MICROCHIP PIC16F15213/14/23/24/43/44

PIC16F15213/14/23/24/43/44 LLow Pin Count
Microcontrollers

Introduction

The PIC16F152 microcontroller family has a suite of digital and analog peripherals that enable cost-sensitive sensor
and real-time control applications. This product family is available from 8 to 44-pin packages in a memory range

of 3.5 KB to 28 KB, with speeds up to 32 MHz. The family includes a 10-bit Analog-to-Digital Converter (ADC),
Peripheral Pin Select (PPS), Memory Access Partition (MAP) to support users in data protection and bootloader
applications, Device Information Area (DIA) that stores Fixed Voltage Reference (FVR) offset values to help improve
ADC accuracy, digital communication peripherals, timers and waveform generators. This small form factor device is
well suited for low-cost sensor and control applications.

PIC16F152 Family Types

Table 1. Devices Included in This Data Sheet
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PIC16F15213 3.5k 256 YIY 6/Y 112 22 5/2 1 1 N 1 6 Y
PIC16F15214 7k 512 YIY 6/Y 112 212 5/2 1 1 N 1 6 Y
PIC16F15223 3.5 256 Y| t2ry 112 212 o2 1 1 Y 1 12 Y
PIC16F15224 7k 512 Y/IY 12/1Y 1/2 2/2 9/2 1 1 Y 1 12 Y
PIC16F15243 3.5 256 Y |18y 112 212 12/2 1 1 Y 1 18 Y
PIC16F 15244 7k 512 YIY 18y 112 22 12/2 1 1 Y 1 18 Y
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Table 2. Devices Not Included in This Data Sheet

PIC16F15225
PIC16F15245
PIC16F15254
PIC16F15255
PIC16F 15256
PIC16F15274
PIC16F15275

PIC16F15276

Notes:

Program Flash Memory

14k

14k

7K

14k

28k

7k

14k

28k

Data SRAM

1024

1024

512

1024

2048

512

1024

2048

Memory Access Partition/
Device Information Area

YIY

YIY

YIY

YIY

YIY

YIY

YIY

YIY

1/0 Pins(1);
Peripheral Pin Select

121y

18/Y

26/Y

26/Y

26/Y

36/Y

36/Y

36/Y

8-Bit Timers with HLT/
16-Bit Timers(2)

12

1/2

12

1/2

12

1/2

1/2

12

10-Bit PWM/
CCP

22

2/2

2/2

2/2

2/2

2/2

22

2/2

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

Core Features

10-Bit ADC Channels
(External/Internal)

9/2

12/2

1712

17/2

1712

28/2

28/2

28/2

EUSART

< | < | < | < | <| <| < | < EEUEELIGEG Y [N 2T S

External Interrupt Pins
Interrupt-on-Change Pins
Watchdog Timer

1 12 Y
1 18 Y
1 25 Y
1 25 Y
1 25 Y
1 25 Y
1 25 Y
1 25 Y

» 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)
» Watchdog Timer (WDT)

Memory

+ Up to 28 KB of Program Flash Memory

* Up to 2 KB of Data SRAM Memory

*  Memory Access Partition (MAP): The Program Flash Memory Can Be Partitioned into:
— Application Block

— Boot Block

— Storage Area Flash (SAF) Block

* Programmable Code Protection and Write Protection

» Device Information Area (DIA) Stores:

— Fixed Voltage Reference (FVR) measurement data
— Microchip Unique Identifier
» Device Characteristics Area (DCI) Stores:

© 2020-2022 Microchip Technology Inc.
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— Program/erase row sizes
— Pin count details
» Direct, Indirect and Relative Addressing Modes

Operating Characteristics

» Operating Voltage Range:
- 1.8Vt0 5.5V

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

Power-Saving Functionality

» Sleep:
— Reduce device power consumption
— Reduce system electrical noise while performing ADC conversions
* Low Power Mode Features:
— Sleep:
* <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
*  Two Pulse-Width Modulators (PWM):
— 10-bit resolution
— Independent pulse outputs
* One Configurable 8/16-Bit Timer (TMRO)
* One 16-Bit Timer (TMR1) with Gate Control
* One 8-Bit Timer (TMR2) with Hardware Limit Timer (HLT)
* One Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART):
— RS-232, RS-485, LIN compatible
— Auto-wake-up on Start
* One Host Synchronous Serial Port (MSSP):
— Serial Peripheral Interface (SPI) mode
» Client Select Synchronization
— Inter-Integrated Circuit (12C) mode
» 7/10-bit Addressing modes
» Peripheral Pin Select (PPS):
— Enables pin mapping of digital 1/O
» Device I/O Port Features:
— Upto 35 1/0 pins
— 1 input-only pin

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 3
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— Individual I/O direction, open-drain, input threshold, slew rate and weak pull-up control

— Interrupt-on-change (I0OC) on up to 25 pins
— One external interrupt pin

Analog Peripherals

* Analog-to-Digital Converter (ADC):
— 10-bit resolution
— Up to 28 external input channels
— Two internal input channels
— Internal ADC oscillator (ADCRC)
— Operates in Sleep
— Selectable auto-conversion trigger sources
» Fixed Voltage Reference (FVR):
— Selectable 1.024V, 2.048V and 4.096V output levels
— Internally connected to ADC

Clocking Structure

» High-Precision Internal Oscillator Block (HFINTOSC):
— Selectable frequencies up to 32 MHz
— 2% at calibration

* Internal 31 kHz Oscillator (LFINTOSC)

« External High-Frequency Clock Input:
— Two External Clock (EC) Power modes

Programming/Debug Features

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

© 2020-2022 Microchip Technology Inc.
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Block Diagram

Figure 1. PIC16F15213/14/23/24/43/44 Block Diagram
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Notes:
1. Available on 20-pin devices only.
2. Available on 14/20-pin devices only.
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 5

and its subsidiaries



PIC16F15213/14/23/24/43/44

Table of Contents

[0 To [0 e (1] o TP P U PP P PTRPPRPPPROI 1
PICABF 152 Family TYPES. ... ieiiiiii ittt e e e et e e e e et e e e e e st s e e e e e s easstaeeaeeeansbaeeaaesanssneeaens 1
COrE FRALUIES. ... a et h e e a et oo bt e e e bt e e st et e e b et e e e e e e et et e s e e as 2
L = o3 €= Lo = U PRRPRE 8
P 10T - To | = 10 0 T PO PSPPSR PPPR 9
3. PN AIIOCALION TADIES......c..eeeieeee e e 11
4. Guidelines for Getting Started with PIC16F 152 Microcontrollers.............cccccvuviieeiiiiiiiee e 14
5. Register and Bit Naming CONVENTIONS. ..........oiiiiiiiiiiie e 17
LT (= To 153 (T gl I =To 1= o o FO PP PRPTR 19
7. Enhanced Mid-Range CPU..........ooo ettt st e e 20
S T B oAV oY @o o1 1o U =1 1o o TSR 22
L |V =Y g To T A @ (o P= a1 2 (o] PSPPSR 32
T0. RESBES. .t b e e et e et e e e n 65
11. OSC - OSCillator MOGUIE. .......cciiiiiieiit ettt et ettt n e 77
L [ =T 4 (U] o T T PSS PP PP UPPPTI 88
LR TS (=T ol o o [ TSSO PP PUPRR PO 101
14, WDT - WatChdOg TimMET ... ..eeiieieeeiiiee ettt ettt e e e e et et e e e e naneeas 103
15. NVM - Nonvolatile Memory CONIOL ........co et e e e e e e e e e eeneeeeeean 107
LT T @ TN =T o £SO PSTRS 126
17. 10C - INterrUPt-0N-Change. .......c..oii ittt e et e e snr e e e areee e 141
18. PPS - Peripheral Pin Select MOAUIE............oooiiiiiiiie e e 147
19. TMRO - TIMEI0 MOTUIE. ...ttt ettt e ettt e sab e e beeenteenbeeenneenneean 155
20. TMR1 - Timer1 Module with Gate CONTrOL...........cccuiiiiiiiiiiii e 163
21. TMR2 = TIMEI2 MOGUIE......cueietit ettt ettt sttt e st e et eesee et e snteeaeesnbeesseesnbeesseeennee e 178
22. CCP - Capture/Compare/PWM MOUIE.............coooii e e e e e e e e e e e s aareaees 199
23. PWM - Pulse-Width ModUIGLION............coiiiiiiiiie e 212
24. EUSART - Enhanced Universal Synchronous Asynchronous Receiver Transmitter.......................... 220
25. MSSP - Host Synchronous Serial Port MOAUIE............cooiiiiiiiiie e 249
26. FVR - Fixed Voltage REfErENCE. ..........uiiiiiiieiiii ettt 310
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 6

and its subsidiaries



PIC16F15213/14/23/24/43/44

27. ADC - Analog-to-Digital CONVEIET. .........coiuiiiiiie ettt 313
DS T O 4T 1 1= o o 328
29. INSIrUCION St SUMMAIY......eiiiiiiii ittt s bt e eab e e e e e bn e nnes 331
30. ICSP™ - In-Circuit Serial Programming™............cccooieeeeeeeeeeeeeeeee e 351
31, REGISIEr SUMIMAIY....oiii ittt e et e e e e et e e e e e et e e e e e e s ntseeeaeeesssaseeaesanssseneeaeannses 354
32. Electrical SPECIfiCAtIONS. ........uiiiiiiieiie e e 359
33. DC and AC Characteristics Graphs and TabIes...........ccuuiiiiiiiiiiiic e 384
34. Packaging INfOrmMatioN..........o.uii i 397
35. Appendix A: ReVISION HISTOIY.......cooiiiiiii e e e e e e 429
The MICrOChID WEDSITE. ...ttt e e s e e ne e e anes 430
Product Change Notification SErVICe...... ..o it e e e e e e 430
OIS} (] 0 LY AR S U] o] o o]« S PSSP PP 430
Product 1dentification SYStEm..........eii s 431
Microchip Devices Code Protection FEatUre............ccuueiiiiiiiiiiii et 431
[ITo E= |l N o) (o ST PR PPPPRPP 432
JLILEC (o =T o £ F=T T PP PP RRTS PRSP 432
Quality Management SYSTEM........cooiiiiiiiie ettt e st e e st e et e e e eneeeesneeeeaneeeeaaee 433
Worldwide Sales @nd SEIVICE........cocuiiiiiiieeie ettt e e 434
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 7

and its subsidiaries



PIC16F15213/14/23/24/43/44

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 %IOQT:II\T
PDIP | SOIC | DFN | PDIP | SOIC | TSSOP PDIP | SOIC | SSOP 3x3x0.9

PIC16F15213

PIC16F15214 0 0 0

PIC16F15223 . . . .

