MICROCHIP

PIC16(L)F18313/18323

Full-Featured, Low Pin Count Microcontrollerswith XLP

Description

PIC16(L)F18313/18323 microcontrollers feature Analog, Core Independent Peripherals and Communication
Peripherals, combined with eXtreme Low Power (XLP) for wide range of general purpose and low-power applications.
The Peripheral Pin Select (PPS) functionality enables pin mapping when using the digital peripherals (CLC, CWG,
CCP, PWM and communications) to add flexibility to the application design.

Core Features

» C Compiler Optimized RISC Architecture
* Only 49 Instructions
+ Operating Speed:
- DC - 32 MHz clock input
- 125 ns minimum instruction cycle
* Interrupt Capability
* 16-Level Deep Hardware Stack
» Two 8-bit Timers
* One 16-bit Timer
* Low-Current Power-on Reset (POR)
» Configurable Power-up Timer (PWRTE)
* Brown-out Reset (BOR) with Fast Recovery
* Low-Power BOR (LPBOR) Option
» Extended Watchdog Timer (WDT) with Dedicated
On-chip Oscillator for Reliable Operation
* Programmable Code Protection

Memory

« 3.5 KB Flash Program Memory

» 256B Data SRAM Memory

+ 256B of EEPROM

* Direct, Indirect and Relative Addressing Modes

Operating Characteristics

» Operating Voltage Range:
- 1.8V to 3.6V (PIC16LF18313/18323)
- 2.3V to 5.5V (PIC16F18313/18323)
« Temperature Range:
- Industrial: -40°C to 85°C
- Extended: -40°C to 125°C

eXtreme Low-Power (XLP) Features

» Sleep mode: 40 nA @ 1.8V, typical
» Watchdog Timer: 250 nA @ 1.8V, typical
» Secondary Oscillator: 300 nA @ 32 kHz
» Operating Current:

- 8uA @ 32 kHz, 1.8V, typical

- 37 uA/MHz @ 1.8V, typical

Power-Saving Operating Modes

 IDLE: Ability to put the CPU core to Sleep while
internal peripherals continue operating from the
system clock

+ DOZE: Ability to run the CPU core slower than the
system clock used by the internal peripherals

» SLEEP: Lowest Power Consumption

+ Peripheral Module Disable (PMD): Peripheral
power disable hardware module to minimize
power consumption of unused peripherals

Digital Peripherals

» Configurable Logic Cell (CLC):

- Two CLCs

- Integrated combinational and sequential logic
» Complementary Waveform Generator (CWG):

- Rising and falling edge dead-band control

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

- Multiple signal sources

» Capture/Compare/PWM (CCP) modules:

- Two CCPs

- 16-bit resolution for Capture/Compare modes

- 10-bit resolution for PWM mode

* Pulse-Width Modulators:
- Two 10-bit PWMs
* Numerically Controlled Oscillator (NCO):

- Precision linear frequency generator(@50%
duty cycle) with 0.0001% step size of source
input clock

- Input Clock: 0 Hz < Fy¢o < 32 MHz

- Resolution: Fy,/22°

» Serial Communications:

- EUSART
- RS-232, RS-485, LIN compatible
- Auto-baud detect, Auto-wake-up on start

- Master Synchronous Serial Port (MSSP)

- SPI
- IZCT"", SMBus, PMBus™ compatible
 Data Signal Modulator (DSM):

- Modulates a carrier signal with digital data to
create custom carrier synchronized output
waveforms
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* Upto 12 I/O Pins: Analog Peripherals
- Individually programmable pull-ups
- Slew rate control » 10-bit Analog-to-Digital Converter (ADC):
- Interrupt-on-change with edge select - Upto 17 external channels
- Input level selection control (ST or TTL) - Conversion available during Sleep
- Digital Open-Drain enable + Comparator:
* Peripheral Pin Select (PPS): - Up to two comparators o
- 1/O pin remapping of digital peripherals - lee:i( \;oltage Reference at non-inverting
input(s

- Comparator outputs externally accessible

Timer Modules » 5-Bit Digital-to-Analog Converter (DAC):

* TimerO: - 5-bit resolution, rail-to-rail
- 8/16-bit timer/counter - Positive Reference Selection
- Synchronous or asynchronous operation - Unbuffered 1/0 pin output
- Programmable Prescaler/Postscaler - Internal connections to ADCs and
- Time base for Capture/Compare function comparators
» Timer1 with Gate Control: » \oltage Reference:
- 16-bit timer/counter - Fixed Voltage Reference with 1.024V, 2.048V
- Programmabile internal or external clock and 4.096V output levels
sources
- Multiple gate sources Flexible Oscillator Structure
- Multiple gate modes
- Time base for Capture/Compare function » High-Precision Internal Oscillator:
o Timer2: - Software selectable frequency range up to 32
- 8-bit timer MHz
- Programmable Prescaler/Postscaler - %1% at nominal 4 MHz calibration point
- Time base for PWM function * 4xPLL with External Sources
* Low-Power Internal 31 kHz Oscillator
(LFINTOSC)
» External Low-Power 32 kHz Crystal Oscillator
(SOSC)

» External Oscillator Block with:

- Three Crystal/Resonator modes up to 20
MHz

- Three External Clock modes up to 20 MHz

- Fail-Safe Clock Monitor
- Allows for safe shutdown if peripheral clock
stops

- Oscillator Start-up Timer (OST)
- Ensures stability of crystal oscillator
resources
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PIC16(L)F183XX Family Types
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PIC16(L)F18313 (1) 2048 3.5 256 256 6 5 1 1 1 1 2/1 2 2 1 1 1 2 1 Y |[Y|Y]|Y |
PIC16(L)F18323 (2) 2048 3.5 256 256 12 11 1 2 1 1 2/1 2 2 1 1 1 2 1 Y |[Y|Y]|Y |
PIC16(L)F18324 (2) 4096 7 256 512 12 11 1 2 2 1 41 4 2 1 1 1 4 1 Y [ Y|Y]|Y |
PIC16(L)F18325 (3) 8192 14 256 1024 12 11 1 2 2 1 4/3 4 2 1 1 2 4 1 Y [ Y|Y]|Y |
PIC16(L)F18344 (2) 4096 7 256 512 18 17 1 2 2 1 4/3 4 2 1 1 1 4 1 Y [ Y|Y]|Y |
PIC16(L)F18345 (3) 8192 14 256 1024 18 17 1 2 2 1 4/3 4 2 1 1 2 4 1 Y [ Y|Y]Y |

Note 1: Debugging Methods: (I) — Integrated on Chip

2:  One pin is input-only.

Data Sheet Index: (Unshaded devices are described in this document.)
PIC16(L)F18313/18323 Data Sheet,
PIC16(L)F18324/18344 Data Sheet,
PIC16(L)F18325/18345 Data Sheet,

1: DS40001799
2:  DS40001800
3: DS40001795

Full-Featured, Low Pin Count Microcontrollers with XLP
Full-Featured, Low Pin Count Microcontrollers with XLP
Full-Featured, Low Pin Count Microcontrollers with XLP

Note: For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
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Pin Diagrams

FIGURE 1: 8-PIN PDIP, SOIC, UDFN
N
VoD [ 1 o 8[]Vss
—
RA5 []2 § 7] RAO/ICSPDAT
RA4 3 ’L_LT 6[] RA1/ICSPCLK
- ©
VPP/MCLR/RA3 []4 8 5[] RA2
o
FIGURE 2: 14-PIN PDIP, SOIC, TSSOP
Vvop []1 ~ 14[] Vss
RA5 []2 - 13[] RAO/ICSPDAT
RA4[]3 §  12[] RA1ICSPCLK
VPPMCLRRA3[]4 &  M[RA2
RC5[5 =2 10[JRco
RC4[]6 § 91 RC1
RC3[]7 & 8[] RC2
FIGURE 3: 16-PIN UQFN
gg2¢
eegxe
)
RA5 |1 12l RAO/ICSPDAT
RA4 |2 PIC16(L)F18323 111 RA1/ICSPCLK
RA3/MCLR/VPP |3 10l RA2
RC5 |4 91 rRCO
22=2
< M N
SEEE
Note 1: Itis recommended that the exposed bottom pad be connected to Vss, but must not be the main Vss
connection to the device.

DS40001799A-page 4 Preliminary © 2015 Microchip Technology Inc.



"ou| ABojouyoa] diyoouoI\ GL0Z @

Areulwijaelid

G abed-y66/1000vSA

TABLE 1: 8-PIN ALLOCATION TABLE (PIC16(L)F18313)

P4
i =
[} (]
=2 =] © %) = =y <%
8 o | @ S g 0 0 p= S a s 0 a x 0 x E S o
0 o | 2 S g 8 < 2 £ S 2 = 3 % 3 x S| 2 a
= %) 5 € = o = 2 O = g 0
o 12 3 =
[a)
o
RAO 7 |[ANAO| — C1INO+ = DAC10UT | MDCIN1® — — — — — — CLCIN3® [ — 10C Y ICDDAT/
ICSPDAT
RA1 ANA1 | VREF+ | C1INO- — DAC1REF+ | MDMIN® — _ _ — sck® | RX®M) | cLein2® | 10C \4 ICDCLK/
scL®34) | pT(3) ICSPCLK
RA2 5 | ANA2 | VREF- = = DAC1REF- = TocKI® = — | cwe1IN® [ sDAd34) | = — | INT® | vy =
spI® 10C
RA3 4 _ _ _ _ _ _ _ _ _ _ Ss® _ CLCINO®W | _ 10C Y MCLR
VPP
RA4 3 |ANA4| _— C1IN1- — — — T160 — — — — — — — 10C Y CLKOUT
SOSCO 0SC2
RA5 2 |ANA5| _— — _ — MDCIN2D | T1cKI® | ccp1® _ _ — — | crant@ | 10C Y CLKIN
SOSCIN | ccp2® 0SC1
SOsCl
VDD 1 — — — — — — — — — — — — — = — — VDD
Vss 8 j— — — j— — j— — j— j— — j— j— j— — j— j— Vss
= = — | ctouT NCO = DSM TMRO CCP1 | PWM5 | CWG1A | SDA® CK | CLC1OUT |CLKR| — = =
_ _ _ — — — — — CCP2 | PWM6 | CWG1B scL® | pT® | cLc2ouT | — _ — _
ouT®
— — = = — = — = — — CWG1C SDO X — = — — —
_ _ _ _ _ _ _ _ _ _ CWG1D SCK —_ _ _ _ _ _
Note Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-1.

All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers. See Register 12-2.

These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.

These pins are configured for [2c™ logic levels as described in Section 12.3 “Bidirectional Pins”; clock and data signals may be assigned to any of these pins. Assignments to the other pins (e.g.,
RAD5) will operate, but logic levels will be standard TTL/ST as selected by the INLVL register.
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TABLE 2: 14/16-PIN ALLOCATION TABLE (PIC16(L)F18323)

o
2 N
%] o =] — -
< £ 4 2 ® 0 o x o 53 =3 o
[ 3 Q = O Q = o = O] (@) > > 2
c |ols|2| 8| & S 3 2 E | S z 5 g | 3| 2 | 5|5 |35| B
=g - : . ° = |z S| g || 8
z & o
o
o
RAO 13 12 | ANAO — C1INO+ — DAC10UT — — — — — — — — — 10C Y ICDDAT/
ICSPDAT
RA1 12 11 | ANA1 | VREF+ | C1INO- — DAC1REF+ — — — — — — — — — 10C Y ICDCLK/
C2INO- ICSPCLK
RA2 1 10 | ANA2 | VREF- — — DAC1REF- — TocKI® | — — CWG1IN® — — — — | INT® | ¥ —
10C
RA3 4 3 — — — — — — — — — — — — — — 10C Y MCLR
VPP
RA4 3 2 [ANA4| _— — — — — T1GM — — — — — — — I0OC | Y |cCLKOUT
SOSCO 0SC2
RA5 2 1 |ANAS | _— — — — — TICKI® | — — — — | CLCIN3® | _ IOC | Y | CLKIN
SOSCIN 0OSC1
SOSCI
RCO 10 9 [ANCO| — C2INO+ — — — — — — — sSckK@® _ — — 10C Y —
scLt34)
RC1 9 8 |[ANC1| — | CI1IN1- — — — — — — — sDI — | cLoINZ® | 10C Y —
C2IN1- SDA(134)
RC2 8 7 |ANC2| — | C1IN2- _ _ MDCIN1@ _ _ _ _ _ _ _ _ 10C Y _
C2IN2-
RC3 7 6 |ANC3| — | C1IN3- — — MDMIN® — ccp2® — — SSW — | cLeiNo® | Ioc | Y —
C2IN3-
RC4 6 5 [ANC4| — — — — — — — — — — —  |cLoNnt@® | — 10C Y —
RC5 5 4 |ANC5| _— _ _ _ MDCIN2( — ccp1® _ — _ RX( — — 10C Y —
(1.3)
DT
VDD 1 16 — — — — — — — — — — _ _ _ _ — _ VDD
Vss 14 13 — — — — — — — — — — — — — — — — Vss
— — — — C10UT NCO — DSM TMRO CCP1 PWM5 CWG1A SDA® CK CLC10UT | CLKR — — —
(2) — | =] = — | c2out — — — — CCP2 PWM6 CWG1B scL® | pT® |cLc2ouT| — — — —
OuT
— — — — — — — — — — — CWG1C SDO TX — — — —
— _ — _ — — — — — — — CWG1D SCK — _ — — — _
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-1.
2: Al pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output selection registers. See Register 12-3.
3: These peripheral functions are bidirectional. The output pin selections must be the same as the input pin selections.
4: These pins are configured for [2c™ logic levels as described in Section 12.3 “Bidirectional Pins”; clock and data signals may be assigned to any of these pins. Assignments to other pins (e.g. RA5) will

operate, but logic levels will be standard TTL/ST as selected by the INLVL register.
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

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

Errata

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

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

* Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

DS40001799A-page 8 Prelimin ary © 2015 Microchip Technology Inc.



PIC16(L)F18313/18323

1.0 DEVICE OVERVIEW

The PIC16(L)F18313/18323 are described within this
data sheet. The PIC16(L)F18313 is available in 8-pin
PDIP, SOIC and DFN packages, and the
PIC16(L)F18323 is available in 14-pin PDIP, SOIC and
TSSOP packages and 16-pin QFN packages. Peripheral

TABLE 1-1: DEVICE PERIPHERAL
SUMMARY

Figure 1-1  shows a block diagram of the
PIC16(L)F18313/18323 devices. Table 1-2 shows the
pinout descriptions.

PIC16(L)F18313
PIC16(L)F18323

Analog-to-Digital Converter (ADC) o | o

Reference Table 1-1 for peripherals available per device. Temperature Indicator o |
Digital-to-Analog Converter (DAC)

| DAC1| o | o

Fixed Voltage Reference (FVR)

ADCFVR| o | o
CDAFVR| o | o

Digital Signal Modulator (DSM)

| DSM1 |

Numerically Controlled Oscillator (NCO)
| NCO1| o | o
Capture/Compare/PWM (CCP/ECCP) Modules
CCP1| o °
CCP2| o | o
Comparators
Cl| e °
Cc2 °
Complementary Waveform Generator (CWG)
| CWG1] o [ o
Configurable Logic Cell (CLC)
CLC1| o °
CLC2| o °
Enhanced Universal Synchronous/Asynchronous Receiver/

Transmitter (EUSART)

| EUSART1] o | o
Master Synchronous Serial Port (MSSP)

| MSSP1] o | o

Pulse-Width Modulator (PWM)
PWM5| e °
PWM6 | o °

Timers

TimerO | o .

Timer1 | e °

Timer2 | e .

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 9
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FIGURE 1-1: PIC16(L)F18313/18323 BLOCK DIAGRAM
Program
Flash Memory
I RAM  [€=p=P| PORTA
CLKOUT Timing
Generation
nENToscl| [ |
CLKIN LFINTOSG CPU = PORTCW
=<1 | Oscillator See Figure 2-1 —
MCLR DX
€= DsM
NCO PWM Timer0 Timer1 Timer2 MSSP Comparators
£t t + F 71 =
|nT§i<r;na?6r ma %I?é:it 4= FVR =P/ DAC CCPs EUSART| | CLCs

Note 1: PIC16(L)F18323 only.
2: See applicable chapters for more information on peripherals.

DS40001799A-page 10 Preliminary © 2015 Microchip Technology Inc.
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TABLE 1-2: PIC16(L)F18313 PINOUT DESCRIPTION

Name Function Input Output Description
Type Type
RAO/ANAO/C1 IN0+/(1) o RAO TTL/ST CMOS General purpose I/0O.
DAC10OUT/CLCIN3//MDCIN 1/ :
ANA AN — ADC Ch I A t.
ICSPDAT/ICDDAT 0 C Channel AQ inpu
C1INO+ AN — Comparator C1 positive input.
DAC10UT — AN Digital-to-Analog Converter output.
CLCIN3 TTL/ST — Configurable Logic Cell source input.
MDCIN1 TTL/ST — Modular Carrier input 1.

ICSPDAT | TTL/ST CMOS ICSP™ Data /0.

ICDDAT TTL/ST CMOS In-Circuit Debug Data 1/0.

RA1/ANA1/VREF+/C1INO-/ RA1 TTL/ST CMOS General purpose 1/O.
MDMIN®/CLCIN2M/SCK®) ANA1 AN — ADC Channel A1 input.
SCLO/RXM)/DACIREF+/ —
ICSPCLK/ICDCLK VREF+ AN — ADC Voltage Reference Positive input.
C1INO- AN — Comparator C1 negative input.
MDMIN TTL/ST — Modulator Source Input.
CLCIN2 TTL/ST — Configurable Logic Cell source input.
SCK TTL/ST — SPI clock.
SCL [2c™ oD 12C™ clock input/output.
RX TTL/ST — EUSART asynchronous input.
DAC1REF+ AN — Digital-to-Analog Converter positive reference voltage
input.
ICSPCLK | TTL/ST CMOS Serial Programming Clock.
ICDCLK TTL/ST CMOS In-Circuit Debug Clock.
RA2/ANA2/VREF-/DAC1REF-/ RA2 TTL/ST CMOS General purpose I/0O.
SDI®-3/SDAM-3)TOCKI®) ANA2 AN — ADC Channel A3 input.
CWGTIN®/INTW —
VREF- AN — ADC Voltage Reference Negative input.
DAC1REF- AN — Digital-to-Analog Converter negative reference voltage
input.
SDI TTL/ST CMOS SPI Data Input.
SDA [2c™ oD 12C™ clock input/output.
TOCKI TTL/ST — TimerO clock input.
CWG1IN TTL/ST — Complementary Waveform Generator input.
INT TTL/ST — External interrupt.
RA3/MCLR/VPp/SSM/CLCINO® RA3 TTL/ST CMOS | General purpose /0.
MCLR TTL/ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
sS TTUST — Slave Select input.
CLCINO TTL/ST — Configurable Logic Cell source input.

Legend: AN = Analog input or output CMOS = CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with [2c™
HV = High Voltage XTAL = Crystal levels
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-1.
2: Al pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output
selection registers. See Register 12-2.
3:  These I2C™ functions are bidirectional. The output pin selections must be the same as the input pin selections.

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 11
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TABLE 1-2: PIC16(L)F18313 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppuet O_#;S:t Description
RA4/ANA4/C1IN1-/T1GD)/ RA4 TTL/ST CMOS General purpose I/0.
SOSCO/OSC2/CLKOUT ANA4 AN — ADC Channel A4 input.

C1IN1- AN — Comparator C1 negative input.
T1G TTL/ST — Timer1 gate input.
SOSCO — XTAL Secondary Oscillator Connection.
0scC2 — XTAL Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS Fosc/4 output.
RA5/ANA5/MDCIN2W/T1CKIW) RA5 TTUST CMOS | General purpose I/O.
SOSCIN/SOSCI/CLCIN1®/ ANAS5 AN — ADC Channel A5 input.
ccP1MccP2@/0SC1/CLKIN —
MDCIN2 TTL/ST — Modular Carrier input 2.
T1CKI TTL/ST — Timer1 clock input.
SOSCIN TTL/ST — Secondary Oscillator Input Connection.
SOSCI XTAL — Secondary Oscillator Connection.
CLCIN1 TTL/ST — Configurable Logic Cell source input.

CCP1 TTL/ST CMOS Capture/Compare/PWM1 input.

CCP2 TTL/ST CMOS Capture/Compare/PWM2 input.

OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN TTL/ST — External clock input.
ouT® C10UT — CMOS | Comparator output.

NCO1 — CMOS NCO output.

CCP1 — CMOS Capture/Compare/PWM1 output.

CCP2 — CMOS Capture/Compare/PWM2 output.

PWM5 — CMOS PWMS5 output.

PWM6 — CMOS PWM6 output.
CWG1A — CMOS Complementary Waveform Generator Output A.
CWG1B — CMOS Complementary Waveform Generator Output B.
CWG1C — CMOS Complementary Waveform Generator Output C.
CWG1D — CMOS Complementary Waveform Generator Output D.
SDA®) — oD I2C™ data input/output.

SDO — CMOS SPI data output.

SCK — CMOS SPI clock output.

scL® — oD [2C™ clock output.

TX/CK — CMOS EUSART asynchronous TX data/synchronous clock

output.
DT — CMOS EUSART synchronous data output.
CLC10UT — CMOS Configurable Logic Cell 1 source output.
CLC20UT — CMOS Configurable Logic Cell 2 source output.

DSM — CMOS Modulator output.

TMRO — CMOS TMRO output.

CLKR — CMOS Clock reference output.

Legend: AN = Analog input or output CMOS = CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels I2C™ = Schmitt Trigger input with [2c™
HV = High Voltage XTAL = Crystal levels
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-1.
2: Al pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output
selection registers. See Register 12-2.
3:  These I2C™ functions are bidirectional. The output pin selections must be the same as the input pin selections.

DS40001799A-page 12 Preliminary © 2015 Microchip Technology Inc.
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION
Name Function I_Ir_1yppuet O#;Sgt Description
RAO/ANAO/C1INO+/ RAO TTL/ST CMOS General purpose I/O.
DAC10UT/ICSPDAT/ICDDAT ANAO AN — | ADC Channel A0 input.
C1INO+ AN — Comparator C1 positive input.
DAC10UT — AN Digital-to-Analog Converter output.
ICSPDAT | TTL/ST| CMOS ICSP™ Data 1/0.
ICDDAT | TTL/ST CMOS In-Circuit Debug Data 1/0O.
RA1/ANA1/VRer+/C1INO-/ RA1 TTL/ST| CMOS | General purpose I/O.
C2INO-/DACTREF+/ICSPCLK/ ANA1 AN — ADC Channel A1 input.
ICDCLK VREF+ AN — ADC Voltage Reference input.
C1INO- AN — Comparator C1 negative input.
C2INO- AN — Comparator C2 negative input.
DAC1REF+ AN — Digital-to-Analog Converter positive reference voltage
input.
ICSPCLK | TTL/ST CMOS Serial Programming Clock.
ICDCLK | TTL/ST| CMOS | In-Circuit Debug Clock.
RA2/ANA2/VReF-/DAC1REF-/ RA2 TTL/ST| CMOS | General purpose I/O.
TOCKIM/CWG1INWANT® ANA2 AN — ADC Channel A2 input.
VREF- AN — ADC Negative Voltage Reference input.
DAC1REF- AN — Digital-to-Analog Converter negative reference voltage
input.
TOCKI TTL/ST — TimerO clock input.
CWG1IN | TTL/ST — Complementary Waveform Generator input.
INT TTL/ST — External interrupt.
RA3/MCLR/VPP RA3 TTL/ST| CMOS | General purpose I/O.
MCLR TTL/ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
RA4/ANA4/T1GM/SOSCO/ RA4 TTL/ST| CMOS | General purpose I/O.
OSC2/CLKOUT ANA4 AN — ADC Channel A4 input.
T1G TTL/ST — Timer1 gate input.
SOSCO — XTAL Secondary Oscillator Connection.
0SC2 — XTAL Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
RAS5/ANA5/T1CKIM/CLCIN3WLY RA5 TTL/ST| CMOS | General purpose I/O.
SOSCI/SOSCIN/OSC1/CLKIN ANA5 AN _ ADC Channel A5 input.
T1CKI TTL/ST — Timer1 clock input.
CLCIN3 | TTL/ST — Configurable Logic Cell source input.
SOSCI XTAL — Secondary Oscillator Connection.
SOSCIN | TTL/ST — Secondary Oscillator Input Connection.
0OSC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN TTL/ST — External clock input.

Legend:

Note 1:
2:

3:

AN = Analog input or output
TTL = TTL compatible input
HV = High Voltage

selection registers. See Register 12-2.

CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels 12C™ = Schmitt Trigger input with 12c™
XTAL = Crystal levels
Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-2.
All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output

OD = Open-Drain

These I2C™ functions are bidirectional. The output pin selections must be the same as the input pin selections.

© 2015 Microchip Technology Inc.
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION (CONTINUED)

Name Function I_Ir_lyppuet O#;S:t Description
RCO/ANCO/C2INO+/SCL®)/ RCO TTL/ST| CMOS | General purpose I/O.
sck® ANCO AN — ADC Channel CO input.
C2INO+ AN — Comparator positive input.
SCL 12c™ oD 12C™ clock.
SCK TTL/ST| CMOS | SPI clock.
RC1/ANC1/C1IN1-/C2IN1-/ RC1 TTL/ST CMOS General purpose I/O.
SDAM/SDIM/CLCINZY ANCH1 AN — ADC Channel C1 input.
C1IN1- AN — Comparator C1 negative input.
C2IN1- AN — Comparator C2 negative input.
SDA 2c™ oD 12C™ data.
SDI TTL/ST| CMOS | SPIdata input.
CLCIN2 | TTL/ST — Configurable Logic Cell source input.
RC2/ANC2/C1IN2-/C2IN2-/ RC2 TTL/ST CMOS General purpose I/O.
MDCINT®) ANC2 AN — ADC Channel C2 input.
C1IN2- AN — Comparator C1 negative input.
C2IN2- AN — Comparator C2 negative input.
MDCIN1 TTL/ST — Modular Carrier input 1.
RC3/ANC3/C1IN3-/C2IN3-/ RC3 TTL/ST| CMOS | General purpose I/O.
'\s/'_g(';’)"N(l)/CCPZ(l)/C'-C'NO(l)/ ANC3 AN — ADC Channel C3 input.
C1IN3- AN — Comparator C1 negative input.
C2IN3- AN — Comparator C2 negative input.
MDMIN TTL/ST — Modular Source input.
CCP2 TTL/ST| CMOS | Capture/Compare/PWM2.
CLCINO | TTL/ST — Configurable Logic Cell source input.
Ss TTL/ST — Slave Select input.
RC4/ANC4/TX®/cLCINTD RC4 TTL/ST| CMOS | General purpose I/O.
ANC4 AN — ADC Channel C4 input.
X — CMOS EUSART asynchronous output.
CLCIN1 TTL/ST — Configurable Logic Cell source input.
RC5/ANC5/MDCIN2(M/ccp1®)y RC5 TTL/ST| CMOS | General purpose I/O.
RX® ANC5 AN — ADC Channel C5 input.
MDCIN2 | TTL/ST — Modular Carrier input 2.
CCP1 TTL/ST CMOS Capture/Compare/PWM1.
RX TTL/ST — EUSART asynchronous input.
VDD VDD Power — Positive supply.
Vss Vss Power — Ground reference.

Legend: AN = Analog input or output CMOS = CMOS compatible input or output OD = Open-Drain
TTL = TTL compatible input ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with [2c™
HV = High Voltage XTAL = Crystal levels
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-2.
2: Al pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output
selection registers. See Register 12-2.
3:  These I2C™ functions are bidirectional. The output pin selections must be the same as the input pin selections.

DS40001799A-page 14 Preliminary © 2015 Microchip Technology Inc.
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION (CONTINUED)
Name Function I_Ir_lyppuet O#;S:t Description
ouT® C10UT — CMOS | Comparator output.
C20UT — CMOS Comparator output.
CCP1 — CMOS Capture/Compare/PWM1 output.
CCP2 — CMOS Capture/Compare/PWM2 output.
PWM5 — CMOS PWMS5 output.
PWM6 — CMOS PWM6 output.
CWG1A — CMOS | Complementary Waveform Generator Output A.
CWG1B — CMOS Complementary Waveform Generator Output B.
CWG1C — CMOS Complementary Waveform Generator Output C.
CWG1D — CMOS Complementary Waveform Generator Output D.
SDA®G) — oD I2C™ data input/output.
SDO — CMOS | SPI data output.
SCK — CMOS | SPI clock output.
scL® — oD [2C™ clock output.
TX/ICK — CMOS EUSART asynchronous TX data/synchronous clock output.
DT — CMOS EUSART synchronous data output.
CLC10UT — CMOS Configurable Logic Cell 1 source output.
CLC20UT — CMOS Configurable Logic Cell 2 source output.
NCO1 — CMOS Numerically controlled oscillator output.
DSM — CMOS Data Signal Modulator output.
TMRO — CMOS TimerO clock output.

Legend: AN = Analog input or output
TTL = TTL compatible input
HV = High Voltage

Note 1:
2:

3:

CMOS = CMOS compatible input or output  OD = Open-Drain
ST = Schmitt Trigger input with CMOS levels [2C™ = Schmitt Trigger input with [2cm
XTAL = Crystal levels

Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 12-2.
All pin outputs default to PORT latch data. Any pin can be selected as a digital peripheral output with the PPS output

selection registers. See Register 12-2.
These I2C™ functions are bidirectional. The output pin selections must be the same as the input pin selections.

© 2015 Microchip Technology Inc.
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2.0 ENHANCED MID-RANGE CPU Relative addressing modes are available. Two File

Select Registers (FSRs) provide the ability to read

This family of devices contains an enhanced mid-range program and data memory.

8-bit CPU core. The CPU has 49 instructions. Interrupt
capability includes automatic context saving. The

» Automatic Interrupt Context Saving

hardware stack is 16-levels deep and has Overflow and * 16-level Stack with Overflow and Underflow
Underflow Reset capability. Direct, Indirect, and * File Select Registers

« Instruction Set

FIGURE 2-1: CORE BLOCK DIAGRAM
1 Confi i
onfiguration 15 8
Data Bus
Qi( Program Counter |<] {‘7
é Nonvolatile
=
. Memory 16-Level Stack RAM
(15-bit)
Pr%%rsam 14 =™~ Program Memory ﬁ 12 RAM Addr
——— Read (PMR)
N Addr MUX
‘ Instruction Reg .
. Indirect
I Direct Addr 7 Addr
5 12 12
15 BSR Reg
4| FSRO Reg }<‘,:‘
FSR1 Reg
15 STATUS Reg
8
N Mux /1
Power-up
V Timer ﬂ ‘
Instruction Oscillator
Decode and K—>1 | Start-up Timer
Control
OSC1/CLKIN

@7

0OSC2/CLKOUT

ALU
Power-on |
Reset 8
Timing Watchdog
L Brown-out

!

@ Reset
Internal
Oscillator
Block
Vss
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2.1 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. See Section 7.5, Automatic Context Saving for
more information.

2.2 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) in the PCON register, and if enabled, will
cause a software Reset. See Section 3.4 “ Stack” for
more details.

2.3 File Select Registers

There are two 16-bit File Select Registers (FSR). FSRs
can access all file registers, program memory and data
EEPROM, which allows one Data Pointer for all mem-
ory. 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 now also be addressed linearly, providing
the ability to access contiguous data larger than 80
bytes. There are also new instructions to support the
FSRs. See Section 3.5 “Indirect Addressing” for
more details.

2.4 Instruction Set

There are 49 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 33.0 “Instruction Set Summary” for more
details.

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 17
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3.0 MEMORY ORGANIZATION

These devices contain the following types of memory:
* Program Memory
- Configuration Words
- Device ID
- UserID
- Program Flash Memory
« Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM
- Data EEPROM
The following features are associated with access and
control of program memory and data memory:
* PCL and PCLATH
» Stack
* Indirect Addressing
* NVMREG access

TABLE 3-1: DEVICE SIZES AND ADDRESSES

3.1 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing 32K x 14 program
memory space. Table 3-1 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 (see
Figure 3-1).

Device Program Memory Size (Words) Last Program Memory Address

PIC16(L)F18313/18323 2048

07FFh

DS40001799A-page 18 Preliminary © 2015 Microchip Technology Inc.
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FIGURE 3-1: PROGRAM MEMORY MAP 3.1.1 READING PROGRAM MEMORY AS
AND STACK FOR DATA
PIC16(L)F18313/18323 There are two methods of accessing constants in
program memory. The first method is to use tables of
PC<14:0> RETLWinstructions. The second method is to set an
CALL, CALLW 15 FSR to point to the program memory.
RETURN, RETLW .
Interrupt, RETFI E 3.1.1.1 RETLWiInstruction
Stack Level 0 The RETLWinstruction can be used to provide access
Stack Level 1 to tables of constants. The recommended way to create
: such a table is shown in Example 3-1.
L]
Stack Level 15 EXAMPLE 3-1:  RETLWINSTRUCTION
constants
Reset Vector 0000h BRW :Add Index in Wto
: < ; program counter to
Ll ; sel ect data
Interrupt Vector 0004h RETLW DATAOQ ;I ndex0 data
On-chip 0005h RETLW DATAL ;I ndex1 data
Program Page 0 RETLW DATA2
Memory 07FFh RETLW DATA3
Rollover to Page 0 0800h
nmy_function
;... LOTS OF CODE...
MOVLW DATA | NDEX
call constants
;... THE CONSTANT IS IN W
The BRW instruction makes this type of table very
simple to implement. If your code must remain portable
. with previous generations of microcontrollers, the older
A table read method must be used because the BRW
instruction is not available in some devices, such as the
PIC16F6XX, PIC16F7XX, PIC16F8XX, and
PIC16F9XX devices.
Rollover to Page 0 7EFFh
© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 19
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3.1.1.2 Indirect Read with FSR

The program memory can be accessed as data by
setting bit 7 of the FSRxH register and reading the
matching INDFx register. The MOVI Winstruction will
place the lower eight bits of the addressed word in the
W register. Writes to the program memory cannot be
performed via the INDF registers. Instructions that
access the program memory via the FSR require one
extra instruction cycle to complete. Example 3-2 shows
how to access the program memory via an FSR.

The HIGH directive will set bit 7 if a label points to a
location in the program memory.

EXAMPLE 3-2: ACCESSING PROGRAM
MEMORY VIA FSR
constants
RETLW DATAO ;I ndex0 data
RETLW DATA1 ;I ndexl data
RETLW DATA2

RETLW DATA3
my_function
;... LOTS OF CODE...
MOVLW LOW const ant s
MOVWF  FSRI1L
MOVLW HI GH constants
MOVWF  FSR1H
MOVI W O[ FSR1]
; THE PROGRAM MEMORY IS IN W

3.2 Data Memory Organization

The data memory is partitioned into 32 memory banks
with 128 bytes in each bank. Each bank consists of
(Figure 3-2):

* 12 core registers

» 20 Special Function Registers (SFR)

» Up to 80 bytes of General Purpose RAM (GPR)

* 16 bytes of common RAM

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory will read as ‘0O’. All data memory can be
accessed either directly (via instructions that use the
file registers) or indirectly via the two File Select
Registers (FSR). See Section 3.5 “Indirect
Addressing”” for more information.

Data memory uses a 12-bit address. The upper seven
bits of the address define the Bank address and the
lower five bits select the registers/RAM in that bank.

3.21 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
(addresses x00h/x80h through x0Bh/x8Bh). These
registers are listed below in Table 3-2. For detailed
information, see Table 3-4.

FIGURE 3-2: BANKED MEMORY
PARTITIONING
7-bit Bank Offset Memory Region
00h
Core Registers
(12 bytes)
0Bh
0Ch
Special Function Registers
1Fh
20h
General Purpose RAM
(80 bytes maximum)
6Fh
70h
Common RAM
(16 bytes)
7Fh
TABLE 3-2: CORE REGISTERS
Addresses BANKXx
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

DS40001799A-page 20
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3.2.11 STATUS Register
The STATUS register, shown in Register 3-1, 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 the write to these three bits is
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

For example, CLRF STATUS will clear the upper three
bits 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 MOWWF 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 Section 3.0 “Memory
Organization”).

Note 1: The C and DC bits operate as Borrow
and Digit Borrow out bits, respectively, in

STATUS register as destination may be different than subtraction.
intended.
REGISTER 3-1: STATUS: STATUS REGISTER
u-0 U-0 u-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u
— — — TO PD z bCcW c®
bit 7 bit 0
Legend:

R = Readable bit
u = Bit is unchanged

W = Writable bit
x = Bit is unknown

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

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-5 Unimplemented: Read as ‘0’
bit 4 TO: Time-Out bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time out occurred
bit 3 PD: Power-Down bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Digit Borrow bit (ADDWF, ADDLW SUBLW SUBVIF instructions)()
1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result
bit O C: Carry/Borrow bit!) (ADDWF, ADDLW SUBLW SUBWF instructions)()

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 (RRF, RLF) instructions, this bit is loaded with either the high-order or low-order

bit of the source register.

© 2015 Microchip Technology Inc.
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3.2.2 SPECIAL FUNCTION REGISTER

The Special Function Registers are registers used by
the application to control the desired operation of
peripheral functions in the device. The Special Function
Registers occupy the 20 bytes after the core registers of
every data memory bank (addresses x0Ch/x8Ch
through x1Fh/x9Fh). The registers associated with the
operation of the peripherals are described in the
appropriate peripheral chapter of this data sheet.

3.2.3 GENERAL PURPOSE RAM

There are up to 80 bytes of GPR in each data memory
bank. The Special Function Registers occupy the 20
bytes after the core registers of every data memory
bank (addresses xOCh/x8Ch through x1Fh/x9Fh).

3.2.31 Linear Access to GPR

The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section 3.5.2
“Linear Data Memory” for more information.

3.24 COMMON RAM

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

3.2.5 DEVICE MEMORY MAPS

The memory maps for PIC16(L)F18313/18323 are as
shown in Table 3-4.

