25.8.2 NCOxCLK

Name: NCOxCLK
Offset: 0x0593

NCO Input Clock Control Register

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

Bits 7:5 — PWS[2:0] NCO Output Pulse-Width Select(

Value Description

111 NCO output is active for 128 input clock periods
110 NCO output is active for 64 input clock periods
101 NCO output is active for 32 input clock periods
100 NCO output is active for 16 input clock periods
011 NCO output is active for 8 input clock periods
010 NCO output is active for 4 input clock periods
001 NCO output is active for 2 input clock periods
000 NCO output is active for 1 input clock periods

Bits 3:0 — CKS[3:0] NCO Clock Source Select

CKS Clock Source ..
Active in Sleep
NCO1

1111 Reserved =

1110 CLC4 _ouT No
1101 CLC3_OouT No
1100 CLC2_ouT No
1011 CLC1_OuT No
1010 Reserved =

1001 TMR4_Postscaled_OUT No
1000 TMR2_Postscaled_OUT No
0111 CLKR_OUT No
0110 EXTOSC Yes
0101 SOSC Yes
0100 MFINTOSC (32 kHz) Yes
0011 MFINTOSC (500 kHz) Yes
0010 LFINTOSC Yes
0001 HFINTOSC Yes
0000 Fosc No

Note:

1. PWS applies only when operating in Pulse Frequency mode.
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25.8.3 NCOxACC
Name: NCOxACC
Offset: 0x058C
NCO Accumulator Register
Bit 23 22 21 20 19 18 17 16
| | ACC[19:16]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
ACC[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
ACCI[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 19:0 — ACC[19:0] Accumulated sum of NCO additions

Notes:

1. The individual bytes in this multibyte register can be accessed with the following register names:
— NCOXACCU: Accesses the upper byte ACC[23:16]
— NCOXACCH: Accesses the high byte ACC[15:8]
— NCOXACCL: Accesses the low byte ACC[7:0].
2. The accumulator spans registers NCOXACCU:NCOxACCH:NCOXACCL. The 24 bits are reserved, but not
all are used. This register updates in real-time, asynchronously to the CPU; there is no provision to ensure
atomic access to this 24-bit space using an 8-bit bus. Writing to this register while the module is operating will

produce undefined results.
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25.8.4 NCOxINC
Name: NCOxINC
Offset: 0x058F
NCO Increment Register
Bit 23 22 21 20 19 18 17 16
| | INC[19:16]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 15 14 13 12 11 10 9 8
INC[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
INC[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 1

Bits 19:0 — INC[19:0] Value by which the NCOXACC is increased by each NCO clock

Notes:

1. The individual bytes in this multibyte register can be accessed with the following register names:
— NCOXINCU: Accesses the upper byte INC[19:16]
— NCOXINCH: Accesses the high byte INC[15:8]
— NCOXINCL: Accesses the low byte INC[7:0].

2. The logical increment spans NCOXINCU:NCOxINCH:NCOXxINCL.
3. NCOXINC is double-buffered as INCBUF:

— INCBUF is updated on the next falling edge of NCOxCLK after writing to NCOxINCL
— NCOXINCU and NCOxINCH will be written prior to writing NCOxINCL.
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259 Register Summary - NCO

I I = 2 I RN AN (N I I

0x00
Reserved
0x058B
7.0 ACCI7:0]
0x058C NCO1ACC 15:8 ACC[15:8]
23:16 ACCJ[19:16]
7:0 INCI[7:0]
0x058F NCO1INC 15:8 INC[15:8]
23:16 INC[19:16]
0x0592 NCO1CON 7:0 EN ouT POL PFM
0x0593 NCO1CLK 7:0 PWS[2:0] CKS[3:0]
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CWG - Complementary Waveform Generator Module

The Complementary Waveform Generator (CWG) produces half-bridge, full-bridge, and steering of PWM waveforms.
It is backwards compatible with previous CCP functions.

The CWG has the following features:

» Six Operating modes:
— Synchronous Steering mode
— Asynchronous Steering mode
— Full Bridge mode, Forward
— Full Bridge mode, Reverse
— Half Bridge mode
— Push-Pull mode
*  Output Polarity Control
» Output Steering
* Independent 6-bit Rising and Falling Event Dead-Band Timers:
— Clocked dead band
— Independent rising and falling dead-band enables
* Auto-Shutdown Control with:
— Selectable shutdown sources
— Auto-restart option
— Auto-shutdown pin override control

Fundamental Operation
The CWG generates two output waveforms from the selected input source.
The off-to-on transition of each output can be delayed from the on-to-off transition of the other output, thereby

creating a time delay immediately where neither output is driven. This is referred to as dead time and is covered in
the Dead-Band Control section.