PIC16F15224 . . . .

PIC16F15243 . y * y
PIC16F 15244 : ° * y
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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 QFN
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

19 JRAO/ICSPDAT
18[ JRA1/ICSPCLK

RA1/ICSPCLK

RA2
RCO
RC1
RC2

vool |1 20[ Jvss
RAS5[ |2
rRA4[]3
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
Figure 2-5. 20-Pin VQFN
'—
<
[a)]
o
)
O
I 23 9 %
xr > >
20 19 18 17 16
°
MCLR/VPP/IRA3| 1 15]]
RC5] 2 14}
RC4]3 13
RC3| 4 12|
RC6]5 1l
s 7 829810
~N N © 1S
O m m o o
r ¢  x

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 Allocation Tables

3. Pin Allocation Tables
Table 3-1. 8-Pin Allocation Table

8-Pin PDIP .
SoIc Reference Timers EUSART

RAO 7 ANAO = = = = = ck1(1:3) | 1ocA0 ICSPDAT
ICDDAT
RA1 6 ANA1 VREF+ (ADC) — — — scL1(1:3) rx1(1)  10CA1 — ICSPCLK
sck1(1:3) | pT1(1,3) ICDCLK
RA2 5 ANA2 = Tocki(1) = = spA1(1:3) = IOCA2 INT(1) =
spi1(1:3)
RA3 4 — — — — — ss1(1) = I0CA3 — MCLR
VPP
RA4 3 ANA4 = T1c(1) = = = = loCA4 = CLKOUT
RA5 2 ANA5 = Ticki(M) | ccp1(®) = = = IOCA5 = CLKIN
ADACT(1) T2IN(1) | ccpa(1)
VbD 1 — — — — — — — — — VDD
Vss 8 = = = = = = = = = Vss
ouTt(2) = = = TMRO CCP1 PWM3 SCL1 ™1 = = =
CCP2 PWM4 SCK1 DT1
SDA1 CK1
SDO1
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.

Table 3-2. 14/16-Pin Allocation Table

110 14-Pin PDIP Reference Timers 10-B|t EUSART
soIC
TSSOP

RAO ANAO IOCAQ ICSPDAT
ICDDAT
RA1 12 11 ANA1 VREF#* (ADC) = = = = = IOCA1 = ICSPCLK
ICDCLK
RA2 1 10 ANA2 = Tocki(1) = = = = jocA2 | INT(1) =
RA3 4 3 = = = = = = = |0CA3 = MCLR
Vpp
RA4 3 2 ANA4 = T1c(1) = = = = I0CA4 = CLKOUT
RA5 2 1 ANA5 = T1cki() = = = = I0CA5 = CLKIN
T2iN()
RCO 10 9 = = = = = scL1(1,34) = 10CCO = =
sck1(1,3,4)
RC1 9 8 = = = = —  spA1(1:34) = locc1 — =
spi1(1,3,4)
RC2 8 7 ANC2 — — — — — — locc2 — —
ADACT(1)
RC3 7 6 ANC3 = = ccp2()  — ss1(1) = locc3 = =
RC4 6 5 ANC4 = = = = = ck1(1:3) | jocca = =
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 11
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Pin Allocation Tables

........... continued
110 14-Pin PDIP ADC Reference Timers CCP 10-Bit EUSART [0]03
soic PWM
TSSOP
RC5 5 4 ANC5 = = cepi() | — = rx1(1)  1occs = =
pT1(1,3)
VDD 1 16 — — — — — — — — — VDD
Vss 14 13 — — — — — — — — — Vss
out(2) = = = = TMRO CCP1 | PWM3 sCL1 ™1 = = =
CCP2 PWM4 SCK1 DT1
SDA1 CK1
SDO1
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. 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.

Table 3-3. 20-Pin Allocation Table

1/0 20-Pin ADC Reference Timers CccP 10-Bit EUSART [o] o3
VQFN PWM
RAO 16 — — — — — — —

ANAO IOCA0 ICSPDAT

ICDDAT

RA1 18 15 ANA1 VREF* (ADC) — — — — — IOCA1 — ICSPCLK
ICDCLK

RA2 17 14 ANA2 = Tocki(!) = = = = I0cA2 | INT(1 =

RA3 4 1 — — — — — — — IOCA3 — MCLR

VPP
RA4 3 20 ANA4 = T1c() = = = = IOCA4 = CLKOUT
RA5 2 19 ANA5 = T1cki() = = = = IOCA5 = CLKIN
T2IN(1)
RB4 13 10 = = = = = scL1(1:34) = IOCB4 = =
sck1(1,3.4)
RB5 12 9 ANB5 = = = = = rx1(1) | jocB5 = =
pT1(1,3)
RB6 11 8 ANB6 = = = = sDA1(1,3:4) = I0CB6 = =
spi1(1,3:4)

RB7 10 7 ANB7 = = = = = ck1(13) | 1ocB? = =

RCO 16 13 = = = = = = = 10CCO = =

RC1 15 12 = = = = = = = I0CC1 = =

RC2 14 11 ANC2 = = = = = = I0CC2 = =

ADAcT(1)

RC3 7 4 ANC3 = = ccpz(1) = = = Iocc3 = =

RC4 6 3 ANC4 = = = = = = l0cc4 = =

RC5 5 2 ANC5 = = ccpi(l) = = = I0CC5 = =

RC6 8 5 = = = = = 551(1) = I0CC6 = =

RC7 9 6 = = = = = = = locC7 = =

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 12
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Pin Allocation Tables

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

Reference

Timers

ﬁ b

VDD 1 18 — — — — — — VDD
Vss 20 17 — — — — — — — — — Vss
out@ | — = — = TMRO CcCcP1 | PWM3 SCL1 1 = = =
CCP2 PWM4 SCK1 DT1
SDA1 CK1
SDO1
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.

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.
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Guidelines for Getting Started with PIC16F152 Microcontrollers

Basic Connection Requirements

Getting started with the PIC16F152 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).

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 14
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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.
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Guidelines for Getting Started with PIC16F152 Micr...

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.
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Register and Bit Naming Conventions

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
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Register and Bit Naming Conventions

BCF ADCON2 , ADMD2
BCF ADCON2 , ADMD1
BSF ADCON2 , ADMDO

Register and Bit Naming Exceptions

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

Table 6-1. Register Legend

R Readable bit

w Writable bit

HS Hardware settable bit
HC Hardware clearable bit

S Set only bit

C Clear only bit

U Unimplemented bit, read as ‘0’
‘7 Bit value is set

‘0’ Bit value is cleared

X Bit value is unknown

u Bit value is unchanged

q Bit value depends on condition
m 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

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

Code protection allows the device to be protected from unauthorized access. Internal access to the program memory
is unaffected by any code protection setting.

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

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. See the “Memory Programming Specification” section in the “Electrical
Specifications” chapter for information on the electrical parameters required to program these memory locations.
For more information on checksum calculation, see the “Family Programming Specification”.

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
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8.6.1 CONFIG1
Name: CONFIG1
Offset: 0x8007
Configuration Word 1
Bit 15 14 13 12 1 10 9 8
| | VDDAR CLKOUTEN
Access R/W R/W
Reset 1 1
Bit 7 6 5 4 3 2 1 0
RSTOSC[1:0] FEXTOSC[1:0] |
Access R/W R/W R/W R/W
Reset 1 1 1 1

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 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 5:4 — RSTOSC[1:0] Power-up Default Value for COSC bits
Selects the oscillator source used by user software. Refer to COSC operation.
Value Description

11 EXTOSC operating per the FEXTOSC bits
10 HFINTOSC with FRQ = 1 MHz

01 LFINTOSC

00 HFINTOSC with FRQ = 32 MHz

Bits 1:0 —- FEXTOSC[1:0] External Oscillator Mode Selection
Value Description

11 ECH (16 MHz and higher)
10 ECL (below 16 MHz)
01 Oscillator not enabled
00 Reserved
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8.6.2 CONFIG2
Name: CONFIG2
Offset: 0x8008
Configuration Word 2
Bit 15 14 13 12 1 10 9 8
| | | DEBUG STVREN PPS1WAY BORV
Access R/W R/wW R/wW R/wW
Reset 1 1 1 1
Bit 7 6 5 4 3 2 1 0
BOREN[1:0] WDTE[1:0] PWRTS[1:0] MCLRE
Access R/W R/W R/W R/W R/W R/W R/W

Reset 1 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 9 - BORV Brown-out Reset (BOR) Voltage Selection(?)
Value Description

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

0 Brown-out Reset voltage (VgoRr) set to 2.85V

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

Bits 4:3 — WDTE[1:0] Watchdog Timer (WDT) Enable

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

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

00 WDT disabled, the SEN bit of WDTCON is ignored

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

Value Description
11 PWRT disabled
10 PWRT is set at 64 ms
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Value Description
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 If LVP =1 MCLR pin is MCLR

1 If LVP =0 MCLR pin is MCLR

0 IfLVP =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. 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
Access
Reset
Bit 7 6 5 4 3 2 1 0
Access
Reset
Datasheet DS40002195D-page 26
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8.6.4 CONFIG4

Name: CONFIG4
Offset: 0x800A

Configuration Word 4

Bit 15 14 13 12 11 10 9 8
| | [ P WRTSAF WRTC WRTB

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

WRTAPP SAFEN BBEN BBSIZE[2:0]

Access R/W R/W R/W R/W R/W R/W

Reset 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 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

BBSIZE

End Address of

Boot Block

Boot Block Size (words)

PIC16F15213
PIC16F15223
PIC16F 15243

PIC16F15214
PIC16F 15224
PIC16F 15244

XXX
111
110
101
100
011
010
001
000

O|lOo| Oo|o| oo o|o|

Notes:

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

1.

ok onN

accidentally eliminating LVP mode from the Configuration state.