DS40001799A-page 22 Preliminary
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TABLE 3-3: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (ALL BANKYS)

; : ; . . . . ) Value on: Valueonall

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other
Resets
All Banks
000h INDFO Addressing this location uses contents of FSROH/FSROL to address data memory XXXX XXXX [ XXXX XXXX
(not a physical register)
001h INDF1 Addressing this location uses contents of FSR1H/FSR1L to address data memory XXXX XXXX [ XXXX XXXX
(not a physical register)
002h PCL Program Counter (PC) Least Significant Byte 0000 0000|0000 0000
003h STATUS — 1 = 1 = O PD z DC c  [---1 1000]---q quuu
004h FSROL Indirect Data Memory Address 0 Low Pointer 0000 0000 [uuuu uuuu
005h FSROH Indirect Data Memory Address 0 High Pointer 0000 0000|0000 0000
006h FSR1L Indirect Data Memory Address 1 Low Pointer 0000 0000 [uuuu uuuu
007h FSR1H Indirect Data Memory Address 1 High Pointer 0000 0000|0000 0000
008h BSR — — — BSR4 BSR3 BSR2 BSR1 BSRO |---0 0000(---0 0000
009h WREG Working Register 0000 0000 |uuuu uuuu
00Ah PCLATH = = = = = Write Buffer for the upper three bits |- --- -000|---- -000
of the Program Counter

00Bh INTCON GIE PEIE — — — — — INTEDG |00-- --- 1/00-- ---1
Legend: x =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimple-

mented, read as ‘0.
Note 1: These Registers can be accessed from any bank

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 23
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31

a1

(32} (32}

E E Value on: Value on all

Address Name a,’; a,’; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

S|0C

o | a

Bank 0
CPU CORE REGISTERS; see Table 3-2 for specifics
00Ch PORTA - | = Ras | RaM | RrRA3 | RrRA2 [ RAT | RAO --xx xxxx | --uu uuuu
00Dh — — Unimplemented — —
00Eh PORTC X | — Unimplemented — —

— | x — | — Rc5 | Rca | re3a | rRe2 ] rRe1t ] Reo —-xX XXXX_ | --uu uuuu
00Fh — — Unimplemented — —
010h PIRO — — TMROIF I0CIF — — — INTF --00 ---0 --00 ---0
011h PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF BCL1IF TMR2IF TMR1IF 0000 0000 0000 0000
012h PIR2 X | — — — C1IF NVMIF — — — NCO1IF 0000 0000 0000 0000

— | X — C2IF C1IF NVMIF — — — NCO1IF 0000 0000 0000 0000
013h PIR3 OSFIF CSWIF — — — — CLC2IF CLC1IF 0000 0000 0000 0000
014h PIR4 — CWGH1IF — — — — CCP2IF CCP1IF 0000 0000 0000 0000
015h TMROL TMRO0<7:0> 0000 0000 0000 0000
016h TMROH TMRO0<15:8> 1111 1111 1111 1111
017h TOCONO TOEN — TOOUT TO16BIT TOOUTPS<3:0> 0- 00 0000 0- 00 0000
018h TOCON1 T0CS<2:0> TOASYNC TOCKPS<3:0> 0000 0000 0000 0000
019h TMR1L TMR1L<7:0> XXXX XXXX uuuu uuuu
01Ah TMR1H TMR1H<7:0> XXXX XXXX uuuu uuuu
01Bh T1CON TMR1CS<1:0> T1CKPS<1:0> T1S0SC T1SYNC = TMR1ON 0000 00-0 uuuu uu-u
01Ch T1GCON TMR1GE T1GPOL T1GTM T1GSPM T1GGO/ T1GVAL T1GSS<1:0> 0000 0x00 uuuu uxuu

DONE
01Dh TMR2 TMR2<7:0> 0000 0000 0000 0000
01Eh PR2 PR2<7:0> 1111 1111 1111 1111
01Fh T2CON — T20UTPS<3:0> TMR20ON T2CKPS<1:0> -000 0000 -000 0000
Legend: X =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
3
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
Bank 1
CPU CORE REGISTERS; see Table 3-2 for specifics
08Ch TRISA — — TRISA5 | TRISA4 | — TRISA2 | TRISA1 TRISAO --11 -111 --11 -111
08Dh — — Unimplemented — —
08Eh TRISC X | — Unimplemented — —

— | x _ _ TRISC5 | TRISC4 | TRISC3 TRISC2 | TRISC1 TRISCO .11 1111 | --11 1111
08Fh — — Unimplemented — —
090h PIEO — — TMROIE I0CIE — — — INTE --00 ---0 --00 ---0
091h PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE BCL1IE TMR2IE TMR1IE 0000 0000 0000 0000
092h PIE2 X | — — — C1IE NVMIE — — — NCO1IE 0000 0000 0000 0000

— | X — C2IE C1IE NVMIE — — — NCO1IE 0000 0000 0000 0000
093h PIE3 OSFIE CSWIE — — — — CLC2IE CLC1IE 0000 0000 0000 0000
094h PIE4 — CWGH1IE — — — — CCP2IE CCP1IE 0000 0000 0000 0000
095h — — Unimplemented — —
096h — — Unimplemented — —
097h WDTCON — — WDTPS<4:0> SWDTEN --01 0110 --01 0110
098h — — Unimplemented — —
099h — — Unimplemented — —
09Ah — — Unimplemented — —
09Bh ADRESL ADRESL<7:0> XXXX XXXX uuuu uuuu
09Ch ADRESH ADRESH<7:0> XXXX XXXX uuuu uuuu
09Dh ADCONO CHS<5:0> GO/DONE ADON 0000 0000 0000 0000
09Eh ADCON1 ADFM ADCS<2:0> — ADNREF ADPREF<1:0> 0000 - 000 0000 -000
09Fh ADACT — — — — ADACT<3:0> ---- 0000 ---- 0000
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
a1
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
o o
Bank 2
CPU CORE REGISTERS; see Table 3-2 for specifics
10Ch LATA - - tatas | tatad | — | watA2 [ atat | LATAO --xX_-xxx_| --uu -uuu
10Dh — — Unimplemented — —
10Eh LATC X — Unimplemented — —

— | x _ _ LATC5 | LATC4 | LATC3 | LATC2 | LATC1 | LATCO —xx xxxX | --uu uuuu
10Fh — — Unimplemented — —
110h — — Unimplemented — —
111 CM1CONO C1ON clouT — | cwro | — cisP | ciHys [ cisync | 00-0 -100 | 00-0 -100
112h CM1CON1 C1INTP C1INTN C1PCH<2:0> CINCH<2:0> 0000 0000 0000 0000
113h CM2CONO X | — Unimplemented — —

— | x C20N C20UT _ | copoL | _ c2sP | coHys | casync 00-0 -100 | 00-0 -100
114h CM2CON1 X | — Unimplemented — —

— | X C2INTP C2INTN C2PCH<2:0> C2NCH<2:0> 0000 0000 0000 0000
115h CMOUT X | — — — — — — — — MC10UT ---- ---0 ---- ---0

— | X — — — — — — MC20UT MC10UT ---- --00 ---- --00
116h BORCON SBOREN — — — — — — BORRDY 1--- ---q u--- ---u
117h FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 0900 0000 0g00 0000
118h DACCONO DAC1EN — DAC10E — DAC1PSS<1:0> — DAC1NSS 0-0- 00-0 0-0- 00-0
119h DACCON1 — — — DAC1R<4:0> ---0 0000 ---0 0000
11Ah-11Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1: Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

a1
g g

Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
o|o

o | o

Bank 3
CPU CORE REGISTERS; see Table 3-2 for specifics
18Ch ANSELA _ | _ | Ansas | Ansa4 | _ | ansaz [ Ansat | ANsAo 11 -111 | --11 -111
18Dh — — Unimplemented — —
18Eh ANSELC X | — Unimplemented — —

— | x _ | _ | anscs | ansca | ansca | ansc2 | ansct | ansco .11 1111 | --11 1111
18Fh — — Unimplemented — —
190h — — Unimplemented — —
191h — — Unimplemented — —
192h — — Unimplemented — —
193h — — Unimplemented — —
194h — — Unimplemented — —
195h — — Unimplemented — —
196h — — Unimplemented — —
197h VREGCON® — = — — — — VREGPM<1:0> se-- --01 -e-- --01
198h — — Unimplemented — —
199h RC1REG RC1REG<7:0> 0000 0000 0000 0000
19Ah TX1REG TX1REG<7:0> 0000 0000 0000 0000
19Bh SP1BRGL SP1BRG<7:0> 0000 0000 0000 0000
19Ch SP1BRGH SP1BRG<15:8> 0000 0000 0000 0000
19Dh RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 0000 000x
19Eh TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 0000 0010
19Fh BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00 01-0 0-00
Legend: X =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:  Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

| Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

— —

O 19

o o

Bank 4
CPU CORE REGISTERS; see Table 3-2 for specifics
20Ch WPUA — | — ] wpuas | wpua4 | wpuaz | wpua2 | wpUAT WPUAO | --00 0000 | --00 0000
20Dh — — Unimplemented — —
20Eh WPUC X — Unimplemented — —

— | x _ | _ | wpucs | wpuca | wpuca | wpucz | wpuct WPUCO --00 0000 | --00 0000
20Fh — — Unimplemented — —
210h — — Unimplemented — —
211h SSP1BUF SSP1BUF<7:0> XXXX XXXX uuuu uuuu
212h SSP1ADD SSP1ADD<7:0> 0000 0000 0000 0000
213h SSP1MSK SSP1MSK<7:0> 1111 1111 1111 1111
214h SSP1STAT SMP CKE D/A P S RW UA BF 0000 0000 0000 0000
215h SSP1CON1 WCOL SSPOV SSPEN CKP SSPM<3:0> 0000 0000 0000 0000
216h SSP1CON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 0000 0000
217h SSP1CON3 ACKTIM PCIE SCIE BOEN SDAHT SBCDE AHEN DHEN 0000 0000 0000 0000
218h-21Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
a1
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
o o
Bank 5
CPU CORE REGISTERS; see Table 3-2 for specifics
28Ch ODCONA — | — ] obcas | opbcas |  — | obcaz | opcat | opcao --00 -000 | --00 -000
28Dh — — Unimplemented — —
28Eh ODCONC X | — Unimplemented — —

— | x _ | _ | obccs | obcca | obccs | obcce | obcct | obcco --00 0000 | --00 0000
28Fh — — Unimplemented — —
290h — — Unimplemented — —
291h CCPR1L CCPR1<7:0> XXXX XXXX XXXX XXXX
292h CCPR1H CCPR1<15:8> XXXX XXXX XXXX XXXX
293h CCP1CON CCP1EN — CCP10UT CCP1FMT CCP1MODE<3:0> 0-x0 0000 0-x0 0000
294h CCP1CAP — — — — — CCP1CTS<2:0> ---- 0000 - - - - XXXX
295h CCPR2L CCPR2<7:0> XXXX XXXX XXXX XXXX
296h CCPR2H CCPR2<15:8> XXXX XXXX XXXX XXXX
297h CCP2CON CCP2EN — CCP20UT CCP2FMT CCP2MODE<3:0> 0-x0 0000 0-x0 0000
298h CCP2CAP — — — — — CCP2CTS<2:0> ---- -000 ---- - XXX
299h — — Unimplemented — —
29Ah — — Unimplemented — —
29Bh — — Unimplemented — —
29Ch — — Unimplemented — —
29Dh — — Unimplemented — —
29Eh — — Unimplemented — —
29Fh CCPTMRS - | -1 = 1 = 1T = ] cusee | = | ciset | ---- -1-1 [ ---- -12
Bank 6
30Ch SLRCONA — | — ] stras | sraa | — | stra2 | stRAt | sLRAO 11 -111 | --11 -111
30Dh — — Unimplemented — —
30Eh SLRCONC X | — Unimplemented — —

— | x _ | — | stres | strc4 | stRea | stRc2 | slRet | sLRco .11 1111 | --11 1111
30Fh-31Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
21
g | 3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 F\,/S'F;‘YEB"SF} wvalue on all
8|3
o o
Bank 7
CPU CORE REGISTERS; see Table 3-2 for specifics
38Ch INLVLA - — [ mnovas | oNovias | oNoveas | oAz [Nt [ Nbvao | --11 1111 | --11 111
38Dh — Unimplemented — —
38Eh INLVLC X — Unimplemented — —

— | x _ _ [ iNnwvies | oiNwvica | iNwvees [ Nwvecz [ iNbvict [ INwvico .11 1111 | --11 1111
38Fh — Unimplemented — —
390h — Unimplemented — —
391h IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO --00 0000 | --00 0000
392h IOCAN — — IOCAN5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO --00 0000 | --00 0000
393h IOCAF — — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO --00 0000 | --00 0000
394h — Unimplemented — —
395h — Unimplemented — —
396h — Unimplemented — —
397h I0CCP X | — Unimplemented — —

— | x _ _ | 1occes | loccpa | loccps | loccpz | loccp1r | 1occpo --00 0000 | --00 0000
398h IOCCN X | — Unimplemented — —

— | x _ _ | 1occns | loccna | 1locens | locenz | locent [ loccno 00 0000 | --00 0000
399h IOCCF X | — Unimplemented — —

— | x _ _ IOCCF5 IOCCF4 | 10CCF3 IOCCF2 | 10CCF1 | 10CCFO --00 0000 | --00 0000
39Ah CLKRCON CLKREN — — CLKRDC<1:0> CLKRDIV<2:0> 0--1 0000 | O--1 0000
39Bh — Unimplemented — —
39ch MDCON MDEN — — MDOPOL MDOUT — | — | wpBIT 0--00--0 | 0--00--0
39Dh MDSRC — — — — MDMS<3:0> - .- - XXXX ---- uuuu
39Eh MDCARH — MDCHPOL MDCHSYNC — MDCH<3:0> - XX- XXXX -uu- uuuu
39Fh MDCARL — MDCLPOL MDCLSYNC — MDCL<3:0> - XX- XXXX -uu- uuuu
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

| Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

— —

O 19

o |
Bank 8

CPU CORE REGISTERS; see Table 3-2 for specifics

40Ch-41Fh — Unimplemented — —
Bank 9
48Ch-497h — Unimplemented — —
498h NCO1ACCL NCO1ACC<7:0> 0000 0000 0000 0000
49%h NCO1ACCH NCO1ACC<15:8> 0000 0000 0000 0000
49Ah NCO1ACCU — — — — NCO1ACC<19:16> ---- 0000 ---- 0000
49Bh NCO1INCL NCO1INC<7:0> 0000 0001 0000 0001
49Ch NCO1INCH NCO1INC<15:8> 0000 0000 0000 0000
49Dh NCO1INCU — — — — NCO1INC<19:16> ---- 0000 ---- 0000
49Eh NCO1CON N1EN — N10UT N1POL — — — N1PFM 0-00 ---0 0-00 ---0
49Fh NCO1CLK N1PWS<2:0> — — — N1CKS<1:0> 000- --00 000- --00
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

3
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
Bank 10-11
CPU CORE REGISTERS; see Table 3-2 for specifics
50Ch-51Fh — — Unimplemented — —
58Ch-59Fh — — Unimplemented — —
Bank 12
60Ch — — Unimplemented — —
60Dh — — Unimplemented — —
60Eh — — Unimplemented — —
60Fh — — Unimplemented — —
610h — — Unimplemented — —
611h — — Unimplemented — —
612h — — Unimplemented — —
613h — — Unimplemented — —
614h — — Unimplemented — —
615h — — Unimplemented — —
616h — — Unimplemented — —
617h PWM5DCL PWM5DC<1:0> — — — — — — XX-= ---- uu-- ----
618h PWM5DCH PWM5DC<9:2> XXXX XXXX uuuu uuuu
619h PWM5CON PWM5EN | — PWM50UT PWM5POL — — — — 0-00 ---- 0-00 ----
61Ah PWM6DCL PWM6DC<1:0> — — — — — — XX-= ---- uu-- ----
61Bh PWM6DCH PWM6DC<9:2> XXXX XXXX uuuu uuuu
61Ch PWM6CON PWM6EN | — PWM60OUT PWM6POL — — — — 0-00 ---- 0-00 ----
61Dh-61Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:  Only on PIC16F18313/18323.
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TABLE 3-4:

SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

I I Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

— —

O 19

o o

Bank 13
CPU CORE REGISTERS; see Table 3-2 for specifics

68Ch — — Unimplemented — —
68Dh — — Unimplemented — —
68Eh — — Unimplemented — —
68Fh — — Unimplemented — —
690h — — Unimplemented — —
691h CWG1CLKCON — — — — — — — Cs ---- ---0 ---- ---0
692h CWG1DAT — — — — DAT<3:0> ---- 0000 ---- 0000
693h CWG1DBR — — DBR<5:0> --00 0000 --00 0000
694h CWG1DBF — — DBF<5:0> --00 0000 --00 0000
695h CWG1CONO EN LD — — — MODE<2:0> 00-- -000 00-- -000
696h CWG1CON1 — — IN — POLD POLC POLB POLA --x- 0000 --x- 0000
697h CWG1ASO SHUTDOWN REN LSBD<1:0> LSAC<1:0> — — 0001 01-- 0001 01--
698h CWG1AS1 — — — — AS3E AS2E® AS1E ASOE ---0 0000 ---0 0000
699h CWG1STR OVRD OVRC OVRB OVRA STRD STRC STRB STRA 0000 0000 0000 0000
69Ah-69Fh — — Unimplemented — —
Legend: X =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.

€2e81/€1€8T4(1)9TDId
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
3
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
Banks 14-16
CPU CORE REGISTERS; see Table 3-2 for specifics
70Ch-71Fh — — Unimplemented — —
78Ch-79Fh — — Unimplemented — —
80Ch-81Fh — — Unimplemented — —
Bank 17
88Ch — — Unimplemented — —
88Dh — — Unimplemented — —
88Eh — — Unimplemented — —
88Fh — — Unimplemented — —
890h — — Unimplemented — —
891h NVMADRL NVMADR<7:0> 0000 0000 0000 0000
892h NVMADRH — NVMADR<14:8> 1000 0000 1000 0000
893h NVMDATL NVMDAT<7:0> 0000 0000 0000 0000
894h NVMDATH — — NVMDAT<13:8> --00 0000 --00 0000
895h NVMCON1 — NVMREGS LWLO FREE WRERR WREN WR RD -000 x000 -000 000
896h NVMCON2 NVMCON2<7:0> 0000 0000 0000 0000
897h — — Unimplemented — —
898h — — Unimplemented — —
899h — — Unimplemented — —
89Ah — — Unimplemented — —
89Bh PCONO STKOVF STKUNF = RWDT RMCLR RI POR BOR 00-1 110q qg-q qquu
89Ch-89Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4:

SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

3
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
Bank 18
CPU CORE REGISTERS; see Table 3-2 for specifics

90Ch — — Unimplemented — —
90Dh — — Unimplemented — —
90Eh — — Unimplemented — —
90Fh — — Unimplemented — —
910h — — Unimplemented — —
911h PMDO SYSCMD FVRMD — — — NVMMD CLKRMD I0CMD 00-- -000 00-- -000
912h PMD1 NCOMD — — — — TMR2MD TMR1MD TMROMD 0--- -000 0--- -000
913h PMD2 X | — — DACMD ADCMD — — — CMP1MD — -00- --0- -00- --0-

— | X — DACMD ADCMD — — CMP2MD CMP1MD — - 00- -00- -00- -00-
914h PMD3 — CWG1MD PWM6MD PWM5MD — — CCP2MD CCP1MD -000 --00 -000 --00
915h PMD4 — — UART1MD — — — MSSP1MD — --0- --0- --0- --0-
916h PMD5 — — — — — CLC2MD CLC1MD DSMMD ---- -000 ---- -000
917h — — Unimplemented — —
918h CPUDOZE IDLEN DOZEN ROI DOE — DOZE<2:0> 000- -000 000- -000
919h OSCCON!1 — NOSC<2:0> NDIV<3:0> -qqq 0000 -qqq 0000
91Ah OSCCON2 — COSC<2:0> CDIV<3:0> -qqq 0000 -qqq 0000
91Bh OSCCON3 CSWHOLD SOSCPWR SOSCBE ORDY NOSCR — — — 0000 O--- 0000 O---
91Ch OSCSTAT1 EXTOR HFOR — LFOR SOR ADOR — PLLR gqg-q qg-q qg-q qg-q
91Dh OSCEN EXTOEN HFOEN — LFOEN SOSCEN ADOEN — — 00-0 00- - 00-0 00--
91Eh OSCTUNE — — HFTUN<5:0> --10 0000 --10 0000
91Fh OSCFRQ — — — — — HFFRQ<2:0> ---- -qqq ---- -qqq
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

I I Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

— —

O 19

a| o

Banks 19-27
CPU CORE REGISTERS; see Table 3-2 for specifics

98Ch-9EFh — — Unimplemented — —
AOCh-A6Fh — — Unimplemented — —
A8Ch-AEFh — — Unimplemented — —
BOCh-B6Fh — — Unimplemented — —
B8Ch-BEFh — — Unimplemented — —
COCh-C1Fh — — Unimplemented — —
C8Ch-CEFh — — Unimplemented — —
DOCh-D6Fh — — Unimplemented — —
D8Ch-D6Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
a1
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
o|o
a| o
Banks 28
CPU CORE REGISTERS; see Table 3-2 for specifics

EOCh — Unimplemented — —
EODh — Unimplemented — —
EOEh — Unimplemented — —
EOFh PPSLOCK — — — — — — — PPSLOCKED ---- ---0 ---- ---0
E10h INTPPS — — — INTPPS<4:0> ---0 0010 ---Uu uuuu
E11h TOCKIPPS — — — TOCKIPPS<4:0> ---0 0010 ---Uu uuuu
E12h T1CKIPPS — — — T1CKIPPS<4:0> ---0 0101 ---Uu uuuu
E13h T1GPPS — — — T1GPPS<4:0> ---0 0100 ---Uu uuuu
E14h CCP1PPS X | — = = = CCP1PPS<4:0> ---0 0101 ---Uu uuuu

— | X = = — CCP1PPS<4:0> ---1 0101 ---U uuuu
E15h CCP2PPS X | = = = = CCP2PPS<4:0> ---0 0101 ---Uu uuuu

— | X — — — CCP2PPS<4:0> ---1 0011 ---Uu uuuu
E16h — Unimplemented — —
E17h — Unimplemented — —
E18h CWG1PPS = = = CWG1PPS<4:0> ---0 0010 ---Uu uuuu
E19h — Unimplemented — —
E1Ah MDCIN1PPS X | — — — — MDCIN1PPS<4:0> ---0 0000 ---u uuuu

— | X — — — MDCIN1PPS<4:0> ---1 0010 ---Uu uuuu
E1Bh MDCIN2PPS X | — — — — MDCIN2PPS<4:0> ---0 0101 ---u uuuu

— | X — — — MDCIN2PPS<4:0> ---1 0101 ---Uu uuuu
E1Ch MDMINPPS X | — — — — MDMINPPS<4:0> ---0 0001 ---u uuuu

— | X — — — MDMINPPS<4:0> ---1 0011 ---Uu uuuu
E1Dh — Unimplemented — —
E1Eh — Unimplemented — —
E1Fh — Unimplemented — —
E20h SSP1CLKPPS | X | — — — — SSP1CLKPPS<4:0> ---0 0001 ---Uu uuuu

— | X — — — SSP1CLKPPS<4:0> ---1 0000 ---U uuuu
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded Iocatio:s unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

3
8|8
Address Name § § Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
E21h SSP1DATPPS X | — — — — SSP1DATPPS<4:0> ---0 0010 ---Uu uuuu
— | X — — — SSP1DATPPS<4:0> ---1 0001 ---U uuuu
E22h SSP1SSPPS X | — — — — SSP1SSPPS<4:0> ---0 0011 ---u uuuu
— | X — — — SSP1SSPPS<4:0> ---1 0011 ---U uuuu
E23h — — Unimplemented — —
E24h RXPPS X | — — — — RXPPS<4:0> ---0 0001 ---Uu uuuu
— | X — — — RXPPS<4:0> ---0 0101 ---U uuuu
E25h TXPPS X | — — — — TXPPS<4:0> ---0 0000 ---Uu uuuu
— | X — — — TXPPS<4:0> ---1 0100 ---U uuuu
E26h — — Unimplemented — —
E27h — — Unimplemented — —
E28h CLCINOPPS X | — — — — CLCINOPPS<4:0> ---0 0011 ---u uuuu
— | X — — — CLCINOPPS<4:0> ---1 0011 ---U uuuu
E29h CLCIN1PPS X | — — — — CLCIN1PPS<4:0> ---0 0101 ---u uuuu
— | X — — — CLCIN1PPS<4:0> ---1 0100 ---U uuuu
E2Ah CLCIN2PPS X | — — — — CLCIN2PPS<4:0> ---0 0001 ---u uuuu
— | X — — — CLCIN2PPS<4:0> ---1 0001 ---U uuuu
E2Bh CLCIN3PPS X | — — — — CLCIN3PPS<4:0> ---0 0000 ---u uuuu
— | X — — — CLCIN3PPS<4:0> ---0 0101 ---U uuuu
E2Ch-E6Fh — — Unimplemented — —
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0", r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

oo Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

- -

O 19

o | a

Bank 29
CPU CORE REGISTERS; see Table 3-2 for specifics

E8Ch-E8Fh — — Unimplemented — —
E90h RAOPPS — — — RAOPPS<4:0> ---0 0000 ---u uuuu
E91h RA1PPS — — — RA1PPS<4:0> ---0 0000 ---u uuuu
E92h RA2PPS — — — RA2PPS<4:0> ---0 0000 ---u uuuu
E93h — — Unimplemented — —
E94h RA4PPS — — — RA4PPS<4:0> ---0 0000 ---u uuuu
E95h RA5PPS — — — RA5PPS<4:0> ---0 0000 ---u uuuu
E96h-E9Fh — — Unimplemented ---0 0000 ---U uuuu
EAOh RCOPPS — — — RCOPPS<4:0> ---0 0000 ---u uuuu
EA1h RC1PPS — — — RC1PPS<4:0> ---0 0000 ---u uuuu
EA2h RC2PPS — — — RC2PPS<4:0> ---0 0000 ---u uuuu
EA3h RC3PPS — — — RC3PPS<4:0> ---0 0000 ---u uuuu
EA4h RC4PPS — — — RC4PPS<4:0> ---0 0000 ---u uuuu
EA5h RC5PPS — — — RC5PPS<4:0> ---0 0000 ---u uuuu
E97h — — Unimplemented ---0 0000 ---Uu uuuu
Legend: X =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
3
8|8
Address Name ; ; Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 e B
S|3C
a| o
Bank 30
CPU CORE REGISTERS; see Table 3-2 for specifics

FOCh — Unimplemented — —
FODh — Unimplemented — —
FOEh — Unimplemented — —
FOFh CLCDATA = = = = = — | mceout | mctoutr | ---- --00 | ---- --00
F10h CLC1CON LC1EN — LC10UT LC1INPT LC1INTN LC1MODE<2:0> 0- 00 0000 0- 00 0000
F11h CLC1POL LC1POL — — — LC1G4POL LC1G3POL | LC1G2POL | LC1G1POL 0--- XXXX 0--- uuuu
F12h CLC1SELO — — — LC1D1S<4:0> - - - X XXXX ---u uuuu
F13h CLC1SEL1 — — — LC1D2S<4:0> - - - X XXXX ---u uuuu
F14h CLC1SEL2 — — — LC1D3S<4:0> - - - X XXXX ---u uuuu
F15h CLC1SEL3 — — — LC1D4S<4:0> - - - X XXXX ---u uuuu
F16h CLC1GLS0 LC1G1D4T LC1G1D4N LC1G1D3T LC1G1D3N LC1G1D2T LC1G1D2N LC1G1D1T LC1G1D1IN XXXX XXXX uuuu uuuu
F17h CLC1GLS1 LC1G2D4T LC1G2D4N LC1G2D3T LC1G2D3N LC1G2D2T LC1G2D2N LC1G2D1T LC1G2D1N XXXX XXXX uuuu uuuu
F18h CLC1GLS2 LC1G3D4T LC1G3D4N LC1G3D3T LC1G3D3N LC1G3D2T LC1G3D2N LC1G3D1T LC1G3D1N XXXX XXXX uuuu uuuu
F19h CLC1GLS3 LC1G4D4T LC1G4D4N LC1G4D3T LC1G4D3N LC1G4D2T LC1G4D2N LC1G4D1T LC1G4D1N XXXX XXXX uuuu uuuu
F1Ah CLC2CON LC2EN — LC20UT LC2INPT LC2INTN LC2MODE<2:0> 0- 00 0000 0- 00 0000
F1Bh CLC2POL LC2POL — — — LC2G4POL LC2G3POL LC2G2POL LC2G1POL 0--- XXXX 0--- uuuu
F1Ch CLC2SELO — — — LC2D1S<4:0> - - - X XXXX ---u uuuu
F1Dh CLC2SEL1 — — — LC2D2S<4:0> - - - X XXXX ---u uuuu
F1Eh CLC2SEL2 — — — LC2D3S<4:0> - - - X XXXX ---u uuuu
F1Fh CLC2SEL3 — — — LC2D4S<4:0> - - - X XXXX ---u uuuu
F20h CLC2GLS0 LC2G1D4T LC2G1D4N LC2G1D3T LC2G1D3N LC2G1D2T LC2G1D2N LC2G1D1T LC2G1D1N XXXX XXXX uuuu uuuu
F21h CLC2GLS1 LC2G2D4T LC2G2D4N LC2G2D3T LC2G2D3N LC2G2D2T LC2G2D2N LC2G2D1T LC2G2D1N XXXX XXXX uuuu uuuu
F22h CLC2GLS2 LC2G3D4T LC2G3D4N LC2G3D3T LC2G3D3N LC2G3D2T LC2G3D2N LC2G3D1T LC2G3D1N XXXX XXXX uuuu uuuu
F23h CLC2GLS3 LC2G4D4T LC2G4D4N LC2G4D3T LC2G4D3N LC2G4D2T LC2G4D2N LC2G4D1T LC2G4D1N XXXX XXXX uuuu uuuu
Legend: X = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:

Only on PIC16F18313/18323.
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TABLE 3-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

™ (3]

— (8

(32} (32}

[oe] [oe]

g T Value on: Value on all

Address Name % % Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR other Resets

- -

O 19

o| a

Bank 31 — only accessible from Debug Executive, unless otherwise specified
CPU CORE REGISTERS; see Table 3-2 for specifics

F8Ch-FE3h — — Unimplemented — —
FE4h® STATUS_SHAD _ — | _ | _ _ z DC c ceee XXX | ---- -uuu
FE5h® WREG_SHAD Working Register Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FE6h® BSR_SHAD — — | — | Bank Select Register Normal (Non-ICD) Shadow ---X - XXX ---- -uuu
FE7h® PCLATH_SHAD — Program Counter Latch High Register Normal (Non-ICD) Shadow - XXX XXXX -uuu uuuu
FE8h® FSROL_SHAD Indirect Data Memory Address 0 Low Pointer Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FE9h® FSROH_SHAD Indirect Data Memory Address 0 High Pointer Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FEAR® FSR1L_SHAD Indirect Data Memory Address 1 Low Pointer Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FEBh® FSR1H_SHAD Indirect Data Memory Address 1 High Pointer Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FECh — — Unimplemented — —
FEDh® STKPTR — | — — Current Stack Pointer - .- X XXXX ---1 1111
FEENh® TOSL Top of Stack Low Byte XXXX XXXX XXXX  XXXX
FEFh® TOSH — | Top of Stack Low Byte XXXX XXXX XXXX  XXXX
Legend: X =unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as ‘0’.

Note 1:  Only on PIC16F18313/18323.
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3.3 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. Figure 3-3 shows the five
situations for the loading of the PC.

FIGURE 3-3: LOADING OF PC IN
DIFFERENT SITUATIONS
Instruction with
14 PCH PCL 0
PCL as
PC‘A ‘ ‘ ‘Y‘ ‘ ‘ ‘A ‘ ‘ ‘ ‘Y ‘ ‘ ‘ J Destination
6 AN 0 8y
PCLATHET [T T T T 1] ALUResult
14 PCH PCL 0
pc[ LI TTTTTTTTIT[[] cGorQ CAL
. )
6 M\ 0o N
PCLATH[] [ [ [ FIFTT] OPCODE <10:0>
14 PCH PCL 0
pc[ I I TTTTITTIIIITT] CALLW
L Y bl e )
6 7\ 0 8\
PCLATHET [ T[T T 1] W
14 PCH PCL 0
pc[ [ TTTTTTITTITITT] BRW
L Y J
15\
PC +W
14 PCH PCL 0
pc [TTTTTITTTITTTT] BRA
c - )
15
PC + OPCODE <8:0>

3.3.1 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 writ-
ing the desired upper seven bits to the PCLATH regis-
ter. 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.

3.3.2 COMPUTED GOTO

A computed GOTOis accomplished by adding an offset to
the program counter (ADDW PCL). When performing a
table read using a computed GOTO method, care should
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).

3.3.3 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
should 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.

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.

3.34 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,
BRWand 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.

DS40001799A-page 42
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3.4 Stack

All devices have a 16-level x 15-bit wide hardware
stack (refer to Figure 3-4 through Figure 3-7). The
stack space is not part of either program or data space.
The PC is PUSHed onto the stack when CALL or
CALLWinstructions are executed or an interrupt causes
a branch. The stack is POPed in the event of a
RETURN, RETLWor a RETFI E instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer if the STVREN
bit is programmed to ‘0‘ (Configuration Words). 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.

Note 1: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, CALLW RETURN, RETLWand
RETFI E instructions or the vectoring to

an interrupt address.

FIGURE 3-4:

3.4.1 ACCESSING THE STACK

The stack is available through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is splitinto 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 is five bits to allow detection of
overflow and underflow.

Note:  Care should be taken when modifying the I

STKPTR while interrupts are enabled.

During normal program operation, CALL, CALLWand
Interrupts  will increment STKPTR while RETLW
RETURN, and RETFI E will decrement STKPTR. At any
time, STKPTR can be inspected to see how much
stack is left. The STKPTR always points at the currently
used place on the stack. Therefore, a CALL or CALLW
will increment the STKPTR and then write the PC, and
a return will unload the PC and then decrement the
STKPTR.

Reference Figure 3-4 through Figure 3-7 for examples
of accessing the stack.

ACCESSING THE STACK EXAMPLE 1

TOSH:TOSL ‘ <j 0XOF

Stack Reset Disabled
(STVREN =0)

Ox0E

0x0D

0x0C

0x0B

0x0A

0x09

Initial Stack Configuration:

0x08

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

0x07

Pointer is pointing at Ox1F. If the Stack
Overflow/Underflow Reset is enabled, the

0x06

TOSH/TOSL registers will return ‘0. If
the Stack Overflow/Underflow Reset is

0x05

disabled, the TOSH/TOSL registers will
return the contents of stack address OxOF.

0x04

0x03

0x02

0x01

0x00

0x0000

Stack Reset Enabled
(STVREN =1)

TOSH:TOSL ‘ <j Ox1F

© 2015 Microchip Technology Inc.
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FIGURE 3-5: ACCESSING THE STACK EXAMPLE 2

OxOF
O0x0E
0x0D
0x0C
0x0B
O0x0A

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
0x06 decremented to the empty state (Ox1F).

0x05

0x04
0x03
0x02
0x01

TOSH:TOSL ‘ <: 0x00 | Return Address | < STKPTR = 0x00

FIGURE 3-6: ACCESSING THE STACK EXAMPLE 3

0xOF

O0xO0E

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
0x0A will repeatedly place the return addresses
into the Program Counter and pop the stack.

0x09

0x08

0x07

TOSH:TOSL ‘ <j 0x06 | Return Address | < STKPTR =0x06

0x05 | Return Address

0x04 | Return Address

0x03 | Return Address

0x02 | Return Address

0x01 Return Address

0x00 | Return Address
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FIGURE 3-7:

ACCESSING THE STACK EXAMPLE 4

OxOF
0x0E
0x0D
0x0C
0x0B
0x0A
0x09
0x08
0x07
0x06
0x05
0x04
0x03
0x02
0x01

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

Return Address

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

Return Address
TOSHTOSL | <j 0x00 | Return Address

3.4.2 OVERFLOW/UNDERFLOW RESET

If the STVREN bit in Configuration Words 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) in the PCON
register.

35 Indirect Addressing

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

» Traditional Data Memory
 Linear Data Memory

* Program Flash Memory
« EEPROM

3.5.1 TRADITIONAL DATA MEMORY

The traditional data memory is a region from FSR
address 0x000 to FSR address OxFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

© 2015 Microchip Technology Inc.
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FIGURE 3-8: TRADITIONAL DATA MEMORY MAP
Direct Addressing Indirect Addressing
4 BSR 0 6 From Opcode 0 7 FSRxH 0o 7 FSRxL 0
LI PR PP [fefefelol TILJLTTTTTTT]
— AN J — AN J
\RBank Select ILocation Select Bank SelectJ vLocation Select
» 00000 00001 00010 11111 J
0x00
eeoo
Ox7F
Bank 0 Bank 1 Bank 2 Bank 31
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3.5.2 LINEAR DATA MEMORY

The linear data memory is the region from FSR
address 0x2000 to FSR address 0x29AF. This region is
a virtual region that points back to the 80-byte blocks of
GPR memory in all the banks.

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.

The 16 bytes of common memory are not included in
the linear data memory region.
FIGURE 3-9: LINEAR DATA MEMORY
MAP

7  FSRnH 0o 7 FSRnL 0

lofofa [ [[TJLITTTTTT]
N J

Location Select ~ 0x2000 [ 55020

Bank 0
0x06F
0x0A0
Bank 1
Ox0EF
0x120

—»< Bank 2
Ox16F

0xF20
Bank 30

\_ Ox29AF | OxF6F

3.5.3 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 is 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 3-10: ~ PROGRAM FLASH
MEMORY MAP

7 FSRnH 0o 7 FSRnL 0

HENEEEEEEEEEEEEEN

k /

Location Select

/~ 0x8000 00000

Program
Flash
—» < Memory
(low 8
bits)

\_ OXFFFF|_OX7FFF

© 2015 Microchip Technology Inc.
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NOTES:
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4.0 DEVICE CONFIGURATION

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

4.1 Configuration Words

There are several Configuration Word bits that allow
different oscillator and memory protection options.
These are implemented as Configuration Word 1 at
8007h, Configuration Word 2 at 8008h, Configuration
Word 3 at 8009h, and Configuration Word 4 at 800Ah.

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

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 49
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4.2 Register Definitions: Configuration Words

REGISTER 4-1: CONFIGURATION WORD 1: OSCILLATORS

R/P-1 U-1 R/P-1 U-1 U-1 R/P-1
FCMEN — CSWEN — — CLKOUTEN
bit 13 bit 8
U-1 R/P-1 R/P-1 R/P-1 U-1 R/P-1 R/P-1 R/P-1
— RSTOSC2 | RSTOSC1 | RSTOSCO — FEXTOSC2 | FEXTOSC1 | FEXTOSCO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared 1’ = Bitis n = Value when blank or after Bulk Erase
set
bit 13 FCMEN: Fail-Safe Clock Monitor Enable bit
1 = ON FSCM timer enabled
0 = OFF FSCM timer disabled
bit 12 Unimplemented: Read as ‘1’
bit 11 CSWEN: Clock Switch Enable bit
1 = ON  Writing to NOSC and NDIV is allowed
0 = OFF The NOSC and NDIV bits cannot be changed by user software
bit 10-9 Unimplemented: Read as ‘1’
bit 8 CLKOUTEN: Clock Out Enable bit
If FEXTOSC = EC, HS, HT or LP, then this bit is ignored; otherwise:
= OFF CLKOUT function is disabled; I/0 or oscillator function on OSC2
0 = ON CLKOUT function is enabled; FOsc/4 clock appears at OSC2
Otherwise
This bit is ignored.
bit 7 Unimplemented: Read as ‘1’
bit 6-4 RSTOSC<2:0>: Power-up Default Value for COSC bits
This value is the Reset default value for COSC, and selects the oscillator first used by user software
111 = EXT1X EXTOSC operating per FEXTOSC<2:0> bits
110 = HFINT1  HFINTOSC (1 MHz)
101 = Reserved
100 = LFINT LFINTOSC
011 = SCsC SOSC (32.768 kHz)
010 = Reserved
001 = EXT4X EXTOSC with 4x PLL; EXTOSC operating per FEXTOSC bits
000 = HFI NT32 HFINTOSC (32 MHz)
bit 3 Unimplemented: Read as ‘1’
bit 2-0 FEXTOSC<2 0>: FEXTOSC External Oscillator mode Selection bits
111 = ECH EC( External Clock) above 8 MHz
110 = ECM EC( External Clock) for 100 kHz to 8 MHz
101 = ECL EC( External Clock) below 100 kHz
100 = OFF Oscillator not enabled
011 = Unimplemented
010 = HS HS( Crystal oscillator) above 8 MHz
001 = XT HT( Crystal oscillator) above 100 kHz, below 8 MHz
000 = LP LP(Crystal oscillator) optimized for 32.768 kHz
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REGISTER 4-2: CONFIG2: CONFIGURATION WORD 2: SUPERVISORS

R/P-1 R/P-1 R/P-1 U-1 R/P-1 U-1
DEBUG | STVREN | PPSIWAY | — | BORV —
bit 13 bit 8
R/P-1 R/P-1 R/P-1 U-1 R/P-1 R/P-1 R/P-1 R/P-1
BOREN1 BORENO LPBOREN — WDTE1 WDTEO PWRTE MCLRE
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set n = Value when blank or after Bulk Erase
bit 13 DEBUG: Debugger Enable bit(®
1 = OFF Background debugger disabled; ICSPCLK and ICSPDAT are general purpose 1/O pins
0 =ON Background debugger enabled; ICSPCLK and ICSPDAT are dedicated to the debugger
bit 12 STVREN: Stack Overflow/Underflow Reset Enable bit
1 =0ON Stack Overflow or Underflow will cause a Reset
0 = OFF Stack Overflow or Underflow will not cause a Reset
bit 11 PPS1WAY: PPSLOCKED One-Way Set Enable bit
1=0ON The PPSLOCKED bit can be cleared and set only once; PPS registers remain locked after one clear/set
cycle
0 = OFF  The PPSLOCKED bit can be set and cleared repeatedly (subject to the unlock sequence)
bit 10 Unimplemented: Read as ‘1’
bit 9 BORV: Brown-out Reset Voltage Selection bit(!)
1 =LOW Brown-out Reset voltage (VBOR) set to 1.9V on LF, and 2.45V on F devices
0 =H®& Brown-out Reset voltage (VBOR) set to 2.7V
The higher voltage setting is recommended for operation at or above 16 MHz.
bit 8 Unimplemented: Read as ‘1’
bit 7-6 BOREN<1:0>: Brown-out Reset Enable bits
When enabled, Brown-out Reset Voltage (VBOR) is set by the BORV bit
11 = ON Brown-out Reset is enabled; SBOREN bit is ignored
10 = SLEEP Brown-out Reset is enabled while running, disabled in Sleep; SBOREN bit is ignored
01 = SBOREN  Brown-out Reset is enabled according to SBOREN
00 = OFF Brown-out Reset is disabled
bit 5 LPBOREN: Low-Power BOR Enable bit
1 = OFF  ULPBOR is disabled
0 =ON ULPBOR is enabled
bit 4 Unimplemented: Read as ‘1’
bit 3-2 WDTE<1:0>: Watchdog Timer Enable bit
11 = ON WDT is enabled; SWDTEN is ignored
10 = SLEEP WDT is enabled while running and disabled in Sleep/Idle; SWDTEN is ignored
01 = SWDTEN WDT is controlled by the SWDTEN bit in the WDTCON register
00 = OFF WDT is disabled; SWDTEN is ignored
bit 1 PWRTE: Power-up Timer Enable bit
1 = OFF  PWRT is disabled
0 =ON PWRT is enabled
bit 0 MCLRE: Master Clear (MCLR) Enable bit
IfLVP = 1:
RAZ3 pin function is MCLR.
If LVP = 0:
1 =ON MCLR pin is MCLR.
0 = OFF MCLR pin function is port-defined function.
Note 1: See VBOR parameter for specific trip point voltages.
2:  The DEBUG bit in Configuration Words is managed automatically by device development tools including debuggers and

programmers. For normal device operation, this bit should be maintained as a ‘1’.
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REGISTER 4-3: CONFIGURATION WORD 3: MEMORY
R/P-1 U-1 U-1 U-1 U-1 U-1
Lvp® _ _ _ — —
bit 13 bit 8
U-1 U-1 U-1 U-1 U-1 U-1 R/P-1 R/P-1
— — — — — — WRT1 WRTO
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bitis cleared ‘1’ = Bitis set n = Value when blank or after Bulk Erase
bit 13 LVP: Low-Voltage Programming Enable bit
1 =0ON Low-Voltage Programming is enabled. MCLR/VPP pin function is MCLR. MCLRE Configuration bit is
ignored.
0 = OFF  HV on MCLR/VPP must be used for programming.
bit 12-2 Unimplemented: Read as ‘1’
bit 1-0 WRT<1:0>: User NVM Self-Write Protection bits

11 = OFF Write protection off

10 BOOT  0000h to 01FFh write-protected, 0200h to 07FFh may be modified

01 HALF  0000h to 03FFh write-protected, 0400h to 07FFh may be modified

00 = ALL 0000h to 07FFh write-protected, no addresses may be modified

WRT applies only to the self-write feature of the device; writing through ICSP™ is never protected.

Note 1: The LVP bit cannot be programmed to ‘0’ when Programming mode is entered via LVP.
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REGISTER 4-4: CONFIGURATION WORD 4 (CODE PROTECTION)

U-1 U-1 U-1 U-1 U-1 U-1
bit 13 bit 8
U-1 U-1 U-1 U-1 U-1 U-1 R/P-1 R/P-1
— — — — — — CPD CcP
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bit is set n = Value when blank or after Bulk Erase
bit 13-2 Unimplemented: Read as ‘1’
bit 1 CPD: Data EEPROM Memory Code Protection bit
1 = OFF Data EEPROM code protection disabled
0 = ON Data EEPROM code protection enabled
bit 0 P: Program Memory Code Protection bit

OFF Program memory code protection disabled

C
1
0 ON  Program memory code protection enabled
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4.3 Code Protection

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

4.3.1 PROGRAM MEMORY PROTECTION

The entire program memory space is protected from
external reads and writes by the CP bit in Configuration
Words. When CP = 0, external reads and writes of
program memory are inhibited and a read will return all
‘0’s. The CPU can continue to read program memory,
regardless of the protection bit settings. Self-writing the
program memory is dependent upon the write
protection  setting. See  Section 4.4  “Write
Protection” for more information.