It may be necessary to guard against the possibility of circuit faults or a feedback event arriving too late or not at all.
In this case, the active drive must be terminated before the Fault condition causes damage. This is referred to as
auto-shutdown and is covered in the Auto-Shutdown section.

Operating Modes
The CWG module can operate in six different modes, as specified by the MODE bits:
» Half Bridge mode
* Push-Pull mode
* Asynchronous Steering mode
* Synchronous Steering mode
» Full Bridge mode, Forward
» Full Bridge mode, Reverse

All modes accept a single pulse input, and provide up to four outputs as described in the following sections.

All modes include auto-shutdown control as described in the Auto-Shutdown section.

Important: Except as noted for Full Bridge mode, mode changes must only be performed while EN = 0.
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Half Bridge Mode

In Half Bridge mode, two output signals are generated as true and inverted versions of the input as illustrated in
Figure 26-1. A nonoverlap (dead band) time is inserted between the two outputs to prevent shoot-through current
in various power supply applications. Dead-band control is described in the Dead-Band Control section. The output
steering feature cannot be used in this mode. A basic block diagram of this mode is shown in Figure 26-2.

The unused outputs CWGxC and CWGxD drive similar signals as CWGxA and CWGxB, with polarity independently
controlled by the POLC and POLD bits, respectively.

Figure 26-1. CWG Half Bridge Mode Operation
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Figure 26-2. Simplified CWG Block Diagram (Half Bridge Mode, MODE = ‘b100)
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26.2.2 Push-Pull Mode
In Push-Pull mode, two output signals are generated, alternating copies of the input as illustrated in Figure 26-3. This
alternation creates the Push-Pull effect required for driving some transformer-based power supply designs. Steering
modes are not used in Push-Pull mode. A basic block diagram for the Push-Pull mode is shown in Figure 26-4.

The Push-Pull sequencer is reset whenever EN = 0 or if an auto-shutdown event occurs. The sequencer is clocked
by the first input pulse, and the first output appears on CWGXxA.

The unused outputs CWGxC and CWGXxD drive copies of CWGxA and CWGXxB, respectively, but with polarity
controlled by the POLC and POLD bits, respectively.

Figure 26-3. CWG Push-Pull Mode Operation
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Figure 26-4. Simplified CWG Block Diagram (Push-Pull Mode, MODE = ‘b101)
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26.2.3 Full Bridge Mode
In Forward and Reverse Full Bridge modes, three outputs drive static values while the fourth is modulated by the
input data signal. The mode selection may be toggled between forward and reverse by toggling the MODE[0] bit
of the CWGxCONO register while keeping the MODE[2:1] bits static, without disabling the CWG module. When
connected, as shown in Figure 26-5, the outputs are appropriate for a full-bridge motor driver. Each CWG output
signal has independent polarity control, so the circuit can be adapted to high-active and low-active drivers. A
simplified block diagram for the Full Bridge modes is shown in Figure 26-6.

Figure 26-5. Example of Full-Bridge Application
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Figure 26-6. Simplified CWG Block Diagram (Forward and Reverse Full Bridge Modes)
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In Forward Full Bridge mode (MODE = ‘b010), CWGXA is driven to its Active state, CWGxB and CWGXC are driven
to their Inactive state, and CWGxD is modulated by the input signal, as shown in Figure 26-7.

In Reverse Full Bridge mode (MODE = ‘b011), CWGXC is driven to its Active state, CWGxA and CWGxD are driven
to their Inactive states, and CWGxB is modulated by the input signal, as shown in Figure 26-7.

In Full Bridge mode, the dead-band period is used when there is a switch from forward to reverse or vice versa.

This dead-band control is described in the Dead-Band Control section, with additional details in the Rising Edge and
Reverse Dead Band and Falling Edge and Forward Dead Band sections. Steering modes are not used with either of
the Full Bridge modes.

Figure 26-7. Example of Full-Bridge Output
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Mode Period
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\J
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Pulse Width

CWGxD®
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Mode Period
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o

CWGxB®

cwaexc?

CWGxD®?

(] (1)

Notes:
1. Arising CWG data input creates a rising event on the modulated output.
2. Output signals shown as active-high; all POLy bits are clear.

26.2.3.1 Direction Change in Full Bridge Mode
In Full Bridge mode, changing the MODE]O0] bit controls the forward/reverse direction. Direction changes occur on the
next rising edge of the modulated input. The sequence, described as follows, is illustrated in Figure 26-8.
1. The associated active output CWGXxA and the inactive output CWGXC are switched to drive in the opposite
direction.

2. The previously modulated output CWGXxD is switched to the Inactive state, and the previously inactive output
CWGXxB begins to modulate.