01FFh
03FFh
07FFh
OFFFh
1FFFh
3FFFh
3FFFh
3FFFh

—(6)

512
1024

—(6)
—(6)
—(6)
_(6)
—(6)

2048

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.

The 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.

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. For example, all settings
of BBSIZE from ‘110’ to ‘000’ for a PIC16F15213 (Max PFM = 2048 words) will result in a maximum Boot

Block size of 1024 words.
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8.6.5 CONFIG5

Name: CONFIG5
Offset: 0x800B

Configuration Word 5(1)

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

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 needs to 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

PIC16F15213 30E3h
PIC16F15214 30E6h
PIC16F15223 30E4h
PIC16F15224 30E7h
PIC16F15243 30E5h
PIC16F15244 30E8h
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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 2 types of memory in PIC16F152 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

In Harvard architecture devices, the data and program memories use separate buses that allow for concurrent
access of the two memory spaces.

Additional detailed information on the operation of the Program Flash 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

PIC16F15213 2,048 07FFh
PIC16F15214 4,096 OFFFh
PIC16F15223 2,048 07FFh
PIC16F15224 4,096 OFFFh
PIC16F15243 2,048 07FFh
PIC16F15244 4,096 OFFFh
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Figure 9-1. Program Memory and Stack (PIC16F152x3)

|  PC[14:0] |

CALL, CALLW [

RETURN, RETLW

A

15

Interrupt, RETFIE

y

Stack Level 0

Stack Level 1
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Stack Level 15

Reset Vector 0000h

Interrupt Vector | 0004h
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Figure 9-2. Program Memory and Stack (PIC16F152x4)

PC[14:0]

CALL, CALLW

A

RETURN, RETLW 15

Interrupt, RETFIE

A

Stack Level O

Stack Level 1

A

Stack Level 15

Reset Vector

0000h

Interrupt Vector

0004h

On-chip
Program
Memory

0005h

OFFFh

Reading Program Memory as Data

Unimplemented

1000h

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

;select data
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RETLW DATAO ; Index0 data
RETLW DATA1 ; Index1l data
RETLW DATA2
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 MOV IW 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 DATA1 ;Indexl data
RETLW DATA2
RETLW DATA3
my function
;.. LOTS OF CODE...
MOVLW LOW constants
MOVWE FSR1L
MOVLW HIGH constants
MOVWEF 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, 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 BEN BBEN
SAFEN=1 SAFEN =0 SAFEN =

00 0000h ... Last Block
Memory Address

Last Boot Block Memory Applica(ti?n
Address + 11 . 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(® CeAE

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, 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 811 Fh. These locations are read-only and cannot be erased or modified. The DIA contains
the Microchip Unique Identifier words, and the FVR voltage readings in millivolts (mV). Table 9-3 holds the DIA
information for the PIC16F 152 family of microcontrollers.
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Table 9-3. Device Information Area

Address Range Name of Region Standard Device Information

MUIO
MUI1
MUI2
MUI3
8100h - 8108h MUI4 Microchip Unique Identifier (9 Words)
MUI5
MUI6
MuI7
MUI8
8109h MUI9 Reserved (1 Word)
EUIO
EUI1
EUI2
EUI3
810Ah - 8111h EUla Optional External Unique Identifier (8 Words)
EUI5
EUI6
EUI7
8112h - 8117h Reserved Reserved (6 Words)
8118h FVRA1X ADC FVR1 output voltage for 1x setting (in mV)
8119h FVRA2X ADC FVR1 output voltage for 2x setting (in mV)
811Ah FVRA4X ADC FVR1 output voltage for 4x setting (in mV)
811Bh - 811Fh Reserved Reserved (5 Words)

Microchip Unique Identifier (MUI)
The PIC16F152 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 MUI 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.
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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 Fixed Voltage Reference (FVR) 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

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

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)
*  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)

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.

Value

PIC16F15213 PIC16F15214
PIC16F 15223 PIC16F 15224
PIC16F 15243 PIC16F 15244

Table 9-4. Device Configuration Information

Address Description

8200h ERSIZ Erase Row Size 32 Words

8201h wilez | DEEFETTG 32 Words
latches per row

8202h RSz UmberaflsEn 64 128 Rows
erasable rows

8203h Eesy || A EEERON 0 Bytes
memory size

8204h PCNT Pin Count 8/14/20 Pins

9.1.4.1 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.
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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

Figure 9-3. Banked Memory Partition

Rev. 10-000 041C.
11/8/2017

7-bit Bank Offset Typical Memory Bank

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

9.21 Bank Selection
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.

9.2.2 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.
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Table 9-5. Core Registers

Addresses in BANKx Core Registers

x00h or x80h INDFO
x01h or x81h INDF1
x02h or x82h PCL
x03h or x83h STATUS
x04h or x84h FSROL
x05h or x85h FSROH
x06h or x86h FSR1L
x07h or x87h FSR1H
x08h or x88h BSR
x09h or x89h WREG
x0Ah or x8Ah PCLATH
x0Bh 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 108h 188h 20Bh 288h 308h 388h
00Ch PORTA 08Ch = 10ch RB412c™ 18Ch SSP1BUF 20Ch TMRIL 28Ch T2TMR 30Ch CCPRIL 38Ch =
00Dh porTB™Y 08Dh — 10Dh RrB6I2CY 18Dh SSP1ADD 20Dh TMR1H 28Dh T2PR 30Dh CCPR1H 38Dh —
00Eh PORTC? 08Eh = 10Eh Rrcoi2c® 18th SSPIMSK 20Eh T1CON 28Eh T2CON 30eh CCP1CON 38Eh =
00Fh = 08Fh = 10Fh rc1c® 18Fh SSP1STAT 20Fh T1GCON 28Fh T2HLT 30Fh CCP1CAP 38Fh =
010h = 090h = 110h — 190h SSP1CON1 210h T1GATE 290h T2CLK 310h CCPR2L 390h —
011h = 091h = 111h = 191h SSP1CON2 211h T1CLK 291h T2RST 311h CCPR2H 391h —
012h TRISA 092h = 112h = 192h SSP1CON3 212h = 292h = 312h CCP2CON 392h =
013h TRISBY 093h — 113h — 193h — 213h — 293h = 313h CCP2CAP 393h —
014h TRISC? 094h - 114h = 194h = 214h = 294h — 314h PWM3DCL 394h =
015h — 095h - 115h — 195h — 215h - 295h — 315h PWM3DCH 395h -
016h - 096h = 116h = 196h = 216h = 296h — 316h PWM3CON 396h —
017h = 097h = 117h = 197h = 217h = 297h = 317h = 397h =
018h LATA 098h — 118h - 198h — 218h - 298h — 318h PWM4DCL 398h -
019h Latg™ 099h = 119h RCIREG 199h = 21%h = 299h = 319h PWMA4DCH 399h =
01Ah LATc? 09Ah CPCON 11Ah TX1REG 19Ah = 21Ah = 29Ah — 31Ah PWMA4CON 39Ah =
01Bh — 09Bh ADRESL 11Bh SP1BRGL 198Bh — 21Bh - 29Bh = 31Bh — 39Bh -
01Ch — 09Ch ADRESH 11Ch SP1BRGH 19Ch — 21Ch = 29Ch = 31ch = 39Ch =
01Dh = 09Dh ADCONO 11Dh RCISTA 19Dh = 21Dh = 29Dh = 31Dh = 39Dh =
01Eh — 09Eh ADCON1 11Eh TX1STA 19Eh — 21Eh - 29Eh = 31th = 39Eh -
01Fh = 09Fh ADACT 11Fh BAUD1CON 19Fh = 21Fh = 29Fh = 31Fh = 39Fh =
020h 0AOh 120h 1A0h 220h 2A0h 320h General 3A0h
Purpose
Registers
General General General General General General 32Fh 16 Bytes'”
Purpose Purpose Purpose Purpose Purpose Purpose 330h Unimplemented
Registers Registers Registers Registers Registers Registers Read as '0'
80 Bytes 80 Bytes 80 Bytes 80 Bytes' 80 Bytes™ 80 Bytes™ Unimplemented
Read as '0"
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: 20-pin devices only

1.
2. 14/20-pin devices only
3. 14-pin devices only
4. PIC16F15214/24/44 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
408h 48Bh 508Bh 588h 60Bh 68Bh 708h 788h
40Ch = 48Ch = 50Ch = 58Ch = 60Ch = 68Ch = 70Ch PIRO 78Ch =
40Dh - 48Dh - 50Dh = 58Dh = 60Dh = 68Dh = 70Dh PIR1 78Dh =
40Eh = 48Eh = S0Eh = 58Eh = 60Eh = 68Eh = 70Eh PIR2 78Eh =
40Fh = 48Fh = 50Fh = 58Fh = 60Fh = 68Fh = 70Fh = 78Fh =
410h = 490h = 510h = 590h = 610h = 690h = 710h = 790h =
411h = 491h = 511h = 591h = 611h = 691h = 711h = 791h =
412h = 492h = 512h = 592h = 612h = 692h = 712h = 792h =
413h = 493h = 513h = 593h = 613h = 693h = 713h = 793h =
414h = 494h = 514h = 594h = 614h = 694h = 714h = 794h =
415h = 495h = 515h = 595h = 615h = 695h = 715h = 795h =
416h — 496h — 516h — 596h — 616h — 696h — 716h PIEO 796h —
417h - 497h - 517h = 597h = 617h = 697h = 717h PIE1 797h =
418h = 498h = 518h = 598h = 618h = 698h = 718h PIE2 798h =
419h = 499 = 519h = 599h = 619h = 699h = 71%9h = 79%h =
41Ah = 49Ah = 51Ah = 59Ah = 61Ah = 69Ah = 71Ah = 79Ah =
41Bh — 498Bh — 51Bh — 59Bh — 61Bh — 69Bh — 71Bh — 79Bh —
41Ch = 49Ch = 51Ch = 59Ch TMROL 61Ch = 69Ch = 71ch = 79Ch =
41Dh = 49Dh = 51Dh = 59Dh TRMOH 61Dh = 69Dh = 71Dh = 79Dh =
41Eh = 49Eh = 51Eh = 59th TOCONO 61Eh = 69Eh = 71th = 79Eh =
41Fh = 49Fh = 51Fh = 59Fh TOCON1 61Fh = 69Fh = 71Fh = 79Fh =
420h 4A0h 520h S5A0h 620h 6A0h 720h 7A0h
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"
46Fh 4EFh 56Fh SEFh 66Fh 6EFh 76Fh 7EFh
470h Common RAM 4FOh Common RAM 570h Common RAM 5F0h Common RAM 670h Common RAM 6FOh Common RAM 770h Common RAM 7F0h Common RAM

(Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses (Accesses
47Fh 70h-7Fh) 4FFh 70h-7Fh) 57Fh 70h-7Fh) SFFh 70h-7Fh) 67Fh 70h-7Fh) 6FFh 70h-7Fh) 77Fh 70h-7Fh) 7FFh 70h-7Fh)

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 A0Oh A80h BOOh B80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
80Bh 88Bh 90Bh 988h AOBh A8Bh BOBh B8Bh
80Ch WDTCON 88Ch = 90Ch FVRCON 98Ch = AOCh = A8Ch — BOCh — B8Ch —
80Dh = 88Dh = 90Dh = 98Dh = AODh = A8Dh = BODh = B8Dh =
80Eh = 88Eh OSCCON 90Eh = 98Eh = AOEh = A8Eh = BOEh = B8Eh =
80Fh = 88Fh = 90Fh = 98Fh = AOFh = A8Fh = BOFh = B8Fh =
810h = 890h OSCSTAT 910h = 990h = Al0h = A90h = B10h - B90Oh =
811h BORCON 891h OSCEN 911h = 991h = Allh = A91h — Bllh — B91h —
812h = 892h OSCTUNE 912h = 992h = Al2h = A92h = B12h - B92h -
813h PCONO 893h OSCFRQ 913h — 993h — A13h = A93h — B13h = B93h =
814h PCON1 894h = 914h = 994h = Al4h = A94h = B14h = B94h =
815h = 895h = 915h = 995h = A15h = 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 = 99%h = A1Sh = A99h = B1Sh - B99h -
81Ah NVMADRL 89Ah = 91Ah = 99Ah = AlAh = A9Ah = BlAh = B9Ah =
81Bh NVMADRH 89Bh — 91Bh — 99Bh — A1Bh — A9Bh — B1Bh — B9Bh —
81Ch NVMDATL 89Ch = 91ch = 99Ch = AlCh = A9Ch = BiCh - B9Ch -
81Dh NVMDATH 89Dh = 91Dh = 99Dh = A1Dh = A9Dh = B1Dh = B9Dh =
81Eh NVMCON1 89Eh = 91Eh = 99eh = AlEh = A9Eh = B1Eh - B9Eh -
81Fh NVMCON2 89Fh = 91Fh = 99Fh = AlFh = A9Fh = B1Fh = B9Fh =
820h 8A0h 920h 9A0h A20h AAOh B20h BAOh
Unii Unii Uni Uni Unii Uni Uni 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 SFOh | 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
CcoBh C8sh DoBh D8Bh EOBh E8Bh FOBh F8Bh
coch = C8ch = DOCh = D8Ch = EOCh = E8Ch = FOCh = F8Ch =
CODh = C8Dh = DODh = D8Dh = EODh = E8Dh = FODh = F8Dh =
COEh = C8Eh = DOEh = D8Eh = EOEh = ESEh = FOEh = F8Eh =
COFh = C8Fh = DOFh = D8Fh = EOFh = E8Fh = FOFh = F8Fh =
C10h = C90h = D10h = D90h = E10h = E9Oh = F10h = Fo0oh =
Clih = C91h = Di1h = D91h = Ellh = E91h = F11h = F91h =
C12h — C92h — D12h — D92h — E12h — E92h — F12h — F92h —
Ci3h = C93h = D13h = D93h = E13h = E93h = F13h = F93h =
Cl4h = C94h = D14h = D94h = El4h = E94h = F14h = F94h =
Cish - C9sh = D1sh = D9sh = E15h = E9S5h = F15h = Fosh =
Cieh = Cc96h = D16h = D96h = El6h = E96h = F16h = F96h =
C17h — C97h — D17h — D97h — E17h — E97h — F17h — F97h —
Ci8h = C98h = D18h = D98h = E18h = E98h = F18h = Fo8h =
C1%h = C99%h = D1gh = D9%h = E19h = E9%h = F19h = F99h =
C1Ah = C9Ah = D1Ah = D9Ah = E1Ah = E9Ah = F1Ah = F9Ah =
CiBh = C9Bh = D1Bh = D9Bh = E1Bh = E9Bh = F1Bh = F9Bh =
CiCh — C9Ch — Dich — D9Ch — ElCh — E9Ch — Fich — F9Ch —
C1Dh = C9Dh = D1Dh = D9Dh = E1Dh = E9Dh = F1Dh = FoDh =
C1Eh = C9Eh = D1Eh = D9Eh = E1Eh = E9Eh = F1Eh = F9Eh =
C1Fh = C9Fh = D1Fh = D9Fh = E1Fh = E9Fh = F1Fh = F9Fh =
C20h CAOh D20h DAOh E20h EAOh F20h FAOh
Uni CBFh [ Uni Unii Uni Uni Uni Uni Unimplemented

Read as '0' CCoh 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 108Bh 1108h 118Bh 1208h 1288h 1308h 1388h
100Ch = 108Ch = 110Ch = 118Ch = 120Ch = 128Ch = 130Ch = 138Ch =
100Dh = 108Dh = 110Dh = 118Dh = 120Dh = 128Dh = 130Dh = 138Dh =
100Eh — 108Eh - 110Eh — 118Eh — 120Eh — 128Eh — 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 = 119%h = 1219h = 129%h = 131%h = 1399h =
101Ah = 109Ah = 111Ah = 119Ah = 121Ah = 129Ah = 131Ah = 139Ah =
101Bh = 1098Bh = 111Bh = 1198h = 121Bh = 1298h = 131Bh = 1398h =
101Ch = 109Ch = 111Ch = 119Ch = 121Ch = 129Ch = 131Ch = 139Ch =
101Dh = 109Dh = 111Dh = 119Dh = 121Dh = 129Dh = 131Dh = 139Dh =
101Eh = 109Eh = 111Eh = 119teh = 121Eh = 129th = 131Eh = 139Eh =
101Fh = 109Fh = 111Fh = 119Fh = 121Fh = 129Fh = 131Fh = 139Fh =
1020h 10A0h 1120h 11A0h 1220h 12A0h 1320h 13A0h
Uni Uni Uni Uni Uni Uni Uni 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 13FOh| 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 160Bh 168Bh 170Bh 178Bh
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 = 171%h = 179%h =
141Ah = 149Ah = 151Ah = 159Ah = 161Ah = 169Ah = 171Ah = 179Ah =
141Bh — 149Bh — 151Bh — 1598h — 161Bh — 1698h — 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 — 179th —
141Fh = 149Fh = 151Fh = 159Fh = 161Fh = 169Fh = 171Fh = 179Fh =
1420h 14A0h 1520h 15A0h 1620h 16A0h 1720h 17A0h
Unii Unii Unii Unii Unii Unii 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 17EFh
1470h| Common RAM 14FOh| Common RAM 1570h| Common RAM 15F0h| Common RAM 1670h| Common RAM 16FOh| Common RAM 1770h| Common RAM 17FOh| 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 1B00h 1B880h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
180Bh 188Bh 1908Bh 198Bh 1A0Bh 1A88h 1BOBh 1B8Bh
180Ch - 188Ch - 190Ch - 198Ch - 1A0Ch - 1A8Ch - 1BOCh - 1B8Ch -
180Dh = 188Dh = 190Dh = 198Dh = 1A0Dh = 1A8Dh = 1BODh = 1B8Dh =
180Eh — 188Eh — 190Eh — 198Eh — 1A0Eh — 1A8Eh — 1BOEh — 1B8Eh —
180Fh = 188Fh = 190Fh = 198Fh = 1AOFh = 1A8Fh = 1BOFh = 1B8Fh =
1810h = 1890h = 1910h = 1990h = 1A10h = 1A90h = 1B10h = 1B9Oh =
1811h — 1891h — 1911h — 1991h — 1A11h — 1A91h — 1B11h — 1B91h —
1812h = 1892h = 1912h = 1992h = 1A12h = 1A92h = 1B12h = 1B92h =
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 = 199%h = 1A19h = 1A99h = 1B19h = 1B9Sh =
181Ah = 189Ah = 191Ah = 199Ah = 1A1Ah = 1A9Ah = 1B1Ah — 1B9Ah =
181Bh = 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
Uni Uni Uni Uni Uni Uni Uni 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'
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"

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 1FO0h 1F80h
Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers Core Registers
1C0Bh 1C8Bh 1D0Bh 1D8Bh 1E0Bh 1E8Bh 1FOBh 1F8Bh
1coch 1C8Ch 1D0Ch 1D8Ch 1EOCh UMTOAP 1E8Ch 1FOCh 1F8Ch
1EODh UMTOAL
1EOEh UMTOAH
1EOFh

Unimplemented
Read as '0'

See Table 2 for

Unimplemented . . . N See Table 3 for
Read as '0' Unimplemented L L register mapping register mapping
Read as '0' Read as '0' Read as '0' q details "
Unimplemented details
Read as '0'

1FE3h
1FE4h| STATUS_SHAD
1FESh WREG_SHAD
1FE6h BSR_SHAD
1FE7h PCLATH_SHAD
1FE8h FSROL_SHAD
1FESh FSROH_SHAD
1FEAh FSR1L_SHAD
1FEBh FSR1H_SHAD
1FECh =
1FEDh STKPTR
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)
Legend:
Unimplemented data memory locations, read as '0'
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Figure 9-12. Memory Map Bank 61

1E80h

1E8Bh
1E8Ch
1E8Dh
1E8Eh
1E8Fh
1E90h
1E91h
1E92h
1E93h
1E94h

1E9Bh
1E9Ch
1E9Dh

1EAOh
1EAlh
1EA2h
1EA3h

1EC2h
1EC3h
1EC4h
1EC5h
1EC6h
1EC7h
1EC8h

1ECAh
1ECBh
1ECCh
1ECDh

1E6Fh
1E70h

1E7Fh

BANK 61

Core Registers

Unimplemented
Read as '0'

PPSLOCK

INTPPS

TOCKIPPS

T1CKIPPS

T1GPPS

Unimplemented
Read as 'O

T2INPPS

Unimplemented
Read as 'O

CCP1PPS

CCP2PPS

Unimplemented
Read as '0'

ADACTPPS

SSP1CLKPPS

SSP1DATPPS

SSP1SSPPS

Unimplemented
Read as '0'

RX1PPS

CK1PPS

Unimplemented
Read as '0'

Common RAM
(Accesses
70h-7Fh)

Legend:

Unimplemented data memory locations, read as '0'
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Figure 9-13. Memory Map Bank 62

1FO00h

1FOBh
1FOCh

1FOFh
1F10h
1F11h
1F12h
1F13h
1F14h
1F15h

1F16h

1F1Bh
1F1Ch
1F1Dh
1F1Eh
1F1Fh
1F20h
1F21h
1F22h
1F23h
1F24h
1F25h
1F26h
1F27h
1F28h

1F37h
1F38h
1F39h
1F3Ah

BANK 62

Core registers

Unimplemented
Read as '0'

RAOPPS

RA1PPS

RA2PPS

RA3PPS

RA4PPS

RAS5PPS

Unimplemented
Read as '0'

RB4ppsY

RB5PPS™)

RB6PPS™)

RB7PPS™

rRcopps'?

rRc1pps?

rRc2pps?