432 DATA MEMORY PROTECTION

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

4.4 Write Protection

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

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

4.5 User ID

Four memory locations (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
Section 10.4.7, NVMREG EEPROM, User ID, Device
ID and Configuraton Word Access for more
information on accessing these memory locations. For
more information on checksum calculation, see the
“PIC16(L)F183XX Memory Programming
Specification” (DS40001738).
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4.6 Device ID and Revision ID

The 14-bit device ID word is located at 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. These locations
can also be read from the NVMCON register.

4.7 Register Definitions: Device and Revision

REGISTER 4-5: DEVID: DEVICE ID REGISTER
R R R R R R
DEV<13:8>
bit 13 bit 8
R R R R R R R R
DEV<7:0>
bit 7 bit 0
Legend:
R = Readable bit
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 13-0 DEV<13:0>: Device ID bits
Device DEVID<13:0> Values

PIC16F18313 11 0000 0011 0100 (3034h)

PIC16LF18313 11 0000 0011 0110 (3036h)

PIC16F18323 11 0000 0011 0101 (3035h)

PIC16LF18323 11 0000 0011 0111 (3037h)
REGISTER 4-6: REVID: REVISION ID REGISTER

R R R R R
REV<13:8>
bit 13 bit 8
R R R R R R R
REV<7:0>

bit 7 bit 0
Legend:
R = Readable bit
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 13-0 REV<13:0>: Revision ID bits

Note 1: The upper two bits (bits 15-14, not shown) of the Revision ID register will always read ‘10’.
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50 RESETS A simplified block diagram of the On-Chip Reset Circuit

is shown in Figure 5-1.

There are multiple ways to reset this device:

Power-On Reset (POR)

Brown-Out Reset (BOR)

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

WDT Reset

RESET instruction

Stack Overflow

Stack Underflow

Programming mode exit

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

FIGURE 5-1:

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow
Stack Overlfow

4 L =
MCLRE —
VPP/MCLR
Sleep*|_C /
Time-out
E Power-on
Reset
VDD

BOR
Active"

Brown-out
Reset

LFINTOSC ——
LPBOR

Reset

Note 1: See Table 5-1 for BOR active conditions.

R
Power-up

Timer
PWRTE @

Device

Z Reset
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5.1 Power-On Reset (POR)

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

5.2 Brown-Out Reset (BOR)

The BOR circuit holds the device in Reset while VDD is
below a selectable minimum level. Between the POR
and BOR, complete voltage range coverage for execu-
tion protection can be implemented.

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

* BORis always on

* BOR is off when in Sleep

» BORis controlled by software
* BOR is always off

Refer to Table 5-1 for more information.

The Brown-out Reset voltage level is selectable by
configuring the BORV bit in Configuration Words.

A VDD noise rejection filter prevents the BOR from
triggering on small events. If VDD falls below VBOR for
a duration greater than parameter TBORDC, the device
will reset. See Figure 5-2 for more information.

TABLE 5-1: BOR OPERATING MODES
BOREN<1:0> | SBOREN | Device Mode | BOR Mode Relea'snesgf“;goR”o'f’;flgigf’u”p‘;fgr:: Sleep
11 X X Active Wait for release of BORY) (BORRDY = 1)
Awake Active Wait for release of BOR (BORRDY = 1)
10 X Sleep Disabled BOR ignored when asleep
1 X Active Waits for release of BOR (BORRDY = 1)
ot 0 X Disabled
00 ” ” Disabled Begins immediately (BORRDY = x)

Note 1: Inthese specific cases, “Release of POR” and “Wake-up from Sleep”, there is no delay in start-up. The BOR
ready flag, (BORRDY = 1), will be set before the CPU is ready to execute instructions because the BOR

circuit is forced on by the BOREN<1:0> bits.

© 2015 Microchip Technology Inc.
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5.2.1 BOR IS ALWAYS ON

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

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

5.2.2 BOR IS OFF IN SLEEP

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

BOR protection is not active during Sleep, but device
wake-up will be delayed until the BOR can determine
that the VDD is higher than the BOR threshold. The
device wake-up will be delayed until the BOR is ready.

FIGURE 5-2:

BROWN-OUT SITUATIONS

5.2.3 BOR CONTROLLED BY SOFTWARE

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

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

BOR protection is unchanged by Sleep.

524 BOR ALWAYS OFF

When the BOREN bits of Configuration Word 2 are
programmed to '00', the BOR is always disabled. In this
configuration, setting the SBOREN bit will have no
effect on the BOR operation.

Internal
Reset

VbD \/
\_1

\/sls}
_____________W _____________ VEBOR
1 N/,

Reset

Internal l < TPWRT:

\/sls}
_____ \_____________75_____________ VBOR

TPwrT®

Internal

Reset

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

The Low-Power Brown-Out Reset (LPBOR) is an
essential part of the Reset subsystem. Refer to
Figure 5-1 to see how the BOR interacts with other
modules.

The LPBOR is used to monitor the external VDD pin.
When too low of a voltage is detected, the device is
held in Reset. When this occurs, a register bit (BOR) is
changed to indicate that a BOR Reset has occurred.
The same bit is set for both the BOR and the LPBOR.
Refer to Register 5-2.

5.3.1 ENABLING LPBOR

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

5.3.11 LPBOR Module Output

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

54 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 5-2).

TABLE 5-2: MCLR CONFIGURATION
MCLRE LVP MCLR
0 0 Disabled
1 0 Enabled
X 1 Enabled

5.4.1 MCLR ENABLED

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

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

Note: A Reset does not drive the MCLR pin low. I

5.4.2 MCLR DISABLED

When MCLR is disabled, the pin functions as a general
purpose input and the internal weak pull-up is under
software control. See Section 11.1 “1/O Priorities” for
more information.

5.5 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 and PD bits in the STATUS register, as
well as the RWDT bit in the PCON register, are changed
to indicate the WDT Reset. See Section 9.0, Watchdog
Timer (WDT) for more information.

5.6 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCON register will be set to ‘0’. See Table 5-4
for default conditions after a RESET instruction has
occurred.

5.7 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the PCON
register indicate the Reset condition. These Resets are
enabled by setting the STVREN bit in Configuration
Words. See Section 3.4.2 “Overflow/Underflow
Reset” for more information.

5.8 Programming Mode Exit

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

5.9 Power-Up Timer

The Power-up Timer provides a nominal 64 ms
time-out on POR or Brown-out Reset.

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

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

For additional information, refer to Application Note
ANG607, “Power-up Trouble Shooting” (DS00607).
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5.10 Start-up Sequence The Power-up Timer and oscillator start-up timer run

) independently of MCLR Reset. If MCLR is kept low
Upon the release ofg POR or BQR, the fpllowmg must long enough, the Power-up Timer will expire. Upon
occur before the device will begin executing: bringing MCLR high, the device will begin execution
1. Power-up Timer runs to completion (if enabled). after 10 Fosc cycles (see Figure 5-3). This is useful for
2. MCLR must be released (if enabled). testing purposes or to synchronize more than one

3. Oscillator start-up timer runs to completion (if device operating in parallel.

required for oscillator source).

The total time-out will vary based on oscillator
configuration and Power-up Timer Configuration. See
Section 6.0 “Oscillator Module (with Fail-Safe
Clock Monitor)” for more information.

FIGURE 5-3: RESET START-UP SEQUENCE

VDD

Internal POR

Power-up Timer

o e—

< » TMCLR

Internal RESET

————— OscillatorModes - — — — — —(|— + - — — — — — — — — — — — — — ~

External Crystal

2

g
7]
=

Oscillator Start-up Timer

Oscillator -
Fosc -

Internal Oscillator

Oscillator ,
Fosc HHHHHHHHHHHHHHHL N

External Clock (EC)

Fosc B
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5.11

Upon any Reset, multiple bits in the STATUS and
PCON registers are updated to indicate the cause of
the Reset. Table 5-3 and Table 5-4 show the Reset
conditions of these registers.

Determining the Cause of a Reset

TABLE 5-3: RESET STATUS BITS AND THEIR SIGNIFICANCE
STKOVF | STKUNF | RWDT | RMCLR | RI | POR | BOR | TO | PD Condition
0 0 1 1 1 0 X 1 1 |Power-on Reset
0 0 1 1 1 0 X 0 x |lllegal, TO is set on POR
0 0 1 1 1 0 X X 0 |lllegal, PD is set on POR
0 0 u 1 1 u 0 1 1 |Brown-out Reset
u u 0 u u u u 0 u | WDT Reset
u u u u u u u 0 0 | WDT Wake-up from Sleep
u u u u u u u 1 0 |Interrupt Wake-up from Sleep
u u u 0 u u u u u |MCLR Reset during normal operation
u u u 0 u u u 1 0 |MCLR Reset during Sleep
u u u u 0 u u u u | RESET Instruction Executed
1 u u u u u u u u | Stack Overflow Reset (STVREN = 1)
u 1 u u u u u u u | Stack Underflow Reset (STVREN = 1)
TABLE 5-4: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STA_TUS PCQNO
Counter Register Register
Power-on Reset 0000h ---1 1000 00-- 110x
MCLR Reset during normal operation 0000h ---U uuuu uu-- Ouuu
MCLR Reset during Sleep 0000h ---1 Ouuu uu-- Ouuu
WDT Reset 0000h ---0 uuuu uu-0 uuuu
WDT Wake-up from Sleep PC +1 ---0 Ouuu uu-u uuuu
Brown-out Reset 0000h ---1 1000 00-1 11u0
Interrupt Wake-up from Sleep PC + 1D ---1 Ouuu uu-u uuuu
RESET Instruction Executed 0000h ---Uu uuuu uu-u uOuu
Stack Overflow Reset (STVREN = 1) 0000h ---Uu uuuu lu-u uuuu
Stack Underflow Reset (STVREN = 1) 0000h ---Uu uuuu ul-u uuuu
Legend: u =unchanged, x =unknown, - =unimplemented bit, reads as ‘0.

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

© 2015 Microchip Technology Inc.
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REGISTER 5-1: BORCON: BROWN-OUT RESET CONTROL REGISTER

R/W-1/u R/W-0/0 uU-0 uU-0 uU-0 U-0 u-0 R-q/u
SBOREN® | Reserved — — — — — BORRDY
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bitis unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared q = Value depends on condition
bit 7 SBOREN: Software Brown-out Reset Enable bit®)
If BOREN <1:0> in Configuration Words # 01:
SBOREN is read/write, but has no effect on the BOR.
If BOREN <1:0> in Configuration Words = 01:
1= BOR Enabled
0 = BOR Disabled
bit 6 Reserved.
bit 5-1 Unimplemented: Read as ‘0”.
bit 0 BORRDY: Brown-out Reset Circuit Ready Status bit

1 = The Brown-out Reset circuit is active
0 = The Brown-out Reset circuit is inactive

Note 1: BOREN<1:0> bits are located in Configuration Words.

5.12 Power Control (PCON) Register

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

+ Power-on Reset (POR)

+ Brown-out Reset (BOR)

« RESET Instruction Reset (RI)

+ MCLR Reset (RMCLR)

+ Watchdog Timer Reset (RWDT)

» Stack Underflow Reset (STKUNF)

» Stack Overflow Reset (STKOVF)

The PCONO register bits are shown in Register 5-2.

Hardware will change the corresponding register bit
during the reset process; if the Reset was not caused
by the condition, the bit remains unchanged
(Table 5-4).

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

Software may also set any PCON bit to the active state,
so that user code may be tested, but no reset action will
be generated.
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5.13 Register Definitions: Power Control
REGISTER 5-2: PCONO: POWER CONTROL REGISTER 0

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

1= A Stack Overflow occurred

0 = A Stack Overflow has not occurred or cleared by firmware
bit 6 STKUNF: Stack Underflow Flag bit

1= A Stack Underflow occurred

0 = A Stack Underflow has not occurred or cleared by firmware

bit 5 Unimplemented: Read as ‘0’

bit 4 RWDT: Watchdog Timer Reset Flag bit
1 = A Watchdog Timer Reset has not occurred or set to ‘1’ by firmware
0 = A Watchdog Timer Reset has occurred (cleared by hardware)
bit 3 RMCLR: MCLR Reset Flag bit
1 = A MCLR Reset has not occurred or set to ‘1’ by firmware
0 = A MCLR Reset has occurred (cleared by hardware)
bit 2 RI: RESET Instruction Flag bit
1 = A RESET instruction has not been executed or set to ‘1’ by firmware
0 = A RESET instruction has been executed (cleared by hardware)
bit 1 POR: Power-on Reset Status bit
1 = No Power-on Reset occurred
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)
bit 0 BOR: Brown-out Reset Status bit
1 = No Brown-out Reset occurred
0 = A Brown-out Reset occurred (must be set in software after a Power-on Reset or Brown-out Reset occurs)

TABLE 5-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁgpizgeé
BORCON | SBOREN — — — — — — BORRDY 62
PCONO STKOVF | STKUNF — RWDT RMCLR RI POR BOR 63
STATUS — — — TO PD z DC C 21
WDTCON — — WDTPS<4:0> SWDTEN 107
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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6.0 OSCILLATOR MODULE (WITH
FAIL-SAFE CLOCK MONITOR)

6.1 Overview

The oscillator module has a wide variety of clock
sources and selection features that allow it to be used
in a wide range of applications while maximizing
performance and minimizing power consumption.
Figure 6-1 illustrates a block diagram of the oscillator
module.

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

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

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

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

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

The internal clock modes, LFINTOSC, HFINTOSC (set
at 1 MHz), or HFINTOSC (set at 32 MHz) can be set
through the RSTOSC bits.

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

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

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

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

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

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

5. XT —Medium Gain Crystal or Ceramic Resonator
Oscillator mode (between 100 MHz and 4 MHz)

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

The ECH, ECM, and ECL clock modes rely on an
external logic level signal as the device clock source.
The LP, XT, and HS clock modes require an external
crystal or resonator to be connected to the device.
Each mode is optimized for a different frequency range.
The INTOSC internal oscillator block produces low and
high-frequency clock sources, designated LFINTOSC
and HFINTOSC. (see Internal Oscillator Block,
Figure 6-1).
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FIGURE 6-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
CLKIN/ OSC1
%— External
Oscillator
X}—(EXTOSC)
CLKOUT/ 0SC2 CONV<4:0>
coscezo
<2:0>
SOSCIN/SOSCI : R
g }— Secondary 512
Oscillator \L == 1001
X osc) 111 12561 1000
< | 128 Sleep—q
SOSCO —1 010 o [ o1t System Clock
—_—————— 1 001 2 %1 o110
‘ LFINTOSC rulll
011 % —=— 0101
\ oﬁlﬁgfm : 100 2 8 0100 SYSCMD Peripheral Clock
‘ ‘ 110 @ L 0011
- 000 2 14 10010 Sleep
101 21 0001 | Ide
——————— 1 0000
\ HFINTOSC |
} HFFRQ<2:0> \ —
1-32 MHz .
} Oscillator | FSCM

- To Peripherals

» SOSC_clk

- To Peripherals
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6.2 Clock Source Types

Clock sources can be classified as external or internal.

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

There is also a secondary oscillator block which is
optimized for a 32.768 kHz external clock source,
which can be used as an alternate clock source.
There are two internal oscillator blocks:

- HFINTOSC

- LFINTOSC

The HFINTOSC can produce clock frequencies from
1-16 MHz. The LFINTOSC generates a 31 kHz clock
frequency.

There is a PLL that can be used by the external
oscillator. See Section 6.2.1.4 “4x PLL” for more
details. Additionally, there is a PLL that can be used by
the HFINTOSC at certain frequencies. Section 6.2.2.2
“2x PLL" for more details.

6.2.1 EXTERNAL CLOCK SOURCES

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

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

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

See Section 6.3 “Clock Switching” for more
information.

6.2.1.1 EC Mode

The External Clock (EC) mode allows an externally
generated logic level signal to be the system clock
source. When operating in this mode, an external clock
source is connected to the CLKIN input.
OSC2/CLKOUT is available for general purpose 1/O or
CLKOUT. Figure 6-2 shows the pin connections for EC
mode.

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

* ECH - High power, 8-32 MHz

* ECM — Medium power, 0.1-8 MHz

* ECL - Low power, 0-0.1 MHz

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

FIGURE 6-2: EXTERNAL CLOCK (EC)
MODE OPERATION

Clock from «Do—» OSC1/CLKIN
Ext. System

PIC® MCU

-<—» OSC2/CLKOUT

Fosc/4 or |/0M

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

6.2.1.2 LP, XT, HS Modes

The LP, XT and HS modes support the use of quartz
crystal resonators or ceramic resonators connected to
OSC1 and OSC2 (Figure 6-3). The three modes select
a low, medium or high gain setting of the internal
inverter-amplifier to support various resonator types
and speed.

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

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

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

Figure 6-3 and Figure 6-4 show typical circuits for
quartz crystal and ceramic resonators, respectively.
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FIGURE 6-3: QUARTZ CRYSTAL
OPERATION (LP, XT OR
HS MODE)
PIC® MCU
L. O_SC1/CLKIN T~
C|1
Quartz
1 Crystal
c2 Rs® 0SC2/CLKOUT
Note 1: A series resistor (RS) may be required for

2:

quartz crystals with low-drive level.

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

Note 1:

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

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

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

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

» AN849, Basic PIC® Oscillator Design
(DS00849)

» AN943, Practical PIC® Oscillator
Analysis and Design (DS00943)

» AN949, Making Your Oscillator Work
(DS00949)

FIGURE 6-4:

CERAMIC RESONATOR
OPERATION
(XT OR HS MODE)

PIC® MCU

OSC1/CLKIN

Note 1:

OSC2/CLKOUT

Ceramic  Rs®W

Resonator

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

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

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

6.2.1.3

Oscillator Start-up Timer (OST)

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

module.

© 2015 Microchip Technology Inc.
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6.2.1.4 4x PLL

The oscillator module contains a PLL that can be used
with external clock sources to provide a system clock
source. The input frequency for the PLL must fall within
specifications. See the PLL Clock Timing
Specifications in Table 34-9.

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

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

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

6.2.1.5

The secondary oscillator is a separate oscillator block
that can be used as an alternate system clock source.
The secondary oscillator is optimized for 32.768 kHz,
and can be used with an external crystal oscillator con-
nected to the SOSCI and SOSCO device pins, or an
external clock source connected to the SOSCIN pin.
The secondary oscillator can be selected during
run-time using clock switching. Refer to Section 6.3
“Clock Switching” for more information.

Secondary Oscillator

FIGURE 6-5: QUARTZ CRYSTAL
OPERATION
(SECONDARY
OSCILLATOR)
PIC® MCU
L e soscl il
| ! 1
“ l .~ To Internal ,
' Logic '
32768 kHz | < @ oo
1 Quartz
= T Crystal
|
e SOSCO

Note 1:

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

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

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

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

» AN849, Basic PIC® Oscillator Design
(DS00849)

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

» AN949, Making Your Oscillator Work
(DS00949)

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

» AN1288, Design Practices for
Low-Power External Oscillators
(DS01288)
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6.2.2 INTERNAL CLOCK SOURCES

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

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

» Write the NOSC<2:0> bits in the OSCCON1
register to switch the system clock source to the
internal oscillator during run-time. See
Section 6.3 “Clock Switching” for more
information.

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

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

1. The HFINTOSC (High-Frequency Internal
Oscillator) is factory-calibrated and operates up
to 32 MHz. The frequency of HFINTOSC can be
selected through the OSCFRQ Frequency
Selection register, and fine-tuning can be done
via the OSCTUNE register.

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

6.2.2.1 HFINTOSC

The High-Frequency Internal Oscillator (HFINTOSC) is
a precision digitally-controlled internal clock source
that produces a stable clock up to 32 MHz. The
HFINTOSC can be enabled through one of the
following methods:

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

» Write to the NOSC<2:0> bits of the OSCCON1
register during run-time.

The HFINTOSC frequency can be selected by setting
the HFFRQ<2:0> bits of the OSCFRAQ register.

The NDIV<3:0> bits of the OSCCON1 register allow for
the division of the output of the selected clock source
by a range between 1:1 and 1:512.

6.2.2.2 2x PLL

The oscillator module contains a PLL that can be used
with the HFINTOSC clock source to provide a system
clock source. The input frequency to the PLL is limited

to 8, 12, or 16 MHz, which will yield a system clock

source of 16, 24, or 32 MHz, respectively. The PLL

may be enabled for use by one of two methods:

1. Program the RSTOSC bits in the Configuration
Word 1 to '000' to enable the HFINTOSC (32
MHz). This setting configures the HFFRQ<2:0>
bits to '110' (16 MHz) and activates the 2x PLL.

2. Write '000" the NOSC<2:0> bits in the
OSCCONT1 register to enable the 2x PLL, and
write the correct value into the HFFRQ<2:0> bits
of the OSCFRQ register to select the desired
system clock frequency. See Register 6-6 for
more information.

© 2015 Microchip Technology Inc.
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6.2.2.3 Internal Oscillator Frequency
Adjustment

The internal oscillator is factory-calibrated. This
internal oscillator can be adjusted in software by writing
to the OSCTUNE register (Register 6-3).

The default value of the OSCTUNE register is 00h. The
value is a 6-bit two’s complement number. A value of
3Fh will provide an adjustment to the maximum
frequency. A value of Oh will provide an adjustment to
the minimum frequency.

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

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

6.2.2.4 LFINTOSC

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

The LFINTOSC is the clock source for the Power-up
Timer (PWRT), Watchdog Timer (WDT) and Fail-Safe
Clock Monitor (FSCM).

The LFINTOSC is selected as the clock source through
one of the following methods:

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

* Write to the NOSC<2:0> bits of the OSCCON1
register.

6.2.2.5 Oscillator Status and Manual Enable

The ‘ready’ status of each oscillator is displayed in the
OSCSTAT1 register (Register 6-4). The oscillators can
also be manually enabled through the OSCEN register
(Register 6-6). Manual enables make it possible to
verify the operation of the EXTOSC or SOSC crystal
oscillators. This can be achieved by enabling the
selected oscillator, then watching the corresponding
‘ready’ state of the oscillator in the OSCSTAT1 register.

6.3 Clock Switching

The system clock source can be switched between
external and internal clock sources via software using
the New Oscillator Source (NOSC) and New Divider
selection request (NDIV) bits of the OSCCONT1 register.
The following clock sources can be selected using the
following:

» External Oscillator (EXTOSC)

» High-Frequency Internal Oscillator (HFINTOSC)
» Low-Frequency Internal Oscillator (LFINTOSC)
» Secondary Oscillator (SOSC)

« EXTOSC with 4x PLL

* HFINTOSC with 2x PLL

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

The New Oscillator Source (NOSC) and New Divider
selection request (NDIV) bits of the OSCCON1 register
select the system clock source that is used for the CPU
and peripherals.

When new values of NOSC and NDIV are written to
OSCCON1, the -current oscillator selection will
continue to operate while waiting for the new clock
source to indicate that it is stable and ready. In some
cases, the newly requested source may already be in
use, and is ready immediately. In the case of a
divider-only change, the new and old sources are the
same, so the old source will be ready immediately. The
device may enter Sleep while waiting for the switch as
described in Section 6.3.3, Clock Switch and Sleep.

When the new oscillator is ready, the New Oscillator is
Ready (NOSCR) bit of OSCCON3 and the Clock
Switch Interrupt Flag (CSWIF) bit of PIR3 become set
(CSWIF = 1). If Clock Switch Interrupts are enabled
(CLKSIE = 1), an interrupt will be generated at that
time. The Oscillator Ready (ORDY) bit of OSCCON3
can also be polled to determine when the oscillator is
ready in lieu of an interrupt.

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

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

» Set CSWHOLD = 0 so the switch can complete,

or
» Copy COSC into NOSC to abandon the switch.
If DOZE is in effect, the switch occurs on the next clock
cycle, whether or not the CPU is operating during that
cycle.
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Changing the clock post-divider without changing the
clock source (i.e., changing Fosc from 1 MHz to 2
MHz) is handled in the same manner as a clock source
change, as described previously. The clock source will
already be active, so the switch is relatively quick.
CSWHOLD must be clear (CSWHOLD = 0) for the
switch to complete.

The current COSC and CDIV are indicated in the
OSCCONZ2 register up to the moment when the switch
actually occurs, at which time OSCCON2 is updated
and ORDY is set. NOSCR is cleared by hardware to
indicate that the switch is complete.

6.3.2 PLL INPUT SWITCH

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

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

6.3.3 CLOCK SWITCH AND SLEEP

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

When the device wakes from Sleep and the
CSWHOLD bit is clear, the device will wake with the
‘new’ clock active, and the Clock Switch Interrupt Flag
bit (CSWIF) will be set.

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

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

\ USER
CSWHOLD CLEAR

Note 1: CSWIF is asserted coincident with NOSCR; interrupt is serviced at OSC#2 speed.
2: The assertion of NOSCR is hidden from the user because it appears only for the duration of the switch.
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FIGURE 6-7: CLOCK SWITCH (CSWHOLD =1)

OOOOOOO
WRITTEN

ORDY

NOSCR

CSWIF

CSWHOLD

Note 1: CSWIF is asserte d coincident with NOSCR, and may be cleared before or after clearing CSWHOLD = 0.

FIGURE 6-8: CLOCK SWITCH ABANDONED

OOOOOOOOOOOOOO

WRITTEN

B

ORDY NOTE 2

NOSCR

CSWIF

CSWHOLD 5 / :

Note 1: CSWIF may be cleared before or after rewriting OSCCON1; CSWIF is not automatically cleared.
2: ORDY =0 if OSCCON1 does not match OSCCON2; a new switch will begin.
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6.4 Fail-Safe Clock Monitor

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

FIGURE 6-9: FSCM BLOCK DIAGRAM
Clock Monitor
Ext | Latch
xterna
Clock ¥ =St Q
r— T — — — — — 1
| |LFINTOSC 64
| Oscillator
| 31kHz 488 Hz
| (~32 ps) (~2 ms)
| Sample Clock | Clock
Lo a )
Failure
Detected

6.4.1 FAIL-SAFE DETECTION

The FSCM module detects a failed oscillator by
comparing the external oscillator to the FSCM sample
clock. The sample clock is generated by dividing the
LFINTOSC by 64. See Figure 6-9. Inside the fail
detector block is a latch. The external clock sets the
latch on each falling edge of the external clock. The
sample clock clears the latch on each rising edge of the
sample clock. A failure is detected when an entire
half-cycle of the sample clock elapses before the
external clock goes low.

6.4.2 FAIL-SAFE OPERATION

When the external clock fails, the FSCM switches the
device clock to the HFINTOSC at 1 MHz clock
frequency and sets the bit flag OSFIF of the PIR3
register. Setting this flag will generate an interrupt if the
OSFIE bit of the PIE3 register is also set. The device
firmware can then take steps to mitigate the problems
that may arise from a failed clock. The system clock will
continue to be sourced from the internal clock source
until the device firmware successfully restarts the
external oscillator and switches back to external
operation, by writing to the NOSC and NDIV bits of the
OSCCONT1 register.

6.4.3 FAIL-SAFE CONDITION CLEARING

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

© 2015 Microchip Technology Inc.

Preliminary

DS40001799A-page 73



PIC16(L)F18313/18323

6.4.4 RESET OR WAKE-UP FROM SLEEP

The FSCM is designed to detect an oscillator failure
after the Oscillator Start-up Timer (OST) has expired.
The OST is used after waking up from Sleep and after
any type of Reset. The OST is not used with the EC
Clock modes so that the external clock signal can be
stopped if required. Therefore, the device will always
be executing code while the OST is operating.

FIGURE 6-10: FSCM TIMING DIAGRAM
Sample Clock _I—I—]—l—l—l—
System : : : . Oscillator :
Clock . ! . » ' Failure ' '
Output ! . ! | ) ]

Clock Monitor Output ' ' : , :
@ . i . .
X X X : X Failure
) ) . ! . Detected ’;—
OSCFIF ; : : : : |

Test Test Test

Note: The system clock is normally at a much higher frequency than the sample clock. The relative frequencies in
this example have been chosen for clarity.
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6.5 Register Definitions: Oscillator Control

REGISTER 6-1: OSCCONL1: OSCILLATOR CONTROL REGISTER1

u-0 R/W-fD) R/W-f/f(1) R/W-f/f(1) R/W-g/q R/W-q/q R/W-g/q R/W-g/q
— NOSC<2:0>?3) | NDIV<3:0>(?34

bit 7 bit 0

Legend:

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

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

‘1’ = Bitis set ‘0’ = Bit is cleared f = determined by fuse setting

bit 7 Unimplemented: Read as ‘0’

bit 6-4 NOSC<2:0>: New Oscillator Source Request bits

The setting requests a source oscillator and PLL combination per Table 6-1.
POR value = RSTOSC (Register 4-1).
bit 3-0 NDIV<3:0>: New Divider Selection Request bits
The setting determines the new postscaler division ratio per Table 6-2.
Note 1: The default value (f/f) is set equal to the RSTOSC Configuration bits.
2: If NOSC is written with a reserved value (Table 6-1), the HFINTOSC will be automatically selected as the clock source.
3: When CSWEN = 0, this register is read-only and cannot be changed from the POR value.

4: When RSTOSC =110 (HFINTOSC 1 MHz), the NDIV bits will default to ‘0010’ upon Reset; for all other NOSC settings
the NDIV bits will default to ‘0000’ upon Reset.

REGISTER 6-2: OSCCON2: OSCILLATOR CONTROL REGISTER 2

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

Indicates the current postscaler division ratio per Table 6-2.
Note 1: The Reset value (n/n) will match the NOSC<2:0>/NDIV<3:0> bits.
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TABLE 6-1: NOSC/COSC BIT SETTINGS

ggggzggz Clock Source
111 ExTOsc®
110 HFINTOSC (1 MHz)
101 Reserved
100 LFINTOSC
011 SOSC
010 Reserved
001 EXTOSC with 4xPLL(Y)
000 HFINTOSC with 2x PLL (32 MHz)

Note 1: EXTOSC configured by the FEXTOSC bits of Configuration Word 1

(Register 4-1).

TABLE 6-2: NDIV/CDIV BIT SETTINGS

gg:x:ggz Clock divider
1111-1010 Reaeed
1001 512
1000 256
0111 128
0110 64
0101 32
0100 16
0011 8
0010 4
0001 2
0000 1
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REGISTER 6-3: OSCCON3: OSCILLATOR CONTROL REGISTER 3

R/W/HC-0/0 R/W-0/0 R/W-0/0 R-0/0 R-0/0 uU-0 u-0 u-0
CSWHOLD | SOSCPWR | soscBE | ORDY | NoscR |  — = —

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 CSWHOLD: Clock Switch Hold bit

1= Clock switch will hold (with interrupt) when the oscillator selected by NOSC is ready
0 = Clock switch may proceed when the oscillator selected by NOSC is ready; if this bit is clear at
the time that NOSCR becomes ‘1’, the switch will occur
bit 6 SOSCPWR: Secondary Oscillator Power Mode Select bit
If SOSCBE =0
1= Secondary oscillator operating in High-Power mode
0 = Secondary oscillator operating in Low-Power mode
If SOSCBE =0
X = Bitis ignored
bit 5 SOSCBE: Secondary Oscillator Bypass Enable bit
1= Secondary oscillator SOSCI is configured as an external clock input (ST-bufferer); SOSCO is not used.
0 = Secondary oscillator is configured as a crystal oscillator using SOSCO and SOSCI pins
bit 4 ORDY: Oscillator Ready bit (read-only)
1= OSCCON1 = OSCCON2; the current system clock is the clock specified by NOSC
0 = Aclock switch is in progress
bit 3 NOSCR: New Oscillator is Ready bit (read-only)
1= Aclock switch is in progress and the oscillator selected by NOSC indicates a “ready” condition
0= Aclock switch is not in progress, or the NOSC-selected oscillator is not yet ready

bit 2-0 Unimplemented: Read as ‘0’
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REGISTER 6-4: OSCSTAT1: OSCILLATOR STATUS REGISTER 1

R-q/q R-q/q U-0 R-q/q R-q/q R-q/q U-0 R-q/q
EXTOR HFOR — LFOR SOR ADOR — PLLR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 EXTOR: EXTOSC (external) Oscillator Ready bit

1= The oscillator is ready to be used

0= The oscillator is not enabled, or is not yet ready to be used.
bit 6 HFOR: HFINTOSC Oscillator Ready bit

1= The oscillator is ready to be used

0 = The oscillator is not enabled, or is not yet ready to be used.
bit 5 Unimplemented: Read as ‘0’

bit 4 LFOR: LFINTOSC Oscillator Ready bit

1= The oscillator is ready to be used

0 = The oscillator is not enabled, or is not yet ready to be used.
bit 3 SOR: Secondary (Timer1) Oscillator Ready bit

1= The oscillator is ready to be used

0 = The oscillator is not enabled, or is not yet ready to be used.
bit 2 ADOR: ADCRC Oscillator Ready bit

1= The oscillator is ready to be used

0 = The oscillator is not enabled, or is not yet ready to be used
bit 1 Unimplemented: Read as ‘0’
bit 0 PLLR: PLL is Ready bit

1= The PLL is ready to be used

0= The PLL is not enabled, the required input source is not ready, or the PLL is not ready.

DS40001799A-page 78 Preliminary © 2015 Microchip Technology Inc.




PIC16(L)F18313/18323

REGISTER 6-5: OSCEN: OSCILLATOR MANUAL ENABLE REGISTER

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

1= EXTOSC is explicitly enabled, operating as specified by FEXTOSC
0= EXTOSC could be enabled by another module

bit 6 HFOEN: HFINTOSC Oscillator Manual Request Enable bit
1= HFINTOSC is explicitly enabled, operating as specified by OSCFRQ
0= HFINTOSC could be enabled by another module
bit 5 Unimplemented: Read as ‘0’
bit 4 LFOEN: LFINTOSC (31 kHz) Oscillator Manual Request Enable bit
1= LFINTOSC is explicitly enabled
0= LFINTOSC could be enabled by another module
bit 3 SOSCEN: Secondary (Timer1) Oscillator Manual Request Enable bit
1= Secondary oscillator is explicitly enabled, operating as specified by SOSCBE and SOSCPWR
0 = Secondary oscillator could be enabled by another module
bit 2 ADOEN: ADCRC (600 kHz) Oscillator Manual Request Enable bit
1= ADCRC is explicitly enabled
0= ADCRC could be enabled by another module

bit 1-0 Unimplemented: Read as ‘0’
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REGISTER 6-6: OSCFRQ: HFINTOSC FREQUENCY SELECTION REGISTER
U-0 uU-0 uU-0 uU-0 U-0 R/W-qg/q R/W-q/q R/W-q/q
— — — | — | — HFFRQ<2:0>(1)
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 HFFRQ<2:0>: HFINTOSC Frequency Selection bits
HFFRQ<2:0> Nominal Freq (MHz) (NOSC =110)
000 1
001 2
010 Reserved
011 4
100 8
101 12
110 16
111 32

Note 1: When RSTOSC=110 (HFINTOSC 1 MHz), the HFFRQ bits will default to ‘010’ upon Reset; when RSTOSC=000

(HFINTOSC 32 MHz), the HFFRQ bits will default to ‘110’ upon Reset.
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REGISTER 6-7: OSCTUNE: HFINTOSC TUNING REGISTER
u-0 u-0 R/W-1/1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — HFTUN<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 HFTUN<5:0>: HFINTOSC Frequency Tuning bits
01 1111 = Maximum frequency
01 1110
00 0001
00 0000 = Center frequency. Oscillator module is running at the calibrated frequency (default value).
11 1111
10 0000 = Minimum frequency
TABLE 6-3: SUMMARY OF REGISTERS ASSOCIATED WITH CLOCK SOURCES
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redlster
on Page
OSCCON1 — NOSC<2:0> NDIV<3:0> 75
OSCCON2 — COSC<2:0> CDIV<3:0> 75
OSCCON3 CWSHOLD | SOSCPWR | SOSCBE ORDY NOSCR — — — 77
OSCSTAT1 EXTOR HFOR — LFOR SOR ADOR = PLLR 78
OSCEN EXTOEN HFOEN — LFOEN SOSCEN ADOEN = = 79
OSCFRQ _ _ _ — — HFFRQ<2:0> 80
OSCTUNE = — HFTUN<5:0> 81
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
TABLE 6-4:  SUMMARY OF CONFIGURATION WORD WITH CLOCK SOURCES
Name |Bits |Bit-/7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 Bit 9/1 Bitglo | edister
on Page
13:8| — — FCMEN — CSWEN — — CLKOUTEN
CONFIG1 50
7:0 — | RSTOSC2 | RSTOSC1 | RSTOSCO — FEXTOSC2 | FEXTOSC1 | FEXTOSCO
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by clock sources.
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7.0 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.

This chapter contains the following information for
Interrupts:

* Operation

* Interrupt Latency

* Interrupts During Sleep

* INT Pin

+ Automatic Context Saving

Many peripherals produce interrupts. Refer to the
corresponding chapters for details.

A block diagram of the interrupt logic is shown in
Figure 7-1.

FIGURE 7-1: INTERRUPT LOGIC
TMROIF
TMROIE
_ INTF —
Peripheral Interrupts INTE —
(TMR1IF) PIR1<0> :D
IOCIF  ——
(TMR1IE) PIE1<0> IOCIE |
° °
)
° °
o o — PEIE
PIRn<7> }
PIEn<7> — | GIE

Wake-up
(If in Sleep mode)

—»

Interrupt
to CPU
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7.1 Operation

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

» GIE bit of the INTCON register

* Interrupt Enable bit(s) for the specific interrupt
event(s)

» PEIE bit of the INTCON register (if the Interrupt
Enable bit of the interrupt event is contained in the
PIEx registers)

The PIR1, PIR2, PIR3 and PIR4 registers record
individual interrupts via interrupt flag bits. Interrupt flag
bits will be set, regardless of the status of the GIE, PEIE
and individual interrupt enable bits.

The following events happen when an interrupt event
occurs while the GIE bit is set:

» Current prefetched instruction is flushed
* GIE bit is cleared

» Current Program Counter (PC) is pushed onto the
stack

« Critical registers are automatically saved to the
shadow registers (See “Section 7.5 “Automatic
Context Saving”)

* PC is loaded with the interrupt vector 0004h

The firmware within the Interrupt Service Routine (ISR)
should 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 RETFI E 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 interrupt’s
operation, refer to its peripheral chapter.

Note 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.

7.2 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 latency for synchronous
interrupts is three or four instruction cycles. For
asynchronous interrupts, the latency is three to five
instruction cycles, depending on when the interrupt
occurs. See Figure 7-2 and Figure 7-3 for more details.

© 2015 Microchip Technology Inc.
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FIGURE 7-2: INTERRUPT LATENCY
atiaz2iasja4 a1ja2iasiaslatiaziasias/a1ia2|a3as|Q1ia2ia3ia4|a1{a2]a3ias|a1iQ2}Q3iQ4 Q1/Q2{Q3]Q4
[ [
CLKR / / Interrupt Sampled / / /
during Q1
Interrupt /
GIE \
PC < PC-1 PC PC+1 0004h 0005h
Execute | 1 Cycle Instruction at PC Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PG < PC-1 PC Pi’gé)FFf‘R Ng"éff/ 0004h 0005h
Execute—{ 2 Cycle Instruction at PC Inst(PC) NOP NOP Inst(0004h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PC+2 0004h 0005h
Execute || 3 Cycle Instruction at PC INST(PC) NOP NOP NOP Inst(0004h) | Inst(0005h)
Interrupt /
GIE \
PC PC-1 PC > FSR ADDR PC+1 PG+2 0004h 0005h
Execute | 3 Cycle Instruction at PC | INST(PC) NOP NOP NOP NOP Inst(0004h)
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FIGURE 7-3: INT PIN INTERRUPT TIMING

Q1] Q2] @3] Q4. Q1] Q2] Q3| @4 Q1| Q2] Q3| Q4. Q1] Q2] Q3| @4 Q1| Q2| Q3| Q4.

0sc1 :
cLKouT® . C ) . . Z
Lo @. : : : :

NTpin I } R : : : :
L ) . . . .

INTF L/ (5) : : Interrupt Latency(z) ' : :
GIE . / : : : | :
: : | \ : | :
INSTRUCTION FLOW
PC ( PC X PC+1 ) PC + 1 X 0004h X 0005h
Instruction . : : : : :
Fetched ! Inst (PC) ! Inst(PC+1) . — + Inst (0004h) . Inst (0005h)
Ej;;“u"tggn{ ' Inst(PC—1) |  Inst(PC) ' ForcedNOP '  Forced NOP Inst (0004h)

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

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

3: CLKOUT not available in all oscillator modes.
For minimum width of INT pulse, refer to AC specifications in Section 34.0 “Electrical Specifications”.
INTF is enabled to be set any time during the Q4-Q1 cycles.
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7.3 Interrupts During Sleep

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

On waking from Sleep, if the GIE bit is also set, the
processor will branch to the interrupt vector. Otherwise,
the processor will continue executing instructions after
the SLEEP instruction. The instruction directly after the
SLEEP instruction will always be executed before
branching to the ISR. Refer to Section 8.0
“Power-Saving Operation Modes” for more details.

7.4 INT Pin

The INT pin can be used to generate an asynchronous
edge-triggered interrupt. This interrupt is enabled by
setting the INTE bit of the PIEO register. The INTEDG bit
of the INTCON register 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
INTF bit of the PIRO register 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.