3.  CWG modulation resumes after the direction-switch dead band has elapsed.

© 2022 Microchip Technology Inc. Preliminary Datasheet DS40002404A-page 296
and its subsidiaries



26.2.3.2

26.2.4

PIC16F18114/15/24/25/44/45

CWG - Complementary Waveform Generator Mod...

Figure 26-8. Example of PWM Direction Change at Near 100% Duty Cycle
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Dead-Band Delay in Full Bridge Mode
Dead-band delay is important when either of the following conditions is true:

« The direction of the CWG output changes when the duty cycle of the data input is at or near 100%.

» The turn-off time of the power switch, including the power device and driver circuit, is greater than the turn-on
time.

The dead-band delay is inserted only when changing directions, and only the modulated output is affected.
The statically-configured outputs (CWGxA and CWGXxC) are not afforded dead band, and switch essentially
simultaneously.

Figure 26-8 shows an example of the CWG outputs changing directions from forward to reverse, at near 100% duty
cycle. In this example, at time t1, the output of CWGxA and CWGxD becomes inactive, while the output of CWGxC
becomes active. Since the turn-off time of the power devices is longer than the turn-on time, a shoot-through current
will flow through the power devices QC and QD for the duration of ‘T". The same phenomenon will occur to power
devices QA and QB for the CWG direction change from reverse to forward.

When changing the CWG direction at high duty cycle is required for an application, two possible solutions for
eliminating the shoot-through current are:

1. Reduce the CWG duty cycle for one period before changing directions.
2. Use switch drivers that can drive the switches off faster than they can drive them on.

Steering Modes

In both Synchronous and Asynchronous Steering modes, the CWG Data can be steered to any combination of four
CWG outputs. A fixed value will be presented on all the outputs not used for the PWM output. Each output has
independent polarity, steering, and shutdown options. Dead-band control is not used in either Steering mode.

For example, when STRA = 0, the corresponding pin is held at the level defined by OVRA. When STRA = 1, the pin
is driven by the CWG Data signal. The POLy bits control the signal polarity only when STRy = 1.

The CWG auto-shutdown operation also applies in Steering modes as described in the Auto-Shutdown section. An
auto-shutdown event will only affect pins that have STRy = 1.
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Figure 26-9. Simplified CWG Block Diagram (Output Steering Modes)
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Synchronous Steering Mode

In Synchronous Steering mode (MODE = ‘b001), the changes to steering selection registers take effect on the next
rising edge of CWG Data (see the figure below). In Synchronous Steering mode, the output will always produce a
complete waveform.

Important: Only the STRXx bits are synchronized; the OVRXx bits are not synchronized.

Figure 26-10. Example of Synchronous Steering (MODE = ‘b001)

‘‘‘‘‘‘‘‘‘

CWGx clock l

CWG Data

CWGxA

CWGxB

Asynchronous Steering Mode
In Asynchronous mode (MODE = ‘b000), steering takes effect at the end of the instruction cycle that writes to STRx.

In Asynchronous Steering mode, the output signal may be an incomplete waveform (see the figure below). This
operation may be useful when the user firmware needs to immediately remove a signal from the output pin.

Figure 26-11. Example of Asynchronous Steering (MODE = ‘b000)

CWG Data

End of Instruction Cycle End of Instruction Cycle

STRA

CWGxA

- -

CWG1A Follows CWG1 data input

Start-Up Considerations
The application hardware must use the proper external pull-up and/or pull-down resistors on the CWG output pins.
This is required because all I/O pins are forced to high-impedance at Reset.

The Polarity Control (POLy) bits allow the user to choose whether the output signals are active-high or active-low.

Clock Source

The clock source is used to drive the dead-band timing circuits. The CWG module allows the following clock sources
to be selected:

*  Fosc (system clock)
+ HFINTOSC

When the HFINTOSC is selected, the HFINTOSC will be kept running during Sleep. Therefore, the CWG modes
requiring dead band can operate in Sleep, provided that the CWG data input is also active during Sleep. The clock
sources are selected using the CS bit. The system clock Fggc is disabled in Sleep and thus dead-band control
cannot be used.
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Selectable Input Sources

The CWG generates the output waveforms from the input sources which are selected with the ISM bits. Refer to the
CWGxISM register for more details.

Output Control

CWG Output

Each CWG output can be routed to a Peripheral Pin Select (PPS) output via the RxyPPS register. Refer to the “PPS
- Peripheral Pin Select Module” chapter for more details.

Polarity Control

The polarity of each CWG output can be selected independently. When the output polarity bit is set, the
corresponding output is active-high. Clearing the output polarity bit configures the corresponding output as active-low.
However, polarity does not affect the override levels. Output polarity is selected with the POLy bits. Auto-shutdown
and steering options are unaffected by polarity.