Rc3pps?

Rcapps?

Rcspps?

rRcepps!

rRc7pps™

Unimplemented
Read as '0'

ANSELA

WPUA

ODCONA

Note:

Legend:

1F3Bh
1F3Ch
1F3Dh
1F3Eh
1F3Fh
1F40h

1F42h
1F43h
1F44h
1F45h
1F46h
1F47h
1F48h

1F49h

1F4Ah
1F4Bh

1F4Dh
1F4Eh
1F4Fh
1F50h
1F51h
1F52h
1F53h
1F54h
1F55h
1F56h

1F6Fh
1F70h

1F7Fh

SLRCONA

INLVLA

IOCAP

IOCAN

IOCAF

Unimplemented
Read as '0'

ANSELB™

wpug®

opcons™

sLrcons®

INLVLB™

locep!

locBN®

locsr

Unimplemented
Read as '0'

ANSELC?

wpuc?

obconc?

SLRCONC?

INLVLC?

loccp?

loccN®

locce?

Unimplemented
Read as '0'

Common RAM
(Accesses
70h-7Fh)

1. 20-pin devices only

2. 14/20-pin 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

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 50
and its subsidiaries



PIC16F15213/14/23/24/43/44

Memory Organization

Figure 9-17. Accessing the Stack Example 3

Rev. 10-000043C
71302013

OxOF
Ox0E
0x0D
0x0C

After seven CALLS or Six CALLS and an
0x0B interrupt, the stack looks like the figure on
the left. A series of RETURN instructions will

Ox0A repeatedly place the return addresses into
0x09 the Program Counter and pop the stack.
0x08

0x07
<):| 0x06 | Return Address
0x05 | Return Address
0x04 | Return Address
0x03 | Return Address
0x02 | Return Address
0x01 | Return Address
0x00 | Return Address

Figure 9-18. Accessing the Stack Example 4

Rev. 10-000043D
71302013

OxOF | Return Address
OXOE | Return Address
0x0OD | Return Address
0x0C | Return Address
0x0B | Return Address

Ox0A | Return Address When the stack is full, the next CALL or
0x09 | Return Address an interrupt will set the Stack Pointer to

0x10. This is identical to address 0x00 so
0x08 | Return Address the stack will wrap and overwrite the
0x07 Return Address return address at 0x00. If the Stack

Overflow/Underflow Reset is enabled, a
0x06 | Return Address Reset will occur and location 0x00 will
0x05 | Return Address not be overwritten.

0x04 Return Address
0x03 Return Address
0x02 Return Address

0x01 Return Address
TOSH:TOSL <>: 0x00 | Return Address
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9.5.2 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).

9.6 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 00000

Traditional
Data Memory

Ox1FFF
0x2000
Linear Data
FSR Memory
Address < oxeFEF
Ox2FF0
Range
9 Reserved
OX7FFF

0x8000 PC value = 0x0000

Program Flash
Memory

\_ OXxFFFF PC value = Ox7FFF

9.6.1 Traditional/Banked Data Memory
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.

9.6.3 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

9.7 Register Definitions: Memory Organization
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 54

and its subsidiaries



PIC16F15213/14/23/24/43/44

Memory Organization

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].

© 2020-2022 Microchip Technology Inc. Datasheet

and its subsidiaries

DS40002195D-page 59



PIC16F15213/14/23/24/43/44

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].

© 2020-2022 Microchip Technology Inc. Datasheet

and its subsidiaries

DS40002195D-page 60



PIC16F15213/14/23/24/43/44

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 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 - WREG[7:0]
Datasheet DS40002195D-page 62
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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 INDF1[7:0]

0x02 PCL 7:0 PCL[7:0]

0x03 STATUS 7:0 0 PD z DC c
7:0 FSRO[7:0]

0x04 FSRO
15:8 FSRO[15:8]
7:0 FSR1[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 PCLATH[6:0]
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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

VPP/MCLR MCLRE ——

> (> )
|/

= >

WDT Time-out

& Power-on
Reset

VDD
|| Brown-out AT\ Power-up
Reset L~ Timer
LFINTOSC _,_ //2

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

PWRTS[1:0]

Device
Reset

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 :
* * " POR
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........... continued

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

Table 10-4. Reset Conditions for Special Registers

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

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

Condition ACHIEI] e PCONO Register HECL
Counter Register Register

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

Note:

0011

0011

uuuu

uuuu

uuu0

uuuu

uuuu

uuuu

luuu

uluu

uuuu

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.

© 2020-2022 Microchip Technology Inc.

and its subsidiaries

Datasheet

DS40002195D-page 70



PIC16F15213/14/23/24/43/44

Resets

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

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 71
and its subsidiaries



PIC16F15213/14/23/24/43/44

Resets
10.12.1 BORCON
Name: BORCON
Offset: 0x811
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
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 72

and its subsidiaries



PIC16F15213/14/23/24/43/44

Resets
10.12.2 PCONO

Name: PCONO

Offset: 0x813

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

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 73
and its subsidiaries



PIC16F15213/14/23/24/43/44

Resets

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: 0x814
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
0x0810
0x0811 BORCON 7:0 SBOREN BORRDY
0x0812 Reserved
0x0813 PCONO 7:0 STKOVF | STKUNF RWDT RMCLR RI POR BOR
0x0814 PCON1 7:0 MEMV
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OSC - Oscillator Module

Oscillator Module Overview

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 (EC) oscillators

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:
* HFINTOSC Frequency Adjustment: Provides the ability to adjust the HFINTOSC frequency.

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
CcosC OSCFRQ

11 11

EXTOSC per FEXTOSC

10 10 000 HFINTOSC @ 1 MHz
01 01 LFINTOSC
00 00 101 HFINTOSC @ 32 MHz

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
The ECH and ECL modes rely on an external logic-level signal 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.

Figure 11-1 illustrates a block diagram of the oscillator module.
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Figure 11-1. Clock Source Block Diagram
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11.2 Clock Source Types
Clock sources can be classified as external or internal.
External clock sources rely on external circuitry for the clock source to function, such as digital oscillator modules.

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 (ADCRC) which is dedicated to the Analog-to-
Digital Converter (ADC).

Important: The PIC16F152 microcontroller family does not allow the system clock source to be changed
through clock switching. Once the RSTOSC Configuration bits select the oscillator source, the source
cannot be changed via software. If the HFINTOSC is selected as the clock source, the HFINTOSC
frequency may be changed by modifying the FRQ bits.

The instruction clock (Fpgc/4) can be routed to the 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 CLKOUT pin. When CLKOUTEN is set (CLKOUTEN = 1), the
CLKOUT pin functions as an |/O pin.

11.2.1 External Clock Sources

An external clock source can be used as the device system clock by performing the following actions:
* Program the RSTOSC Configuration bits to select the external clock source (RSTOSC = 111)
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» Program the FEXTOSC Configuration bits to select the appropriate External Clock (EC) mode:
— ECH mode for oscillators operating at or above 16 MHz (FEXTOSC = 11)
— ECL mode for oscillator operating below 16 MHz (FEXTOSC = 01)

11.2.1.1 EC Mode

11.2.2

11.2.2.1

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 CLKIN input pin. The 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 (16 MHz and above)

« ECL: Low Power mode (below 16 MHz)
When EC mode is selected, there is no delay in operation after a Power-on Reset (POR) or wake-up from Sleep.
Because the PIC® MCU design is fully static, stopping the external clock input will have the effect of halting the device

while leaving all data intact. Upon restarting the external clock, the device will resume operation as if no time had
elapsed.

Figure 11-2 shows the pin connections for EC mode.
Figure 11-2. External Clock (EC) Mode Operation

External Clock ®
Source PIC” MCU

@ > CLKIN

CLKOUT (Fosc/ 4)
or |/O(1) CLKOUT

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

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)

An internal oscillator source can be used as the device system clock by programming the RSTOSC Configuration bits
to select one of the INTOSC sources.

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

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 by
programming the RSTOSC Configuration bits to select the one of two HFINTOSC options upon device Reset or
power-up.

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.
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11.2.2.1.1 HFINTOSC Frequency Tuning

11.2.2.2

11.2.2.3

11.2.24

11.2.2.5

11.2.3

The HFINTOSC frequency can be fine-tuned via the HFINTOSC Frequency Tuning Register (OSCTUNE). The
OSCTUNE register provides 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
compliment 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.

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.

SFINTOSC

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

The SFINTOSC cannot be used as the system clock, but may be selected as a clock source for certain peripherals,
such as a Timer.

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)

The LFINTOSC is enabled by programming the RSTOSC Configuration bits to select LFINTOSC.