7.5 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:

* W register

« STATUS register (except for TO and PD)
* BSR register

* FSR registers

* 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 should be modified and
the value will be restored when exiting the ISR. The
shadow registers are available in Bank 31 and are
readable and writable. Depending on the user’s
application, other registers may also need to be saved.
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7.6 Register Definitions: Interrupt Control
REGISTER 7-1: INTCON: INTERRUPT CONTROL REGISTER
R/W-0/0 R/W-0/0 uU-0 uU-0 uU-0 uU-0 uU-0 R-1/1
GIE PEIE — — — — — INTEDG
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 GIE: Global Interrupt Enable bit
1 = Enables all active interrupts
0 = Disables all interrupts
bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all active peripheral interrupts
0 = Disables all peripheral interrupts
bit 5-1 Unimplemented: Read as ‘0’
bit 0 INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of INT pin
0 = Interrupt on falling edge of INT pin
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-2: PIEO: PERIPHERAL INTERRUPT ENABLE REGISTER 0
U-0 U-0 R/W/HS-0/0 R-0 U-0 U-0 U-0 R/W/HS-0/0
— — TMROIE I0CIE — — — INTE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown

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

‘1’ = Bitis set ‘0’ = Bit is cleared HS = Hardware set
bit 7-6 Unimplemented: Read as ‘0’
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1= Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit 4 IOCIE: Interrupt-on-Change Interrupt Enable bit
1= Enables the IOC change interrupt.
0 = Disables the IOC change interrupt.
bit 3-1 Unimplemented: Read as ‘0’
bit O INTE: INT External Interrupt Flag bit(?)
1= Enables the INT external interrupt
0 = Disables the INT external interrupt
Note 1: The External Interrupt GPIO pin is selected by INTPPS (Register 12-1).
Note:

Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-3: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIE ADIE RCIE TXIE SSP1IE BCL1IE TMR2IE TMR1IE
bit 7 bit 0

Legend:

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

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

bit 7 TMRI1GIE: Timer1 Gate Interrupt Enable bit

1 = Enables the Timer1 gate acquisition interrupt
0 = Disables the Timer1 gate acquisition interrupt
bit 6 ADIE: Analog-to-Digital Converter (ADC) Interrupt Enable bit
1 = Enables the ADC interrupt
0 = Disables the ADC interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 3 SSP1IE: Synchronous Serial Port (MSSP) Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 BCL1IE: MSSP1 Bus Collision Interrupt Enable bit
1 = MSSP bus collision interrupt enabled
0 = MSSP bus collision interrupt not enabled
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the Timer2 to PR2 match interrupt
0 = Disables the Timer2 to PR2 match interrupt
bit 0 TMR1IE: Timer1 Overflow Interrupt Enable bit
1 = Enables the Timer1 overflow interrupt
0 = Disables the Timer1 overflow interrupt

Note 1: Bit PEIE of the INTCON register must be set to enable any peripheral interrupt.
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REGISTER 7-4: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
uU-0 R/W-0/0 R/W-0/0 R/W-0/0 uU-0 U-0 uU-0 R/W-0/0
— c21ie® C1IE NVMIE — — — NCO1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘0’
bit 6 C2IE: Comparator C2 Interrupt Enable bit(1)
1 = Enables the Comparator C2 interrupt
0 = Disables the Comparator C2 interrupt
bit 5 C1IE: Comparator C1 Interrupt Enable bit
1 = Enables the Comparator C1 interrupt
0 = Disables the Comparator C1 interrupt
bit 4 NVMIE: NVM Interrupt Enable Bit
1 = ENVM task complete interrupt enabled
0 = NVM interrupt not enabled
bit 3-1 Unimplemented: Read as ‘0’
bit 0 NCOL1IE: NCO Interrupt Enable bit

Note 1: Comparator C2 not available on PIC16(L)F18313 devices.

1 = NCO rollover interrupt enabled
0 = NCO rollover interrupt not enabled

Note:  Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-5: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

R/W-0/0 R/W-0/0 U-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0
OSFIE CSWIE - - - - CLC2IE CLC1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 OSFIE: Oscillator Fail Interrupt Enable bit

1 = Enables the Oscillator Fail interrupt
0 = Disables the Oscillator Fail interrupt

bit 6 CSWIE: Clock Switch Complete Interrupt Enable bit

1 = The clock switch module interrupt is enabled
0 = The clock switch module interrupt is not enabled

bit 5-2 Unimplemented: Read as ‘0’
bit 1 CLC2IE: CLC2 Interrupt Enable bit

1 = CLC2 interrupt enabled
0 = CLC2 interrupt disabled

bit 0 CLCL1IE: CLC1 Interrupt Enable bit

1 = CLC1 interrupt enabled
0 = CLCH1 interrupt disabled

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-6: PIE4. PERIPHERAL INTERRUPT ENABLE REGISTER 4
uU-0 R/W-0/0 uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0
— CWG1IE — — — — CCP2IE CCP1IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown

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

‘1’ = Bit is set ‘0’ = Bit is cleared HS = Hardware set
bit 7 Unimplemented: Read as ‘0’
bit 6 CWGLIE: CWG 1 Interrupt Enable bit
1= CWGH1 interrupt enabled
0 = CWGH1 interrupt not enabled
bit 5-2 Unimplemented: Read as ‘0’
bit 1 CCP2IE: CCP2 Interrupt Enable bit
1= CCP2interrupt is enabled
0 = CCP2 interrupt is not enabled
bit 0 CCPL1IE: CCP1 Interrupt Enable bit
1= CCP1 interrupt is enabled
0 = CCP1 interrupt is not enabled
Note:

Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt.
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REGISTER 7-7: PIRO: PERIPHERAL INTERRUPT STATUS REGISTER 0

uU-0 uU-0 R/W/HS-0/0 R-0 uU-0 uU-0 u-0 R/W/HS-0/0
— — TMROIF IOCIF — — — INTF®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS= Hardware Set
bit 7-6 Unimplemented: Read as ‘0’
bit 5 TMROIF: TMRO Overflow Interrupt Flag bit

1= TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 4 IOCIF: Interrupt-on-Change Interrupt Flag bit (read-only)
1= An enabled edge was detected by the IOC module. One of the IOCF bits is set.
0 = No enabled edge is was detected by the IOC module. None of the IOCF bits is set.
Pins are individually masked via IOCxP and IOCxN.

bit 3-1 Unimplemented: Read as ‘0’
bit 0 INTF: INT External Interrupt Flag bit(1)

1= The INT external interrupt occurred (must be cleared in software)
0 = The INT external interrupt did not occur

Note 1: The External Interrupt GPIO pin is selected by INTPPS (Register 12-1).

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-8: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

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

TMR1GIF ADIF RCIF TXIF SSP1IF BCL1IF TMR2IF TMR1IF

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS = Hardware set
bit 7 TMR1GIF: Timer1 Gate Interrupt Flag bit

1 = The Timer1 Gate has gone inactive (the gate is closed)
0 = The Timer1 Gate has not gone inactive

ADIF: Analog-to-Digital Converter (ADC) Interrupt Flag bit
1 = The A/D conversion completed

0 = The A/D conversion is not completed

RCIF: EUSART Receive Interrupt Flag bit

1 = The EUSART receive buffer is not empty

0 = The EUSART receive buffer is empty

TXIF: EUSART Transmit Interrupt Flag bit
1 = The EUSART receive buffer is not empty
0 = The EUSART receive buffer is empty

SSP1IF: Synchronous Serial Port (MSSP) Interrupt Flag bit

1 = The Transmission/Reception/Bus Condition is complete (must be cleared in software)
0 = Waiting for the Transmission/Reception/Bus Condition in progress

BCL1IF: MSSP Bus Collision Interrupt Flag bit

1 = A bus collision was detected (must be cleared in software)

0 = No bus collision was detected

TMR2IF: Timer2 to PR2 Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)

0 = No TMR2 to PR2 match occurred

TMR1IF: Timer1 Overflow Interrupt Flag bit

1 = TMR1 overflow occurred (must be cleared in software)
0 = No TMR1 overflow occurred

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-9: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

U-0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 u-0 U-0 u-0 R/W/HS-0/0
— C2IF® C1IF NVMIF — — — NCO1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS = Hardware set
bit 7 Unimplemented: Read as ‘0’
bit 6 C2IF: Comparator C2 Interrupt Flag bit(1)

1 = Comparator 2 interrupt asserted

0 = Comparator 2 interrupt not asserted
bit 5 C1IF: Comparator C1 Interrupt Flag bit

1 = Comparator 1 interrupt asserted

0 = Comparator 1 interrupt not asserted

bit 4 NVMIF: NVM Interrupt Flag bit
1 = The NVM has completed a programming task
0 = NVM interrupt not asserted
bit 3-1 Unimplemented: Read as ‘0’
bit 0 NCOL1IF: Direct Digital Synthesizer Interrupt Flag bit
1 = The NCO has rolled over
0 = No NCO interrupt is asserted

Note 1: Comparator C2 not available on PIC16(L)F18313 devices.

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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REGISTER 7-10:

PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3

R/W/HS-0/0  R/W/HS-0/0 uU-0 u-0 U-0 uU-0 R/W/HS-0/0 R/W/HS-0/0
OSFIF CSWIF — — — — CLC2IF CLC1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS = Hardware set
bit 7 OSFIF: Oscillator Failsafe Interrupt Flag bit
1 = Oscillator fail-safe interrupt has occurred
0 = No oscillator fail-safe interrupt
bit 6 CSWIF: Clock Switch Complete Interrupt Flag bit
1 = The clock switch module indicates an interrupt condition
0 = The clock switch module does not indicate an interrupt condition
bit 5-2 Unimplemented: Read as ‘0’
bit 1 CLC2IF: CLC2 Interrupt Flag bit
1 = The CLC20UT interrupt condition has been met
0 = No CLC2 interrupt
bit 0 CLCL1IF: Direct Digital Synthesizer Interrupt Flag bit
1 = The CLC10UT interrupt condition has been met
0 = No CLC1 interrupt
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User
appropriate interrupt flag bits are clear
prior to enabling an interrupt.

software should ensure the
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REGISTER 7-11: PIR4: PERIPHERAL INTERRUPT REQUEST REGISTER 4

uU-0 R/W/HS-0/0 U-0 uU-0 uU-0 uU-0 R/W/HS-0/0 R/W/HS-0/0
— CWG1IF — — — — CCP2IF CCP1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared HS = Hardware set
bit 7 Unimplemented: Read as ‘0’
bit 6 CWG1IF: CWGH1 Interrupt Flag bit

1 = CWG1 has gone into shutdown
0 = CWGH1 is operating normally, or interrupt cleared

bit 5-2 Unimplemented: Read as ‘0’
bit 1 CCP2IF: CCP2 Interrupt Flag bit
CCPM Mode
Value
Capture Compare PWM
1 Capture occurred Compare match occurred Output trailing edge occurred
(must be cleared in software) (must be cleared in software) (must be cleared in software)
0 Capture did not occur Compare match did not occur Output trailing edge did not occur
bit 0 CCP1IF: CCP1 Interrupt Flag bit
CCPM Mode
Value
Capture Compare PWM
1 Capture occurred Compare match occurred Output trailing edge occurred
(must be cleared in software) (must be cleared in software) (must be cleared in software)
0 Capture did not occur Compare match did not occur Output trailing edge did not occur
Note: Interrupt flag bits are set when an interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
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TABLE 7-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPTS

Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Esgpizt;
INTCON GIE PEIE — — — — — INTEDG 87
PIEO — — TMROIE IOCIE — — — INTE 88
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE BCL1IE TMR2IE TMR1IE 89
PIE2 — C2IE C1IE NVMIE — — — NCO1IE 90
PIE3 OSFIE CSWIE — — — — CLC2IE CLC1IE 91
PIE4 — CWG1IE — — — — CCP2IE CCP1IE 92
PIRO — — TMROIF IOCIF — — — INTF 93
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF BCL1IF TMR2IF TMRI1IF 94
PIR2 — C2IF C1IF NVMIF — — — NCO1IF 95
PIR3 OSFIF CSWIF — — — — CLC2IF CLC1IF 96
PIR4 — CWGH1IF — — — — CCP2IF CCP1IF 97
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by interrupts.
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8.0 POWER-SAVING OPERATION affected. The reduced execution saves power by
MODES eliminating unnecessary operations within the CPU

and memory.
The purpose of the Power-Down modes is to reduce When the Doze Enable (DOZEN) bit is set (DOZEN =
power consumption. There are two Power-Down 1), the CPU executes only one instruction cycle out of
modes: Doze mode and Sleep mode. every N cycles as defined by the DOZE<2:0> bits of the
CPUDOCZE register. For example, if DOZE<2:0> = 100,
8.1 Doze Mode the instruction cycle ratio is 1:32. The CPU and

memory execute for one instruction cycle and then lay
idle for 31 instruction cycles. During the unused cycles,
the peripherals continue to operate at the system clock

Doze mode allows for power savings by reducing CPU
operation and program memory access, without
affecting peripheral operation. Doze mode differs from

. ; speed.
Sleep mode because the system oscillators continue to P
operate, while only the CPU and program memory are
FIGURE 8-1: DOZE MODE OPERATION EXAMPLE
T
Clock
| | | | | | | | | | |
N e e e O e e I e
| | | | | | | | | | |
| | | | | | | | | | |
2 | 2 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2 | 2
T T T T T T T T T T T
) | | | | | | | | | | |
Instruction [ [ [ [ [ [ [ [ [ [ [
Period 3l 3 3l 31 ) 3l ) 31 ) 3l 31 ) 3l ) 31 ) 3 ) 3l ) 3
I I I I I I I I I I I
| | | | | | | | | | |
N N I ¢ A
! ! !
| | | | | | | | | | |
| | |
1| 2] 3| 4 | | 1| 2] 3] 4 | 1 2] 3| 4| 1| 2| 3| 4| 1| 2| 3] 4| 1| 2| 3] 4| 1] 2| 3] 4
CPU Clock Em— T T T
| | | | | | | | | | |
PFM Op’s ! Fetch I I ! h ! : !
|\ etcl T T Fetcl T
| | | | [ |
—_— 1 | | | |
| | | | | | |
CPU Op’s K Exec )/ T T K Exec A T
| | | | | It | | | | |
| | | | | I ot ! | | | |
I I I I I I Mo I I I I
| | | | | | (Roi=1) | | | | |
Note 1: Multi-cycle instructions are executed to completion before fetching 0004h.
2: Ifthe pre-fetched instruction clears GIE, the ISR will not occur, but DOZEN is still cleared and the CPU will resume execution at full speed.

8.1.1 DOZE OPERATION

The Doze operation is illustrated in Figure 8-1. For this
example:

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

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

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

As with normal operation, the program memory fetches

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

© 2015 Microchip Technology Inc. Prelimin ary DS40001799A-page 99



PIC16(L)F18313/18323

8.1.2 INTERRUPTS DURING DOZE

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

If an interrupt occurs and the ROI bit is set (ROl = 1) at
the time of the interrupt, the DOZEN bit is cleared and
the CPU executes at full speed. The prefetched instruc-
tion is executed and then the interrupt vector sequence
is executed. In Figure 8-1, the interrupt occurs during
the second instruction cycle of the Doze period, and
immediately brings the CPU out of Doze. If the
Doze-On-Exit (DOE) bit is set (DOE = 1) when the
RETFIE operation is executed, DOZEN is set, and the
CPU executes at the reduced rate based on the
DOZE<2:0> ratio.

8.2 Sleep Mode

Sleep mode is entered by executing the SLEEP
instruction, while the Idle Enable (IDLEN) bit of the
CPUDOCZE register is clear (IDLEN = 0). If the SLEEP
instruction is executed while the IDLEN bit is set
(IDLEN = 1), the CPU will enter the IDLE mode
(Section 8.2.3 “Low-Power Sleep Mode”).

Upon entering Sleep mode, the following conditions
exist:

1. WDT will be cleared but keeps running if

enabled for operation during Sleep.

The PD bit of the STATUS register is cleared.

The TO bit of the STATUS register is set.

The CPU clock is disabled.

31 kHz LFINTOSC, HFINTOSC and SOSC are

unaffected and peripherals using them may

continue operation in Sleep.

6. Timer1 and peripherals that use it continue to
operate in Sleep when the Timer1 clock source
selected is:

+ LFINTOSC
* T1CKI
» Secondary Oscillator

7. ADC is unaffected if the dedicated ADCRC
oscillator is selected.

8. 1/O ports maintain the status they had before
SLEEP was executed (driving high, low, or
high-impedance).

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

ISR

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

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

- 1/O pins should not be floating

- External circuitry sinking current from 1/0 pins

- Internal circuitry sourcing current from 1/O
pins

- Current draw from pins with internal weak
pull-ups

- Modules using any oscillator

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

Examples of internal circuitry that might be sourcing
current include modules such as the DAC and FVR
modules. See Section 23.0 “5-Bit Digital-to-Analog
Converter (DAC1) Module” and Section 15.0 “Fixed
Voltage Reference (FVR)” for more information on
these modules.
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8.2.1 WAKE-UP FROM SLEEP

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

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

POR Reset.

Watchdog Timer, if enabled.

Any external interrupt.

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

o 0k wdhN =

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 Section 5.11,
Determining the Cause of a Reset.

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, the device will then call the Interrupt
Service Routine. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

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

8.2.2 WAKE-UP USING INTERRUPTS

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

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

- PD bit of the STATUS register will not be
cleared

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

executed

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

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

FIGURE 8-2: WAKE-UP FROM SLEEP THROUGH INTERRUPT
'Q1|Q2|Q3IQ4 Q1|Q2|Q3|Q4 Q1 ' 'Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4 Q1|Q2|Q3|Q4'
CLKIN(l) ) \ , .
CLKOUT@) — — ' TOST(3’ ' / \ / \ / s '
Interrupt flag , : : / . +__Interrupt Latency® \ ) ,
GIE bit | | ' ] : ' | ' ' |
(INTCON reg.), :  Processorin : : \ : : :
| . . Sleep ' . . . '
Instruction Flow' ! ! : X ! ! ! .
PC X PC X__PC+1 X PC+2 X PC+2 X PC+2 X 0004h ¥ 0005h .
Pesttéﬁggon 'Inst(PC) = Sleep’  Inst(PC + 1) * ' Inst(PC+2) ' Inst(0004h) ' Inst(0005h) !
E)?etzrcuu%teizgn : Inst(PC - 1) : Sleep : : Inst(PC + 1) . Forced NOP . Forced NOP . Inst(0004h) :

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

CLKOUT is shown here for timing reference.

1

2:

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

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

The PIC16F18313/18323 device contains an internal
Low Dropout (LDO) voltage regulator, which allows the
device I/O pins to operate at voltages up to 5.5V while
the internal device logic operates at a lower voltage.
The LDO and its associated reference circuitry must
remain active when the device is in Sleep mode.

The PIC16F18313/18323 allows the user to optimize
the operating current in Sleep, depending on the
application requirements.

Low-Power Sleep mode can be selected by setting the
VREGPM<1:0> bits of the VREGCON register.
Depending on the configuration of these bits, the LDO
and reference circuitry are placed in a low-power state
when the device is in Sleep.

8.2.3.1 Sleep Current vs. Wake-up Time

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

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

8.2.3.2 Peripheral Usage in Sleep

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

» Brown-out Reset (BOR)

* Watchdog Timer (WDT)

« External interrupt pin/Interrupt-on-change pins
» Timer1 (with external clock source)

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

8.24 IDLE MODE

When the Idle Enable (IDLEN) bit is clear (IDLEN = 0),
the SLEEP instruction will put the device into full Sleep
mode (see Section 8.2 “Sleep Mode”). When IDLEN
is set (IDLEN = 1), the SLEEP instruction will put the
device into Idle mode. In Idle mode, the CPU and mem-
ory operations are halted, but the peripheral clocks
continue to run. This mode is similar to Doze mode,
except that in IDLE both the CPU and the program
memory are shut off.

Note:  Peripherals using Fosc will continue
running while in Idle (but not in Sleep).
Peripherals using HFINTOSC,
LFINTOSC, or SOSC will continue
running in both Idle and Sleep.

Note: If CLKOUT is enabled (CLKOUT = 0,
Configuration Word 1), the output will

Note:  The PIC16LF18313/18323 does not have
a configurable Low-Power Sleep mode.
PIC16LF18313/18323 is an unregulated
device and is always in the lowest power
state when in Sleep, with no wake-up time
penalty. This device has a lower maximum
VDD and /O voltage than the
PIC16F18313/18323. See Section 34.0
“Electrical Specifications” for more
information.

continue operating while in Idle.

8.2.4.1 Idle and Interrupts

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

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

8.2.4.2 Idle and WDT

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

Note: The WDT can bring the device out of Idle,
in the same way it brings the device out of
Sleep. The DOZEN bit is not affected.
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8.3 Register Definitions: Voltage Regulator Control
REGISTER 8-1:  VREGCON: VOLTAGE REGULATOR CONTROL REGISTER®
uU-0 uU-0 uU-0 U-0 uU-0 uU-0 R/W-0/0 R/W-1/1
— — — — — — | VREGPM<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1-0 VREGPM<1:0>: Voltage Regulator Power Mode Selection bits
11 =Lowest Power mode; LDO is off; Band gap generator is on only if needed by peripherals; longest wake-up time
10 =Low-Power mode; LDO is off; Band gap generator is on
01 =Normal-Power mode (Reset default); LDO supplying low power
00 =High-Power mode; LDO supplying highest power; fastest wake-up time
Note 1: PIC16F18313/18323 only.
REGISTER 8-2: CPUDOZE: DOZE AND IDLE REGISTER
R/W-0/u R/W/HC/HS-0/0 R/W-0/0 R/W-0/0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
IDLEN DOZEN(-2) ROI DOE — DOZE<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 IDLEN: Idle Enable bit
1 = A SLEEP instruction inhibits the CPU clock, but not the peripheral clock(s)
0 = A SLEEP instruction places the device into Full Sleep mode
bit 6 DOZEN: Doze Enable bit-?)
1= The CPU executes instruction cycles according to DOZE setting
0 = The CPU executes all instruction cycles (fastest, highest power operation)
bit 5 ROI: Recover-on-Interrupt bit
1 = Entering the Interrupt Service Routine (ISR) makes DOZEN = 0 bit, bringing the CPU to full-speed operation.
0 = Interrupt entry does not change DOZEN
bit 4 DOE: Doze on Exit bit
1 = Executing RETFIE makes DOZEN = 1, bringing the CPU to reduced speed operation.
0 = RETFIE does not change DOZEN
bit 3 Unimplemented: Read as ‘0’
bit 2-0 DOZE<2:0>: Ratio of CPU Instruction Cycles to Peripheral Instruction Cycles
111 = 1:256
110 = 1:128
101 = 1:64
100 = 1:32
011 = 1:16
010 = 1:8
001 =14
000 =1:2
Note 1: When ROI =1 or DOE =1, DOZEN is changed by hardware interrupt entry and/or exit.

2:

Entering ICD overrides DOZEN, returning the CPU to full execution speed; this bit is not affected.

© 2015 Microchip Technology Inc.
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TABLE 8-1: SUMMARY OF REGISTERS ASSOCIATED WITH POWER-DOWN MODE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 gito | Redisteron

Page
INTCON GIE PEIE — — — — — INTEDG 87
PIEO — — TMROIE I0CIE — — — INTE 88
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE BCL1IE TMR2IE TMR1IE 89
PIE2 — C21E® C1IE NVMIE — — — NCO1IE 90
PIE3 OSFIE CSWIE — — — — CLC2IE CLC1IE 91
PIE4 — CWG1IE = = = = CCP2IE CCP1IE 92
PIRO — — TMROIF IOCIF — — — INTF 93
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF BCL1IF TMR2IF TMR1IF 94
PIR2 — C2IF® C1IF NVMIF — — — NCO1IF 95
PIR3 OSFIF CSWIF — — — — CLC2IF CLC1IF 96
PIR4 — CWG1IF — — — — CCP2IF CCP1IF 97
IOCAP — — IOCAP5 IOCAP4 IOCAP3 IOCAP2 IOCAP1 IOCAPO 150
IOCAN — — IOCANS5 IOCAN4 IOCAN3 IOCAN2 IOCAN1 IOCANO 150
IOCAF — — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO 150
loccp® — — IOCCP5 IOCCP4 I0CCP3 I0CCP2 IOCCP1 IOCCPO 151
IOCCN® — — IOCCN5 IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO 151
IOCCF® — — IOCCF5 IOCCF4 IOCCF3 IOCCF2 IOCCF1 IOCCFO 152
STATUS — — — TO PD z DC c 21
VREGCON® — — — — — — VREGPM<1:0> 103
CPUDOZE IDLEN DOZEN ROI DOE — DOZE<2:0> 103
WDTCON — — WDTPS<4:0> SWDTEN 107
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used in Power-Down mode.

Note 1: PIC16(L)F18323 only.
2 PIC16F18313/18323 only.
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9.0 WATCHDOG TIMER (WDT)

The Watchdog Timer is a system timer that generates
a Reset if the firmware does not issue a CLRWDT
instruction within the time-out period. The Watchdog
Timer is typically used to recover the system from
unexpected events.

The WDT has the following features:

* Independent clock source
* Multiple operating modes
- WDT is always on
- WDT is off when in Sleep
- WDT is controlled by software
- WDT is always off

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

* Multiple Reset conditions
» Operation during Sleep

FIGURE 9-1:

WATCHDOG TIMER BLOCK DIAGRAM

WDTE<1:0> =01

SWDTEN
WDTE<1:0> = 11 LFINTOSC 23-bit Programmable | \ynr Time-out
Prescaler WDT
WDTE<1:0> = 10
Sleep
WDTPS<4:0>
9.1 Independent Clock Source 9.2.3 WDT CONTROLLED BY SOFTWARE

The WDT derives its time base from the 31 kHz
LFINTOSC internal oscillator. Time intervals in this
chapter are based on a nominal interval of 1 ms. See
Table 34-8 for the LFINTOSC specification.

9.2 WDT Operating Modes

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

9.21 WDT IS ALWAYS ON

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

WDT protection is active during Sleep.

9.2.2 WDT IS OFF IN SLEEP

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

WDT protection is not active during Sleep.

When the WDTE bits of Configuration Words are set to
‘01’, the WDT is controlled by the SWDTEN bit of the
WDTCON register.

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

TABLE 9-1: WDT OPERATING MODES
. Device WDT
WDTE<1:0> SWDTEN Mode Mode
11 X X Active
Awake |Active
10 X
Sleep |Disabled
1 Active
01 X
Disabled
00 X X Disabled

© 2015 Microchip Technology Inc.
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9.3 Time-Out Period

The WDTPS bits of the WDTCON register set the
time-out period from 1 ms to 256 seconds (nominal).
After a Reset, the default time-out period is two
seconds.

9.4 Clearing the WDT

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

* Any Reset

* CLRWDT instruction is executed

» Device enters Sleep

» Device wakes up from Sleep

» Oscillator fail

* WDT is disabled

 Oscillator Start-up Timer (OST) is running

See Table 9-2 for more information.

TABLE 9-2: WDT CLEARING CONDITIONS

9.5 Operation During Sleep

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

When the device exits Sleep, the WDT is cleared
again. The WDT remains clear until the OST, if
enabled, completes. See Section 6.0, Oscillator Mod-
ule (with Fail-Safe Clock Monitor) for more information
on the OST.

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 TO and PD bits
in the STATUS register are changed to indicate the
event. See STATUS Register (Register 3-1) for more
information.

Conditions

wWDT

WDTE = 00

Cleared and Disabled

WDTE =01 and SWDTEN =0

Exit Sleep due to a Reset + System Clock = XT, HS, LP

Cleared until the end

Exit Sleep due to a Reset + System Clock = HFINTOSC, LFINTOSC, EC, SOSC of OST

Exit Sleep due to an Interrupt

Enter Sleep

CLRWDT Command

Cleared

Oscillator Failure (Section 6.4 “Fail-Safe Clock Monitor”)

System Reset

Any clock switch or divider change (Section 6.3 “Clock Switching”)

Unaffected
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9.6 Register Definitions: Watchdog Control
REGISTER 9-1: WDTCON: WATCHDOG TIMER CONTROL REGISTER

u-0 u-0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 R/W-1/1 R/W-0/0
— | =1 WDTPS<4:0>D SWDTEN
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -m/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-1 WDTPS<4:0>: Watchdog Timer Period Select bits(D)

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

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

10010 = 1:8388608 (223) (Interval 256s nominal)
10001 = 1:4194304 (2%2) (Interval 128s nominal)
10000 = 1:2097152 (22") (Interval 64s nominal)
01111 = 1:1048576 (22°) (Interval 32s nominal)
01110 = 1:524288 (2'9) (Interval 16s nominal)
01101 = 1:262144 (2'®) (Interval 8s nominal)
01100 = 1:131072 (2'") (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 SWDTEN: Software Enable/Disable for Watchdog Timer bit

If WDTE<1:0> = 1x:

This bit is ignored.

If WDTE<1:0> =01:

1= WDT is turned on

0 = WDT is turned off

If WDTE<1:0> = 00:

This bit is ignored.

Note 1. Times are approximate. WDT time is based on 31 kHz LFINTOSC.
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TABLE 9-3: SUMMARY OF REGISTERS ASSOCIATED WITH WATCHDOG TIMER
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register
on Page
STATUS — — — TO PD z DC C 21
WDTCON — — WDTPS<4:0> SWDTEN 107
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by
Watchdog Timer.

TABLE 9-4: SUMMARY OF CONFIGURATION WORD WITH WATCHDOG TIMER

Name |Bits| Bit-7 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 |Bit10/2 | Bito/L | Bitso | Re9ISter

on Page
13:8 — — DEBUG | STVREN | PPS1WAY — BORV —

CONFIG2 7:0 | BOREN1 | BORENO | LPBOREN — WDTE1 WDTEO | PWRTE | MCLRE 51
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Watchdog Timer.
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10.0 NONVOLATILE MEMORY
(NVM) CONTROL

NVM is separated into two types: Program Flash
Memory and Data EEPROM.

NVM is accessible by using both the FSR and INDF
registers, or through the NVMREG register interface.

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

NVM can be protected in two ways; by either code
protection or write protection.

Code protection (CP and CPD bits in Configuration
Word 4) disables access, reading and writing, to both
the Program Flash Memory and DFM via external
device programmers. Code protection does not affect
the self-write and erase functionality. Code protection
can only be Reset by a device programmer performing
a Bulk Erase to the device, clearing all nonvolatile
memory, Configuration bits, and User IDs.

Write protection prohibits self-write and erase to a
portion or all of the Program Flash Memory, as defined
by the WRT<1:0> bits of Configuration Word 3. Write
protection does not affect a device programmer’s ability
to read, write, or erase the device.

10.1 Program Flash Memory

Program Flash Memory consists of 2048 14-bit words
as user memory, with additional words for User ID
information, Configuration words, and interrupt vectors.
Program Flash Memory provides storage locations for:

» User program instructions
» User defined data

Program Flash Memory data can be read and/or written
to through:

* CPU instruction fetch (read-only)

» FSR/INDF indirect access (read-only)
(Section 10.3 “FSR and INDF Access”)

* NVMREG access (Section 10.4 “NVMREG
Access”

¢ In-Circuit Serial Programming™ (ICSP™)

Read operations return a single word of memory. When
write and erase operations are done on a row basis, the
row size is defined in Table 10-1. Program Flash
Memory will erase to a logic ‘1’ and program to a logic
‘0.

TABLE 10-1: FLASH MEMORY
ORGANIZATION BY DEVICE

Row Erase write
Device (words) Latches
(words)
PIC16(L)F18313
32 32
PIC16(L)F18323

It is important to understand the Program Flash
Memory structure for erase and programming
operations. Program Flash 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.

After a row has been erased, all or a portion of this row
can be programmed. Data to be written into the
program memory row is written to 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.

Note:  To modify only a portion of a previously
programmed row, then the contents of the
entire row must be read and saved in
RAM prior to the erase. Then, the new
data and retained data can be written into
the write latches to reprogram the row of
the Program Flash 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

10.1.1 PROGRAM MEMORY VOLTAGES

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

10.1.1.1 Programming Externally

The program memory cell and control logic support
write and Bulk Erase operations down to the minimum
device operating voltage. Special BOR operation is
enabled during Bulk Erase (Figure 5-2).

10.1.1.2  Self-programming

The program memory cell and control logic will support
write and row erase operations across the entire VDD
range. Bulk Erase is not supported when
self-programming.

© 2015 Microchip Technology Inc.
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10.2 Data EEPROM

Data EEPROM consists of 256 bytes of user data
memory. The EEPROM provides storage locations for
8-bit user defined data.

EEPROM can be read and/or written through:

» FSR/INDF indirect access (Section 10.3 “FSR
and INDF Access”)

* NVMREG access (Section 10.4 “NVMREG
Access”)

* In-Circuit Serial Programming (ICSP)

Unlike Program Flash Memory, which must be written
to by row, EEPROM can be written to word by word.

10.3 FSR and INDF Access

The FSR and INDF registers allow indirect access to
the Program Flash Memory or EEPROM.

10.3.1 FSR READ

With the intended address loaded into an FSR register
a MOVI Winstruction or read of INDF will read data from
the Program Flash Memory or EEPROM.

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

10.3.2 FSR WRITE

Writing/erasing the NVM through the FSR registers (ex.
MOVW  instruction) is not supported in the
PIC16(L)F18313/18323 devices.

10.4 NVMREG Access

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

Reading, writing, or erasing of NVM via the NVMREG

interface is prevented when the device is
code-protected.

10.4.1 NVMREG READ OPERATION

To read a NVM location using the NVMREG interface
the user must:

1. Clear the NVMREGS bit of the NVMCON1
register if the user intends to access the
Program Flash Memory locations, or set
NMVREGS if the user intends to access User
ID, Configuration, or EEPROM locations.

2. Write the desired address into the
NVMADRH:NVMADRL register pair
(Table 10-2).

3. Set the RD bit of the NVMCON1 register 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.

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.
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FIGURE 10-1: FLASH PROGRAM

MEMORY READ
FLOWCHART

Start
Read Operation

Select Memory:
Program Flash Memory, EEPROM,
Config Words, User ID (NVMREGS)

v

Select
Word Address
(NVMADRH:NVMADRL)

v

Initiate Read operation
(RD =1)

v

Data read now in
NVMDATH:NVMDATL

A 4

End
\ Read Operation

\_/

EXAMPLE 10-1:

PROGRAM FLASH MEMORY PROGRAM MEMORY READ

MOVWF

MOVWF

BCF
BSF

MOVF

MOVF

* This code block will read 1 word of program
* menory at the menory address:
PROG_ADDR HI : PROG_ADDR LO
* data will be returned in the variabl es;
* PROG _DATA_HI, PROG_DATA_LO

BANKSEL  NVMADRL ; Sel ect Bank for NVMCON registers
MOVLW PROG_ADDR_LO ;

NVNADRL ; Store LSB of address

MOVLW PROG_ADDR_HI ;

NVIVADRH ; Store MSB of address

NVMCONL, NVMREGS ; Do not sel ect Configuration Space

NVMCON1, RD ; Initiate read

NVMDATL, W ; Get LSB of word
PROG_DATA LO ; Store in user |location
NVMDATH, W ; Get MSB of word
PROG_DATA _HI ; Store in user |location

© 2015 Microchip Technology Inc.
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10.4.2 NVM UNLOCK SEQUENCE

FIGURE 10-2:

NVM UNLOCK
SEQUENCE FLOWCHART

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:

* Program Flash Memory Row Erase

* Load of Program Flash Memory write latches

» Write of Program Flash Memory write latches to
Program Flash Memory

» Write of Program Flash Memory write latches to
User IDs

* Write to EEPROM

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

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

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

Note:  The two NOP instructions after setting the
WR bit that were required in previous
devices are not required for
PIC16(L)F18313/18323 devices. See

Figure 10-2.

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

( Start Unlock Sequence >

A 4

Write 55h to NVMCON2

A 4

Write AAh to NVMCON2

A 4

Initiate Write or Erase operation
(WR=1)

\d
NOP instruction
(Not Required for 18313/18323
devices)

\d
NOP instruction
(Not required for 18313/18323
devices)

( End Unlock Operation>

EXAMPLE 10-2: NVM UNLOCK SEQUENCE

shown.

Recommended so sequence is not interrupted
Load 55h into NVMCON2

Load AAh into NVMCON2
; Step 4: Set WR bit to begin write/erase

BANKSEL NVMCON1

BSF NVMCON1, WREN ; Enable write/erase
MOVLW 55h ; Load 55h

BCF INTCON, GIE ;

MOVWF NVMCON2 ; Step 1:

MOVLW AAh ; Step 2: Load W with AAh
MOVWF NVMCON2 ; Step 3:

BSF NVMCON1, WR ;

BSF INTCON, GIE ; Re-enable interrupts

Note 1: Sequence begins when NVMCONS2 is written; steps 1-4 must occur in the cycle-accurate order

2: Opcodes shown are illustrative; any instruction that has the indicated effect may be used.
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10.4.3 NVMREG WRITE TO EEPROM

Writing to the EEPROM is accomplished by the
following steps:

1. Set the NVMREGS and WREN bits of the
NVMCON1 register.

2. Write the desired address (address + 7000h)
into the NVMADRH:NVMADRL register pair
(Table 10-2).

3. Perform the unlock sequence as described in
Section 10.4.2 “NVM Unlock Sequence”.

A single EEPROM word is written with NVMDATA. The
operation includes an implicit erase cycle for that word
(it is not necessary to set the FREE bit), and requires
many instruction cycles to finish. CPU execution
continues in parallel and, when complete, WR is
cleared by hardware, NVMIF is set, and an interrupt will
occur if NVMIE is also set. Software must poll the WR
bit to determine when writing is complete, or wait for the
interrupt to occur. WREN will remain unchanged.

Once the EEPROM write operation begins, clearing the

WR bit will have no effect; the operation will continue to
run to completion.

10.4.4 NVMREG ERASE OF PROGRAM
FLASH MEMORY

Before writing to Program Flash Memory, the word(s) to
be written must be erased or previously unwritten. Pro-
gram Flash Memory can only be erased one row at a
time. No automatic erase occurs upon the initiation of
the write to Program Flash Memory.

To erase a Program Flash Memory row:

1. Clear the NVMREGS bit of the NVMCON1
register to erase Program Flash Memory
locations, or set the NMVREGS bit to erase
User ID locations.

2. Write the desired address into the

NVMADRH:NVMADRL register pair
(Table 10-2).

3. Setthe FREE and WREN bits of the NVMCON1
register.

4. Perform the unlock sequence as described in
Section 10.4.2 “NVM Unlock Sequence”.

If the Program Flash Memory address is
write-protected, the WR bit will be cleared and the
erase operation will not take place.

While erasing Program Flash Memory, CPU operation
is suspended, and resumes when the operation is
complete. Upon completion, the NVMIF is set, and an
interrupt will occur if the NVMIE bit is also set.

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

FIGURE 10-3: NVM ERASE

FLOWCHART

< Start Erase Operation )

v

Select Memory:
PFM,Config Words, User ID
(NVMREGS)

Select Word Address
(NVMADRH:NVMADRL)

'

Select Erase Operation
(FREE =1)

'

Enable Write/Erase Operation
(WREN = 1)

'

Disable Interrupts
(GIE=0)

'

Unlock Sequence
Figure 10-2

'

CPU stalls while Erase operation
completes (2ms typical)

'

Enable Interrupts
(GIE=1)

'

Disable Write/Erase Operation
(WREN = 0)

C End Erase Operation >
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EXAMPLE 10-3: ERASING ONE ROW OF PROGRAM FLASH MEMORY

; This sanple row erase routine assunes the foll ow ng:
; 1.A valid address within the erase row is |oaded in variabl es ADDRH: ADDRL
; 2. ADDRH and ADDRL are |ocated in common RAM (| ocati ons 0x70 - Ox7F)
BANKSEL NVMADRL
MOVF ADDRL, W
MOVWF NVMADRL Load |l ower 8 bits of erase address boundary
MOVF ADDRH, W
MOVWF NVMADRH ; Load upper 6 bits of erase address boundary
BCF NVMCON1, NVMREGS ; Choose Program Fl ash Menory area
BSF NVMCONL, FREE : Specify an erase operation
BSF NVMCON1, VWREN Enable wites
BCF I NTCON, G E Di sabl e interrupts during unlock sequence
------------------------------- REQUI RED UNLOCK SEQUENCE: - - = - === === === cmmmmmmmmm oo oo -
MOVLW 55h Load 55h to get ready for unlock sequence
MOVWF NVMCON2 ; First step is to |load 55h into NVMCON2
MOVLW AAh ; Second step is to load AAh into W
MOVW\F NVMCON2 ; Third step is to | oad AAh into NVMCON2
BSF NVMCON1, WR ; Final step is to set WR bit
BSF I NTCON, Gl E Re-enabl e interrupts, erase is conplete
BCF NVMCON1, WREN Di sable wites
TABLE 10-2:  NVM ORGANIZATION AND ACCESS INFORMATION
Master Values NVMREG Access FSR Access
Program NVMREGS FSR
Funciion | Counter o), | MEEBY | it NIREOR | perations | Address | Programming
ICSP Address | ' YP€ | (N\vMCONY) : P Address
Reset Vector 0000h 0 0000h 8000h
User Memory 0001h 0 0001h 8001h
0003h Program 0003h READ 8003h | READ-ONLY
INT Vector 0004h Flash 0 0004h WRITE 8004h
User Memory 0005h Memory 0 0005h 8005h
07FFh 07FFh FFFFh
User ID Program 1 0000h READ
Flash 0003h
Memory
Reserved — — 0004h —
Rev ID No PC ! 0005h NO ACCESS
Device ID 1 0006h
CONFIG1 hdress 1 0007h READ
Program
CONFIG2 Flash 1 0008h
CONFIG3 Memory 1 0009h
CONFIG4 1 000Ah
User Memory EEPROM 1 7000h READ FOO0Oh READ-ONLY
70FFh WRITE FOFFh
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10.4.5 NVMREG WRITE TO PROGRAM
FLASH MEMORY

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.
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 10-4 (row writes to program memory with 32
write latches) for more details.

The write latches are aligned to the Flash row address
boundary defined by the wupper 10-bits of
NVMADRH:NVMADRL,(NVMADRH<6:0>: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 should 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.