Dead-Band Control

The dead-band control provides nonoverlapping complementary outputs to prevent shoot-through current when the
outputs switch. Dead-band operation is employed for Half Bridge and Full Bridge modes. The CWG contains two 6-bit
dead-band counters. One is used for the rising edge of the input source control in Half Bridge mode or for reverse
direction change dead band in Full Bridge mode. The other is used for the falling edge of the input source control in
Half Bridge mode or for forward direction change dead band in Full Bridge mode.

Dead band is timed by counting CWG clock periods from zero up to the value in the rising or falling dead-band
counter registers.

Dead-Band Functionality in Half Bridge Mode

In Half Bridge mode, the dead-band counters dictate the delay between the falling edge of the normal output and the
rising edge of the inverted output. This can be seen in Figure 26-1.

Dead-Band Functionality in Full Bridge Mode

In Full Bridge mode, the dead-band counters are used when undergoing a direction change. The MODE]0] bit can

be set or cleared while the CWG is running, allowing for changes from Forward to Reverse mode. The CWGxA

and CWGKxC signals will change immediately upon the first rising input edge following a direction change, but the
modulated signals (CWGxB or CWGxD, depending on the direction of the change) will experience a delay dictated by
the dead-band counters.

Rising Edge and Reverse Dead Band

In Half Bridge mode, the rising edge dead band delays the turn-on of the CWGXA output after the rising edge of the
CWG data input. In Full Bridge mode, the reverse dead-band delay is only inserted when changing directions from
Forward mode to Reverse mode, and only the modulated output, CWGXxB, is affected.

The CWGxDBR register determines the duration of the dead-band interval on the rising edge of the input source
signal. This duration is from 0 to 64 periods of the CWG clock. The following figure illustrates different dead-band
delays for rising and falling CWG Data events.
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Figure 26-12. Dead-Band Operation, CWGxDBR = 0x01, CWGxDBF = 0x02
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If the input source signal reverses polarity before the dead-band count is completed, then no signal will be seen on
the respective output.

The CWGXxDBR register value is double-buffered. When EN = 0, the buffer is loaded when CWGxDBR is written.
When EN = 1, the buffer will be loaded at the rising edge following the first falling edge of the CWG Data, after the LD
bit is set.

Falling Edge and Forward Dead Band

In Half Bridge mode, the falling edge dead band delays the turn-on of the CWGxB output at the falling edge of the
CWG data input. In Full Bridge mode, the forward dead-band delay is only inserted when changing directions from
Reverse mode to Forward mode, and only the modulated output, CWGxD, is affected.

The CWGxDBF register determines the duration of the dead-band interval on the falling edge of the input source
signal. This duration is from 0 to 64 periods of the CWG clock.

Dead-band delay is always initiated on the edge of the input source signal. A count of zero indicates that no dead
band is present.

If the input source signal reverses polarity before the dead-band count is completed, then no signal will be seen on
the respective output.

Figure 26-13. Dead-Band Operation, CWGxDBR = 0x03, CWGxDBF = 0x06, Source Shorter Than Dead Band
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The CWGXDBF register value is double-buffered. When EN = 0, the buffer is loaded when CWGxDBF is written.
When EN = 1, the buffer will be loaded at the rising edge following the first falling edge of the data input after the LD
bit is set.

Dead-Band Jitter

When the rising and falling edges of the input source are asynchronous to the CWG clock, it creates jitter in the
dead-band time delay. The maximum jitter is equal to one CWG clock period. Refer to the equations below for more
details.
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Equation 26-1. Dead-Band Delay Time Calculation

1
TDEAD — BAND MIN = T oo DBX

TDEAD — BAND_MAX = *(DBx+1)

_ 1
Fewe_cLock

T1rTER = TDEAD — BAND_MAX — TDEAD — BAND_MIN

1

Tyrrer = Fewe_cLock

TpeaD — BAND_MAX = TDEAD — BAND_MIN + TJITTER
Dead-Band Delay Example Calculation

DBx = 0x04 = 10

Fewe_cLock = 8MHz

TiiTTER = m =125ns

TDEAD — BAND_MIN = 125ns10 = 1.25 us
TpEAD — BAND _MAX = 1.25us + 0.125 pus = 1.37 us

Auto-Shutdown

Auto-shutdown is a method to immediately override the CWG output levels with specific overrides that allow for safe
shutdown of the circuit. The Shutdown state can be either cleared automatically or held until cleared by software. The
auto-shutdown circuit is illustrated in the following figure.

Figure 26-14. CWG Shutdown Block Diagram
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The Shutdown state can be entered by either of the following two methods:

« Software Generate