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
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:
+ HFINTOSC
+ MFINTOSC
+ LFINTOSC
+ ADCRC
+ SFINTOSC
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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 OSCFRAQ 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 Oscillator Enable (OSCEN) register can be used to manually enable the following oscillators:

+ HFINTOSC

+ MFINTOSC

* LFINTOSC

+ ADCRC

11.3  Register Definitions: Oscillator Control
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11.31 OSCCON

Name: OSCCON
Offset: 0x88E

Oscillator Control Register

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

Bits 5:4 — COSC[1:0] Current Oscillator Source Select
Indicates the current oscillator source per the RSTOSC Configuration bits
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11.3.2

Bit

Access
Reset

OSCSTAT
Name: OSCSTAT
Offset: 0x890

Oscillator Status Register

7 6 5 4 3 2 1 0
| | HFOR | MFOR LFOR ADOR SFOR
R R R R R
0 0 0 0 0

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 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 Specified Frequency Oscillator Ready

Value Description
1 The SFINTOSC is ready for use
0 The SFINTOSC is not ready for use
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OSCEN
Name: OSCEN
Offset: 0x891

Oscillator Enable Register

7 6 5 4 3 2 1 0
| | HFOEN | MFOEN LFOEN ADOEN
RIW RIW RIW RIW
0 0 0 0

Bit 6 - HFOEN HFINTOSC Enable

Value Description

1 HFINTOSC is explicitly enabled, operating as specified by the OSCFRQ register
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 2—- ADOEN ADCRC Oscillator Enable

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

Name: OSCFRQ
Offset: 0x893

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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11.3.5

Bit

Access
Reset

OSCTUNE
Name: OSCTUNE
Offset: 0x892

HFINTOSC Frequency Tuning Register

7 6 5 4 3 2 1 0
| | | TUN[5:0]
RIW RIW RIW RIW RIW RIW
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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1.4 Register Summary - Oscillator Control

I I = 2 I RN AN (N I I

0x00

Reserved
0x088D
0x088E OSCCON 7:0 COSCI[1:0]
0x088F Reserved
0x0890 OSCSTAT 7:0 HFOR MFOR LFOR ADOR SFOR
0x0891 OSCEN 7:0 HFOEN MFOEN LFOEN ADOEN
0x0892 OSCTUNE 7:0 TUNI5:0]
0x0893 OSCFRQ 7:0 FRQ[2:0]
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Interrupts

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)
———
| Peripheral interrupts | e
| eripheral Interrupts I INTE —
I
| PIRO — | 1~ _3_'
| } | locIF —]
| PIEO | IOCIE Interrupt
| | to CPU
I o L4 I
: ° ° ) :
! I
! I
| PIRn — |
: PIEN — | CIE
! 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 three PIE registers in the PIC16F 152 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 three 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)
» 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.
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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 Automatic Context Saving)

» PC is 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 section.

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.

12.5 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.

Figure 12-2. Interrupt Latency
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Figure 12-3. INT Pin Interrupt Timing
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Notes:
1. INTF flag is sampled here (every Q1).

2. Asynchronous interrupt latency = 3-5 Tcy. Synchronous latency = 3-4 Tcy, where T¢y = 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” section.
4. INTF may be set any time during the Q4-Q1 cycles.

Interrupts During Sleep

Interrupts can be used to wake up from Sleep. To wake up 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
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* 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.

12.9 Register Definitions: Interrupt Control

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 91

and its subsidiaries



PIC16F15213/14/23/24/43/44

Interrupts
12.9.1 INTCON

Name: INTCON

Offset: 0x000B

Interrupt Control Register

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 Interrupt Enable (GIE) bit. User software needs to ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt. This feature allows for software polling.
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12.9.2 PIEO
Name: PIEO
Offset: 0x716
Peripheral Interrupt Enable Register 0
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 the PIE1 and
PIE2 registers. Interrupt sources controlled by the PIEO register do not require the PEIE bit to be set in order to
allow interrupt vectoring (when the GIE bit in the INTCON register is set).
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12.9.3 PIE1
Name: PIE1
Offset: 0x717
Peripheral Interrupt Enable Register 1
7 6 5 4 3 2 1 0
[ ccPilE | TMR2E | TMRIE | RCIIE TX1IE BCL1IE SSP1IE ADIE
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bit 7 — CCP1IE CCP1 Interrupt Enable

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

Bit 6 — TMR2IE TMR2 Interrupt Enable

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

Bit 5 — TMR1IE TMR1 Interrupt Enable

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

Bit 4 —- RC1IE EUSART1 Receive Interrupt Enable

Value Description
1 EUSART1 receive interrupts are enabled
0 EUSART1 receive interrupts are disabled

Bit 3 — TX1IE EUSART1 Transmit Interrupt Enable

Value Description
1 EUSART1 transmit interrupts are enabled
0 EUSART1 transmit interrupts are disabled

Bit 2 - BCL1IE MSSP1 Bus Collision Interrupt Enable

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

Bit 1 — SSP1IE MSSP1 Interrupt Enable
Value Description
1 MSSP1 interrupts are enabled
0 MSSP1 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
and PIE2.
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129.4 PIE2

Name: PIE2

Offset: 0x718

Peripheral Interrupt Enable Register 2

7 6 5 4 3 2 1 0

[ ccP2E | NVMIE | TMRIGIE |
Access R/W R/W R/W
Reset 0 0 0

Bit 7 — CCP2IE CCP2 Interrupt Enable

Value Description

1 CCP2 interrupts are enabled
0 CCP2 interrupts are disabled

Bit 6 — NVMIE NVM Interrupt Enable

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

Bit 5 - TMR1GIE TMR1 Gate Interrupt Enable

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

Note: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt controlled by PIE1 and PIE2
registers.
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129.5 PIRO
Name: PIRO
Offset: 0x70C
Peripheral Interrupt Request Register 0
7 6 5 4 3 2 1 0
| | | TMROIF | IOCIF INTF
Access R/W/IHS R R/W/HS
Reset 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 Interrupt Enable (GIE) bit. User software needs to ensure the appropriate interrupt flag
bits are cleared before enabling an interrupt.
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12.9.6 PIR1
Name: PIR1
Offset: 0x70D
Peripheral Interrupt Request Register 1
Bit 7 6 5 4 3 2 1 0
[ ccPiiF | TMR2IF | TMRIIF | RCIIF TX1IF BCL1IF SSP1IF ADIF
Access  R/W/HS RIW/HS RIW/HS R R RIW/HS R/W/HS RIW/HS
Reset 0 0 0 0 0 0 0 0

Bit 7 — 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 6 - TMR2IF TMR2 Interrupt Flag
Value Description
1 Interrupt has occurred (must be cleared in software)
0 Interrupt event has not occurred

Bit 5 — TMR1IF TMR1 Interrupt Flag
Value Description
1 Interrupt has occurred (must be cleared in software)
0 Interrupt event has not occurred

Bit 4 - 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 3 — TX1IF EUSART1 Transmit Interrupt Flag®®

Value Description
1 The EUSART1 transmit buffer (TX1REG) is empty
0 The EUSART1 transmit buffer is not empty

Bit 2 - BCL1IF MSSP1 Bus Collision Interrupt Flag

Value Description
1 A bus collision was detected (must be cleared in software)
0 No bus collision was detected

Bit 1 — SSP1IF MSSP1 Interrupt Flag

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

Bit 0 — ADIF ADC Interrupt Flag

Value Description
1 Interrupt has occurred (must be cleared in software)
0 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 Interrupt Enable (GIE) bit. User software needs to ensure the appropriate interrupt flag
bits are cleared before enabling an interrupt.
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12.9.7 PIR2

Name: PIR2

Offset: 0x70E

Peripheral Interrupt Request Register 2

Bit 7 6 5 4 3 2 1 0

[ ccP2IF | NVMIF | TMRIGIF |
Access R/W/HS R/W/HS R/W/HS
Reset 0 0 0

Bit 7 — 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 6 — NVMIF Nonvolatile Memory (NVM) Interrupt Flag

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

Bit 5 - TMR1GIF TMR1 Gate Interrupt Flag

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

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the Global Interrupt Enable (GIE) bit. User software needs to ensure the appropriate interrupt flag bits
are cleared before enabling an interrupt.
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12.10 Register Summary - Interrupt Control

I I = 2 I RN AN (N I I

0x00

0x070B
0x070C
0x070D
0x070E
0x070F

0x0715
0x0716
0x0717
0x0718

Reserved
PIRO 7:0 TMROIF I0CIF INTF
PIR1 7:0 CCP1IF TMR2IF TMR1IF RC1IF TX1IF BCL1IF SSP1IF ADIF
PIR2 7:0 CCP2IF NVMIF TMR1GIF
Reserved
PIEO 7:0 TMROIE I0CIE INTE
PIE1 7:0 CCP1IE TMR2IE TMR1IE RC1IE TX1IE BCL1IE SSP1IE ADIE
PIE2 7:0 CCP2IE NVMIE TMR1GIE
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Sleep Mode

Sleep Mode Operation

Sleep mode is entered by executing the SLEEP instruction.

Upon entering Sleep mode, the following conditions exist:

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

The PD bit is cleared.

The TO bit is set.

The CPU and the System clocks are disabled.

LFINTOSC and/or HFINTOSC will remain enabled if any peripheral has requested them as a clock source or if

the HFOEN, MFOEN or LFOEN bits are set.

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

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

ok wbd

Refer to individual sections for more details on peripheral operation during Sleep.
To minimize current consumption, the following conditions need to be considered:

* 1/O pins will not be floating

» External circuitry sinking current from 1/O pins

* Internal circuitry sourcing current from I/O pins

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

I/O pins that are high-impedance inputs need to be pulled to Vpp or Vsg externally to avoid switching currents caused
by floating inputs.

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.

POR Reset.

Watchdog Timer, if enabled.

Any external interrupt.

6. Interrupts by peripherals capable of running during Sleep (see the individual peripheral for more information).

o~ v

The first three events will cause a device Reset. The last three events are considered a continuation of program
execution. To determine whether a device Reset or wake-up event occurred, refer to the “Determining the Cause of
a Reset” section in the “Resets” chapter.