1. Set the WREN bit of the NVMCONT1 register.

2. Clear the NVMREGS bit of the NVMCON1
register.

3. Set the LWLO bit of the NVMCON1 register.
When the LWLO bit of the NVMCON1 register is
‘1’, the write sequence will only load the write
latches and will not initiate the write to Flash
program memory.

4. Load the NVMADRH:NVMADRL register pair
with the address of the location to be written.

5. Load the NVMDATH:NVMDATL register pair
with the program memory data to be written.

6. Execute the unlock sequence (Section 10.4.2
“NVM Unlock Sequence”). The write latch is
now loaded.

7. Increment the NVMADRH:NVMADRL register
pair to point to the next location.

8. Repeat steps 5 through 7 until all but the last
write latch has been loaded.

9. Clear the LWLO bit of the NVMCONT1 register.
When the LWLO bit of the NVMCON1 register is
‘0’, the write sequence will initiate the write to
Flash program memory.

10. Load the NVMDATH:NVMDATL register pair
with the program memory data to be written.

11. Execute the unlock sequence (Section 10.4.2
“NVM Unlock Sequence”). The entire program
memory latch content is now written to Flash
program memory.

Note:  The program memory write latches are
reset to the blank state (Ox3FFF) 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.

Note:  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.

An example of the complete write sequence is shown in
Example 10-4. The initial address is loaded into the
NVMADRH:NVMADRL register pair; the data is loaded
using indirect addressing.

© 2015 Microchip Technology Inc.
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FIGURE 10-4: BLOCK WRITES TO PROGRAM FLASH MEMORY WITH 32-WRITE LATCHES
7 6 07 5 4 7 5 0 7 0
NVMADRH NVMADRL [T-] NVMDATH | __ NVMDATL |
r9|r8|r7|r6|r5|r4|r3 r2|r1|r0|c4|c3|c2|c1|c0 6 8
14

10

NVMADRH<6:0>
NVMADRL<7:5>

NVMADRL<4:0>

NVMREGS =0

Address —
Decode

Row

NVMREGS =1

Program Memory Write Latches

| i“

& S

Write Latch #0
00h

Write Latch #1 Write Latch #30 | Write Latch #31
01h 1Eh 1Fh

| |
|4>
|
|
|
|
|
|
|
I
|
K
I
|
| 2
|
=

Addr Addr <( Addr Addr |
0000h 0001h <( 001Eh 001Fh |
0020h 0021h QQ 003Eh 003Fh |
0040h 0041h QQ 005Eh 005Fh

3FEh 7FCOh 7FC1h QQ 7FDEh 7FDFh |
3FFh 7FEOh 7FE1h QQ 7FFEh 7FFFh |

Program Flash Memory |

8000h - 8003h

8004h 8005h -8006h 8007h — 800Ah 800Bh - 801Fh |

USERIDO0-3

DEVICE ID Configuration
Dev / Rev Words

reserved |

Configuration Memory I

€2e8T/€1€8T4(1)9TDId
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FIGURE 10-5: PROGRAM FLASH MEMORY WRITE FLOWCHART

Start Write Operation

v
h J

Determine number of Load the value to write
words to be written into (NVMDATH:NVMDATL)
Program Flash Memory or
Configuration Memory.
The number of words v
cannot exceed the number
of words per row Update the word counter
(word_cnt) (word_cnt--)

v
Write Latches to Program
Flash Memory
(LWLO =0)

(ad 3
oCICCU

Program Flash Memory or
Config. Memory

(NV/MREGS)
NV IVIIRE OO

Last word to write?

\ 4
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 \

CPU stalls while Write
h J operation completes
(2 ms typical)

Load Write Latches Only A
(LWLO =1)

No delay when writing to
Program Flash Memory

Latches
h J
Enable Write/Erase Re-enable Interrupts
Operation (WREN = 1) (GIE=1)
Re-enable Interrupts \
| (GIE=1) Disable Write/Erase
A Operation (WREN = 0)
h J
Increment Address \

(NVMADRH:NVMADRL++)
End Write Operation

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 117



PIC16(L)F18313/18323

EXAMPLE 10-4:  WRITING TO PROGRAM FLASH MEMORY

; This wite routine assunes the follow ng:
; 1. 64 bytes of data are |oaded, starting at the address in DATA_ADDR
; 2. Each word of data to be witten is made up of two adjacent bytes in
DATA_ADDR,
; stored in little endian format
; 3. Avalid starting address (the least significant bits = 00000) is |oaded
i n ADDRH: ADDRL
; 4. ADDRH and ADDRL are |l ocated in commbn RAM (Il ocations 0x70 - OXx7F)
; 5. NVMMinterrupts are not taken into account
BANKSEL NVMVADRH
MOVF ADDRH, W
MOVWF NVMADRH ; Load initial address
MOVF ADDRL, W
MOVWF NVVADRL
MOVLW LOW DATA_ADDR ; Load initial data address
MOVWF FSROL
MOVLW H GH DATA_ADDR
MOVWF FSROH
BCF NVMCONL, NVMREGS ; Set Program Fl ash Menory as
wite |location
BSF NVMCON1, WREN ; Enable wites
BSF NVMCONL, LW.O ; Load only wite | atches
LOooP
MoV W FSRO++
MOVWF NVMDATL ; Load first data byte
MoV W FSRO++
MOVWF NVMDATH ; Load second data byte
MOVF NVVADRL, W
XORLW Ox1F ; Check if lower bits of address
are 00000
ANDLW Ox1F ; and if on last of 32 addresses
BTFSC STATUS, Z ; Last of 32 words?
Goro START_WRI TE ; If so, go wite latches into
nenory
CALL UNLOCK_SEQ ; I'f not, go load latch
| NCF NVMADRL, F ; I'ncrement address
GOoTO LooP
START_WRI TE
BCF NVMCONL, LW.O ; Latch wites conplete, nowwite
nenory
CALL UNLOCK_SEQ ; Performrequired unl ock sequence
BCF NVMCONL, WREN ; Disable wites
UNLOCK_SEQ
MOVLW 55h
BCF I NTCON, G E ; Disable interrupts
MOVWF NVMCON2 ; Begin unlock sequence
MOVLW AAh
MOVWF NVMCON2
BSF NVMCONL, WR
BSF I NTCON, G E ; Unl ock sequence conpl ete,
re-enabl e interrupts
return
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10.4.6 MODIFYING PROGRAM FLASH FIGURE 10-6: PROGRAM FLASH
MEMORY MEMORY MODIFY
FLOWCHART

When modifying existing data in a program memory
row, and data within that row must be preserved, it must

first be read and saved in a RAM image. Program <
Start >

memory is modified using the following steps:

. Modify Operation
1. Load the starting address of the row to be
modified.
2. Read the existing data from the row into a RAM A 4
image. Read Operation
3. Modify the RAM image to contain the new data Figure 10-1
to be written into program memory. v

4. Load the starting address of the row to be

rewritten. An image of the entire row read

must be stored in RAM

5. Erase the program memory row.
6. Load the write latches with data from the RAM \{\
image.

Initiate a programming operation. Modify Image
The words to be modified are
changed in the RAM image

~

\ 4

Erase Operation
Figure 10-3

\ 4

Write Operation

use RAM image
Figure 10-5

\ 4

End
Modify Operation

10.4.7 NVMREG EEPROM, USER ID,
DEVICE ID AND CONFIGURATION
WORD ACCESS

Instead of accessing Program Flash Memory, the
EEPROM, the User ID’s, Device ID/Revision ID and
Configuration Words can be accessed when
NVMREGS =1 in the NVMCONT1 register. This is the
region that would be pointed to by PC<15> = 1, but not
all addresses are accessible. Different access may
exist for reads and writes. Refer to Table 10-3.

When read access is initiated on an address outside
the parameters listed in Table 10-3, the NVMDATH:
NVMDATL register pair is cleared, reading back ‘O’s.
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TABLE 10-3: EEPROM, USER ID, DEV/REV ID AND CONFIGURATION WORD ACCESS
(NVMREGS = 1)

Address Function Read Access Write Access
8000h-8003h User IDs Yes Yes
8005h-8006h Device ID/Revision ID Yes No
8007h-800Ah Configuration Words 1-4 Yes No
FOOOh-FOFFh EEPROM Yes Yes

EXAMPLE 10-5: DEVICE ID ACCESS

; This wite routine assunes the follow ng:

;1. 64 bytes of data are |oaded, starting at the address in DATA_ADDR

; 2. Each word of data to be witten is made up of two adjacent bytes in DATA ADDR,

; stored in little endian format

; 3. Awvalid starting address (the |east significant bits = 00000) is |oaded inn ADDRH: ADDRL
; 4. ADDRH and ADDRL are located in commpn RAM (| ocations 0x70 - Ox7F)

;5. NVMinterrupts are not taken into account

BANKSEL NVMADRH
MOVF ADDRH, W
MOVWF NVMADRH ; Load initial address
MOVF ADDRL, W
MOVWF NVMADRL
MOVLW LOW DATA_ADDR ; Load initial data address
MOVWF FSROL
MOVLW HI GH DATA_ADDR
MOVWF FSROH
BCF NVMCON1, NVMREGS ; Set Program Flash Menory as wite |ocation
BSF NVMCON1, WREN ; Enable wites
BSF NVMCON1, LW.O ; Load only wite |atches
LOOP
MOVI W FSRO++
MOVWF NVNMVDATL ; Load first data byte
MOVI W FSRO++
MOVWF NVNVDATH ; Load second data byte
MOVF NVMADRL, W
XORLW Ox1F ; Check if lower bits of address are 00000
ANDLW Ox1F ;and if on last of 32 addresses
BTFSC STATUS, Z ; Last of 32 words?
GOoTo START_WRI TE ; If so, go wite latches into nenory
CALL UNLOCK_SEQ ; If not, go load latch
I NCF NVMADRL, F ; Increnent address
GOTO LOOP
START_WRI TE
BCF NVMCONL, LW.O ; Latch wites conplete, now wite nenory
CALL UNLOCK_SEQ ; Performrequired unl ock sequence
BCF NVMCONL, WREN ; Disable wites
UNLOCK_SEQ
MOVLW 55h
BCF I NTCON, G E ; Disable interrupts
MOVWF NVMCON2 ; Begin unl ock sequence
MOVLW AAh
MOVWF NVMCON2
BSF NVMCONL, VR
BSF I NTCON, G E ; Unl ock sequence conplete, re-enable interrupts
return
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10.4.8 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 page then the
stored program memory contents are compared with the
intended data stored in RAM after the last write is
complete.

FIGURE 10-7: PROGRAM FLASH
MEMORY VERIFY
FLOWCHART

Start
Verify Operation

\ 4

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

\ 4

Read Operation
Figure 10-1

A

End
Verify Operation
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10.4.9 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

* An unlock sequence was interrupted

The WRERR bit is normally set by hardware, but can
be set by the user for test purposes. Once set, WRERR
must be cleared in software.

TABLE 10-4: ACTIONS FOR PROGRAM FLASH MEMORY WHEN WR =1

Free LWLO WR = 1

Actions for Program Flash Memory when

Comments

Flash Memory”

0 0 Write the write-latch data to Program Flash Memory row.
See Section 10.4.4 “NVMREG Erase of Program

If WP is enabled, WR is cleared
and WRERR is set

Write latches are reset to 3FFh
NVMDATH:NVMDATL is ignored

0 1 Copy NVMDATH:NVMDATL to the write latch .
corresponding to NVMADR LSBs. See Section 10.4.4 |-
“NVMREG Erase of Program Flash Memory”

Write protection is ignored
No memory access occurs

EEPROM”

1 X Erase the 32-word row of NVMADRH:NVMADRL .
location. See Section 10.4.3 “NVMREG Write to

If WP is enabled, WR is cleared
and WRERR is set

All 32 words are erased
NVMDATH:NVMDATL is ignored
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10.5 Register Definitions: Program Flash Memory Control

REGISTER 10-1: NVMDATL: NONVOLATILE MEMORY DATA LOW BYTE REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
NVMDAT<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-0 NVMDAT<7:0>: Read/write value for Least Significant bits of Program Memory
REGISTER 10-2: NVMDATH: NONVOLATILE MEMORY DATA HIGH BYTE REGISTER
uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — | NVMDAT<13:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 NVMDAT<13:8>: Read/write value for Most Significant bits of Program Memory
REGISTER 10-3: NVMADRL: NONVOLATILE MEMORY ADDRESS LOW BYTE REGISTER
R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
NVMADR<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared
bit 7-0 NVMADR<7:0>: Specifies the Least Significant bits for Program Memory Address
REGISTER 10-4: NVMADRH: NONVOLATILE MEMORY ADDRESS HIGH BYTE REGISTER
U-1 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— NVMADR<14:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 Unimplemented: Read as ‘1’
bit 6-0 NVMADR<14:8>: Specifies the Most Significant bits for Program Memory Address
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REGISTER 10-5: NVMCON1: NONVOLATILE MEMORY CONTROL 1 REGISTER

uU-0 R/W-0/0 R/W-0/0 R/W/HC-0/0  R/W/HS-x/q R/W-0/0 R/S/HC-0/0 R/S/HC-0/0
— NVMREGS LWLO FREE WRERR WREN WR RD

bit 7 bit 0

Legend:

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

S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bitis set ‘0’ = Bit is cleared HC = Bit is cleared by hardware

bit 7 Unimplemented: Read as ‘0’

bit 6 NVMREGS: Configuration Select bit

1= Access EEPROM, Configuration, User ID and Device ID Registers
0 = Access Program Flash Memory
bit 5 LWLO: Load Write Latches Only bit
When FREE = 0:
1= The next WR command updates the write latch for this word within the row; no memory operation is initiated
0 = The next WR command writes data or erases
Otherwise: The bit is ignored.

bit 4 FREE: Program Flash Memory Erase Enable bit
When NVMREGS:NVMADR points to a Program Flash Memory location:
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 = All write operations have completed normally
bit 3 WRERR: Program/Erase Error Flag bit (1:2:3)
This bit is normally set by hardware.
1= A write operation was interrupted by a Reset, or WR was written to one while NVMADR points to a
write-protected address.
0 = The program or erase operation completed normally
bit 2 WREN: Program/Erase Enable bit
1 = Allows program/erase cycles
0 = Inhibits programming/erasing of program Flash
bit 1 WR: Write Control bit(*:>:6)
When NVMREG:NVMADR points to a EEPROM location:
1 = Initiates an erase/program cycle at the corresponding EEPROM location
0 = NVM program/erase operation is complete and inactive
When NVMREG:NVMADR points to a Program Flash Memory location:
1 = Initiates the operation indicated by Table 10-4
0 = NVM program/erase operation is complete and inactive
Otherwise: This bit is ignored.
bit 0 RD: Read Control bit(")
1 = Initiates a read at address = NVMADRH1, and loads data to NVMDAT Read takes one instruction cycle and the
bit is cleared when the operation is complete. The bit can only be set (not cleared) in software.
0 = NVM read operation is complete and inactive
Note 1: Bitis undefined while WR =1 (during the EEPROM write operation it may be ‘0’ or ‘1’).
Bit must be cleared by software; hardware will not clear this bit.
Bit may be written to ‘1’ by software in order to implement test sequences.
This bit can only be set by following the unlock sequence of Section 10.4.2 “NVM Unlock Sequence”.
Operations are self-timed, and the WR bit is cleared by hardware when complete.
Once a write operation is initiated, setting this bit to zero will have no effect.
Reading from EEPROM loads only NVMDATL<7:0> (Register 10-1).

NeaRrDN
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REGISTER 10-6: NVMCON2: NONVOLATILE MEMORY CONTROL 2 REGISTER

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
NVMCON2<7:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
S = Bit can only be set x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-0 NVMCON2<7:0>: Flash Memory Unlock Pattern bits

To unlock writes, a 55h must be written first, followed by an AAh, before setting the WR bit of the
NVMCONT1 register. The value written to this register is used to unlock the writes.

TABLE 10-5: SUMMARY OF REGISTERS ASSOCIATED WITH NONVOLATILE MEMORY (NVM)

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on Page
INTCON GIE PEIE = = = = = INTEDG 87
PIR2 — C2IF®W C1IF NVMIF — — — NCO1IF 95
PIE2 — C21iE® C1IE NVMIE — — — NCO1IE 90
NVMCON1 — NVMREGS| LWLO FREE WRERR WREN WR RD 124
NVMCON2 NVMCON2<7:0> 125
NVMADRL NVMADR<7:0> 123
NVMADRH —@ \ NVMADR<14:8> 123
NVMDATL NVMDAT<7:0> 123
NVMDATH = \ = NVMDAT<13:8> 123
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by NVM.

Note 1: PIC16(L)F18323 only.
2:  Unimplemented, read as ‘1’.
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11.0 1/0 PORTS

TABLE 11-1: PORT AVAILABILITY PER
DEVICE

Device

PORTA
PORTC

PIC16(L)F18313
PIC16(L)F18323

Each port has ten standard registers for its operation.
These registers are:

* PORTXx registers (reads the levels on the pins of
the device)

» LATXx registers (output latch)

* TRISx registers (data direction)

* ANSELXx registers (analog select)
* WPUXx registers (weak pull-up)

* INLVLx (input level control)

* SLRCONX registers (slew rate)

* ODCONXx registers (open-drain)

Most port pins share functions with device peripherals,
both analog and digital. In general, when a peripheral
is enabled on a port pin, that pin cannot be used as a
general purpose output; however, the pin can still be
read.

The Data Latch (LATx registers) is useful for
read-modify-write operations on the value that the 1/0
pins are driving.

A write operation to the LATx register has the same
effect as a write to the corresponding PORTXx register.
A read of the LATx register reads of the values held in
the 1/0 PORT latches, while a read of the PORTXx
register reads the actual I/O pin value.

Ports that support analog inputs have an associated
ANSELXx register. When an ANSEL bit is set, the digital
input buffer associated with that bit is disabled.

Disabling the input buffer prevents analog signal levels
on the pin between a logic high and low from causing
excessive current in the logic input circuitry. A
simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 11-1.

FIGURE 11-1: GENERIC I/O PORT

OPERATION

Read LATx TRISX

¢ D Q

Write LATx
Write PORTX|

KA VDD

Data Register

Data Bus
Read PORTx
To digital peripherals €¢—————
ANSELXx

1/0 pin

Vss

To analog peripherals <

11.1  1/O Priorities

Each pin defaults to the PORT data latch after Reset.
Other functions are selected with the peripheral pin
select logic. See Section 12.0, Peripheral Pin Select
(PPS) Module for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
These inputs are active when the 1/O pin is set for
Analog mode using the ANSELX register. Digital output
functions may continue to control the pin when it is in
Analog mode.

Analog outputs, when enabled, take priority over the
digital outputs and force the digital output driver to the
high-impedance state.
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11.2 PORTA Registers

11.2.1 DATA REGISTER

PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA
(Register 11-2). Setting a TRISA bit (= 1) will make the
corresponding PORTA pin an input (i.e., disable the
output driver). Clearing a TRISA bit (= 0) will make the
corresponding PORTA pin an output (i.e., enables
output driver and puts the contents of the output latch
on the selected pin). The exception is RA3, which is
input-only and its TRIS bit will always read as ‘1’.
Example 11.2.8 shows how to initialize PORTA.

Reading the PORTA register (Register 11-1) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then
written to the PORT data latch (LATA).

The PORT data latch LATA (Register 11-3) holds the
output port data, and contains the latest value of a
LATA or PORTA write.

EXAMPLE 11-1:  INITIALIZING PORTA

; This code exanple illustrates
initializing the PORTA register. The
other ports are initialized in the same
menner .

BANKSEL PORTA

CLRF PORTA

BANKSEL LATA

CLRF LATA

BANKSEL ANSELA

CLRF ANSELA ;digital 1/0

BANKSEL TRI SA ;

MOVLW  B' 00111000 ; Set RA<5:3> as inputs

MOVWF TRI SA ;and set RA<2:0> as
;out put's

;lnit PORTA
;Data Latch

11.2.2 DIRECTION CONTROL

The TRISA register (Register 11-2) controls the
PORTA pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits
in the TRISA register are maintained set when using
them as analog inputs. I/O pins configured as analog
inputs always read ‘0’.

11.2.3 OPEN-DRAIN CONTROL

The ODCONA register (Register 11-6) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONA bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONA bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

Note: It is not necessary to set open-drain
control when using the pin for IZCT""; the
I2C™ module controls the pin and makes

the pin open-drain.

11.24 SLEW RATE CONTROL

The SLRCONA register (Register 11-7) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONA bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONA bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

© 2015 Microchip Technology Inc.
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11.2.5 INPUT THRESHOLD CONTROL

The INLVLA register (Register 11-8) controls the input
voltage threshold for each of the available PORTA input
pins. A selection between the Schmitt Trigger CMOS or
the TTL Compatible thresholds is available. The input
threshold is important in determining the value of a read
of the PORTA register and also the level at which an
interrupt-on-change occurs, if that feature is enabled.
See Table 34-4 for more information on threshold
levels.

Note: Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on
that pin.

11.2.6 ANALOG CONTROL

The ANSELA register (Register 11-4) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELA bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELA bits has no effect on digital
output functions. A pin with its TRIS bit clear and its
ANSEL bit set will still operate as a digital output, but
the Input mode will be analog. This can cause unex-
pected behavior when executing read-modify-write
instructions on the affected port.

Note:  The ANSELA bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

11.2.7 WEAK PULL-UP CONTROL

The WPUA register (Register 11-5) controls the
individual weak pull-ups for each port pin.

PORTA pin RA3 includes the MCLR/VPP input. The
MCLR input allows the device to be reset, and can be
disabled by the MCLRE bit of Configuration Word 2. A
weak pull-up is present on the RA3 port pin. This weak
pull-up is enabled when MCLR is enabled (MCLRE = 1)
or the WPUAS bit is set. The weak pull-up is disabled
when is disabled and the WPUAS bit is clear.

11.2.8 PORTA FUNCTIONS AND OUTPUT
PRIORITIES

Each PORTA pin is multiplexed with other functions.

Each pin defaults to the PORT latch data after Reset.
Other output functions are selected with the peripheral
pin select logic or by enabling an analog output, such
as the DAC. See Section 12.0, Peripheral Pin Select
(PPS) Module for more information.

Analog input functions, such as ADC and comparator
inputs are not shown in the peripheral pin select lists.
Digital output functions may continue to control the pin
when it is in Analog mode.
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11.3 Register Definitions: PORTA

REGISTER 11-1: PORTA: PORTA REGISTER

U-0 u-0 R/W-x/u R/W-x/u R-x/u R/W-x/u R/W-x/u R/W-x/u
— — RA5 RA4 RA3(® RA2 RA1 RAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RA<5:0>: PORTA /O Value bits()

1 = Port pinis > VIH
0 = Port pin is < VIL

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is
return of actual I/O pin values.

2. Bit RA3 is read-only, and will read ‘1’ when MCLRE = 1 (master clear enabled).

REGISTER 11-2: TRISA: PORTA TRI-STATE REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 U-1 R/W-1/1 R/W-1/1 R/W-1/1
— — TRISA5 TRISA4 — TRISA2 TRISA1 TRISAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 TRISA<5:4>: PORTA Tri-State Control bit

1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output

bit 3 Unimplemented: Read as ‘1’

bit 2-0 TRISA<2:0>: PORTA Tri-State Control bit
1 = PORTA pin configured as an input (tri-stated)
0 = PORTA pin configured as an output
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REGISTER 11-3: LATA: PORTA DATA LATCH REGISTER

uU-0 u-0 R/W-x/u R/W-x/u uU-0 R/W-x/u R/W-x/u R/W-x/u
— — LATAS5 LATA4 — LATA2 LATA1 LATAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 LATA<5:4>: RA<5:4> Output Latch Value bits(?)
bit 3 Unimplemented: Read as ‘0’
bit 2-0 LATA<2:0>: RA<2:0> Output Latch Value bits(?)

Note 1: Writes to PORTA are actually written to corresponding LATA register. Reads from PORTA register is
return of actual I/O pin values.

REGISTER 11-4: ANSELA: PORTA ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 u-0 R/W-1/1 R/W-1/1 R/W-1/1
— — ANSA5 ANSA4 — ANSA2 ANSA1 ANSAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 ANSA<5:4>: Analog Select between Analog or Digital Function on pins RA<5:4>, respectively

1= Analog input. Pin is assigned as analog input}). Digital input buffer disabled.
0 = Digital I/0O. Pin is assigned to port or digital special function.
bit 3 Unimplemented: Read as ‘0’
bit 2-0 ANSA<2:0>: Analog Select between Analog or Digital Function on pins RA<2:0>, respectively

1 = Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.
0 = Digital /0. Pin is assigned to port or digital special function.

Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to
allow external control of the voltage on the pin.
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REGISTER 11-5: WPUA: WEAK PULL-UP PORTA REGISTER

uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — WPUA5 WPUA4 WPUA3W) WPUA2 WPUA1 WPUAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 WPUA<5:0>: Weak Pull-up Register bits(®)

1 = Pull-up enabled
0 = Pull-up disabled

Note 1: If MCLRE = 1, the weak pull-up in RA3 is always enabled; bit WPUAS is not affected.
2. The weak pull-up device is automatically disabled if the pin is configured as an output.

REGISTER 11-6: ODCONA: PORTA OPEN-DRAIN CONTROL REGISTER

uU-0 u-0 R/W-0/0 R/W-0/0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — ODCA5 ODCA4 — ODCA2 ODCA1 ODCAO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 ODCA<5:4>: PORTA Open-Drain Enable bits

For RA<5:4> pins, respectively

1 = Port pin operates as open-drain drive (sink current only)

0 = Port pin operates as standard push-pull drive (source and sink current)
bit 3 Unimplemented: Read as ‘0’
bit 2-0 ODCA<2:0>: PORTA Open-Drain Enable bits

For RA<2:0> pins, respectively

1 = Port pin operates as open-drain drive (sink current only)

0 = Port pin operates as standard push-pull drive (source and sink current)
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REGISTER 11-7: SLRCONA: PORTA SLEW RATE CONTROL REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 uU-0 R/W-1/1 R/W-1/1 R/W-1/1
— — SLRA5 SLRA4 — SLRA2 SLRA1 SLRAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 SLRA<5:4>: PORTA Slew Rate Enable bits

For RA<5:4> pins, respectively
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

bit 3 Unimplemented: Read as ‘0’

bit 2-0 SLRA<2:0>: PORTA Slew Rate Enable bits
For RA<2:0> pins, respectively
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-8: INLVLA: PORTA INPUT LEVEL CONTROL REGISTER

u-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — INLVLA5 INLVLA4 INLVLA3 INLVLA2 INLVLA1 INLVLAO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 INLVLA<5:0>: PORTA Input Level Select bits

For RA<5:0> pins, respectively
1 = ST input used for port reads and interrupt-on-change
0 = TTL input used for port reads and interrupt-on-change
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TABLE 11-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register

on Page
PORTA — — RA5 RA4 RA3 RA2 RA1 RAO 129
TRISA — — TRISA5 | TRISA4 — TRISA2 | TRISA1 | TRISAO 129
LATA — — LATAS5 LATA4 — LATA2 LATA1 LATAO 130
ANSELA — — ANSA5 | ANSA4 — ANSA2 | ANSA1 | ANSAO 130
WPUA — — WPUA5 | WPUA4 | WPUA3 | WPUA2 | WPUA1 | WPUAO 131
ODCONA — — ODCA5 | ODCA4 — ODCA2 | ODCA1 | ODCAO 131
SLRCONA — — SLRA5 | SLRA4 — SLRA2 | SLRAT SLRAO 132
INLVLA — — INLVLA5 | INLVLA4 | INLVLA3 | INLVLA2 | INLVLA1 | INLVLAO 132

Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’. Shaded cells are not used by PORTA.
Note 1: Unimplemented, read as ‘1'.

TABLE 11-3: SUMMARY OF CONFIGURATION WORD WITH PORTA

Name | Bits | Bit-77 | Bit-/6 | Bit13/5 | Bit12/4 | Bit11/3 | Bit10/2 | Bito/L | Bitsio | ReYISter
on Page
13:8 = = DEBUG | STVREN | PPS1WAY — BORV —
CONFIG2 — — 51
7:0 | BOREN1 | BORENO | LPBOREN — WDTEA1 WDTEO | PWRTE | MCLRE
Legend: — =unimplemented location, read as ‘0’. Shaded cells are not used by PORTA.
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11.4 PORTC Registers
(PIC16(L)F18323 Only)

11.4.1 DATA REGISTER

PORTC is a 6-bit wide bidirectional port and is only
available in the PIC16(L)F18323 devices. The
corresponding data direction register is TRISC
(Register 11-10). Setting a TRISC bit (= 1) will make the
corresponding PORTC pin an input (i.e., put the
corresponding output driver in a High-Impedance mode).
Clearing a TRISC bit (= 0) will make the corresponding
PORTC pin an output (i.e., enable the output driver and
put the contents of the output latch on the selected pin).
Example 11.2.8 shows how to initialize an 1/O port.

Reading the PORTC register (Register 11-9) reads the
status of the pins, whereas writing to it will write to the
PORT latch. All write operations are read-modify-write
operations. Therefore, a write to a port implies that the
port pins are read, this value is modified and then written
to the PORT data latch (LATC).

The PORT data latch LATC (Register 11-11) holds the
output port data, and contains the latest value of a LATC
or PORTC write.

11.4.2 DIRECTION CONTROL

The TRISC register (Register 11-10) controls the
PORTC pin output drivers, even when they are being
used as analog inputs. The user should ensure the bits in
the TRISC register are maintained set when using them
as analog inputs. /O pins configured as analog inputs
always read ‘0’.

11.4.3 INPUT THRESHOLD CONTROL

The INLVLC register (Register 11-16) controls the input
voltage threshold for each of the available PORTC
input pins. A selection between the Schmitt Trigger
CMOS or the TTL Compatible thresholds is available.
The input threshold is important in determining the
value of a read of the PORTC register and also the
level at which an interrupt-on-change occurs, if that
feature is enabled. See Table 34-4 for more information
on threshold levels.

11.4.4 OPEN-DRAIN CONTROL

The ODCONC register (Register 11-14) controls the
open-drain feature of the port. Open-drain operation is
independently selected for each pin. When an
ODCONC bit is set, the corresponding port output
becomes an open-drain driver capable of sinking
current only. When an ODCONC bit is cleared, the
corresponding port output pin is the standard push-pull
drive capable of sourcing and sinking current.

Note: It is not necessary to set open-drain
control when using the pin for IZCT""; the
I2C™ module controls the pin and makes

the pin open-drain.

11.4.5 SLEW RATE CONTROL

The SLRCONC register (Register 11-15) controls the
slew rate option for each port pin. Slew rate control is
independently selectable for each port pin. When an
SLRCONC bit is set, the corresponding port pin drive is
slew rate limited. When an SLRCONC bit is cleared,
The corresponding port pin drive slews at the maximum
rate possible.

11.4.6 ANALOG CONTROL

The ANSELC register (Register 11-12) is used to
configure the Input mode of an I/O pin to analog.
Setting the appropriate ANSELC bit high will cause all
digital reads on the pin to be read as ‘0’ and allow
analog functions on the pin to operate correctly.

The state of the ANSELC bits has no effect on digital out-
put functions. A pin with TRIS clear and ANSELC set will
still operate as a digital output, but the Input mode will be
analog. This can cause unexpected behavior when exe-
cuting read-modify-write instructions on the affected
port.

Note:  The ANSELC bits default to the Analog
mode after Reset. To use any pins as
digital general purpose or peripheral
inputs, the corresponding ANSEL bits
must be initialized to ‘0’ by user software.

Note:  Changing the input threshold selection
should be performed while all peripheral
modules are disabled. Changing the
threshold level during the time a module is
active may inadvertently generate a
transition associated with an input pin,
regardless of the actual voltage level on

that pin.

11.4.7 WEAK PULL-UP CONTROL

The WPUC register (Register 11-13) controls the
individual weak pull-ups for each port pin.

11.4.8 PORTC FUNCTIONS AND OUTPUT
PRIORITIES

Each pin defaults to the PORT latch data after Reset.
Other output functions are selected with the peripheral
pin select logic. See Section 12.0, Peripheral Pin
Select (PPS) Module for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
Digital output functions may continue to control the pin
when it is in Analog mode.
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11.5 Register Definitions: PORTC
REGISTER 11-9: PORTC: PORTC REGISTER
U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
= = RC5 RC4 RC3 RC2 RC1 RCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

X = Bit is unknown

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

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 RC<5:0>: PORTC General Purpose 1/0O Pin bits
1 =Port pinis > VIH
0 = Port pin is < VIL
Note 1: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is return of actual

1/O pin values.

REGISTER 11-10: TRISC: PORTC TRI-STATE REGISTER

U-0 u-0 RIW-1/1 RIW-1/1 RIW-1/1 RIW-1/1 RIW-1/1 RIW-1/1
= | — | Triscs | TRisc4 | TRIsC3 TRISC2 TRISC1 TRISCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TRISC<5:0>: PORTC Tri-State Control bits(?)

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

REGISTER 11-11: LATC: PORTC DATA LATCH REGISTER

U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
= | — | atcs | 1atca | LaTc3 | LATC2 LATC1 LATCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 LATC<5:0>: PORTC Output Latch Value bits
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REGISTER 11-12:

ANSELC: PORTC ANALOG SELECT REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— | — | anscs | ANsc4 | ANsc3 [ ANsC2 ANSC1 ANSCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ANSC<5:0>: Analog Select between Analog or Digital Function on pins RC<5:0>, respectively(l)
0 = Digital I/O. Pin is assigned to port or digital special function.
1= Analog input. Pin is assigned as analog input(l). Digital input buffer disabled.
Note 1: When setting a pin to an analog input, the corresponding TRIS bit must be set to Input mode in order to allow external

control of the voltage on the pin.

REGISTER 11-13: WPUC: WEAK PULL-UP PORTC REGISTER

u = Bit is unchanged

U-0 u-0 RIW-0/0 RIW-0/0 RIW-0/0 RIW-0/0 RIW-0/0 RIW-0/0
= | — | wpucs | wpuca | wpuca | wpuc2 WPUCT WPUCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1" = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 WPUC<5:0>: Weak Pull-up Register bits®

1 = Pull-up enabled
0 = Pull-up disabled

Note 1:

REGISTER 11-14:

The weak pull-up device is automatically disabled if the pin is configured as an output..

ODCONC: PORTC OPEN-DRAIN CONTROL REGISTER

u = Bit is unchanged

uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — ODCC5 ODCC4 oDCC3 OoDCC2 oDCC1 ODCCO0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 ODCC<5:0>: PORTC Open-Drain Enable bits

For RC<5:0> pins, respectively
1 = Port pin operates as open-drain drive (sink current only)
0 = Port pin operates as standard push-pull drive (source and sink current)
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REGISTER 11-15: SLRCONC: PORTC SLEW RATE CONTROL REGISTER

uU-0 u-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— | — | stres | slRca | slRc3 | SLRC2 | SLRCH SLRCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 SLRC<5:0>: PORTC Slew Rate Enable bits

For RC<5:0> pins, respectively
1 = Port pin slew rate is limited
0 = Port pin slews at maximum rate

REGISTER 11-16: INLVLC: PORTC INPUT LEVEL CONTROL REGISTER

uU-0 U-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
— — INLVLC5 INLVLC4 INLVLC3 INLVLC2 INLVLCA INLVLCO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 INLVLC<5:0>: PORTC Input Level Select bits

For RC<5:0> pins, respectively
1 = ST input used for port reads and interrupt-on-change
0 = TTL input used for port reads and interrupt-on-change

TABLE 11-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Eﬁgpizgeé
PORTC — — RC5 RC4 RC3 RC2 RC1 RCO 135
TRISC _ — | TRiISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 135
LATC — — LATC5 | LATC4 | LATC3 | LATC2 | LATC1 | LATCO 135
ANSELC _ _ ANSC5 | ANSC4 | ANSC3 | ANSC2 | ANSC1 | ANSCO 136
WPUC — — | 'wPucs | wPuc4 | wPuC3 | wPUC2 | WPUCT | WPUCO | 136
ODCONC — — | opccs | opccs | obces | obccz | opcct | obcco | 136
SLRCONC — — SLRC5 | SLRC4 | SLRC3 | SLRC2 | SLRC1 | SLRCO 137
INLVLC _ — | INLVLCS | INLVLC4 | INLVLC3 | INLVLC2 | INLVLCT | INLVLCO | 137
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12.0 PERIPHERAL PIN SELECT
(PPS) MODULE

The Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O pins.
Only digital signals are included in the selections. All
analog inputs and outputs remain fixed to their
assigned pins. Input and output selections are
independent as shown in the simplified block diagram
Figure 12-1.

12.1  PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

Although every peripheral has its own PPS input
selection register, the selections are identical for every
peripheral as shown in Register 12-1.

12.2 PPS Outputs

Each 1/0O pin has a PPS register with which the pin
output source is selected. With few exceptions, the port
TRIS control associated with that pin retains control
over the pin output driver. Peripherals that control the
pin output driver as part of the peripheral operation will
override the TRIS control as needed. These
peripherals include:

* EUSART (synchronous operation)
« MSSP (12C™)
Although every pin has its own PPS peripheral

selection register, the selections are identical for every
pin as shown in Register 12-2.

Note:  The notation “Rxy” is a place holder for the
pin identifier. For example, RAOPPS.

Note:  The notation “xxx” in the register name is
a place holder for the peripheral identifier.
For example, CLC1PPS.
FIGURE 12-1: SIMPLIFIED PPS BLOCK DIAGRAM
PPS Outputs
PPS Inputs RAOPPS?L
abCPPS—I : < RAO
RAO X Z
. Peripheral abc X
: RxyPPS il\ :
E | KRy
' : Peripheral xyz X
RC5D [ P Y RC5PPS(1)1 ;
xyzPPS . S RC5W
Note 1: RCJy] are available on PIC16(L)F18323 only.
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12.3 Bidirectional Pins

PPS selections for peripherals with bidirectional
signals on a single pin must be made so that the PPS
input and PPS output select the same pin. Peripherals
that have bidirectional signals include:

* EUSART (synchronous operation)
« MSSP (I%C)

Note:  The I)C™ default input pins are 12C and
SMBus compatible and are the only pins
on the PIC16(L)F18313 with this
compatibility. For the PIC16(L)F18323, in
addition to the default pins as described
above, RA1 and RA2 are also I1°C™ and
SMBus compatible. Clock and data
signals can be routed to any pin, however
pins without 12c compatibility will operate
at standard TTL/ST logic levels as
selected by the INVLV register.

12.4 PPS Lock

The PPS includes a mode in which all input and output
selections can be locked to prevent inadvertent
changes. PPS selections are locked by setting the
PPSLOCKED bit of the PPSLOCK register. Setting and
clearing this bit requires a special sequence as an extra
precaution against inadvertent changes. Examples of
setting and clearing the PPSLOCKED bit are shown in
Example 12-1.

EXAMPLE 12-1: PPS LOCK/UNLOCK

SEQUENCE
suspend interrupts
bcf I NTCON, G E

BANKSEL PPSLOCK set bank
required sequence, next 5 instructions

movlw  0x55

movw PPSLOCK

movliw  OXAA

novwf PPSLOCK
Set PPSLOCKED bit to disable wites or
Clear PPSLOCKED bit to enable wites

bsf PPSLOCK, PPSLOCKED
restore interrupts
bsf I NTCON, G E

12.5 PPS Permanent Lock

The PPS can be permanently locked by setting the
PPS1WAY Configuration bit. When this bit is set, the
PPSLOCKED bit can only be cleared and set one time
after a device Reset. This allows for clearing the
PPSLOCKED bit so that the input and output selections
can be made during initialization. When the
PPSLOCKED bit is set after all selections have been
made, it will remain set and cannot be cleared until after
the next device Reset event.

12.6 Operation During Sleep

PPS input and output selections are unaffected by
Sleep.

12.7 Effects of a Reset

A device Power-On-Reset (POR) clears all PPS input
and output selections to their default values. All other
Resets leave the selections unchanged. Default input
selections are shown in pin allocation Table 1 and
Table 2.
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12.8 Register Definitions: PPS Input Selection
REGISTER 12-1: xxxPPS: PERIPHERAL xxx INPUT SELECTION

uU-0 uU-0 uU-0 R/W-q/u uU-0 R/W-q/u R/W-g/u R/W-g/u
_ | — | — | xxxPPS<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = value depends on peripheral
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 xxxPPS<4:0>: Peripheral xxx Input Selection bits

11xxx = Reserved. Do not use.

1011x = Reserved. Do not use.

10101 = Peripheral input is Rcs®
10100 = Peripheral input is RC4(1)
10011 = Peripheral input is RC3%)
10010 = Peripheral input is RC2(H)
10001 = Peripheral input is RC1(1)
10000 = Peripheral input is RCO®)

01xxx = Reserved. Do not use.

0011x = Reserved. Do not use.
00101 = Peripheral input is RA5
00100 = Peripheral input is RA4
00011 = Peripheral input is RA3
00010 = Peripheral input is RA2
00001 = Peripheral input is RA1
00000 = Peripheral input is RAO

Note 1: PIC16(L)F18323 only.
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REGISTER 12-2:

RxyPPS: PIN Rxy OUTPUT SOURCE SELECTION REGISTER

U-0 uU-0 uU-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — — RxyPPS<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

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

u = Bit is unchanged
‘1’ = Bitis set

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

bit 7-5
bit 4-0

Unimplemented: Read as ‘0’

11111 = Rxy source is DSM
11110 = Rxy source is CLKR
11101 = Rxy source is NCO
11100 = Rxy source is TMRO
11011 = Reserved

11010 = Reserved

RxyPPS<4:0>: Pin Rxy Output Source Selection bits

11001 = Rxy source is SDO/SDA®)
11000 = Rxy source is SCK/SCL®

10111 = Rxy source is C20UT®
10110 = Rxy source is C10UT
10101 = Rxy source is DT®
10100 = Rxy source is TX/CK®)

01101 = Rxy source is CCP2
01100 = Rxy source is CCP1
01011 = Rxy source is CWG1D®
01010 = Rxy source is CWG1C®
01001 = Rxy source is CWG1B(1)
01000 = Rxy source is CWG1A®)

00111 = Reserved

00110 = Reserved

00101 = Rxy source is CLC20UT
00100 = Rxy source is CLC10UT
00011 = Rxy source is PWM6
00010 = Rxy source is PWM5
00001 = Reserved

00000 = Rxy source is LATxy

Note 1:

2. PIC16(L)F18323 only.

TRIS control is overridden by the peripheral as required.
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REGISTER 12-3: PPSLOCK: PPS LOCK REGISTER

u-0 U-0 u-0 u-0 U-0 u-0 uU-0 R/W-0/0
— — — — — — — PPSLOCKED
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-1 Unimplemented: Read as ‘0’
bit 0 PPSLOCKED: PPS Locked bit

1= PPS is locked. PPS selections can not be changed.
0= PPS is not locked. PPS selections can be changed.
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TABLE 12-1: SUMMARY OF REGISTERS ASSOCIATED WITH THE PPS MODULE

Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Register

on page
PPSLOCK — — — — — — — PPSLOCKED 142
INTPPS — — — INTPPS<4:0> 140
TOCKIPPS — — — TOCKIPPS<4:0> 140
T1CKIPPS = — — T1CKIPPS<4:0> 140
T1GPPS — — — T1GPPS<4:0> 140
CCP1PPS — — — CCP1PPS<4:0> 140
CCP2PPS — — — CCP2PPS<4:0> 140
CWG1PPS — — — CWG1PPS<4:0> 140
MDCIN1PPS — — — MDCIN1PPS<4:0> 140
MDCIN2PPS — — — MDCIN2PPS<4:0> 140
MDMINPPS — — — MDMINPPS<4:0> 140
SSP1CLKPPS — — — SSP1CLKPPS<4:0> 140
SSP1DATPPS — — — SSP1DATPPS<4:0> 140
SSP1SSPPS — — — SSP1SSPPS<4:0> 140
RXPPS — — — RXPPS<4:0> 141
TXPPS — — — TXPPS<4:0> 140
CLCINOPPS — — — CLCINOPPS<4:0> 140
CLCIN1PPS — — — CLCIN1PPS<4:0> 140
CLCIN2PPS — — — CLCIN2PPS<4:0> 140
CLCIN3PPS — — — CLCIN3PPS<4:0> 140
RAOPPS _ — — RAOPPS<4:0> 141
RA1PPS — — — RA1PPS<4:0> 141
RA2PPS — — — RA2PPS<4:0> 141
RA3PPS — — — RB3PPS<4:0> 141
RA4PPS = = - RA4PPS<4:0> 141
RA5PPS = = = RA5PPS<4:0> 141
RcorPps® — — = RCOPPS<4:0> 141
Rc1PPS® _ — — RC1PPS<4:0> 141
RC2PPS@ — = — RC2PPS<4:0> 141
RrRc3pPps® — — — RC3PPS<4:0> 141
RCapps® _ — — RC4PPS<4:0> 141
RC5PPS® — — — RC5PPS<4:0> 141
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the PPS module.

Note 1: PIC16(L)F18323 only.
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13.0 PERIPHERAL MODULE
DISABLE

The PIC16(L)F18313/18323 provides the ability to
disable selected modules, placing them into the lowest
possible power mode.

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

13.1 Disabling a module

Disabling a module has the following effects:

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

* The module is held in Reset.

* Any SFRs become “Unimplemented”

- Writing is disabled
- Reading returns 00h

* Module outputs are disabled; I/O goes to the next

module according to pin priority

13.2 Enabling a module

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

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

13.3 Disabling a module

When a module is disabled, any and all associated
input selection registers (ISMs) are also disabled.

13.4 System Clock disable

Setting SYSCMD (PMDO, Register 13-1) disables the
system clock (Fosc) distribution network to the
peripherals. Not all peripherals make use of SYSCLK,
so not all peripherals are affected. Refer to the specific
peripheral description to see if it will be affected by this
bit.

DS40001799A-page 144

Preliminary

© 2015 Microchip Technology Inc.



PIC16(L)F18313/18323

REGISTER 13-1: PMDO: PMD CONTROL REGISTER 0

R/W-0/0 R/W-0/0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
SYSCMD FVRMD — — — NVMMD CLKRMD IOCMD

7 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7 SYSCMD: Disable Peripheral System Clock Network bit

See description in Section 13.4 “System Clock disable”.
1 = System clock network disabled (a.k.a. FOsc)
0 = System clock network enabled

bit 6 FVRMD: Disable Fixed Voltage Reference (FVR) bit
1= FVR module disabled
0 = FVR module enabled

bit 5-3 Unimplemented: Read as ‘0’

bit 2 NVMMD: NVM Module Disable bit)
1 = Data EEPROM (a.k.a. user memory, EEPROM) reading and writing is disabled; NVMCON registers cannot be
written; FSR access to EEPROM returns zero.
0 = NVM module enabled

bit 1 CLKRMD: Disable Clock Reference CLKR bit
1 = CLKR module disabled
0 = CLKR module enabled

bit 0 IOCMD: Disable Interrupt-on-Change bit, All Ports
1 = 10C module(s) disabled
0 = 10C module(s) enabled

Note 1: When enabling NVM, a delay of up to 1 ys may be required before accessing data.

REGISTER 13-2: PMD1: PMD CONTROL REGISTER 1

R/W-0/0 uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
NCOMD — — — — TMR2MD TMR1MD TMROMD
bit 7 bit 0

Legend:

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

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

bit 7 NCOMD: Disable Numerically Control Oscillator bit

1= NCO1 module disabled
0 = NCO1 module enabled

bit 6-3 Unimplemented: Read as ‘0’

bit 2 TMR2MD: Disable Timer C2 bit
1= C2 module disabled
0 = C2 module enabled

bit 1 TMR1MD: Disable Timer TMR1 bit
1 = TMR1 module disabled
0 = TMR1 module enabled

bit 0 TMROMD: Disable Timer TMRO bit
1 = TMRO module disabled
0 = TMRO module enabled
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REGISTER 13-3: PMD2: PMD CONTROL REGISTER 2

uU-0 R/W-0/0 R/W-0/0 uU-0 u-0 R/W-0/0 R/W-0/0 u-0
— DACMD ADCMD — — cMP2MD®M CMP1MD —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6 DACMD: Disable DAC bit

1 = DAC module disabled
0 = DAC module enabled

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

bit 4-3 Unimplemented: Read as ‘0’

bit 2 CMP2MD: Disable Comparator C2 bit®
1= C2 module disabled
0 = C2 module enabled

bit 1 CMP1MD: Disable Comparator C1 bit
1= C1 module disabled
0 = C1 module enabled

bit 0 Unimplemented: Read as ‘0’
Note 1: PIC16(L)F18323 only.

REGISTER 13-4: PMD3: PMD CONTROL REGISTER 3

u-0 R/W-0/0 R/W-0/0 R/W-0/0 u-0 u-0 R/W-0/0 R/W-0/0
— | cwetvp | Ppwvemp | PwmsvD | — = CCP2MD CCP1MD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 Unimplemented: Read as ‘0’
bit 6 CWG1MD: Disable CWG1 bit

1= CWG1 module disabled
0 = CWG1 module enabled

bit 5 PWM6MD: Disable Pulse-Width Modulator PWM6 bit
1= PWM6 module disabled
0 = PWM6 module enabled

bit 4 PWM5MD: Disable Pulse-Width Modulator PWM5 bit
1= PWMS5 module disabled
0 = PWMS5 module enabled

bit 3-2 Unimplemented: Read as ‘0’

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

bit 0 CCP1MD: Disable Pulse-Width Modulator CCP1bit

1 = CCP1 module disabled
0 = CCP1 module enabled
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REGISTER 13-5: PMD4: PMD CONTROL REGISTER 4

u-0 u-0 R/W-0/0 u-0 u-0 U-0 R/W-0/0 u-0
— — UART1MD — — — MSSP1MD —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged X = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5 UART1MD: Disable EUSART bit

1 = EUSART module disabled
0 = EUSART module enabled

bit 4-2 Unimplemented: Read as ‘0’

bit 1 MSSP1MD: Disable MSSP1 bit
1 = MSSP1 module disabled
0 = MSSP1 module enabled

bit 0 Unimplemented: Read as ‘0’

REGISTER 13-6: PMD5: PMD CONTROL REGISTER 5

u-0 uU-0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — CLC2MD CLC1MD DSMMD
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-3 Unimplemented: Read as ‘0’
bit 2 CLC2MD: Disable CLC2 bit

1 = CLC2 module disabled
0 = CLC2 module enabled

bit 1 CLC1MD: Disable CLC1 bit
1 = CLC1 module disabled
0 = CLC1 module enabled

bit 0 DSMMD: Disable Data Signal Modulator bit
1 = DSM module disabled
0 = DSM module enabled
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14.0 INTERRUPT-ON-CHANGE

All pins on all ports can be configured to operate as
Interrupt-On-Change (IOC) pins. An interrupt can be
generated by detecting a signal that has either a rising
edge or a falling edge. Any individual pin, or combination
of pins, can be configured to generate an interrupt. The
interrupt-on-change module has the following features:

* Interrupt-on-Change enable (Master Switch)
* Individual pin configuration

» Rising and falling edge detection

* Individual pin interrupt flags

Figure 14-1 is a block diagram of the IOC module.

14.1 Enabling the Module

To allow individual pins to generate an interrupt, the
IOCIE bit of the PIEO register must be set. If the IOCIE
bit is disabled, the edge detection on the pin will still
occur, but an interrupt will not be generated.

14.2 Individual Pin Configuration

For each pin, a rising edge detector and a falling edge
detector are present. To enable a pin to detect a rising
edge, the associated bit of the IOCxP register is set. To
enable a pin to detect a falling edge, the associated bit
of the IOCxN register is set.

A pin can be configured to detect rising and falling
edges simultaneously by setting the associated bits in
both of the IOCxP and IOCxN registers.

14.3 Interrupt Flags

The bits located in the IOCxF 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 I0OCIF bit of the PIRO register reflects the status of
all IOCxF bits.

14.4 Clearing Interrupt Flags

The individual status flags, (IOCxF register bits), can be
cleared by resetting them to zero. If another edge is
detected during this clearing operation, the associated
status flag will be set at the end of the sequence,
regardless of the value actually being written.

In order to ensure that no detected edge is lost while
clearing flags, only AND operations masking out known
changed bits should be performed. The following
sequence is an example of what should be performed.

EXAMPLE 14-1: CLEARING INTERRUPT
FLAGS
(PORTA EXAMPLE)

MOVLW  Oxf f
XORWF | OCAF, W
ANDWF | OCAF, F

14.5 Operation in Sleep

The interrupt-on-change interrupt sequence will wake
the device from Sleep mode, if the IOCIE bit is set.

If an edge is detected while in Sleep mode, the affected
IOCXxF register will be updated prior to the first instruction
executed out of Sleep.
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FIGURE 14-1: INTERRUPT-ON-CHANGE BLOCK DIAGRAM (PORTA EXAMPLE)

Rev. 10-000037A
71412014
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14.6 Register Definitions: Interrupt-on-Change Control

REGISTER 14-1:

IOCAP: INTERRUPT-ON-CHANGE PORTA POSITIVE EDGE REGISTER

uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCAP5 IOCAP4 IOCAP3 I0CAP2 IOCAP1 IOCAPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAP<5:0>: Interrupt-on-Change PORTA Positive Edge Enable bits
1 = Interrupt-on-Change enabled on the pin for a positive-going edge. IOCAFx bit and IOCIF flag will be set upon
detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 14-2:

IOCAN: INTERRUPT-ON-CHANGE PORTA NEGATIVE EDGE REGISTER

u-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— | — | ocans | 1ocAN4 | 10cAN3 | 10CAN2 | IOCAN1 | IOCANO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAN<5:0>: Interrupt-on-Change PORTA Negative Edge Enable bits
1 = Interrupt-on-Change enabled on the pin for a negative-going edge. IOCAFx bit and IOCIF flag will be set upon
detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin.

REGISTER 14-3:

IOCAF: INTERRUPT-ON-CHANGE PORTA FLAG REGISTER

u-0 uU-0 R/W/HS-0/0  R/W/HS-0/0  R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0 R/W/HS-0/0
— — IOCAF5 IOCAF4 IOCAF3 IOCAF2 IOCAF1 IOCAFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared HS - Bit is set in hardware
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCAF<5:0>: Interrupt-on-Change PORTA Flag bits
1= An enabled change was detected on the associated pin.
Set when IOCAPx = 1 and a rising edge was detected on RAXx, or when IOCANx = 1 and a falling edge was
detected on RAx.
0 = No change was detected, or the user cleared the detected change.
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REGISTER 14-4: I0OCCP: INTERRUPT-ON-CHANGE PORTC POSITIVE EDGE REGISTER®

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCCP5 IOCCP4 IOCCP3 IOCCP2 IOCCP1 I0CCPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCCP<5:0>: Interrupt-on-Change PORTC Positive Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a positive-going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin

Note 1: PIC16(L)F18323 only.

REGISTER 14-5: IOCCN: INTERRUPT-ON-CHANGE PORTC NEGATIVE EDGE REGISTER®

u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IOCCNS IOCCN4 IOCCN3 IOCCN2 IOCCN1 IOCCNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 IOCCN<5:0>: Interrupt-on-Change PORTC Negative Edge Enable bits

1 = Interrupt-on-Change enabled on the pin for a negative-going edge. IOCCFx bit and IOCIF flag will
be set upon detecting an edge.
0 = Interrupt-on-Change disabled for the associated pin

Note 1: PIC16(L)F18323 only.
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REGISTER 14-6:

IOCCF: INTERRUPT-ON-CHANGE PORTC FLAG REGISTER®

u = Bit is unchanged

X = Bit is unknown

u-0 U-0 RW/HS-0/0 RW/HS-0/0 RM/HS-0/0 RMW/MHS0/0  RMW/HS-000  RMW/HS-0/0
— | — | occrs | 1occra | loccF3 | loccF2 | loccF1 | 10CCFO

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared HS - Bit is set in hardware

bit 7-6 Unimplemented: Read as ‘0’

bit 5-0 IOCCF<5:0>: Interrupt-on-Change PORTC Flag bits

1= An enabled change was detected on the associated pin.
Set when IOCCPx = 1 and a rising edge was detected on RCx, or when IOCCNx = 1 and a falling edge was
detected on RCx.
0 = No change was detected, or the user cleared the detected change.
Note 1: PIC16(L)F18323 only.
TABLE 14-1: SUMMARY OF REGISTERS ASSOCIATED WITH INTERRUPT-ON-CHANGE
Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁg;z;eé

ANSELA — — ANSA4 ANSA4 — ANSA2 ANSA1 ANSAO0 130
ANSELC — — ANSC5 | ANSC4 | ANSC3 | ANSC2 | ANSC1 ANSCO 136
TRISA — — TRISA5 | TRISA4 | —@ | TRISA2 | TRISA1 | TRISAQ 129
TRISC — — TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO 135
INTCON GIE PEIE — — — — — INTEDG 87
PIEO = — TMROIE IOCIE — — — INTE 88
IOCAP — — IOCAP5 | IOCAP4 | IOCAP3 | IOCAP2 | IOCAP1 | IOCAPO 150
IOCAN — — IOCAN5 | IOCAN4 | IOCAN3 | IOCAN2 | IOCAN1 | IOCANO 150
IOCAF — — IOCAF5 | IOCAF4 | IOCAF3 | IOCAF2 | IOCAF1 | IOCAFO 150
I0CCP — — IOCCP5 | IOCCP4 | IOCCP3 | IOCCP2 | IOCCP1 | IOCCPO 151
IOCCN — — IOCCN5 | IOCCN4 | IOCCN3 | IOCCN2 | IOCCN1 | IOCCNO 151
IOCCF — — IOCCF5 | IOCCF4 | IOCCF3 | IOCCF2 | IOCCF1 | IOCCFO 152
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by interrupt-on-change.

Note 1: PIC16(L)F18323 only.

2:

Unimplemented, read as ‘1.
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15.0 FIXED VOLTAGE REFERENCE
(FVR)

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

* ADC input channel

» ADC positive reference

» Comparator positive input

« Digital-to-Analog Converter (DAC)

The FVR can be enabled by setting the FVREN bit of
the FVRCON register.

Note: Fixed Voltage Reference output cannot
exceed VDD.

FIGURE 15-1:

15.1 Independent Gain Amplifiers

The output of the FVR, which is connected to the ADC,
comparators, and DAC, is routed through two
independent programmable gain amplifiers. Each
amplifier can be programmed for a gain of 1x, 2x or 4x,
to produce the three possible voltage levels.

The ADFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the ADC module.
Reference Section 21.0, Analog-to-Digital Converter
(ADC) Module for additional information.

The CDAFVR<1:0> bits of the FVRCON register are
used to enable and configure the gain amplifier settings
for the reference supplied to the DAC and comparator
module. Reference Section 23.0, 5-Bit Digital-to-Analog
Converter (DAC1) Module and Section 17.0, Compara-
tor Module for additional information.

15.2 FVR Stabilization Period

When the Fixed Voltage Reference module is enabled, it
requires time for the reference and ampilifier circuits to
stabilize. Once the circuits stabilize and are ready for use,
the FVRRDY bit of the FVRCON register will be set.

VOLTAGE REFERENCE BLOCK DIAGRAM

ADFVR<1:0> 2
1x
— 2x
4x

CDAFVR<1:0> ——2
1x
— 2x
4x

FVREN +
FVRRDY
Note 1 -

Rev. 10-000053C
12/9/2013

FVR_buffer1
(To ADC Module)

FVR_buffer2
(To Comparators
and DAC)
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15.3 Register Definitions: FVR Control

REGISTER 15-1: FVRCON: FIXED VOLTAGE REFERENCE CONTROL REGISTER

R/W-0/0 R-a/q R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
FVREN FVRRDY® | TSENG®) | TSRNGE) CDAFVR<1:0> ADFVR<1:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7 FVREN: Fixed Voltage Reference Enable bit

1 = Fixed Voltage Reference is enabled
0 = Fixed Voltage Reference is disabled
bit 6 FVRRDY: Fixed Voltage Reference Ready Flag bit(1)
1 = Fixed Voltage Reference output is ready for use
0 = Fixed Voltage Reference output is not ready or not enabled
bit 5 TSEN: Temperature Indicator Enable bit(3)
1 = Temperature Indicator is enabled
0 = Temperature Indicator is disabled
bit 4 TSRNG: Temperature Indicator Range Selection bit®)
1 = VouT = VDD - 4VT (High Range)
0 = VouTt = VDD - 2VT (Low Range)
bit 3-2 CDAFVR<1:0>: Comparator FVR Buffer Gain Selection bits
11 = Comparator FVR Buffer Gain is 4x, (4.096V)?
10 = Comparator FVR Buffer Gain is 2x, (2.048V)?@
01 = Comparator FVR Buffer Gain is 1x, (1.024V)
00 = Comparator FVR Buffer is off
bit 1-0 ADFVR<1:0>: ADC FVR Buffer Gain Selection bit
11 = ADC FVR Buffer Gain is 4x, (4.096V)@
10 = ADC FVR Buffer Gain is 2x, (2.048V)@
01 = ADC FVR Buffer Gain is 1x, (1.024V)
00 = ADC FVR Buffer is off

Note 1: FVRRDY is always ‘1’.
2: Fixed Voltage Reference output cannot exceed VDD.
3: See Section 16.0, Temperature Indicator Module for additional information.

TABLE 15-1: SUMMARY OF REGISTERS ASSOCIATED WITH FIXED VOLTAGE REFERENCE

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Eﬁ%:tge;
FVRCON FVREN | FVRRDY | TSEN | TSRNG CDAFVR<1:0> ADFVR<1:0> 154
ADCONO CHS<5:0> GO/DONE | ADON 217
ADCON1 ADFM ADCS<2:0> | — ADNREF ADPREF<1:0> 218
CM1CON1 C1INTP | CAINTN C1PCH<2:0> C1NCH<2:0> 164
cM2CON1® | C2INTP | C2INTN C2PCH<2:0> C2NCH<2:0> 164
DACCONO DAC1EN — DAC10E — | Dpacipss<t0> —_ DACINSS | 235

Legend: Shaded cells are not used with the Fixed Voltage Reference.
Note 1: PIC16(L)F18323 only.
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16.0 TEMPERATURE INDICATOR
MODULE

This family of devices is equipped with a temperature
circuit designed to measure the operating temperature
of the silicon die. The circuit's range of operating
temperature falls between -40°C and +85°C. The
output is a voltage that is proportional to the device
temperature. The output of the temperature indicator is
internally connected to the device ADC.

The circuit may be used as a temperature threshold
detector or a more accurate temperature indicator,
depending on the level of calibration performed. A one-
point calibration allows the circuit to indicate a
temperature closely surrounding that point. A two-point
calibration allows the circuit to sense the entire range
of temperature more accurately. Reference Application
Note AN1333, Use and Calibration of the Internal
Temperature Indicator (DS01333) for more details
regarding the calibration process.

16.1 Circuit Operation

Figure 16-1 shows a simplified block diagram of the
temperature circuit. The proportional voltage output is
achieved by measuring the forward voltage drop across
multiple silicon junctions.

Equation 16-1 describes the output characteristics of
the temperature indicator.

EQUATION 16-1: VouT RANGES

High Range: VouT = VDD - 4VT

Low Range: VouT = VDD - 2VT

The temperature sense circuit is integrated with the
Fixed Voltage Reference (FVR) module. See
Section 15.0, Fixed Voltage Reference (FVR) for more
information.

The circuit is enabled by setting the TSEN bit of the
FVRCON register. When disabled, the circuit draws no
current.

The circuit operates in either high or low range. The high
range, selected by setting the TSRNG bit of the
FVRCON register, provides a wider output voltage. This
provides more resolution over the temperature range,
but may be less consistent from part to part. This range
requires a higher bias voltage to operate and thus, a
higher VDD is needed.

The low range is selected by clearing the TSRNG bit of
the FVRCON register. The low range generates a lower
voltage drop and thus, a lower bias voltage is needed to
operate the circuit. The low range is provided for low
voltage operation.

FIGURE 16-1: TEMPERATURE CIRCUIT

DIAGRAM

VDD

— TsEN

To ADC
Temp. Indicator

16.2 Minimum Operating VDD

When the temperature circuit is operated in low range,
the device may be operated at any operating voltage
that is within specifications.

When the temperature circuit is operated in high range,
the device operating voltage, VDD, must be high
enough to ensure that the temperature circuit is
correctly biased.

Table 16-1 shows the recommended minimum VDD vs.
range setting.

TABLE 16-1: RECOMMENDED VDD VS.
RANGE

Min. Vbb, TSRNG =1 Min. Vbbb, TSRNG =0

3.6V 1.8V

16.3 Temperature Output

The output of the circuit is measured using the internal
Analog-to-Digital Converter. A channel is reserved for
the temperature circuit output. Refer to Section 21.0,
Analog-to-Digital Converter (ADC) Module for detailed
information.

© 2015 Microchip Technology Inc.
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16.4 ADC Acquisition Time

To ensure accurate temperature measurements, the
user must wait at least 200 us after the ADC input
multiplexer is connected to the temperature indicator
output before the conversion is performed. In addition,
the user must wait 200 us between consecutive
conversions of the temperature indicator output.

TABLE 16-2: SUMMARY OF REGISTERS ASSOCIATED WITH THE TEMPERATURE INDICATOR

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Register
on page
FVRCON FVREN | FVRRDY | TSEN | TSRNG CDAFVR<1:0> ADFVR<1:0> 154

Legend: Shaded cells are unused by the temperature indicator module.
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17.0 COMPARATOR MODULE

Comparators are used to interface analog circuits to a
digital circuit by comparing two analog voltages and
providing a digital indication of their relative magnitudes.
Comparators are very useful mixed signal building
blocks because they provide analog functionality
independent of program execution. The analog
comparator module includes the following features:

* Programmable input selection

» Programmable output polarity
 Rising/falling output edge interrupts

» Wake-up from Sleep

* Programmable Speed/Power optimization
* CWG1 Auto-shutdown source

» Selectable voltage reference

17.1 Comparator Overview

A single comparator is shown in Figure 17-1 along with
the relationship between the analog input levels and
the digital output. When the analog voltage at VIN+ is
less than the analog voltage at VIN-, the output of the
comparator is a digital low level. When the analog
voltage at VIN+ is greater than the analog voltage at
VIN-, the output of the comparator is a digital high level.

The comparators available for this device are located in
Table 17-1.

TABLE 17-1: AVAILABLE COMPARATORS

FIGURE 17-1: SINGLE COMPARATOR
VIN+ +
Output
VIN- ———

---- VIN-
— VIN+

Output l l l l

Note:  The black areas of the output of the
comparator represents the uncertainty
due to input offsets and response time.

Device Cl Cc2
PIC16(L)F18313 °
PIC16(L)F18323 ° °
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FIGURE 17-2: COMPARATOR MODULE SIMPLIFIED BLOCK DIAGRAM
. 3, (1)
CxNCH<2:0> —%— CxON Interrupt CxINTP
Rising
| Edge set bit
CxINO- [ 000 CxIF
Int t CxINTN—
CxIN1- [ 001 mempt
x Falling
CxIN2-? <1 010 CxON® 1 U Edge
CxIN3-? <1 011
CxXUN) _ a CxOUT
Reserved—— 100
Cx MCxOUT
Reserved—— 101 CxVP
FVR_b + Q1+
_buffera—— 110
11 CxSP CxHYS CxPOL
CxOUT_sync to
peripherals
CxIN+ [X}—
000 TRIS bit
Reserved —— 001 F
Reserved —— 010 ‘ DX CxouT
Reserved —— 011
Reserved ——1 100
(From Timer1 Module) T1CLK—117
DAC_output—— 101
FVR_buffer2— 110
- /E CXON(D

CxPCH<2:0> ﬁfr

Note 1: When CxON = 0, all multiplexer inputs are disconnected and the Comparator will produce a ‘0’ at the output.

2: PIC16

(L)F18323 Only
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17.2 Comparator Control

Each comparator has two control registers: CMxCONO
and CMxCON1.

The CMxCONO register (see Register 17-1) contains
Control and Status bits for the following:

* Enable

* Output

» Output polarity

» Speed/Power selection

* Hysteresis enable

« Timer1 output synchronization

The CMxCONT1 register (see Register 17-2) contains
Control bits for the following:

* Interrupt on positive/negative edge enables

« Positive input channel selection

* Negative input channel selection

17.21 COMPARATOR ENABLE

Setting the CxON bit of the CMxCONO register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

17.2.2 COMPARATOR OUTPUT

The output of the comparator can be monitored by
reading either the CxOUT bit of the CMxCONO register
or the MCxOUT bit of the CMOUT register.

The comparator output can also be routed to an
external pin through the RxyPPS register
(Register 12-2). The corresponding TRIS bit must be
clear to enable the pin as an output.

17.2.3 COMPARATOR OUTPUT POLARITY

Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCONO register.
Clearing the CxPOL bit results in a non-inverted output.

Table 17-2 shows the output state versus input
conditions, including polarity control.

TABLE 17-2: COMPARATOR OUTPUT
STATE VS. INPUT

CONDITIONS
Input Condition CxPOL CxOuUT
CxVN > CxVp 0 0
CxVN < CxVP 0 1
CxVN > CxVP 1 1
CxVN < CxVpP 1 0

Note 1: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external out-
puts are not latched.

© 2015 Microchip Technology Inc.
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17.3 Comparator Hysteresis

A selectable amount of separation voltage can be
added to the input pins of each comparator to provide a
hysteresis function to the overall operation. Hysteresis
is enabled by setting the CxHYS bit of the CMxCONO
register.

See Comparator Specifications in Table 34-14 for more
information.

17.4 Timerl Gate Operation

The output resulting from a comparator operation can
be used as a source for gate control of Timer1. See
Section 26.6, Timer1 Gate for more information. This
feature is useful for timing the duration or interval of an
analog event.

It is recommended that the comparator output be
synchronized to Timer1. This ensures that Timer1 does
not increment while a change in the comparator is
occurring.

17.4.1 COMPARATOR OUTPUT
SYNCHRONIZATION

The output from a comparator can be synchronized
with Timer1 by setting the CxSYNC bit of the
CMxCONO register.

Once enabled, the comparator output is latched on the
falling edge of the Timer1 source clock. If a prescaler is
used with Timer1, the comparator output is latched after
the prescaling function. To prevent a race condition, the
comparator output is latched on the falling edge of the
Timer1 clock source and Timer1 increments on the
rising edge of its clock source. See the Comparator
Block Diagram (Figure 17-2) and the Timer1 Block
Diagram (Figure 26-1) for more information.

17.5 Comparator Interrupt

An interrupt can be generated upon a change in the
output value of the comparator for each comparator, a
rising edge detector and a falling edge detector are
present.

When either edge detector is triggered and its associ-
ated enable bit is set (CxINTP and/or CxINTN bits of
the CMxCON1 register), the Corresponding Interrupt
Flag bit (CxIF bit of the PIR2 register) will be set.

To enable the interrupt, you must set the following bits:

¢« CxON, CxPOL and CxSP bits of the CMxCONO
register

» CxIE bit of the PIE2 register

* CxINTP bit of the CMxCON1 register (for a rising
edge detection)

* CxINTN bit of the CMxCON1 register (for a falling
edge detection)

* PEIE and GIE bits of the INTCON register

The associated interrupt flag bit, CxIF bit of the PIR2
register, must be cleared in software. If another edge is
detected while this flag is being cleared, the flag will still
be set at the end of the sequence.

Note: Although a comparator is disabled, an
interrupt can be generated by changing
the output polarity with the CxPOL bit of
the CMxCONO register, or by switching
the comparator on or off with the CxON bit
of the CMxCONO register.

17.6 Comparator Positive Input
Selection

Configuring the CxPCH<2:0> bits of the CMxCON1
register directs an internal voltage reference or an
analog pin to the non-inverting input of the comparator:
* CxINO+ analog pin

* DAC output

* FVR (Fixed Voltage Reference)

» Vss (Ground)

See Section 15.0, Fixed Voltage Reference (FVR) for

more information on the Fixed Voltage Reference
module.

See Section 23.0, 5-Bit Digital-to-Analog Converter
(DAC1) Module for more information on the DAC input
signal.

Any time the comparator is disabled (CxON = 0), all
comparator inputs are disabled.

17.7 Comparator Negative Input
Selection

The CxNCH<2:0> bits of the CMxCON1 register direct
an analog input pin and internal reference voltage or
analog ground to the inverting input of the comparator:
* CxIN- pin

* FVR (Fixed Voltage Reference)

* Analog Ground

Some inverting input selections share a pin with the
operational amplifier output function. Enabling both

functions at the same time will direct the operational
amplifier output to the comparator inverting input.

Note:  To use CxINy+ and CxINy- pins as analog
input, the appropriate bits must be set in
the ANSEL register and the correspond-
ing TRIS bits must also be set to disable
the output drivers.
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17.8 Comparator Response Time

The comparator output is indeterminate for a period of
time after the change of an input source or the selection
of a new reference voltage. This period is referred to as
the response time. The response time of the comparator
differs from the settling time of the voltage reference.
Therefore, both of these times must be considered when
determining the total response time to a comparator
input change. See the Comparator and Voltage
Reference Specifications in Table 34-14 for more
details.

17.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 17-3. Since the analog input pins share their
connection with a digital input, they have reverse
biased ESD protection diodes to VDD and Vss. The
analog input, therefore, must be between Vss and VDD.
If the input voltage deviates from this range by more
than 0.6V in either direction, one of the diodes is
forward biased and a latch-up may occur.

A maximum source impedance of 10 kQ is recommended
for the analog sources. Also, any external component
connected to an analog input pin, such as a capacitor or
a Zener diode, should have very little leakage current to
minimize inaccuracies introduced.

Note 1: When reading a PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert as an analog input, according to
the input specification.

2: Analog levels on any pin defined as a
digital input, may cause the input buffer to
consume more current than is specified.

FIGURE 17-3: ANALOG INPUT MODEL
VDD
______________ Analog
Input
Rs < 10K pin VT~ 0.6V RIC
AV To Comparator
ILEAKAGE(

Note 1. See I/O Ports in Table 34-4.

ILEAKAGE = Leakage Current at the pin due to various junctions

Legend: CPIN = Input Capacitance
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
VT = Threshold Voltage

— Vss

© 2015 Microchip Technology Inc.
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17.10 CWG1 Auto-shutdown Source

The output of the comparator module can be used as
an auto-shutdown source for the CWG1 module. When
the output of the comparator is active and the
corresponding ASXE is enabled, the CWG operation
will be suspended immediately (see Section 19.7.1.2,
External Input Source Shutdown).

17.11 Operation in Sleep Mode

The comparator module can operate during Sleep. The
comparator clock source is based on the Timer1 clock
source. If the Timer1 clock source is either the system
clock (Fosc) or the instruction clock (Fosc/4), Timer1
will not operate during Sleep, and synchronized
comparator outputs will not operate.

A comparator interrupt will wake the device from Sleep.
The CxIE bits of the PIE2 register must be set to enable
comparator interrupts.
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17.12 Register Definitions: Comparator Control

REGISTER 17-1: CMxCONO: COMPARATOR Cx CONTROL REGISTER 0

R/W-0/0 R-0/0 uU-0 R/W-0/0 U-0 R/W-1/1 R/W-0/0 R/W-0/0
CxON CxOUT = CxPOL = CxSP CxHYS CxSYNC

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 CxON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power
bit 6 CxOUT: Comparator Output bit
If CxPOL = 1 (inverted polarity):
1= CxVP < CxVN
0 = CxVP > CxVN
If CxPOL = 0_(non-inverted polarity):
1= CxVP > CxVN
0 = CxVP <CxVN
bit 5 Unimplemented: Read as ‘0’
bit 4 CxPOL: Comparator Output Polarity Select bit
1 = Comparator output is inverted
0 = Comparator output is not inverted
bit 3 Unimplemented: Read as ‘0’.
bit 2 CxSP: Comparator Speed/Power Select bit

1 = Comparator operates in Normal Power, High-Speed mode
0 = Reserved (Do not use)

bit 1 CxHYS: Comparator Hysteresis Enable bit

1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled

bit 0 CxSYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and 1/O pin is synchronous to changes on Timer1 clock source.

Output updated on the falling edge of Timer1 clock source.
0 = Comparator output to Timer1 and I/O pin is asynchronous

© 2015 Microchip Technology Inc. Prelimin ary
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REGISTER 17-2:

CMxCON1: COMPARATOR Cx CONTROL REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
CxINTP CxINTN CxPCH<2:0> CxNCH<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bitis set ‘0’ = Bitis cleared
bit 7 CxINTP: Comparator Interrupt on Positive-Going Edge Enable bits
1 = The CxIF interrupt flag will be set upon a positive-going edge of the CxOUT bit
0 = No interrupt flag will be set on a positive-going edge of the CxOUT bit
bit 6 CxINTN: Comparator Interrupt on Negative-Going Edge Enable bits
1 = The CxIF interrupt flag will be set upon a negative-going edge of the CxOUT bit
0 = No interrupt flag will be set on a negative-going edge of the CxOUT bit
bit 5-3 CxPCH<2:0>: Comparator Positive Input Channel Select bits
111 = CxVP connects to AVSS
110 = CxVP connects to FVR Buffer 2
101 = CxVP connects to DAC output
100 = CxVP unconnected
011 = CxVP unconnected
010 = CxVP unconnected
001 = CxVN unconnected
000 = CxVP connects to CxINO+ pin
bit 2-0 CxNCH<2:0>: Comparator Negative Input Channel Select bits

111 = CxVN connects to AVss

110 = CxVN connects to FVR Buffer 2
101 = CxVN unconnected

100 = CxVN unconnected

011 = CxVN connects to CxIN3- pin®)
010 = CxVN connects to CxIN2- pin®)
001 = CxVN connects to CxIN1- pin
000 = CxVN connects to CxINO- pin

Note 1: PIC16(L)F18323 only.
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REGISTER 17-3: CMOUT: COMPARATOR OUTPUT REGISTER

uU-0 U-0 U-0 U-0 uU-0 U-0 R-0/0 R-0/0
_ _ — — — — MC20uUT® | MC10UT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MC20UT: Mirror Copy of C20UT bit
bit 0 MC1OUT: Mirror Copy of C10UT bit
Note 1: PIC16(L)F18323 only.
TABLE 17-3: SUMMARY OF REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Redister
on Page
ANSELA — — ANSA5 ANSA4 — ANSA2 ANSA1 ANSAO0 130
ANSELCW — — ANSC5 | ANSC4 | ANSC3 ANSC2 ANSC1 ANSCO 136
TRISA — — TRISA5 | TRISA4 — TRISA2 TRISA1 TRISAO 129
TRISC® — — TRISC5 | TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 135
CMxCONO CxON CxOUT — CxPOL — CxSP CxHYS CxSYNC 163
CMxCON1 CxINTP | CxINTN CxPCH<2:0> CxNCH<2:0> 164
CMOUT — — = — = — MC20UTW | MC10UT 165
FVRCON FVREN | FVRRDY TSEN TSRNG CDAFVR<1:0> ADFVR<1:0> 154
DACCONO DAC1EN — DAC10E — DAC1PSS<1:0> — | DAC1NSS 235
DACCON1 — — — DAC1R<4:0> 235
INTCON GIE PEIE — — — — — INTEDG 87
PIE2 — C2IEW C1E | NVMIE — — — NCO1IE 90
PIR2 — C2IF® C1IF NVMIF — — — NCO1IF 95
RxyPPS — — — RxyPPS<4:0> 140
CLCINXPPS = = = CLCINXPPS<4:0> 140
MDMINPPS — — — MDMINPPS<4:0> 140
T1GPPS = = = T1GPPS<4:0> 140
CWG1AS1 — — — — AS3E AS2EM AS1E ASOE 140
Legend: — = unimplemented location, read as ‘0’. Shaded cells are unused by the comparator module.

Note 1:

PIC16(L)F18323 only.
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18.0 PULSE-WIDTH MODULATION
(PWM)

The PWMx modules generate Pulse-Width Modulated
(PWM) signals of varying frequency and duty cycle.

In additon to the CCP  modules, the
PIC16(L)F18313/18323 devices contain two PWM
modules. These modules are essentially the same as
the CCP modules without the Capture or Compare
functionality.

Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the ‘on’ state (pulse width), and the low
portion of the signal is considered the ‘off’ state. The
term duty cycle describes the proportion of the ‘on’ time
to the ‘off’ time and is expressed in percentages, where
0% is fully off and 100% is fully on. A lower duty cycle
corresponds to less power applied and a higher duty
cycle corresponds to more power applied. The PWM
period is defined as the duration of one complete cycle
or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

Figure 18-1 shows a typical waveform of the PWM
signal.

FIGURE 18-1: PWM OUTPUT
Period
| |
Pulse
1| Width
[ —— |
| | |
| | |
| I TMR2 = PR2
: TMR2 = PWMDC
|
TMR2 =0
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18.1 Standard PWM Mode

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the PWMx pin with up to
ten bits of resolution. The period, duty cycle, and
resolution are controlled by the following registers:

* TMR2 register

* PR2 register

* PWMxCON registers
* PWMxDCH registers
* PWMxDCL registers

Figure 28-2 shows a simplified block diagram of PWM
operation.

If PWMPOL = 0, the default state of the output is ‘0. If
PWMPOL = 1, the default state is ‘1’. If PWMEN = 0,
the output will be the default state.

Note:  The corresponding TRIS bit must be
cleared to enable the PWM output on the
PWMx pin

FIGURE 18-2: SIMPLIFIED PWM BLOCK DIAGRAM

Duty Cycle registers

PWMDCH - PWMDCL<7:6>

-

NZ
Comparator R Q PWMx
N

TMR2 R
Y Output Polarity
iL (PWMPOL)

Comparator

il

PR2

© 2015 Microchip Technology Inc. Preliminary DS40001799A-page 167



PIC16(L)F18313/18323

18.1.1 PWM PERIOD

Referring to Figure 18-1, the PWM output has a period
and a pulse width. The frequency of the PWM is the
inverse of the period (1/period).

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 18-1: PWM PERIOD

PWM Period = [(PR2) + 1] - 4 - TOSC
- (TMR?2 Prescale Value)

Note 1: Tosc = 1/Fosc

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

*» TMR2 is cleared

* The PWMx pin is set (Exception: If the PWM duty
cycle = 0%, the pin will not be set.)

* The PWM pulse width is latched from PWMxDC.

Note: If the pulse width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

18.1.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing a 10-bit
value to the PWMxDC register. The PWMxDCH
contains the eight MSbs and the PWMxDCL<7:6> bits
contain the two LSbs.

The PWMDC register is double-buffered and can be
updated at any time. This double buffering is essential
for glitch-free PWM operation. New values take effect
when TMR2 = PR2. Note that PWMDC is left-justified.

The 8-bit timer TMR2 register is concatenated with
either the 2-bit internal system clock (FOSC), or two
bits of the prescaler, to create the 10-bit time base. The
system clock is used if the Timer2 prescaler is set to
1:1.

Equation 18-2 is used to calculate the PWM pulse
width.

Equation 18-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 18-2: PULSE WIDTH

Pulse Width = (PWMxDC) - TOSC -
(TMR?2 Prescale Value)

EQUATION 18-3: DUTY CYCLE RATIO

(PWMxDC)

Duty Cycle Ratio = IPRZE D)

18.1.3 PWM RESOLUTION

The resolution determines the number of available duty
cycles for a given period. For example, a 10-bit
resolution will result in 1024 discrete duty cycles,
whereas an 8-bit resolution will result in 256 discrete
duty cycles.

The maximum PWM resolution is ten bits when PR2 is
255. The resolution is a function of the PR2 register
value as shown by Equation 18-4.

EQUATION 18-4: PWM RESOLUTION

log[4(PR2 +1)]

109(2) bits

Resolution =

Note: If the pulse-width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

18.1.4 OPERATION IN SLEEP MODE

In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the
PWMx pin is driving a value, it will continue to drive that
value. When the device wakes up, TMR2 will continue
from its previous state.