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

The WDT is cleared when the device wakes up from Sleep, regardless of the source of wake-up.
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13.1.2 Wake-Up Using Interrupts
When global interrupts are disabled (GIE cleared) and any interrupt source 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:
— The SLEEP instruction will execute as a NOP
— The WDT and WDT prescaler will not be cleared
— The TO bit will not be set
— The PD bit 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 will be set
— The PD bit will be cleared
Even if the flag bits were checked before executing a SLEEP instruction, it may be possible for flag bits to become set

before the SLEEP instruction completes. To determine whether a SLEEP instruction executed, test the PD bit. If the
PD bit is set, the SLEEP instruction was executed as a NOP.
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WDT - Watchdog Timer

The Watchdog Timer (WDT) is a system timer that generates a Reset event if the firmware does not issue a CLRWDT
instruction within the time-out period. The Watchdog Timer is typically used to reset the processor in the event of a
software malfunction, but can also be used to wake the device when in Sleep mode.

The WDT has the following features:

» Selectable clock sources
* Multiple operating modes:
— WDT is always on
— WDT is off when in Sleep
— WHDT is controlled by software
— WDT is always off
» Configurable time-out period from 1 ms to 256 seconds (nominal)
* Multiple Reset conditions
» Operation during Sleep

Figure 14-1. WDT Block Diagram

WDTE[1:0] = 11
WDTE[1:0] = 10 —
Sleep— D 23-bit WDT Prescaler | | WDT
| 0 Counter Time-out
WDTE[1:0] = 01 —
SEN—
| CcS PS[4:0]

WDTE[1:0] = 00

Selectable Clock Sources

The WDT can derive its time base from either the 31.25 kHz MFINTOSC or the 31 kHz LFINTOSC as selected by the
WDT Clock Source Select (CS) bit.

Important: Time intervals detailed in this section are based on a minimum nominal interval of 1 ms
generated from the LFINTOSC clock source.

WDT Operating Modes
The WDT module has four operating modes controlled by the Watchdog Timer Enable (WDTE) bits. See Table 14-1.

Table 14-1. WDT Operating Modes

11 X X

Active
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14.3

14.4

14.5
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........... continued
Awake Active
10 X
Sleep Disabled
1 X Active
01
0 X Disabled
00 X X Disabled

WDT Is Always On
When the WDTE bits are set to ‘11°, the WDT is always on. The WDT protection is active during Sleep mode.

WDT Is Off During Sleep

When the WDTE bits are set to ‘10’, the WDT is on except during Sleep mode. During Sleep mode, the WDT
protection is disabled.

WDT Controlled by Software

When the WDTE bits are set to ‘01’, the WDT is controlled by the Software Watchdog Timer Enable (SEN) bit. When
SEN is set (SEN = 1), WDT protection is active. When SEN is clear (SEN = 0), WDT protection is disabled.

WDT Is Off
When the WDTE bits are set to ‘00’, the WDT is disabled. In this mode, the SEN bit is ignored.

WDT Time-Out Period

The Watchdog Timer Prescale Select (PS) bits set the time-out period from 1 ms to 256 seconds (nominal). After a
Reset, the default time-out period is two seconds.

Clearing the WDT
The WDT is cleared when any of the following conditions occur:

* Any Reset

» Valid CLRWDT instruction is executed
» Device enters Sleep

» Devices wakes up from Sleep

* Any write to the WDTCON register

WDT Operation During Sleep

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

When a WDT time-out occurs while the device is in Sleep, no Reset is generated. Instead, the device wakes up and
resumes operation. The Time-Out (TO) and Power-Down (PD) bits are cleared to indicate the event. Additionally, the
Watchdog Timer Reset Flag (RWDT) bit is cleared, indicating a WDT Reset event occurred.

Register Definitions: WDT Control
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14.6.1 WDTCON

Name: WDTCON
Offset: 0x80C

Watchdog Timer Control Register

Bit 7 6 5 4 3 2 1 0
| CS | | PS[4:0] SEN
Access RIW RIW RIW RIW RIW RIW RIW

Reset 0 0 0 0 0 0 0

Bit 7 — CS Watchdog Timer Clock Source Selection

Value Description
1 MFINTOSC (31.25 kHz)
0 LFINTOSC (31 kHz)

Bits 5:1 — PS[4:0] Watchdog Timer Prescale Selection(")

11111 - | Reserved. Results in minimum interval (1:32)
10011

10010 1:8388608 (Interval 256s nominal)
10001 1:4194304 (Interval 128s nominal)
10000 1:2097152 (Interval 64s nominal)
01111 1:1048576 (Interval 32s nominal)
01110 1:524288 (Interval 16s nominal)
01101 1:262144 (Interval 8s nominal)
01100 1:131072 (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 WDT Enable/Disable

Value Condition Description

x If WDTE[1:0] # 01 This bit is ignored
1 If WDTE[1:0] = 01 WDT is enabled
0 If WDTE[1:0] = 01 WDT is disabled
Note:

1. Times are approximate and based on the 31 kHz LFINTOSC clock source.
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14.7 Register Summary - WDT Control

I I = 2 I RN AN (N I I

0x00

Reserved
0x0808B
0x080C WDTCON 7:0 CS PS[4:0] SEN
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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) and Configuration bits. PFM includes the program memory and user ID space.

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 can be protected in two ways: code protection and write protection. Code protection (Configuration bit CP)
disables PFM 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
Address
Reset Vector 0x0000 0 0x0000 0x8000
0x0001 0x0001 0x8001
UserMemory o ogram Flash |~ 0x0003 ’ 0x0003 , 0x8003
INT Vector Memory 0x0004 0 0x0004 Read/Write 8004 Read-Only
User Memory 0x0005 0 0x0005 0x8005
Ox3FFF( Ox3FFF(M OxFFFF
Program Flash 0x8000 0x0000 )
User ID I?/Iemory 0x8003 1 0x0003 Read/Write
Reserved — — — 0x0004 —
Revision ID Hard Coded in 0x8005 1 0x0005
Device ID Pro,f’,,r:rr:oz“h 0x8006 1 0x0006 Read
CONFIG1 0x8007 1 0x0007
No Access
CONFIG2 0x8008 1 0x0008
CONFIG3 Pr°&r:nToF'aSh 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
Note:
1. The maximum Program Flash Memory address for the PIC16F152 family is Ox3FFF.
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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.

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.

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 152
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

NVMCON1bits.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

[
[=
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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

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

Note:
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.
memory.

Important:

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

Execute the unlock sequence. The entire program memory latch content is now written to Flash program

7 6 07 5 4 0 7 5 0 7 0
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 |
> Agfi(:\gss 1 | 55‘:" | QQ | End Addr ||

NVMADRH(6:0] Decode Program Flash Memory
NVMADRL[7:5] - -]
r— " — . 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
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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 User IDs

0x8005 - 0x8006 Device ID/Revision ID Yes No
0x8007 - 0x800B Configuration Words 1-5 Yes Yes
0x8100 - 0x82FF DIA and DCI Yes No

15.1.2.7 Write Verify
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.

Figure 15-7. Program Flash Memory Write Verify Sequence

;;;;;;;;;;

Start
Verify Operation

vy

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 ?

vy

Fail
Verify Operation

End
Verify Operation
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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.

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 | .
ocation - 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 Ox3FFF
« NVMDATH:NVMDATL is ignored

Register Definitions: Nonvolatile Memory Control
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15.21 NVMADR
Name: NVMADR
Offset: 0x1C8C
Nonvolatile Memory Address Register
Bit 15 14 13 12 11 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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15.2.2 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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15.2.3 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 DIA, DCI, Configuration, User ID, Revision ID, 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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15.24 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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15.3 Register Summary - NVM Control

I I = 2 I RN AN (N I I

0x00
Reserved

0x1C8B
7:0 NVMADR7:0]

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.

© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 127
and its subsidiaries



16.4

16.5

16.6

16.7

16.8

PIC16F15213/14/23/24/43/44
1/0 Ports

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.

16.9 ODCONX - 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.

16.10 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.

16.11 I2C Pad Control

For this family of devices, the 12C specific pads are available on RB4, RB6, RCO0, and RC1 pins. The 12C
characteristics of each of these pins is controlled by the Rxyl2C registers. These characteristics include enabling 12C
specific slew rate (over standard GPIO slew rate), selecting internal pull-ups for I12C 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.

16.12 1/O 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: ANSELX
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/wW 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 INLVLXx
Name: INLVLxX
Input Level Control Register
Bit 7 6 5 4 3 2 1 0
| INLVLX7 | INLVLx6 | INLVLX5 INLVLx4 INLVLX3 INLVLx2 INLVLx1 INLVLxO0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bits 0,1, 2, 3, 4, 5, 6, 7 — 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 SLRCONXx
Name: SLRCONXx
Slew Rate Control Register
Bit 7 6 5 4 3 2 1 0
[ SLRx7 | SLRx6 | SLRx5 SLRx4 SLRx3 SLRx2 SLRx1 SLRx0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bits 0, 1, 2, 3, 4, 5, 6, 7 — 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 R/W R/W R/W
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 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 WPUxy bit

Bits 1:0 — TH[1:0] 12C Input Threshold Selection

Value Description
11 Reserved
10 SMBus 2.0 (2.1V) input threshold
01 I2C-specific input thresholds
00 Standard GPIO Input pull-up, enabled via INLVLXxy registers
Important: Refer to the “Pin Allocation Table” for details about I2C compatible pins.
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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