18.1.5 CHANGES IN SYSTEM CLOCK
FREQUENCY

The PWM frequency is derived from the system clock
frequency. Any changes in the system clock frequency
will result in changes to the PWM frequency. See
Section 6.0, Oscillator Module (with Fail-Safe Clock
Monitor) for additional details.
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18.1.6 EFFECTS OF RESET

Any Reset will force all ports to Input mode and the
PWMXx registers to their Reset states.

18.1.7 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the module for using the PWMx outputs:

1. Disable the PWMx pin output driver(s) by setting
the associated TRIS bit(s).

2. Configure the PWM output polarity by
configuring the PWMxPOL bit of the PWMxCON
register.

3. Load the PR2 register with the PWM period value,
as determined by Equation 18-1.

4. Load the PWMxDCH register and bits <7:6> of
the PWMxDCL register with the PWM duty cycle
value, as determined by Equation 18-2.

5. Configure and start Timer2:

+ Clear the TMR2IF interrupt flag bit of the PIR1
register.

+ Select the Timer2 prescale value by configuring
the T2CKPS<1:0> bits of the T2CON
register.

» Enable Timer2 by setting the TMR20N bit of
the T2CON register.

6. Wait until the TMR2IF is set.

7. When the TMR2IF flag bit is set:

+ Clear the associated TRIS bit(s) to enable the
output driver.

* Route the signal to the desired pin by
configuring the RxyPPS register.

+ Enable the PWMx module by setting the
PWMXEN bit of the PWMxCON register.

In order to send a complete duty cycle and period on
the first PWM output, the above steps must be followed
in the order given. If it is not critical to start with a
complete PWM signal, then the PWM module can be
enabled during Step 2 by setting the PWMXxEN bit of
the PWMxCON register.
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18.2

REGISTER 18-1:

Register Definitions: PWM Control

PWMxCON: PWM CONTROL REGISTER

R/W-0/0 U-0 R-0 R/W-0/0 u-0 U-0 U-0 U-0
PWMxEN — PWMxOUT | PWMxPOL — — — —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

x = Bit is unknown

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

‘1’ = Bitis set ‘0’ = Bit is cleared
bit 7 PWMxEN: PWM Module Enable bit
1 = PWM module is enabled
0 = PWM module is disabled
bit 6 Unimplemented: Read as ‘0’
bit 5 PWMxOUT. PWM module output level when bit is read.
bit 4 PWMxPOL: PWMx Output Polarity Select bit
1= PWM output is active-low
0 = PWM output is active-high
bit 3-0 Unimplemented: Read as ‘0’

REGISTER 18-2:

PWMxDCH: PWM DUTY CYCLE HIGH BITS

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
PWMxDC<9:2>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

‘1" = Bitis set

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

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

bit 7-0

PWMxDC<9:2>: PWM Duty Cycle Most Significant bits

These bits are the MSbs of the PWM duty cycle. The two LSbs are found in the PWMxDCL register.

REGISTER 18-3:

PWMxDCL: PWM DUTY CYCLE LOW BITS

RIW-x/u RW-x/u u-0 u-0 u-0 u-0 U-0 u-0
PWMxDC<1:0> == = = = =
bit 7 bit 0
Legend:

R = Readable bit

u = Bit is unchanged

W = Writable bit
X = Bit is unknown

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

‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-6 PWMxDC<1:0>: PWM Duty Cycle Least Significant bits

These bits are the LSbs of the PWM duty cycle. The MSbs are found in the PWMxDCH register.
bit 5-0 Unimplemented: Read as ‘0’
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TABLE 18-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 20 MHz)
PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz | 78.12 kHz 156.3 kHz 208.3 kHz
Timer Prescale 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF Ox3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 18-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (Fosc = 8 MHz)
PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz | 76.92 kHz | 153.85 kHz | 200.0 kHz
Timer Prescale 16 4 1 1 1 1
PR2 Value OxFF OxFF OxFF O0x3F Ox1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6
TABLE 18-3: SUMMARY OF REGISTERS ASSOCIATED WITH PWMx
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Sﬁggzgeé
TRISA — — TRISA5 TRISA4 —@ TRISA2 TRISA1 TRISAO 129
ANSELA — — ANSA5 ANSA4 — ANSA2 ANSA1 ANSA0 130
TRISC® — — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 135
ANSELC® — — ANSC5 ANSC4 ANSC3 ANSC2 ANSCH1 ANSCO 136
PWMS5CON PWMSEN — PWM50UT | PWM5POL — — — — 170
PWMS5DCH PWM5DC<9:2> 170
PWM5DCL PWM5DC<1:0> — — — — — — 170
PWM6CON PWM6EN — PWM6OUT | PWM6POL — — — — 170
PWM6DCH PWM6DC<9:2> 170
PWM6DCL PWM6DC<1:0> — — — — — — 170
INTCON GIE PEIE — — — — — INTEDG 87
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF BCL1IF TMR2IF TMR1IF 94
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE BCL1IE TMR2IE TMR1IE 89
T2CON — T20UTPS<3:0> TMR20ON T2CKPS<1:0> 268
TMR2 TMR2<7:0> 268
PR2 PR2<7:0> 269
RxyPPS — — — RxyPPS<4:0> 141
CWG1DAT — — — — DAT<3:0> 189
CLCxSELy — — — LCxDyS<4:0> 202
MDSRC — — — — MDMS<3:0> 243
MDCARH — MDCHPOL | MDCHSYNC — MDCH<3:0> 244
MDCARL — MDCLPOL | MDCLSYNC — MDCL<3:0> 245
Legend: - =Unimplemented locations, read as ‘0’. Shaded cells are not used by the PWM module.

Note 1:  PIC16(L)F18323 only.
2: Unimplemented, read as ‘1’.
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19.0 COMPLEMENTARY WAVEFORM
GENERATOR (CWG) MODULE

The Complementary Waveform Generator (CWG)
produces complementary waveforms with dead-band
delay from a selection of input sources.

The CWG module has the following features:

» Selectable dead-band clock source control
» Selectable input sources

» Qutput enable control

» Output polarity control

» Dead-band control with independent 6-bit rising
and falling edge dead-band counters

* Auto-shutdown control with:
- Selectable shutdown sources
- Auto-restart enable
- Auto-shutdown pin override control

19.1 Fundamental Operation

The CWG generates two output waveforms from the
selected input source.

The off-to-on transition of each output can be delayed
from the on-to-off transition of the other output, thereby,
creating a time delay immediately where neither output
is driven. This is referred to as dead time and is covered
in Section 19.6 “Dead-Band Control”.

It may be necessary to guard against the possibility of
circuit faults or a feedback event arriving too late or not
at all. In this case, the active drive must be terminated
before the Fault condition causes damage. This is
referred to as auto-shutdown and is covered in
Section 19.7 “Auto-Shutdown Control”.

FIGURE 19-1:

19.2 Operating modes

The CWG module can operate in six different modes,
as specified by the MODE<2:0> bits of the
CWG1CONO register:

» Half-Bridge mode

* Push-Pull mode

» Asynchronous Steering mode
» Synchronous Steering mode
* Full-Bridge mode, Forward

* Full-Bridge mode, Reverse

All modes accept a single pulse data input, and
provide up to four outputs as described in the following
sections.

All modes include auto-shutdown control as described
in Section 19.11 “Register Definitions: CWG
Control”

Note:  Except as noted for Full-bridge mode
(Section 19.2.4 “Full-Bridge Modes”),
mode changes should only be performed
while EN = 0 (Register 19-1).

19.21 HALF-BRIDGE MODE

In Half-Bridge mode, two output signals are generated
as true and inverted versions of the input as illustrated
in Figure 19-1. A non-overlap (dead-band) time is
inserted between the two outputs to prevent shoot
through current in various power supply applications.
Dead-band control is described in Section 19.6
“Dead-Band Control”. Steering modes are not used
in Half-Bridge mode.

The unused outputs, CWG1C and CWG1D, drive
similar signals, with polarity independently controlled
by POLC AND POLD, respectively.

CWG1 HALF-BRIDGE MODE OPERATION

clock

>
Falling Event
CWG1B | Dead-band

Input 1
source
> e > e — > -
Rising Event Rising Event Rising Event
CWG1A | | Dead-band Dead-band Dead-band | [
L - >y

>
Falling Event

>
Falling Event

Dead-band

Dead-band
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19.2.2 PUSH-PULL MODE

In Push-Pull mode, two output signals are generated,
alternating copies of the input as illustrated in
Figure 19-2. This alternation creates the push-pull
effect required for driving some transformer-based
power supply designs. Dead-band control is not used in
Push-Pull mode. Steering modes are not used in Push-
Pull mode.

The push-pull sequencer is reset whenever EN = 0 or
if an auto-shutdown event occurs. The sequencer is
clocked by the first input pulse, and the first output
appears on CWG1A.

The unused outputs CWG1C and CWG1D drive copies
of CWG1A and CWG1B, respectively, but with polarity
controlled by POLC and POLD.

FIGURE 19-2: CWG1 PUSH-PULL MODE OPERATION

Input
source

CWG1
clock

CWG1A

CWG1B

19.2.3 STEERING MODES

In both Synchronous and Asynchronous Steering
modes, the modulated input signal can be steered to
any combination of four CWG outputs and a fixed-value
will be presented on all the outputs not used for the
PWM output. Each output has independent polarity,
steering, and shutdown options. Dead-band control is
not used in either Steering mode.

When STRx = 0 (Register 19-5), then the
corresponding pin is held at the level defined by DATXx
(Register 19-5). When STRx = 1, then the pin is driven
by the modulated input signal.

The POLx bits (Register 19-2) control the signal
polarity only when WGSTRx = 1.

The CWG auto-shutdown operation also applies to
Steering modes as described in Section 19.11
“Register Definitions: CWG Control”.

Note:  Only the STRXx bits are synchronized; the
DATx (data) bits are not synchronized.
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19.2.3.1 Synchronous Steering Mode

In Synchronous Steering mode (MODE<2:0> bits =
001, Register 19-1), changes to steering selection
registers take effect on the next rising edge of the
modulated data input (Figure 19-3). In Synchronous
Steering mode, the output will always produce a
complete waveform.

FIGURE 19-3: EXAMPLE OF SYNCHRONOUS STEERING (MODE<2:0> =001)
Rising edge Rising edge
of input of input

CWGKx
INPUT

WGSTRA

CWGxA

CWGXA Follows CWG input

19.2.3.2 Asynchronous Steering Mode

In Asynchronous mode (MODE<2:0> bits = 000,
Register 19-1), steering takes effect at the end of the
instruction cycle that writes to CWG1STR. In
Asynchronous Steering mode, the output signal may
be an incomplete waveform (Register 19-4). This
operation may be useful when the user firmware needs
to immediately remove a signal from the output pin.

FIGURE 19-4: EXAMPLE OF ASYNCHRONOUS STEERING (MODE<2:0>= 000)

End of Instruction Cycle

CWG1 l |—| |—| |—|
INPUT

WGSTRA

CWG1A

End of Instruction Cycle

]

CWGH1A Follows CWG1 data input

19.2.3.3  Startup Considerations

The application hardware must use the proper external
pull-up and/or pull-down resistors on the CWG output
pins. This is required because all I/O pins are forced to
high-impedance at Reset.

The POLy bits (Register 19-2) allow the user to choose
whether the output signals are active-high or active-
low.
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19.2.4 FULL-BRIDGE MODES

In Forward and Reverse Full-Bridge modes, three
outputs drive static values while the fourth is modulated
by the data input. Dead-band control is described in
Section 19.2.3 “Steering Modes” and Section 19.6
“Dead-Band Control”. Steering modes are not used
with either of the Full-Bridge modes.

The mode selection may be toggled between forward
and reverse (changing MODE<2:0>) without clearing
EN.

When connected as shown in Figure 19-5, the outputs
are appropriate for a full-bridge motor driver. Each
CWG output signal has independent polarity control, so
the circuit can be adapted to high-active and low-active
drivers.

FIGURE 19-5: EXAMPLE OF FULL-BRIDGE APPLICATION
1
river Driver
(o | g
CWG1A e I: jl <
CWG1B
Load
CWG1C FET FET
Driver — L Driver
CWG1D — L
QB QD
L
V-
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19.2.4.1 Full-Bridge Forward Mode 19.2.4.2 Full-Bridge Reverse Mode
In Full-Bridge Forward mode (MODE<2:0> = 010), In Full-Bridge Reverse mode (MODE<2:0> = 011),
CWGH1A is driven to its active state and CWG1D is mod- CWGH1C is driven to its active state and CWG1B is
ulated while CWG1B and CWG1C are driven to their modulated while CWG1A and CWG1D are driven to
inactive state, as illustrated at the top of Figure 19-6. their inactive state, as illustrated at the bottom of
Figure 19-6.
FIGURE 19-6: EXAMPLE OF FULL-BRIDGE OUTPUT
Forward
Mode _ Period
CWG1A®
CWG1B®
cwa1c?
Pulse Width
CWG1D®
Q) Q)
Reverse
Mode Period
CWG1A®
Pulse Width
CWG1B®
cwag1c?
cwG1D?
Q) M
Note 1:  Arising CWG data input creates a rising event on the modulated output .
2:  Output signals shown as active-high; all POLy bits are clear.
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19.2.4.3 Direction Change in Full-Bridge

Mode

In Full-Bridge mode, changing MODE<2:0> controls
the forward/reverse direction. Changes to MODE<2:0>
change to the new direction on the next rising edge of
the modulated input.

A direction change is initiated in software by changing
the MODE<2:0> bits of the WG1CONO register. The
sequence is illustrated in Figure 19-7.

» The associated active output CWG1A and the
inactive output CWG1C are switched to drive in
the opposite direction.

* The previously modulated output CWG1D is
switched to the inactive state, and the previously
inactive output CWG1B begins to modulate.

* CWG modulation resumes after the direction-
switch dead-band has elapsed.

19.2.4.4 Dead-band Delay in Full-Bridge

Mode
Dead-band delay is important when either of the
following conditions is true:

1. The direction of the CWG output changes when
the duty cycle of the data input is at or near
100%, or

FIGURE 19-7:

2. The turn-off time of the power switch, including
the power device and driver circuit, is greater
than the turn-on time.

The dead-band delay is inserted only when changing
directions, and only the modulated output is affected.
The statically-configured outputs (CWG1A and
CWG1C) are not afforded dead band, and switch
essentially simultaneously.

Figure 19-7 shows an example of the CWG outputs
changing directions from forward to reverse, at near
100% duty cycle. In this example, at time t1, the output
of CWG1A and CWG1D become inactive, while output
CWG1C becomes active. Since the turn-off time of the
power devices is longer than the turn-on time, a shoot-
through current will flow through power devices QC and
QD for the duration of ‘t'. The same phenomenon will
occur to power devices QA and QB for the CWG
direction change from reverse to forward.
When changing the CWG direction at high duty cycle is
required for an application, two possible solutions for
eliminating the shoot-through current are:
1. Reduce the CWG duty cycle for one period
before changing directions.
2. Use switch drivers that can drive the switches off
faster than they can drive them on.

EXAMPLE OF PWM DIRECTION CHANGE AT NEAR 100% DUTY CYCLE

Forward Period

A

t1
Reverse Period

A
\ 4

o

CWG1A

CWG1B

A

Pulse Width

CWG1C

CWG1D b

Pulse Width

External Switch C

A

» Torr

External Switch D |_|

Potential Shoot-
Through Current

——» [T =Torr - Ton
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FIGURE 19-8: SIMPLIFIED CWG BLOCK DIAGRAM (HALF-BRIDGE MODE, MODE<2:0> = 100)
LSAC<1:0> q\
‘1’ — 00
‘0 — 01
High-z — 10
11
Rising Dead-B: Block
CWG CLOCK |smg: Ead and Bloc 1
Clocl
data out gl 1 \ >
cwg data data in POLA ﬁ) 0| CWG1A
LSBD<1:0> :I\
1" — 00
0 — 01
High-z — 10
11
Falling Dead-Band Block
—pclock 1
data out cwg data B \ _CVVG1B
data in POLB ﬁ) 0
cwg d« ta . )
CWGCATA LSAC<1:0>
INPUT
‘1’ — 00
D Q
‘0 — 01
E
High-z—{ 10
é |
EN
1
ﬁ .
POLC ) 0 | CWG1C
ASOE . |
CWG1PPS LSBD<1:0>
Auto-
AS1E shutdown
c1ouT source ' — 00
AS2E DJ_} ‘0 — 01
caouT? Highz — 10
AS3E 11
cLc2 —s Q-
SHUTDOWN = 1 —R 1
ﬂ .
REN POLD ) 0 | CWG1D
SHUTDOWN =0 )
SHUTDOWN :)
1
FREEZE [ R
cwg data f
Note 1: PIC16(L)F18323 only; otherwise input is ignored.
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FIGURE 19-9: SIMPLIFIED CWG BLOCK DIAGRAM (PUSH-PULL MODE, MODE <2:0>=101)
LSAC<1:0> q\
4 — 00
0 — 01
High-z— 10
11
;
cwg dat | | N\ owg . lata A \ L
— POLA ﬁ)) 0 |[cwG1A
LSBD<1:0> q\
D Q "' — 00
e o —{ 01
High-z —] 10
11
1
—:l >cwq data B \ |
POLB ﬁ)) o [cwa1s
cwg data LSAC<1:0> -
CWG DATA  —,
INPUT 1
4 — 00
—D Q

‘o — 01

E
High-z— 10
é \ 11

EN

I

ASOE
CWG1PPS

AS1E
c1ouT

AS2E
c2out®

AS3E
CLC2

SHUTDOWN =1

REN
SHUTDOWN =0

UGG

Auto-

shutdown
:>§ou rce

T

SHUTDOWN %
FREEZE -

cwg data

1
>

)

LSBD<1:0>

0 |CWG1C

LT

N

00
01
10
1

1
-

0 | CWG1D

LT

Note 1: PIC16(L)F18323 only; otherwise input is ignored.
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FIGURE 19-10: SIMPLIFIED CWG BLOCK DIAGRAM (OUTPUT STEERING MODES)

MODE<2:0> = 000: Asynchronous LSAC<1:0>
MODE<2:0> = 001: Synchronous :I\
‘1" — 00
‘0 — 01
High-z — 10
11

cwg data A 1
1 —
POLA ‘ 0 |[CWG1A
0
DATA :

STRA LS@I<\1:0>
17— 00
0 — 01
High-z — 10
11

cwg data B 1
1 —»
POLB . 0 [CWG1B
0
DATB :

cwg data STRB - .
CWG DATA { LS &31<\1.0>
INPUT
‘1" — 00
D Q
‘0 — 01

E
High-z — 10
é "
| cwgdataC 1
1 —»
POLC j) : 0 [cwae1c

DATC 0 |

EN

I

ASOE
CWGH PPSD STRC LSBD<1:0>
Auto- \J\
AS1E Dj shutdown .
C10UT :>sgurce 17— 00
czout Highz —{ 10

AS3E 11
cLC2 —s Q4

SHUTDOWN = cwg data D 1
1 -
POLD - 0 | CWG1D
REN 0
SHUTDOWN =0 ﬂ DATD

SHUTDOWN j 1

] STRD

FREEZE | -

cwg data —— A

Note 1: PIC16(L)F18323 only; otherwise input is ignored.
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FIGURE 19-11: SIMPLIFIED CWG BLOCK DIAGRAM (FORWARD AND REVERSE FULL-BRIDGE

MODES)
MODE<2:0> = 010: Forward

MODE<2:0> = 011: Reverse LSAC<1:0>
‘' — 00
Rising Dead-Band Block 0 — 01

CWG CLOCK —pclock )

signal out | High-z—| 10
— signal in 11

cwg data A
0 |CWG1A
cwg data —:l:)— POLA j

L_H

MODE<2:0>
4 D LSBD<1:0>
gk q\
cwg data 4 00
cwg data —:|:>— ‘00— 01
High-z — 10

11

—signal in

signal out— cwg data B
CWG CLOCK —clock - 0 |[CWG1B
POLB

Falling Dead-Band Block

cwg data LSAC<1:0>
CWG DATA —
INPUT
‘1" — 00
D Q

‘0 — 01

E
High-z— 10
AX .
cwg data C
POLC H )— 0 [CWG1C
ASOE )
CWG1PP8D LSBD<1:0> :I\

L_H

EN

I

L_ﬂ

Auto-
AS1E shutdown »
c1ouT source 17— 00
AS2E | ‘0 — 01
1
c20uT High-z— 10

AS3E 11
cLC2 —s Q-

SHUTDOWN = 1 —R owa data D
REN POLD :> ) ) 0 [CWG1D
SHUTDOWN =0

SHUTDOWN j—\
1
FREEZE | S

cwg data

L_H

Note 1: PIC16(L)F18323 only; otherwise input is ignored.
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19.3 Clock Source

The clock source is used to drive the dead-band timing
circuits. The CWG module allows the following clock
sources to be selected:

» Fosc (system clock)
* HFINTOSC (16 MHz only)

When the HFINTOSC is selected, the HFINTOSC will
be kept running during Sleep. Therefore, CWG modes
requiring dead band can operate in Sleep, provided
that the CWG data input is also active during Sleep.The
clock sources are selected using the CS bit of the
CWG1CLKCON register (Register 19-3).

19.4 Selectable Input Sources

The CWG generates the output waveforms from the
input sources in Table 19-1.

TABLE 19-1: SELECTABLE INPUT

SOURCES

Source Peripheral Signal Name
CWG1PPS CWG PPS input connection
c10uUT Comparator 1 output
c20uT® Comparator 2 output
PWM5 PWMS5 output
PWM6 PWM6 output
NCO1 Numerically Controlled

Oscillator (NCO) output
CLC1 Configurable Logic Cell 1 output
CLC2 Configurable Logic Cell 2 output

Note 1: PIC16(L)F18323 only.

The input sources are selected using the DAT<3:0>
bits in the CWG1DAT register (Register 19-4).

19.5 Output Control

Immediately after the CWG module is enabled, the
complementary drive is configured with all output
drives cleared.

19.56.1 CWG OUTPUTS

Each CWG output can be routed to a Peripheral Pin
Select (PPS) output via the RxyPPS register (see
Section 12.0 “Peripheral Pin Select (PPS)
Module”).

19.56.2 POLARITY CONTROL

The polarity of each CWG output can be selected
independently. When the output polarity bit is set, the
corresponding output is active-low. Clearing the output
polarity bit configures the corresponding output as
active-high. However, polarity does not affect the
override levels. Output polarity is selected with the
POLy bits of the CWG1CON1 register.

19.6 Dead-Band Control

Dead-band control provides for non-overlapping output
signals to prevent current shoot-through in power
switches. The CWG module contains two 6-bit dead-
band counters. These counters can be loaded with
values that will determine the length of the dead-band
initiated on either the rising or falling edges of the input
source. Dead-band control is used in either Half-Bridge
or Full-Bridge modes.

The rising-edge dead-band delay is determined by the
rising dead-band count register (Register 19-8,
CWG1DBR) and the falling edge dead-band delay is
determined by the falling dead-band count register
(Register 19-9, CWG1DBF). Dead-band duration is
established by counting the CWG clock periods from
zero up to the value loaded into either the rising or fall-
ing dead-band counter registers. The dead-band
counters are incremented on every rising edge of the
CWG clock source.

19.6.1 RISING EDGE AND REVERSE
DEAD BAND

In Half-Bridge mode, the rising edge dead band delays
the turn-on of the CWG1A output after the rising edge
of the CWG data input. In Full-Bridge mode, the
reverse dead-band delay is only inserted when
changing directions from Forward mode to Reverse
mode, and only the modulated output CWG1B is
affected.

The CWG1DBR register determines the duration of the
dead-band interval on the rising edge of the input
source signal. This duration is from 0 to 64 periods of
the CWG clock.

Dead band is always initiated on the edge of the input
source signal. A count of zero indicates that no dead
band is present.

If the input source signal reverses polarity before the
dead-band count is completed, then no signal will be
seen on the respective output.

The CWG1DBR register value is double-buffered.
When EN = 0 (Register 19-1), the buffer is loaded
when CWG1DBR is written. If EN = 1, then the buffer
will be loaded at the rising edge following the first falling
edge of the data input, after the LD bit (Register 19-1)
is set.

DS40001799A-page 182 Preliminary © 2015 Microchip Technology Inc.



PIC16(L)F18313/18323

19.6.2 FALLING EDGE AND FORWARD
DEAD BAND

In Half-Bridge mode, the falling edge dead band delays
the turn-on of the CWG1B output at the falling edge of
the CWG data input. In Full-Bridge mode, the forward
dead-band delay is only inserted when changing
directions from Reverse mode to Forward mode, and
only the modulated output CWG1D is affected.

The CWG1DBF register determines the duration of the
dead-band interval on the falling edge of the input
source signal. This duration is from zero to 64 periods
of CWG clock.

Dead-band delay is always initiated on the edge of the
input source signal. A count of zero indicates that no
dead band is present.

If the input source signal reverses polarity before the
dead-band count is completed, then no signal will be
seen on the respective output.

The CWG1DBF register value is double-buffered.
When EN = 0 (Register 19-1), the buffer is loaded
when CWG1DBF is written. If EN = 1, then the buffer
will be loaded at the rising edge following the first falling
edge of the data input after the LD (Register 19-1) is
set.

19.6.3 DEAD-BAND JITTER

The CWG input data signal may be asynchronous to
the CWG input clock, so some jitter may occur in the
observed dead band in each cycle. The maximum jitter
is equal to one CWG clock period. See Equation 19-1
for details and an example.

EQUATION 19-1: DEAD-BAND DELAY TIME
CALCULATION

1

Fewe cLock
1
Fcwe cLock

T e DBx<4:0>

DEAD —BAND_MIN ~

T e DBx<4:0>+1

DEAD - BANDMAX

T =T -T
JITTER = 'DEAD —-BAND_MAX DEAD —BAND_MIN

_ 1
THTTER = F

CWG_CLOCK

T

T =T +
DEAD-BAND_MAX  DEAD-BAND_MIN JITTER

EXAMPLE
DBR<4:0>= 0x0A = 10

F = 8 MHz

CWG_CLOCK

T = 125 ns

_ 1
JITTER ~ 8MHz

T = 125 ns*10 = 125 us

DEAD —-BAND_MIN

T = 1.25 ps+0.125us= 1.37us

DEAD -BAND_MAX
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19.7 Auto-Shutdown Control

Auto-shutdown is a method to immediately override the
CWG output levels with specific overrides that allow for
safe shutdown of the circuit. The shutdown state can
be either cleared automatically or held until cleared by
software.

19.7.1 SHUTDOWN

The shutdown state can be entered by either of the
following two methods:

+ Software generated
« External input

The SHUTDOWN bit indicates when a shutdown
condition exists. The bit may be set or cleared in
software or by hardware.

19.7.11 Software-Generated Shutdown

Setting the SHUTDOWN bit of the CWG1ASO register
will force the CWG into the shutdown state.

When auto-restart is disabled, the shutdown state will
persist as long as the SHUTDOWN bit is set.

When auto-restart is enabled, the SHUTDOWN bit will
clear automatically and resume operation on the next
rising edge event.

19.7.1.2 External Input Source Shutdown

Any of the auto-shutdown external inputs can be
selected to suspend the CWG operation. These
sources are individually enabled by the ASxE bits of the
CWG1AS1 register (Register 19-7). When any of the
selected inputs goes active (pins are active-low), the
CWG outputs will immediately switch to the override
levels selected by the LSBD<1:0> and LSAC<1:0> bits
without any software delay (Section 19.7.1.3 “Pin
Override Levels”). Any of the following external input
sources can be selected to cause a shutdown
condition:

» Comparator C1

» Comparator C2 (PIC16(L)F 18323 only)
+ CLC2

+ CWG1PPS

Note: Shutdown inputs are level-sensitive, not
edge sensitive. The shutdown state
cannot be cleared, except by disabling
auto-shutdown, as long as the shutdown

input level persists.
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19.7.1.3

The levels driven to the CWG outputs during an auto-
shutdown event are controlled by the LSBD<1:0> and
LSAC<1:0> bits of the CWG1ASO register
(Register 19-6). The LSBD<1:0> bits control CWG1B/
D output levels, while the LSAC<1:0> bits control the
CWG1A/C output levels.

Pin Override Levels

19.7.1.4

When an auto-shutdown event occurs, either by
software or hardware setting SHUTDOWN, the CWG1IF
flag bit of the PIR4 register is set (Register 7-11).

Auto-shutdown Interrupts

19.8 Auto-Shutdown Restart

After an auto-shutdown event has occurred, there are
two ways to resume operation:

« Software controlled
¢ Auto-restart

In either case, the shut-down source must be cleared
before the restart can take place. That is, either the
shutdown condition must be removed, or the
corresponding ASxE bit must be cleared.

19.8.1 SOFTWARE-CONTROLLED
RESTART

If the REN bit of the CWG1ASO register is clear
(REN =0), the CWG module must be restarted after an
auto-shutdown event through software.

Once all auto-shutdown sources are removed, the
software must clear SHUTDOWN. Once SHUTDOWN
is cleared, the CWG module will resume operation
upon the first rising edge of the CWG data input.

Note: SHUTDOWN bit cannot be cleared in
software if the auto-shutdown condition is
still present.

19.8.2 AUTO-RESTART

If the REN bit of the CWG1ASO register is set
(REN = 1), the CWG module will restart from the shut-
down state automatically.

Once all auto-shutdown conditions are removed, the
hardware will automatically clear SHUTDOWN. Once
SHUTDOWN is cleared, the CWG module will resume
operation upon the first rising edge of the CWG data
input.

Note: SHUTDOWN bit cannot be cleared in
software if the auto-shutdown condition is
still present.

19.9 Operation during Sleep

The CWG module will operate during Sleep, provided
that the input sources remain active.

If the HFINTOSC is selected as the module clock
source, dead-band generation will remain active. This
will have a direct effect on the Sleep mode current.

19.10 Configuring the CWG

1. Ensure that the TRIS control bits corresponding
to CWG outputs are set so that all are
configured as inputs, ensuring that the outputs
are inactive during setup. External hardware
should ensure that pin levels are held to safe
levels.

Clear the EN bit, if not already cleared.

3. Configure the MODE<2:0> bits of the
CWG1CONO register to set the output operating
mode.

4. Configure the POLy bits of the CWG1CON1
register to set the output polarities.

5. Configure the DAT<3:0> bits of the CWG1DAT
register to select the data input source.

6. If a Steering mode is selected, configure the
STRXx bits to select the desired output on the
CWG outputs.

7. Configure the LSBD<1:0> and LSAC<1:0> bits
of the CWG1ASO register to select the auto-
shutdown output override states (this is
necessary even if not using auto-shutdown
because start-up will be from a shutdown state).

8. If auto-restart is desired, set the REN bit of
CWG1ASO.

9. If auto-shutdown is desired, configure the ASxE
bits of the CWG1AS1 register to select the shut-
down source.

10. Set the desired rising and falling dead-band
times with the CWG1DBR and CWG1DBF
registers.

11. Select the clock source in the CWG1CLKCON
register.

12. Set the EN bit to enable the module.

13. Clear the TRIS bits that correspond to the CWG
outputs to set them as outputs.

14. If auto-restart is to be used, set the REN bit and
the SHUTDOWN bit will be cleared
automatically. Otherwise, clear the
SHUTDOWN bit in software to start the CWG.

N

© 2015 Microchip Technology Inc.

Preliminary

DS40001799A-page 185



PIC16(L)F18313/18323

19.11 Register Definitions: CWG Control

REGISTER 19-1: CWG1CONO: CWG CONTROL REGISTER 0

R/W-0/0 R/W/HC-0/0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
EN LD — — — MODE<2:0>

bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared HS/HC = Bit is set/cleared by hardware
bit 7 EN: CWG Enable bit

1 = CWG s enabled
0 = CWG is disabled

bit 6 LD: CWG1 Load Buffers bit™
1 = Dead-band count buffers to be loaded on CWG data rising edge, following first falling edge after
this bit is set
0 = Buffers remain unchanged
bit 5-3 Unimplemented: Read as ‘0’
bit 2-0 MODE<2:0>: CWG Mode bits

111 = Reserved

110 = Reserved

101 = CWG outputs operate in Push-pull mode

100 = CWG outputs operate in Half-Bridge mode

011 = CWG outputs operate in Reverse Full-bridge mode
010 = CWG outputs operate in Forward Full-bridge mode
001 = CWG outputs operate in Synchronous Steering mode
000 = CWG outputs operate in Asynchronous Steering mode

Note 1: This bit can only be set after EN = 1; it cannot be set in the same cycle when EN is set.
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REGISTER 19-2: CWG1CON1: CWG CONTROL REGISTER 1

uU-0 u-0 R-x u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — IN — POLD POLC POLB POLA
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5 IN: CWG Data Input Signal (read-only) bit
bit 4 Unimplemented: Read as ‘0’
bit 3 POLD: WG1D Output Polarity bit

1 = Signal output is inverted polarity

0 = Signal output is normal polarity
bit 2 POLC: WG1C Output Polarity bit

1 = Signal output is inverted polarity

0 = Signal output is normal polarity
bit 1 POLB: WG1B Output Polarity bit

1 = Signal output is inverted polarity

0 = Signal output is normal polarity
bit 0 POLA: WG1A Output Polarity bit

1 = Signal output is inverted polarity

0 = Signal output is normal polarity

© 2015 Microchip Technology Inc. Prelimin ary
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REGISTER 19-3:

CWG1CLKCON: CWG1 CLOCK INPUT SELECTION REGISTER

uU-0 U-0 u-0 uU-0 u-0 uU-0 uU-0 R/W-0/0
— — — — — — — (O]
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-1 Unimplemented: Read as ‘0’
bit 0 CS: CWG Clock Source Selection Select bits
WGCLK Clock Source
0 Fosc
1 HFINTOSC (remains operating

during Sleep)
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REGISTER 19-4: CWG1DAT: CWG1 DATA INPUT SELECTION REGISTER

u-0 u-0 u-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
_ — — — DAT<3:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 DAT<3:0>: CWG Data Input Selection bits
Data Source
DAT
PIC16(L)F18313 PIC16(L)F18323
0000 CWG1PPS CWG1PPS
0001 C10UT C10UT
0010 Reserved C20UT
0011 CCP1 CCP1
0100 CCP2 CCP2
0101 Reserved Reserved
0110 Reserved Reserved
0111 PWM5 PWM5
1000 PWM6 PWM6
1001 NCO NCO
1010 CLC1 CLC1
1011 CLC2 CLC2
1100 Reserved Reserved
1101 Reserved Reserved
1110 Reserved Reserved
1111 Reserved Reserved
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REGISTER 19-5:

CcWG1STRM: CWG STEERING CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
OVRD OVRC OVRB OVRA STRD®@ STRC® STRB®@ STRA®
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged

1’ = Bit is set

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

-n/n = Value at POR and BOR/Value at all other Resets
g = Value depends on condition

bit 7
bit 6
bit 5
bit 4
bit 3

bit 2

bit 1

bit 0

OVRD: Steering Data D bit
OVRC: Steering Data C bit
OVRB: Steering Data B bit
OVRA: Steering Data A bit
STRD: Steering Enable bit D
1 = CWG1D output has the CWG data input waveform with polarity control from POLD bit
0 = CWG1D output is assigned to value of OVRD bit
STRC: Steering Enable bit C(?)
1 = CWG1C output has the CWG data input waveform with polarity control from POLC bit
0 = CWG1C output is assigned to value of OVRC bit
STRB: Steering Enable bit B®
1 = CWG1B output has the CWG data input waveform with polarity control from POLB bit
0 = CWG1B output is assigned to value of OVRB bit
STRA: Steering Enable bit A®
1 = CWG1A output has the CWG data input waveform with polarity control from POLA bit
0 = CWGH1A output is assigned to value of OVRA bit
Note 1: The bits in this register apply only when MD<2:0> = 00x (Register 19-1, Steering modes).
2: This bit is double-buffered when MD<2:0> = 001.
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REGISTER 19-6: CWG1AS0: CWG AUTO-SHUTDOWN CONTROL REGISTER 0

R/W/HS/SC-0/0 R/W-0/0 R/W-0/0 R/W-1/1 R/W-0/0 R/W-1/1 U-0 uU-0
SHUTDOWN REN LSBD<1:0> LSAC<1:0> — —

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition

bit 7 SHUTDOWN: Auto-Shutdown Event Status bit(1:2)

1 = An auto-shutdown state is in effect
0 = No auto-shutdown event has occurred

bit 6 REN: Auto-Restart Enable bit

1= Auto-restart is enabled
0 = Auto-restart is disabled

bit 5-4 LSBD<1:0>: CWG1B and CWG1D Auto-shutdown State Control bits
11 = Alogic ‘1’ is placed on CWG1B/D when an auto-shutdown event occurs.
10 = Alogic ‘0’ is placed on CWG1B/D when an auto-shutdown event occurs.
01 = Pin is tri-stated on CWG1B/D when an auto-shutdown event occurs.
00 = The inactive state of the pin, including polarity, is placed on CWG1B/D after the required
dead-band interval when an auto-shutdown event occurs.

bit 3-2 LSAC<1:0>: CWG1A and CWG1C Auto-shutdown State Control bits
11 = Alogic ‘1’ is placed on CWG1A/C when an auto-shutdown event occurs.
10 = Alogic ‘0’ is placed on CWG1A/C when an auto-shutdown event occurs.
01 = Pin is tri-stated on CWG1A/C when an auto-shutdown event occurs.
00 = The inactive state of the pin, including polarity, is placed on CWG1A/C after the required
dead-band interval when an auto-shutdown event occurs.
bit 1-0 Unimplemented: Read as ‘0’
Note 1: This bit may be written while EN = 0 (Register 19-1), to place the outputs into the shutdown configuration.

2:  The outputs will remain in auto-shutdown state until the next rising edge of the CWG data input after this bit
is cleared.
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REGISTER 19-7: CWG1AS1: CWG AUTO-SHUTDOWN CONTROL REGISTER 1

u-0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — AS3E AS2EW AS1E ASOE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-4 Unimplemented: Read as ‘0’
bit 3 AS3E: CWG Auto-shutdown Source 3 (CLC2) Enable bit

1 = Auto-shutdown from CLC2 is enabled
0 = Auto-shutdown from CLC2 is disabled
bit 2 AS2E: CWG Auto-shutdown Source 2 (CMP2) Enable bit™®)
1= Auto-shutdown from CMP2 is enabled
0 = Auto-shutdown from CMP2 is disabled
bit 1 AS1E: CWG Auto-shutdown Source 1 (CMP1) Enable bit
1 = Auto-shutdown from CMP1 is enabled
0 = Auto-shutdown from CMP1 is disabled
bit 0 ASOE: CWG Auto-shutdown Source 0 (CWG1PPS) Enable bit
1 = Auto-shutdown from CWG1PPS is enabled
0 = Auto-shutdown from CWG1PPS is disabled

Note 1: PIC16(L)F18323 only; otherwise read as ‘0’.

REGISTER 19-8: CWG1DBR: CWG RISING DEAD-BAND COUNT REGISTER

U-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — DBR<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 DBR<5:0>: CWG Rising Edge Triggered Dead-Band Count bits

11 1111 = 63-64 CWG clock periods
11 1110= 62-63 CWG clock periods

00 0010 = 2-3 CWG clock periods
00 0001 = 1-2 CWG clock periods
00 0000 = 0 CWG clock periods. Dead-band generation is bypassed
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REGISTER 19-9: CWG1DBF: CWG FALLING DEAD-BAND COUNT REGISTER

uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — DBF<5:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bitis cleared g = Value depends on condition
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 DBF<5:0>: CWG Falling Edge-Triggered Dead-Band Count bits

11 1111 = 63-64 CWG clock periods
11 1110 = 62-63 CWG clock periods

00 0010 = 2-3 CWG clock periods
00 0001 = 1-2 CWG clock periods
00 0000 = 0 CWG clock periods. Dead-band generation is bypassed.

TABLE 19-2: SUMMARY OF REGISTERS ASSOCIATED WITH CWG1

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bito | Register

on Page

TRISA = = TRISA5 | TRISA4 —@ TRISA2 | TRISAT TRISAO 129
ANSELA — — ANSA5 | ANSA4 — ANSA2 ANSA1 ANSA0 130
TRISC® = = TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 TRISCO 135
ANSELC® — — ANSC5 | ANSC4 | ANSC3 | ANSC2 ANSCH1 ANSCO 136
PIR4 = CWG1IF = = = = CCP2IF | CCP1IF 97
PIE4 — CWG1IE — — — — CCP2IE | CCP1IE 92
CWG1CONO EN LD = = = MODE<2:0> 186
CWG1CON1 = = IN = POLD POLC POLB POLA 187
CWG1CLKCON — — — — — — — cs 188
CWG1DAT = = = = DAT<3:0> 189
CWG1STR OVRD OVRC OVRB OVRA STRD | STRC STRB STRA 190
CWG1ASO SHUTDOWN | REN LSBD<1:0> LSAC<1:0> = = 191
CWG1AS1 — — — — AS3E | AS2EM AS1E ASOE 192
CWG1DBR — — DBR<5:0> 192
CWG1DBF = = DBF<5:0> 193
CWG1PPS — — — CWG1PPS<4:0> 140
RxyPPS = = = RxyPPS<4:0> 141

Note 1: PIC16(L)F18323 only.
2:  Unimplemented, read as ‘0’.
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20.0 CONFIGURABLE LOGIC CELL Refer to Figure 20-1 for a simplified diagram showing
(CLC) signal flow through the CLCx.
Possible configurations include:
The Configurable Logic Cell (CLCx) provides

programmable logic that operates outside the speed * Combinatorial Logic

limitations of software execution. The logic cell takes up - AND
to 32 input signals and, through the use of configurable - NAND
gates, reduces the 32 inputs to four logic lines that drive - AND-OR
one of eight selectable single-output logic functions. - AND-OR-INVERT
Input sources are a combination of the following: - OR-XOR
* /O pins - OR-XNOR
* Internal clocks » Latches
» Peripherals - SR
* Register bits - Clocked D with Set and Reset
The output can be directed internally to peripherals and - Transparent D with Set and Reset
to an output pin. - Clocked J-K with Reset
FIGURE 20-1: CLCx SIMPLIFIED BLOCK DIAGRAM
LCxOUT
b Q MLCXOUT
Q1 —
LCx_in[0]—
LCx_in[1]— .
! L
LCx_in[2]— to Peripherals
7“_/&
— s LCXEN
- 1| lexgl L
c
| % 162 | Logic lexq LCx_out PPS
- § lexg3 Fun(g)tion D = Module —‘E CLCx
T & | lexgd
. 4 LCxPOL
13
LCx_in[29] | £ LCxMODE<2:0> Interrupt
LCx_in[30]— ] get ||
LCx_in[31]—|
LCXINTPI set bit
LCXINTN—L CLCxIF
Interrupt
7det ]
Note 1. See Figure 20-2: Input Data Selection and Gating.
2. See Figure 20-3: Programmable Logic Functions.

DS40001799A-page 194 Preliminary © 2015 Microchip Technology Inc.



PIC16(L)F18313/18323

20.1 CLCx Setup TABLE 20-1:  CLCx DATA INPUT SELECTION
Programming the CLCx module is performed by LCxDyS<4:0> CLCx Input Source
configuring the four stages in the logic signal flow. The Value
four stages are: 11111 [31] Fosc
+ Data selection 11110 [30] HFINTOSC
+ Data gating 11101 [29] LFINTOSC
* Logic function selection 11100 [28] ADCRC
* Output polarity 11011 [27] IOCIF int flag bit
Each stage is setup at run time by writing to the 11010 [26] TMR2/PR2 match
corresponding CLCx Special Function Registers. This
has the added advantage of permitting logic 11001 [25] TMR1 overflow
reconfiguration on-the-fly during program execution. 11000 [24] TMRO overflow
2011 DATA SELECTION 10111 [23] EUSART (DT) output
o 10110 [22] EUSART (TX/CK) output

There are 32 signals available as inputs to the 10101 [21] e
configurable logic. Four 32-input multiplexers are used
to select the inputs to pass on to the next stage. 10100 [20] Reserved
Data selection is through four multiplexers as indicated 10011 [19] SDA1
on the left side of Figure 20-2. Data inputs in the figure 10010 [18] SCL1
are identified by a generic numbered input name. 10001 [17] PWMB output
Table 20-1 correlates the generic input name to the 10000 [16] PWMS5 output
actual signal for each CLC module. The column labeled 01111 [15] EEEEER
‘LCxDyS<4:0> Value’ indicates the MUX selection code
for the selected data input. LCxDyS is an abbreviation 01110 [14] Reserved
for the MUX select input codes: LCxD1S<4:0> through 01101 [13] CCP2 output
LCxD4S<4:0>. 01100 [12] CCP1 output
Data inputs are selected with CLCxSELO through 01011 [11] CLKR output
CLCxSEL3 registers  (Register 20-3  through 01010 [10] DSM output
Register 20-6). T

01001 [9] c2W output

Note: Data selections are undefined at power-up. I 01000 [8] C1 output

00111 [7] Reserved

00110 [6] Reserved

00101 [5] CLC2 output

00100 [4] CLC1 output

00011 [3] CLCIN3PPS

00010 [2] CLCIN2PPS

00001 [1] CLCIN1PPS

00000 [0] CLCINOPPS

Note 1: PIC16(L)F18323 only.
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20.1.2 DATA GATING

Outputs from the input multiplexers are directed to the
desired logic function input through the data gating
stage. Each data gate can direct any combination of the
four selected inputs.

Note:  Data gating is undefined at power-up. I

The gate stage is more than just signal direction. The
gate can be configured to direct each input signal as
inverted or non-inverted data. Directed signals are
ANDed together in each gate. The output of each gate
can be inverted before going on to the logic function
stage.

The gating is in essence a 1-to-4 input
AND/NAND/OR/NOR gate. When every input is
inverted and the output is inverted, the gate is an OR of
all enabled data inputs. When the inputs and output are
not inverted, the gate is an AND or all enabled inputs.

Table 20-2 summarizes the basic logic that can be
obtained in gate 1 by using the gate logic select bits.
The table shows the logic of four input variables, but
each gate can be configured to use less than four. If
no inputs are selected, the output will be zero or one,
depending on the gate output polarity bit.

TABLE 20-2: DATA GATING LOGIC

CLCxGLSy LCxGyPOL Gate Logic
0x55 1 AND
0x55 0 NAND
O0xAA 1 NOR
OxAA 0 OR
0x00 0 Logic O
0x00 1 Logic 1

It is possible (but not recommended) to select both the
true and negated values of an input. When this is done,
the gate output is zero, regardless of the other inputs,
but may emit logic glitches (transient-induced pulses).
If the output of the channel must be zero or one, the
recommended method is to set all gate bits to zero and
use the gate polarity bit to set the desired level.

Data gating is configured with the logic gate select
registers as follows:

» Gate 1: CLCxGLSO (Register 20-7)

* Gate 2: CLCxGLS1 (Register 20-8)

* Gate 3: CLCxGLS2 (Register 20-9)

» Gate 4: CLCxGLS3 (Register 20-10)

Register number suffixes are different than the gate

numbers because other variations of this module have
multiple gate selections in the same register.

Data gating is indicated in the right side of Figure 20-2.
Only one gate is shown in detail. The remaining three
gates are configured identically with the exception that
the data enables correspond to the enables for that
gate.

20.1.3 LOGIC FUNCTION

There are eight available logic functions including:

* AND-OR

* OR-XOR

* AND

* S-R Latch

* D Flip-Flop with Set and Reset

* D Flip-Flop with Reset

» J-K Flip-Flop with Reset

» Transparent Latch with Set and Reset

Logic functions are shown in Figure 20-2. Each logic
function has four inputs and one output. The four inputs
are the four data gate outputs of the previous stage.
The output is fed to the inversion stage and from there

to other peripherals, an output pin, and back to the
CLCx itself.

20.1.4 OUTPUT POLARITY

The last stage in the configurable logic cell is the output
polarity. Setting the LCxPOL bit of the CLCxPOL
register inverts the output signal from the logic stage.
Changing the polarity while the interrupts are enabled
will cause an interrupt for the resulting output transition.
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20.2 CLCx Interrupts

An interrupt will be generated upon a change in the
output value of the CLCx when the appropriate interrupt
enables are set. A rising edge detector and a falling
edge detector are present in each CLC for this purpose.

The CLCxIF bit of the associated PIR3 register will be
set when either edge detector is triggered and its asso-
ciated enable bit is set. The LCxINTP enables rising
edge interrupts and the LCxINTN bit enables falling
edge interrupts. Both are located in the CLCxCON
register.

To fully enable the interrupt, set the following bits:

* CLCxIE bit of the PIE3 register

* LCxINTP bit of the CLCxCON register (for a rising
edge detection)

* LCxINTN bit of the CLCxCON register (for a
falling edge detection)

* PEIE and GIE bits of the INTCON register

The CLCxIF bit of the PIR3 register, must be cleared in
software as part of the interrupt service. If another edge
is detected while this flag is being cleared, the flag will
still be set at the end of the sequence.

20.3 Output Mirror Copies

Mirror copies of all LCxCON output bits are contained
in the CLCxDATA register. Reading this register reads
the outputs of all CLCs simultaneously. This prevents
any reading skew introduced by testing or reading the
LCxOUT bits in the individual CLCxCON registers.

20.4 Effects of a Reset

The CLCxCON register is cleared to zero as the result
of a Reset. All other selection and gating values remain
unchanged.

20.5 Operation During Sleep

The CLC module operates independently from the
system clock and will continue to run during Sleep,
provided that the input sources selected remain active.

The HFINTOSC remains active during Sleep when the
CLC module is enabled and the HFINTOSC is
selected as an input source, regardless of the system
clock source selected.

In other words, if the HFINTOSC is simultaneously
selected as the system clock and as a CLC input
source, when the CLC is enabled, the CPU will go idle
during Sleep, but the CLC will continue to operate and
the HFINTOSC will remain active.

This will have a direct effect on the Sleep mode current.

20.6 CLCx Setup Steps

The following steps should be followed when setting up
the CLCx:

» Disable CLCx by clearing the LCxEN bit.

» Select desired inputs using CLCxSELO through
CLCxSELS3 registers (See Table 20-1).

» Clear any associated ANSEL bits.

» Set all TRIS bits associated with inputs.

» Clear all TRIS bits associated with outputs.

» Enable the chosen inputs through the four gates
using CLCxGLSO0, CLCxGLS1, CLCxGLS2, and
CLCxGLSS3 registers.

» Select the gate output polarities with the
LCxGyPOL bits of the CLCxPOL register.

» Select the desired logic function with the
LCxMODE<2:0> bits of the CLCxCON register.

» Select the desired polarity of the logic output with
the LCxPOL bit of the CLCxPOL register. (This
step may be combined with the previous gate out-
put polarity step).

« If driving a device pin, set the desired pin PPS
control register and also clear the TRIS bit
corresponding to that output.

« Ifinterrupts are desired, configure the following
bits:

- Setthe LCxINTP bit in the CLCxCON register
for rising event.

- Set the LCxINTN bit in the CLCxCON
register for falling event.

- Set the CLCxIE bit of the PIE3 register.

- Set the GIE and PEIE bits of the INTCON
register.

» Enable the CLCx by setting the LCxEN bit of the
CLCxCON register.

© 2015 Microchip Technology Inc.
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FIGURE 20-2: INPUT DATA SELECTION AND GATING
r——— - - - - — - — — — B
| ) Data Selection |
| LCx_in[0] 00000 |
| R I Data GATE 1
I I
| ® lexd1T i LCxD1G1T
| ] I
| lcxd1 Ni LCxD1G1N
| LCx_in[31] 11111 ||
| /4 LCxD1S<4:0> | Lo
I I
| | LCxD2G1N D,CX91
| LCx_in[0] 00000 | Py
LCxD3G1T
| ° I LCxG1POL
| Icxd2T |
4 LCxD3G1N
L e lexd2N!
| | LCxD4G1T
| LCx_in[31] 11111 |
: /‘é LCxD2S<4:0> : LCXD4G1N
I I
| LCx_in[0]——(o0000 |
| | f's Data GATE 2
| ® | —lcxg2
_ lexd3T
| g I - (Same as Data GATE 1)
| ® LDO |CXd3N!
| | Data GATE 3
LCx_in[31]——11111
| | —lcxg3
/é LCxD3S<4:0>
| X | p (Same as Data GATE 1)
I I
| LCx_in[0]——o0000 | Data GATE 4
I I
—lcxg4
I L4 I
| ° _ Icxd4T | p¢ (Same as Data GATE 1)
| ° LDC lcxd4N | T
I I
| LCx_in[31]——11111 | I
| /4 LCxD4S<4:0> |
- - .
Note:  All controls are undefined at power-up.
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FIGURE 20-3: PROGRAMMABLE LOGIC FUNCTIONS
AND-OR OR-XOR
lexgl — lexgl —
lcxg2 — lcxg2 —
lexq lexq
lcxg3 — lexg3 —
lcxgd — lcxgd ——
LCxMODE<2:0> =000 LCxMODE<2:0> =001
4-input AND S-R Latch
lexgl —— lexg1
S Q+— lexq
loxg2 ———| lecxg2
lexq
lexg3 ——— loxg3
R
lexgd ——— lcxg4
LCxMODE<2:0> =010 LCxMODE<2:0> =011
1-Input D Flip-Flop with S and R 2-Input D Flip-Flop with R
lcxg4 ]
S lcxg4
lcxg2 — D Q—— lcxq D Q—— lIcxq
lcxg2
lexg1 — R lexgl — R
lcxg3 1 lcxg3 1
LCxMODE<2:0> =100 LCxMODE<2:0> =101
J-K Flip-Flop with R 1-Input Transparent Latch with S and R
lcxg4 /]
lexg2 — J Q—— lcxq S
lcxg2 — D Q—— lcxq
lexg1 —
lexgd —— K
R
lcxg3 ——LE
R
lcxg3 1
lcxg1 1
LCxMODE<2:0> =110 LCxMODE<2:0> =111
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20.7 Register Definitions: CLC Control

REGISTER 20-1: CLCxCON: CONFIGURABLE LOGIC CELL CONTROL REGISTER

R/W-0/0 U-0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
LCxEN — LCxOUT LCxINTP LCxINTN LCxMODE<2:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxEN: Configurable Logic Cell Enable bit

1 = Configurable logic cell is enabled and mixing input signals
0 = Configurable logic cell is disabled and has logic zero output

bit 6 Unimplemented: Read as ‘0’
bit 5 LCxOUT: Configurable Logic Cell Data Output bit

Read-only: logic cell output data, after LCPOL; sampled from CLCxOUT.
bit 4 LCxINTP: Configurable Logic Cell Positive Edge Going Interrupt Enable bit

1 = CLCxIF will be set when a rising edge occurs on CLCxOUT
0 = CLCxIF will not be set

bit 3 LCxINTN: Configurable Logic Cell Negative Edge Going Interrupt Enable bit

1 = CLCxIF will be set when a falling edge occurs on CLCxOUT
0 = CLCxIF will not be set
bit 2-0 LCxMODE<2:0>: Configurable Logic Cell Functional Mode bits
111 = Cell is 1-input transparent latch with S and R
110 = Cell is J-K flip-flop with R
101 = Cell is 2-input D flip-flop with R
100 = Cell is 1-input D flip-flop with S and R
011 = Cell is S-R latch
010 = Cell is 4-input AND
001 = Cell is OR-XOR
000 = Cell is AND-OR
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REGISTER 20-2: CLCxPOL: SIGNAL POLARITY CONTROL REGISTER

R/W-0/0 uU-0 u-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxPOL — — — LCxG4POL | LCxG3POL | LCxG2POL | LCxG1POL
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxPOL: CLCxOUT Output Polarity Control bit

1 = The output of the logic cell is inverted
0 = The output of the logic cell is not inverted

bit 6-4 Unimplemented: Read as ‘0’

bit 3 LCxG4POL: Gate 3 Output Polarity Control bit
1 = The output of gate 3 is inverted when applied to the logic cell
0 = The output of gate 3 is not inverted

bit 2 LCxG3POL: Gate 2 Output Polarity Control bit
1 = The output of gate 2 is inverted when applied to the logic cell
0 = The output of gate 2 is not inverted

bit 1 LCxG2POL: Gate 1 Output Polarity Control bit
1 = The output of gate 1 is inverted when applied to the logic cell
0 = The output of gate 1 is not inverted

bit 0 LCxG1POL: Gate 0 Output Polarity Control bit
1 = The output of gate 0 is inverted when applied to the logic cell
0 = The output of gate 0 is not inverted
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REGISTER 20-3: CLCxSELO: GENERIC CLCx DATA 0 SELECT REGISTER

u-0 u-0 u-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— | — | — | LCxD1S<4:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 LCxD1S<4:0>: CLCx Data1 Input Selection bits

See Table 20-1.

REGISTER 20-4: CLCxSEL1: GENERIC CLCx DATA 1 SELECT REGISTER

uU-0 uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— | _ | — | LCxD2S<4:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 LCxD2S<4:0>: CLCx Data 2 Input Selection bits

See Table 20-1.

REGISTER 20-5: CLCxSEL2: GENERIC CLCx DATA 2 SELECT REGISTER

U-0 uU-0 uU-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
— | — | — | LCxD3S<4:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bitis set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 LCxD3S<4:0>: CLCx Data 3 Input Selection bits

See Table 20-1.

REGISTER 20-6: CLCxSEL3: GENERIC CLCx DATA 3 SELECT REGISTER

U-0 uU-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
_ | — | - | LCxD4S<4:0>

bit 7 bit 0

Legend:

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

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

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 LCxD4S<4:0>: CLCx Data 4 Input Selection bits

See Table 20-1.
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REGISTER 20-7:

CLCxGLSO0: GATE 0 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxG1D4T | LCxG1D4N | LCxG1D3T | LCxG1D3N | LCxG1D2T | LCxG1D2N | LCxG1D1T | LCxG1D1N
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxG1DAT: Gate 0 Data 4 True (non-inverted) bit
1 = CLCINS (true) is gated into CLCx Gate 0
0 = CLCINS (true) is not gated into CLCx Gate 0
bit 6 LCxG1D4N: Gate 0 Data 4 Negated (inverted) bit
1 = CLCINS (inverted) is gated into CLCx Gate 0
0 = CLCINS (inverted) is not gated into CLCx Gate 0
bit 5 LCxG1D3T: Gate 0 Data 3 True (non-inverted) bit
1 = CLCIN2 (true) is gated into CLCx Gate 0
0 = CLCIN2 (true) is not gated into CLCx Gate 0
bit 4 LCxG1D3N: Gate 0 Data 3 Negated (inverted) bit
1 = CLCIN2 (inverted) is gated into CLCx Gate 0
0 = CLCIN2 (inverted) is not gated into CLCx Gate 0
bit 3 LCxG1D2T: Gate 0 Data 2 True (non-inverted) bit
1 = CLCIN1 (true) is gated into CLCx Gate 0
0 = CLCINT1 (true) is not gated into | CLCx Gate 0
bit 2 LCxG1D2N: Gate 0 Data 2 Negated (inverted) bit
1 = CLCIN1 (inverted) is gated into CLCx Gate 0
0 = CLCIN1 (inverted) is not gated into CLCx Gate 0
bit 1 LCxG1D1T: Gate 0 Data 1 True (non-inverted) bit
1 = CLCINO (true) is gated into CLCx Gate 0
0 = CLCINO (true) is not gated into CLCx Gate 0
bit 0 LCxG1DI1N: Gate 0 Data 1 Negated (inverted) bit

1 = CLCINO (inverted) is gated into CLCx Gate 0
0 = CLCINO (inverted) is not gated into CLCx Gate 0
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REGISTER 20-8:

CLCxGLS1: GATE 1 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxG2D4T | LCxG2D4N | LCxG2D3T | LCxG2D3N | LCxG2D2T | LCxG2D2N | LCxG2D1T | LCxG2D1N
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxG2DAT: Gate 1 Data 4 True (non-inverted) bit
1 = CLCINS (true) is gated into CLCx Gate 1
0 = CLCINS (true) is not gated into CLCx Gate 1
bit 6 LCxG2D4N: Gate 1 Data 4 Negated (inverted) bit
1 = CLCINS (inverted) is gated into CLCx Gate 1
0 = CLCINS (inverted) is not gated into CLCx Gate 1
bit 5 LCxG2D3T: Gate 1 Data 3 True (non-inverted) bit
1 = CLCIN2 (true) is gated into CLCx Gate 1
0 = CLCIN2 (true) is not gated into CLCx Gate 1
bit 4 LCxG2D3N: Gate 1 Data 3 Negated (inverted) bit
1 = CLCIN2 (inverted) is gated into CLCx Gate 1
0 = CLCIN2 (inverted) is not gated into CLCx Gate 1
bit 3 LCxG2D2T: Gate 1 Data 2 True (non-inverted) bit
1 = CLCIN1 (true) is gated into CLCx Gate 1
0 = CLCINT1 (true) is not gated into CLCx Gate 1
bit 2 LCxG2D2N: Gate 1 Data 2 Negated (inverted) bit
1 = CLCIN1 (inverted) is gated into CLCx Gate 1
0 = CLCIN1 (inverted) is not gated into CLCx Gate 1
bit 1 LCxG2D1T: Gate 1 Data 1 True (non-inverted) bit
1 = CLCINO (true) is gated into CLCx Gate 1
0 = CLCINO (true) is not gated into CLCx Gate1
bit 0 LCxG2D1N: Gate 1 Data 1 Negated (inverted) bit

1 = CLCINO (inverted) is gated into CLCx Gate 1
0 = CLCINO (inverted) is not gated into CLCx Gate 1
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REGISTER 20-9:

CLCxGLS2: GATE 2 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxG3D4T | LCxG3D4N | LCxG3D3T | LCxG3D3N | LCxG3D2T | LCxG3D2N | LCxG3D1T | LCxG3D1N
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxG3DA4T: Gate 2 Data 4 True (non-inverted) bit
1 = CLCINS (true) is gated into CLCx Gate 2
0 = CLCINS (true) is not gated into CLCx Gate 2
bit 6 LCxG3D4N: Gate 2 Data 4 Negated (inverted) bit
1 = CLCINS (inverted) is gated into CLCx Gate 2
0 = CLCINS (inverted) is not gated into CLCx Gate 2
bit 5 LCxG3D3T: Gate 2 Data 3 True (non-inverted) bit
1 = CLCIN2 (true) is gated into CLCx Gate 2
0 = CLCIN2 (true) is not gated into CLCx Gate 2
bit 4 LCxG3D3N: Gate 2 Data 3 Negated (inverted) bit
1 = CLCIN2 (inverted) is gated into CLCx Gate 2
0 = CLCIN2 (inverted) is not gated into CLCx Gate 2
bit 3 LCxG3D2T: Gate 2 Data 2 True (non-inverted) bit
1 = CLCIN1 (true) is gated into CLCx Gate 2
0 = CLCINT1 (true) is not gated into CLCx Gate 2
bit 2 LCxG3D2N: Gate 2 Data 2 Negated (inverted) bit
1 = CLCIN1 (inverted) is gated into CLCx Gate 2
0 = CLCIN1 (inverted) is not gated into CLCx Gate 2
bit 1 LCxG3D1T: Gate 2 Data 1 True (non-inverted) bit
1 = CLCINO (true) is gated into CLCx Gate 2
0 = CLCINO (true) is not gated into CLCx Gate 2
bit 0 LCxG3D1N: Gate 2 Data 1 Negated (inverted) bit

1 = CLCINO (inverted) is gated into CLCx Gate 2
0 = CLCINO (inverted) is not gated into CLCx Gate 2
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REGISTER 20-10: CLCxGLS3: GATE 3 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
LCxG4DA4T | LCxG4D4N | LCxG4D3T | LCxG4D3N | LCxG4D2T | LCxG4D2N | LCxG4D1T | LCxG4D1N
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 LCxG4DAT: Gate 3 Data 4 True (non-inverted) bit
1 = CLCINS (true) is gated into CLCx Gate 3
0 = CLCINS (true) is not gated into CLCx Gate 3
bit 6 LCxG4D4N: Gate 3 Data 4 Negated (inverted) bit
1 = CLCINS3 (inverted) is gated into CLCx Gate 3
0 = CLCINS (inverted) is not gated into CLCx Gate 3
bit 5 LCxG4D3T: Gate 3 Data 3 True (non-inverted) bit
1 = CLCIN2 (true) is gated into CLCx Gate 3
0 = CLCIN2 (true) is not gated into CLCx Gate 3
bit 4 LCxG4D3N: Gate 3 Data 3 Negated (inverted) bit
1 = CLCIN2 (inverted) is gated into CLCx Gate 3
0 = CLCIN2 (inverted) is not gated into CLCx Gate 3
bit 3 LCxG4D2T: Gate 3 Data 2 True (non-inverted) bit
1 = CLCIN1 (true) is gated into CLCx Gate 3
0 = CLCINT1 (true) is not gated into CLCx Gate 3
bit 2 LCxG4D2N: Gate 3 Data 2 Negated (inverted) bit
1 = CLCIN1 (inverted) is gated into CLCx Gate 3
0 = CLCIN1 (inverted) is not gated into CLCx Gate 3
bit 1 LCxG4D1T: Gate 3 Data 1 True (non-inverted) bit
1 = CLCINO (true) is gated into CLCx Gate 3
0 = CLCINO (true) is not gated into CLCx Gate 3
bit 0 LCxG4D1N: Gate 3 Data 1 Negated (inverted) bit

1 = CLCINO (inverted) is gated into CLCx Gate 3
0 = CLCINO (inverted) is not gated into CLCx Gate 3
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REGISTER 20-11: CLCDATA: CLC DATA OUTPUT

U-0 uU-0 uU-0 u-0 u-0 uU-0 R-0 R-0

— — — — — — MLC20UT | MLC10UT
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7-2 Unimplemented: Read as ‘0’
bit 1 MLC20OUT: Mirror copy of LC20UT bit
bit 0 MLC1OUT: Mirror copy of LC10UT bit
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TABLE 20-3: SUMMARY OF REGISTERS ASSOCIATED WITH CLCx

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Eﬁggztgeé
ANSELA — — ANSA5 ANSA4 — ANSA2 ANSA1 ANSAO 130
TRISA — = TRISA5 TRISA4 —@ TRISA2 TRISA1 TRISAO 129
ANSELC® — = ANSC5 ANSC4 ANSC3 ANSC2 ANSC1 ANSCO 136
TRISCW — — TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISCO 135
INTCON GIE PEIE — — — — — INTEDG 87
PIR3 OSFIF CSWIF — — — — CLC2IF CLC1IF 96
PIE3 OSFIE CSWIE — — = — CLC2IE CLC1IE 91
CLC1CON LC1EN — LC10UT LC1INTP | LC1INTN LC1MODE<2:0> 200
CLC1POL LC1POL — — — LC1G4POL | LC1G3POL | LC1G2POL | LC1G1POL 201
CLC1SELO — — — LC1D1S<4:0> 202
CLC1SEL1 — = = LC1D2S<4:0> 202
CLC1SEL2 — — — LC1D3S<4:0> 202
CLC1SEL3 — — — LC1D4S<4:0> 202
CLC1GLS0 LC1G1DAT | LC1G1D4N | LC1G1D3T | LC1G1D3N | LC1G1D2T | LC1G1D2N | LC1G1D1T | LC1G1DIN 203
CLC1GLS1 LC1G2DAT | LC1G2D4N | LC1G2D3T | LC1G2D3N | LC1G2D2T | LC1G2D2N | LC1G2D1T | LC1G2D1N 204
CLC1GLS2 LC1G3D4T | LC1G3D4N | LC1G3D3T | LC1G3D3N | LC1G3D2T | LC1G3D2N | LC1G3D1T | LC1G3D1IN 205
CLC1GLS3 LC1G4DAT | LC1G4D4N | LC1G4D3T | LC1G4D3N | LC1G4D2T | LC1G4D2N | LC1G4D1T | LC1G4D1IN 206
CLC2CON LC2EN — LC20UT LC2INTP | LC2INTN LC2MODE<2:0> 200
CLC2POL LC2POL — — — LC2G4POL | LC2G3POL | LC2G2POL | LC2G1POL 201
CLC2SELO — — — LC2D1S<4:0> 202
CLC2SEL1 — — — LC2D2S<4:0> 202
CLC2SEL2 — — — LC2D3S<4:0> 202
CLC2SEL3 — — — LC2D4S<4:0> 202
CLC2GLS0 LC2G1DAT | LC2G1D4N | LC2G1D3T | LC2G1D3N | LC2G1D2T | LC2G1D2N | LC2G1D1T | LC2G1DIN 203
CLC2GLS1 LC2G2DAT | LC2G2D4N | LC2G2D3T | LC2G2D3N | LC2G2D2T | LC2G2D2N | LC2G2D1T | LC2G2D1N 204
CLC2GLS2 LC2G3DA4T | LC2G3D4N | LC2G3D3T | LC2G3D3N | LC2G3D2T | LC2G3D2N | LC2G3D1T | LC2G3D1N 205
CLC2GLS3 LC2G4DAT | LC2G4D4N | LC2G4D3T | LC2G4D3N | LC2G4D2T | LC2G4D2N | LC2G4D1T | LC2G4D1N 206
CLCDAT — — — — — — MLC20UT | MLC10UT 207
CLCINOPPS — — — CLCINOPPS<4:0> 140
CLCIN1PPS — — — CLCIN1PPS<4:0> 140
CLCIN2PPS — — — CLCIN2PPS<4:0> 140
CLCIN3PPS — — — CLCIN3PPS<4:0> 140
CLC10UTPPS — — — CLC10UTPPS<4:0> 140
CLC20UTPPS — — — CLC20UTPPS<4:0> 140

Note 1: PIC16(L)F18323 only.
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21.0 ANALOG-TO-DIGITAL
CONVERTER (ADC) MODULE

The Analog-to-Digital Converter (ADC) allows
conversion of an analog input signal to a 10-bit binary
representation of that signal. This device uses analog
inputs, which are multiplexed into a single sample and
hold circuit. The output of the sample and hold is
connected to the input of the converter. The converter
generates a 10-bit binary result via successive
approximation and stores the conversion result into the
ADC result registers (ADRESH:ADRESL register pair).
Figure 21-1 shows the block diagram of the ADC.

The ADC voltage reference is software selectable to be
either internally generated or externally supplied.

The ADC can generate an interrupt upon completion of
a conversion. This interrupt can be used to wake-up the
device from Sleep.

FIGURE 21-1: ADC BLOCK DIAGRAM
VDD ADPREF
Positive
VoD Reference
Select
VREF+ pin
ADCS<2:0>
ANO L Vss
ANa VRNEG VRPOS
External Fosoyn| Fose
: 0SC/n
Channel - N Divider| [« FOSC
Inputs = ADC_ck | | ADC
. sampled = Clock
ANz X’i input Select FRC Fre
Temp Indicator ——
Internal
Channel DACx_output —— ADC CLOCK SOURCE
Inputs FVR_buffert ——| ADC
Sample Circuit
CHS<4:0>
ADFM
set bit ADIF
let 19 10-bit Result
Write to bit T compiete R resy
GO/DONE
GO/DONE
Q1 o £ start 16
ADRESH ADRESL
a2 Enable [ovesn | aorest |
. Trigger Select
TRIGSEL<3:0> ? % ADON %JL
e | Vss
Trigger Sources -
AUTO CONVERSION
TRIGGER
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21.1 ADC Configuration

When configuring and using the ADC the following
functions must be considered:

» Port configuration

* Channel selection

» ADC voltage reference selection

» ADC conversion clock source

* Interrupt control

* Result formatting

21.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the I/O
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to
Section 11.0 “1/O Ports” for more information.

Note:  Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

21.1.2 CHANNEL SELECTION
There are several channel selections available:

» Five PORTA pins (RA0-RA2, RA4-RA5)

+ Six PORTC pins (RC0-RC5, PIC16(L)F18323
only)

» Temperature Indicator

* DAC output

» Fixed Voltage Reference (FVR)

» AVss (ground)

The CHS bits of the ADCONO register (Register 21-1)

determine which channel is connected to the sample
and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 21.2
“ADC Operation” for more information.

2113 ADC VOLTAGE REFERENCE

The ADPREF bits of the ADCON1 register provide
control of the positive voltage reference. The positive
voltage reference can be:

* VREF+ pin

* VDD

* FVR 2.048V

FVR 4.096V (Not available on LF devices)

The ADNREF bit of the ADCON1 register provides

control of the negative voltage reference. The negative
voltage reference can be:

* VREF- pin
* Vss
See Section 21.0 “Analog-to-Digital Converter

(ADC) Module” for more details on the Fixed Voltage
Reference.

21.1.4 CONVERSION CLOCK

The source of the conversion clock is software
selectable via the ADCS bits of the ADCON1 register.
There are seven possible clock options:

» Fosc/2

» Fosc/4

* Fosc/8

» Fosc/16

» Fosc/32

» Fosc/64

» ADCRC (dedicated RC oscillator)

The time to complete one bit conversion is defined as

TaD. One full 10-bit conversion requires 11.5 TAD
periods as shown in Figure 21-2.

For correct conversion, the appropriate TAD specification
must be met. Refer to Table 34-13 for more information.
Table 21-1 gives examples of appropriate ADC clock
selections.

Note:  Unless using the ADCRC, any changes in
the system clock frequency will change
the ADC clock frequency, which may

adversely affect the ADC result.
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TABLE 21-1: ADC CLOCK PERIOD (TAD) Vs. DEVICE OPERATING FREQUENCIES
ADC Clock Period (TAD) Device Frequency (Fosc)
ADC )
ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Clock Source
Fosc/2 000 62.5ns? 100 ns® 125 ns® 250 ns® 500 ns® 20ps
Foscl4 100 125 ns®@ 200 ns® 250 ns® 500 ns® 1.0 us 4.0 us
Fosc/8 001 0.5 us® 400 ns® 0.5 us®@ 1.0 us 2.0 pus 8.0 us®
Fosc/16 101 800 ns 800 ns 1.0 us 2.0 s 4.0 us 16.0 us®
Fosc/32 010 1.0 us 1.6 us 2.0 us 4.0 ps 8.0 us® 32.0 us@
Fosc/64 110 2.0 us 3.2 us 4.0 us 8.0 us® 16.0 us®@ 64.0 ps@
ADCRC x11 1.0-6.0 pst4 | 1.0-6.0 us@4 | 1.0-6.0 us™¥ | 1.0-6.0 ps@4 | 1.0-6.0 us®? | 1.0-6.0 ps@4
Legend: Shaded cells are outside of recommended range.

Note 1: See TAD parameter for ADCRC source typical TAD value.

2:  These values violate the required TAD time.

3:  Outside the recommended TAD time.

4:  The ADC clock period (TaD) and total ADC conversion time can be minimized when the ADC clock is derived from the
system clock Fosc. However, the ADCRC oscillator source must be used when conversions are to be performed with
the device in Sleep mode.

FIGURE 21-2: ANALOG-TO-DIGITAL CONVERSION Tap CYCLES
‘ ‘ ‘ TAD1 TAD2 ‘ TAD3 ‘ TAD4 ‘ TADS ‘ TAD6 ‘ TAD7 ‘ TAD8 ‘ TAD9 ‘ TAD10 ‘ TAD11 ‘
‘ ‘ ‘ ‘b9‘b8‘b7 b6‘b5‘b4‘b3‘b2‘b1‘b0‘
THCD
Conversion Starts
Taca Holding capacitor disconnected On the following cycle:
from analog input (THCD).
ADRESH:ADRESL is loaded,
) GO bit is cleared,
Set GO bit ADIF bit is set,
holding capacitor is reconnected to analog input
Enable ADC (ADON bit)
and
Select channel (ACS bits)
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21.1.5 INTERRUPTS

The ADC module allows for the ability to generate an
interrupt upon completion of an Analog-to-Digital
conversion. The ADC Interrupt Flag is the ADIF bit in
the PIR1 register. The ADC Interrupt Enable is the
ADIE bit in the PIE1 register. The ADIF bit must be
cleared in software.

Note 1: The ADIF bit is set at the completion of
every conversion, regardless of whether
or not the ADC interrupt is enabled.

2: The ADC operates during Sleep only
when the ADCRC oscillator is selected.

This interrupt can be generated while the device is
operating or while in Sleep. If the device is in Sleep, the
interrupt will wake-up the device. Upon waking from
Sleep, the next instruction following the SLEEP
instruction is always executed. If the user is attempting
to wake-up from Sleep and resume in-line code
execution, the ADIE bit of the PIE1 register and the
PEIE bit of the INTCON register must both be set and
the GIE bit of the INTCON register must be cleared. If
all three of these bits are set, the execution will switch
to the Interrupt Service Routine.

21.1.6 RESULT FORMATTING

The 10-bit ADC conversion result can be supplied in
two formats, left justified or right justified. The ADFM bit
of the ADCON/1 register controls the output format.

Figure 21-3 shows the two output formats.

FIGURE 21-3: 10-BIT ADC CONVERSION RESULT FORMAT
ADRESH ADRESL
worm=0) [mss| [ | | | | | [l [ [ [ T [ |
bit 7 bit 0 bit 7 bit 0
— = —~
10-bit ADC Result Unimplemented: Read as ‘0’
worm=1) [ [ | | | [ fmss|] | [ [ [ [ | | [ [ts8]
bit 7 bit 0 bit 7 bit 0
Unimplemented: Read as ‘0’ 10-bit ADC Result
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21.2 ADC Operation

21.2.1 STARTING A CONVERSION

To enable the ADC module, the ADON bit of the
ADCONO register must be set to a ‘1’. Setting the
GO/DONE bit of the ADCONO register to a ‘1’ will start
the Analog-to-Digital conversion.

Note: The GO/DONE bit should not be set in the
same instruction that turns on the ADC.
Refer to Section 21.2.6 “ADC Conver-
sion Procedure”.

21.2.2 COMPLETION OF A CONVERSION
When the conversion is complete, the ADC module will:

» Clear the GO/DONE bit
» Set the ADIF Interrupt Flag bit

» Update the ADRESH and ADRESL registers with
new conversion result

21.2.3 TERMINATING A CONVERSION

If a conversion must be terminated before completion,
the GO/DONE bit can be cleared in software. The
ADRESH and ADRESL registers will be updated with
the partially complete Analog-to-Digital conversion
sample. Incomplete bits will match the last bit
converted.

Note: A device Reset forces all registers to their
Reset state. Thus, the ADC module is
turned off and any pending conversion is
terminated.

21.2.4 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the ADCRC
option. When the ADCRC oscillator source is selected,
the ADC waits one additional instruction before starting
the conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
will wake-up from Sleep when the conversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ADON bit remains set.

When the ADC clock source 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 set.

21.2.5 AUTO-CONVERSION TRIGGER

The Auto-conversion Trigger allows periodic ADC
measurements without software intervention. When a
rising edge of the selected source occurs, the
GO/DONE bit is set by hardware.

The Auto-conversion Trigger source is selected with
the ADACT<3:0> bits of the ADACT register.

Using the Auto-conversion Trigger does not assure
proper ADC timing. It is the user’s responsibility to
ensure that the ADC timing requirements are met.

See Table 21-2 for auto-conversion sources.

TABLE 21-2: ADC AUTO-CONVERSION
TABLE
Source Peripheral Description
TMRO TimerQ overflow condition
TMR1 Timer1 overflow condition
TMR2 Match between Timer2 and
PR2
C1 Comparator C1 output
c2® Comparator C2 output
CLC1 CLC1 output
CLC2 CLC2 output
CCP1 CCP1 output
CCP2 CCP2 output

Note 1: PIC16(L)F18323 only.
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21.2.6 ADC CONVERSION PROCEDURE

This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:
1. Configure Port:
» Disable pin output driver (Refer to the TRISx
register)
» Configure pin as analog (Refer to the
ANSELX register)
2. Configure the ADC module:
» Select ADC conversion clock
» Configure voltage reference
» Select ADC input channel
* Turn on ADC module
3. Configure ADC interrupt (optional):
» Clear ADC interrupt flag
» Enable ADC interrupt
« Enable peripheral interrupt
« Enable global interrupt®
4. Wait the required acquisition time@.
Start conversion by setting the GO/DONE bit.
6. Wait for ADC conversion to complete by one of
the following:
» Polling the GO/DONE bit
» Waiting for the ADC interrupt (interrupts
enabled)
7. Read ADC Result.

8. Clear the ADC interrupt flag (required if interrupt
is enabled).

o

EXAMPLE 21-1: ADC CONVERSION

; This code bl ock configures the ADC
;for polling, vdd and Vss references, FRC
;oscillator and ANO i nput.

; Conversion start & polling for conpletion
; are included.

BANKSEL
MOVLW
ADCRC

MOVWF
BANKSEL
BSF
BANKSEL
BSF
BANKSEL
MOVLW
MOVWF
CALL
BSF
BTFSC
GOTO
BANKSEL
MOVF
MOVWF
BANKSEL
MOVF

ADCON1 ;
B'11110000" ; Right justify,

;oscillator

ADCON1 ;Vdd and Vss Vref
TRI SA ;

TRI SA, 0 ; Set RAO to input
ANSEL ;

ANSEL, 0 ; Set RAO to anal og
ADCONO ;

B’ 00000001’ ; Sel ect channel ANO
ADCONO ; Turn ADC On

Sanpl eTime  ; Acqui si ton del ay
ADCONO, ADGO ; Start conversion
ADCONO, ADGO ; |s conversion done?

$-1 ; No, test again
ADRESH ;

ADRESH, W ; Read upper 2 bits
RESULTHI ;store in GPR space
ADRESL ;

ADRESL, W ;Read lower 8 bits

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: Refer to Section 21.3 “ADC Acquisi-
tion Requirements”.
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21.3 ADC Acquisition Requirements

For the ADC to meet its specified accuracy, the charge
holding capacitor (CHOLD) must be allowed to fully
charge to the input channel voltage level. The Analog
Input model is shown in Figure 21-4. The source
impedance (Rs) and the internal sampling switch (RsS)
impedance directly affect the time required to charge
the capacitor CHoLD. The sampling switch (RsS)

source impedance is decreased, the acquisition time
may be decreased. After the analog input channel is
selected (or changed), an ADC acquisition must be
done before the conversion can be started. To calculate
the minimum acquisition time, Equation 21-1 may be
used. This equation assumes that 1/2 LSb error is used
(1,024 steps for the ADC). The 1/2 LSb error is the
maximum error allowed for the ADC to meet its
specified resolution.

impedance varies over the device voltage (VDD), refer
to Figure 21-4. The maximum recommended
impedance for analog sources is 10 kQ. As the

EQUATION 21-1: ACQUISITION TIME EXAMPLE

Assumptions;  Temperature = 50°C and external impedance of 10k<2 5.0V VDD

TacQ = Amplifier Settling Time + Hold Capacitor Charging Time + Temperature Coefficient
TAmMP + TC + TCOFF

2us+ Tc + [(Temperature - 25°C)(0.05us/°C)]

The value for Tc can be approximated with the following equations:

VAPPLIED 1————1—— = VcHoLD :[1] VcHoLD charged to within 1/2 Isb
(2n+ 1) 1
=Tc

Vv 1-e"¢| = v

APPLIED| 1 —€ = VCHOLD :[2] VcHOLD charge response to VAPPLIED

—Ic
RC| _ 1 ) L

VappLiED| 1 —€ = VappLiED| 1 — ——— ;combining [1] and [2]

(20 -1

Note: Where n = number of bits of the ADC.

Solving for Tc:
Tc = —CHoLb(RIC + Rss+ Rs) In(1/2047)
= —10pF(1kQ2+ 7k + 10k«2) In(0.0004885)
= 1.37us
Therefore:
TACQ = 2us+ 892ns+ [(50°C- 25°C)(0.05us/°C)]
= 4.62us

Note 1: The reference voltage (VREF) has no effect on the equation, since it cancels itself out.
2: The charge holding cap