0x1A
0x1B

0x010B
0x010C
0x010D
0x010E
0x010F
0x0110

Ox1F37
0x1F38
0x1F39
O0x1F3A
0x1F3B
0x1F3C
0x1F3D

O0x1F42
0x1F43
Ox1F44
0x1F45
0x1F46
Ox1F47
O0x1F48

0x1F4D
Ox1F4E
Ox1F4F
0x1F50
0x1F51
0x1F52

Reserved
PORTA 7:0 RA5 RA4 RA3 RA2 RA1 RAO
PORTB 7:0 RB7 RB6 RB5 RB4
PORTC 7:0 RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
Reserved
TRISA 7:0 TRISA5 TRISA4 Reserved TRISA2 TRISA1 TRISAO
TRISB 7:0 TRISB7 TRISB6 TRISB5 TRISB4
TRISC 7:0 TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO
Reserved
LATA 7:0 LATAS LATA4 LATA2 LATA1 LATAO
LATB 7:0 LATB7 LATB6 LATB5 LATB4
LATC 7:0 LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
Reserved
RB412C 7:0 SLEW[1:0] PU[1:0] TH[1:0]
RB612C 7:0 SLEW[1:0] PU[1:0] TH[1:0]
RCO0I2C 7:0 SLEW[1:0] PU[1:0] TH[1:0]
RC112C 7:0 SLEW[1:0] PU[1:0] TH[1:0]
Reserved
ANSELA 7:0 ANSELA5 ANSELA4 ANSELA3 ANSELA2 ANSELA1 ANSELAO
WPUA 7:0 WPUA5 WPUA4 WPUA3 WPUA2 WPUA1 WPUAO
ODCONA 7:0 ODCA5 ODCA4 ODCA2 ODCA1 ODCAO0
SLRCONA 7:0 SLRAS5 SLRA4 SLRA2 SLRA1 SLRAO
INLVLA 7:0 INLVLAS INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO
Reserved
ANSELB 7:0 ANSELB7 ANSELB6 ANSELB5 ANSELB4
WPUB 7:0 WPUB7 WPUB6 WPUB5 WPUB4
ODCONB 7:0 oDCB7 ODCB6 ODCB5 OoDCB4
SLRCONB 7:0 SLRB7 SLRB6 SLRB5 SLRB4
INLVLB 7:0 INLVLB7 INLVLB6 INLVLB5 INLVLB4
Reserved
ANSELC 7:0 ANSELC7 ANSELC6 ANSELC5 ANSELC4 ANSELC3 ANSELC2 ANSELC1 ANSELCO
WPUC 7:0 WPUC7 WPUC6 WPUC5 WPUC4 WPUC3 WPUC2 WPUC1 WPUCO
ODCONC 7:0 oDcc7 OoDCC6 ODCC5 OoDCC4 oDcCC3 obcc2 oDcc1 ODCCO0
SLRCONC 7:0 SLRC7 SLRC6 SLRC5 SLRC4 SLRC3 SLRC2 SLRCH1 SLRCO
INLVLC 7:0 INLVLC7 INLVLC6 INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLCA INLVLCO
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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

I0CAPX Flag > Write to IOCAFx fi
RAX |X|7 Set/Reset > vniefo xHag
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
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

Value Condition

1 IOCxP[n] = 1

i IOCxN[n] = 1

0 IOCxP[n] = x and IOCxNI[n] = x
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 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 RIW RIW RW RIW RIW RW RW RIW
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

0x1F3C
0x1F3D
O0x1F3E
Ox1F3F
0x1F40

O0x1F47
O0x1F48
0x1F49
Ox1F4A
O0x1F4B

0x1F52
0x1F53
Ox1F54
0x1F55

Reserved
IOCAP 7:0 IOCAP5 IOCAP4 IOCAP3 IOCAP2 I0OCAP1 I0CAPO
IOCAN 7:0 IOCANS IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO
IOCAF 7:0 IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO
Reserved
I0CBP 7:0 I0CBP7 I0CBP6 I0CBP5 I0CBP4
IOCBN 7:0 IOCBN7 IOCBN6 IOCBN5 I0CBN4
IOCBF 7:0 IOCBF7 I0OCBF6 IOCBF5 IOCBF4
Reserved
I0CCP 7:0 I0CCP7 I0CCP6 I0CCP5 I0CCP4 I0CCP3 I0CCP2 I0CCP1 I0CCPO
I0OCCN 7:0 IOCCN7 IOCCN6 IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO
IOCCF 7:0 I0OCCF7 I0OCCF6 I0OCCF5 IOCCF4 I0OCCF3 IOCCF2 I0CCF1 I0CCF0
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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

Peripheral PPS Input Register Default Pin Selection at POR

i i

P pu 9 8-Pin Devices 14/16-Pin Devices 20-Pin Devices
RA2

External Interrupt INTPPS
Timer0 Clock TOCKIPPS RA2
Timer1 Clock T1CKIPPS RA5
Timer1 Gate T1GPPS RA4
Timer2 Input T2INPPS RA5
CCP1 CCP1PPS RA5 RC5 RC5
CCP2 CCP2PPS RA5 RC3 RC3
SCL1/SCK1 SSP1CLKPPS() RA1 RCO RB4
SDA1/SDI1 SSP1DATPPS() RA2 RC1 RB6
SS1 SSP1SSPPS RA3 RC3 RC6
RX1/DT1 RX1PPS RA1 RC5 RB5
CK1 CK1PPS RAO RC4 RB7
ADC Conversion Trigger ADACTPPS RA5 RC2 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.

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

0x09 TMRO
0x08 SDA1/SDO1(M
0x07 SCL1/SCK1(
0x06 DT1
0x05 TX1/CK1
0x04 PWM4
0x03 PWM3
0x02 CCP2
0x01 CCP1
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

Bit

Access
Reset

xxxPPS
Name: xxxPPS

Peripheral Input Selection Register

7 6 5 4 3 2 1 0
| | | PORT[2:0] PIN[2:0]
R/W R/W R/W R/W RIW R/W
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

Output Signal Name Value to Write to Register

TMRO 0x09
SDA1/SDO1 0x08
SCL1/SCK1 0x07
DT1 0x06
TX1 0x05
PWM4 0x04
PWM3 0x03
CCP2 0x02
CCP1 0x01
LATxy 0x00

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

Ox1E8E
Ox1E8F
0x1E90
Ox1E91
0x1E92
0x1E93
O0x1E94

O0x1E9B
0x1E9C
0x1E9D

Ox1EAO0
Ox1EA1
Ox1EA2
Ox1EA3

0x1EC2
Ox1EC3
Ox1EC4
O0x1EC5
0x1EC6
Ox1EC7
Ox1EC8

Ox1ECA
O0x1ECB
0x1ECC
0x1ECD

O0x1FOF
0x1F10
Ox1F11
Ox1F12
O0x1F13
Ox1F14
0x1F15
0x1F16

O0x1F1B
O0x1F1C
0x1F1D
Ox1F1E
Ox1F1F
0x1F20
Ox1F21
Ox1F22
0x1F23
Ox1F24
0x1F25
0x1F26
0x1F27

Reserved
PPSLOCK 7:0 PPSLOCKED
INTPPS 7:0 PORT[2:0] PIN[2:0]
TOCKIPPS 7:0 PORT[2:0] PIN[2:0]
T1CKIPPS 7:0 PORT[2:0] PIN[2:0]
T1GPPS 7:0 PORT[2:0] PIN[2:0]
Reserved
T2INPPS 7:0 PORT[2:0] PIN[2:0]
Reserved
CCP1PPS 7:0 PORT[2:0] PIN[2:0]
CCP2PPS 7:0 PORT[2:0] PIN[2:0]
Reserved
ADACTPPS 7:0 PORT[2:0] PIN[2:0]
Reserved
SSP1CLKPPS 7:0 PORT[2:0] PIN[2:0]
SSP1DATPPS 7:0 PORT[2:0] PIN[2:0]
SSP1SSPPS 7:0 PORT[2:0] PIN[2:0]
Reserved
RX1PPS 7:0 PORT[2:0] PIN[2:0]
CK1PPS 7:0 PORT[2:0] PIN[2:0]
Reserved
RAOPPS 7:0 RAOPPS[5:0]
RA1PPS 7:0 RA1PPS[5:0]
RA2PPS 7:0 RA2PPS[5:0]
Reserved
RA4PPS 7:0 RA4PPS[5:0]
RA5PPS 7:0 RA5PPS[5:0]
Reserved
RB4PPS 7:0 RB4PPS[5:0]
RB5PPS 7:0 RB5PPS[5:0]
RB6PPS 7:0 RB6PPS[5:0]
RB7PPS 7:0 RB7PPS[5:0]
RCOPPS 7:0 RCOPPSI[5:0]
RC1PPS 7:0 RC1PPSI[5:0]
RC2PPS 7:0 RC2PPSI[5:0]
RC3PPS 7:0 RC3PPSI[5:0]
RC4PPS 7:0 RC4PPSI[5:0]
RC5PPS 7:0 RC5PPSI[5:0]
RC6PPS 7:0 RC6PPSI[5:0]
RC7PPS 7:0 RC7PPSI[5:0]
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19. 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 19-1. 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 (T016BIT =0 _ _le-bit TMRO Body Diagram (T016BIT=1) _

| l | , - '
| n—>b  TMROL rlee | | s> TMROL T'm%ry?eH'gh o,
| | | |
| @ | | AN 8 |
| | | |
: COMPARATOR > ouT : : — :ﬁi: 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

19.1  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 19-1, 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 19-1, 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: 0x059E

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
© 2020-2022 Microchip Technology Inc. Datasheet DS40002195D-page 158

and its subsidiaries



19.5.2

Access
Reset

PIC16F15213/14/23/24/43/44
TMRO - Timer0 Module

TOCON1
Name: TOCON!1
Offset: 0x059F

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 19-1. Timer0 Clock Source Selections

TOCS Clock Source

111-110 Reserved
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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19.5.3 TMROH

Name: TMROH
Offset: 0x059D

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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19.54 TMROL

Name: TMROL
Offset: 0x059C

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

0x059B
0x059C
0x059D
0x059E
0x059F

Reserved
TMROL 7:0 TMROL[7:0]
TMROH 7:0 TMROHI[7:0]
TOCONO 7:0 EN ouT MD16 OUTPS[3:0]
TOCON1 7:0 CS[2:0] ASYNC CKPSI[3:0]
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20. 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.
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Figure 20-1. Timer1 Block Diagram
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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

20.1  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 20-1 shows the possible Timer1 enable selections.
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Table 20-1. Timer1 Enable Selections

s s Timer Operation

1 1 Count enabled
1 0 Always on

0 1 Off

0 0 Off

20.2 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.

20.2.1 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 20-2. 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.

20.2.2 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.

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 TMRXxH register value is mapped to a buffer register called the TMRxH buffer register. While in 16-bit mode, the
TMRXxH register is not directly readable or writable and all read and write operations take place through the use of
this TMRxH buffer register.

When a read from the TMRXL register is requested, the value of the TMRxH register is simultaneously loaded into the
TMRxH buffer register. When a read from the TMRxH register is requested, the value is provided from the TMRxH
buffer register instead. This provides the user with the ability to accurately read all 16 bits of the Timer1 value from a
single instance in time (refer to Figure 20-3 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 TMRxH register. The value of TMRxH must be preloaded into the TMRxH buffer register prior to
the write request for the TMRXxL 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.
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Figure 20-3. Timer1 16-Bit Read/Write Mode Block Diagram
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