MICROCHIP PIC16(L)F18313/18323

Full-Featured, Low Pin Count Microcontrollers with XLP

Description

PIC16(L)F18313/18323 microcontrollers feature Analog, Core Independent Peripherals and Communication
Peripherals, combined with eXtreme Low Power (XLP) for a 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 48 Instructions
» Operating Speed:
- DC - 32 MHz clock input
- 125 ns minimum instruction cycle
* Interrupt Capability
» 16-Level Deep Hardware Stack
* Up to Four 8-bit Timers
* Up to Three 16-bit Timers
* Low-Current Power-on Reset (POR)
» Power-up Timer (PWRT)
» Brown-out Reset (BOR)
* Low-Power BOR (LPBOR) Option
» Extended Watchdog Timer (WDT) with Dedicated
On-Chip Oscillator for Reliable Operation
» Programmable Code Protection

Memory

* 3.5 Kbytes Program Flash 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:

- 8 uA @ 32 kHz, 1.8V, typical

- 37 pyA/IMHz @ 1.8V, typical

Power-Saving Functionality

* Idle mode: ability to put the CPU core to Sleep
while internal peripherals continue operating from
the system clock

* Doze mode: ability to run the CPU core slower
than the system clock used by the internal periph-
erals

» Sleep mode: 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 (PWM)
- 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 < Fyco < 32 MHz

- Resolution: Fyc/22°

+ Serial Communications:

- EUSART
- RS-232, RS-485, LIN compatible
- Auto-Baud Detect, auto-wake-up on start

- Master Synchronous Serial Port (MSSP)

- SPI
- IZC, 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 1/O Pins:
- Individually programmable pull-ups
- Slew rate control
- Interrupt-on-change with edge-select
- Input level selection control (ST or TTL)
- Digital open-drain enable
» Peripheral Pin Select (PPS):
- 1/O pin remapping of digital peripherals
» Timer modules:
- TimerO:
- 8/16-bit timer/counter
- Synchronous or asynchronous operation
- Programmable prescaler/postscaler
- Time base for capture/compare function
- Timer1 with gate control:
- 16-bit timer/counter
- Programmable internal or external clock
sources
- Multiple gate sources
- Multiple gate modes
- Time base for capture/compare function
- Timer2:
- 8-bit timers
- Programmable prescaler/postscaler
- Time base for PWM function

Analog Peripherals

+ 10-bit Analog-to-Digital Converter (ADC):
- Up to 11 external channels
- Conversion available during Sleep
« Comparator:
- Up to two comparators
- Fixed Voltage Reference at non-inverting
input(s)
- Comparator outputs externally accessible
 5-bit Digital-to-Analog Converter (DAC):
- 5-bit resolution, rail-to-rail
- Positive Reference Selection
- Unbuffered I/O pin output
- Internal connections to ADCs and
comparators
» Voltage Reference:
- Fixed Voltage Reference with 1.024V, 2.048V
and 4.096V output levels

Flexible Oscillator Structure

High-Precision Internal Oscillator:

- Software-selectable frequency range up to 32
MHz

- +2% at nominal 4 MHz calibration point

4x PLL 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 32 MHz
- Fail-Safe Clock Monitor

- Detects clock source failure
- Oscillator Start-up Timer (OST)

- Ensures stability of crystal oscillator
sources
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PIC16(L)F183XX Family Types

3|l | = =

HEE §§§$§w~§2§g I REREE: HE

| P2 | P2 RTI87 T |2|4 25 |5|7% |g |Em™ 2|0

Zlag|aglo S © =
PIC16(L)F18313 [(1)| 2048 | 3.5 | 256 | 256 | 6 | 5 | 1 1 11121 2121111 ]2]|1|Y[Y|Y]|Y]|I
PIC16(L)F18323 |(1)| 2048 | 3.5 | 256 | 256 |12 | 11| 1 2 1121 212111121 |Y[Y|Y]|Y]|I
PIC16(L)F18324 |(2)| 4096 | 7 | 256 | 512 [12| 11| 1 2 |2(1[483 |4|2(1[1|11|4]|1|Y[Y|Y|Y]|I
PIC16(L)F18325 |(3)| 8192 | 14 | 256 | 1024 |12 |11 | 1 2 |21 43 |4|2(1[1]|22|4]|1|Y|[Y|Y|Y]|I
PIC16(L)F18326 | (4) | 16384 | 28 | 256 | 2048 |12 |15 1 2 |2(1[48 |4|2(1(1]|22]4]|1|Y[Y|Y|Y]|I
PIC16(L)F18344 |(2)| 4096 | 7 | 256 | 512 |18 |17 | 1 2 |2(1[438 |4|2(1[1|11]|4]|1|Y[Y|Y|Y]|I
PIC16(L)F18345 [(3)| 8192 | 14 | 256 | 1024 |18 |17 | 1 2 |21 43 |4|2(1[1]|22|4]|1|Y|[Y|Y|Y]I
PIC16(L)F18346 | (4) | 16384 | 28 | 256 | 2048 | 18 |21 | 1 2 |2(1[48 |4|2(1[|1]|22]4]|1|Y|[Y|Y|Y]|I
Note 1: Debugging Methods: () — Integrated on Chip;

2:  One pinis input-only.
Data Sheet Index: (Unshaded devices are described in this document.)

1: DS40001799
2: DS40001800
3:  DS40001795
4: DS40001839

PIC16(L)F18313/18323 Data Sheet,
PIC16(L)F18324/18344 Data Sheet,

(
PIC16(
PIC16(

L
L

)F18325/18345 Data Sheet,
)F18326/18346 Data Sheet,

Full-Featured, Low Pin Count Microcontrollers with XLP
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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http://ww1.microchip.com/downloads/en/devicedoc/40001799a.pdf
http://ww1.microchip.com/downloads/en/devicedoc/40001800a.pdf
http://ww1.microchip.com/downloads/en/devicedoc/40001795b.pdf
http://ww1.microchip.com/downloads/en/devicedoc/40001839a.pdf

PIC16(L)F18313/18323

Pin Diagrams

FIGURE 1: 8-PIN PDIP, SOIC, UDFN
/
VoD []1 o 8[] Vss
RA5 []2 el 7] RAO/ICSPDAT
RA4 |3 = 6 [] RA1/ICSPCLK
VPP/MCLR/RA3 [ 4 E 5[] RA2
o
FIGURE 2: 14-PIN PDIP, SOIC, TSSOP
voo[1 7 14[]vss
RA5 []2 ™ 13[] RAO/ICSPDAT
RA4[]3 @  12[] RA1/ICSPCLK
VPPIMCLRRA3[]4 &  "[JRA2
Rc505 < 100 Rco
RC4 []6 g 9] rRC1
RC3[]7 & 8[] RC2
FIGURE 3: 16-PIN UQFN
8o
eeze
°
RA5 |1 12l RAO/ICSPDAT
RA4 12 PIC16(L)F18323 111 RA1/ICSPCLK
RA3/MCLR/VPP |3 10l rRA2
RC5 |4 91 rRCO
oL
<+ ™ N
SEE &

connection to the device.

Note 1: It is recommended that the exposed bottom pad be connected to Vss, but must not be the main Vss

© 2015-2019 Microchip Technology Inc.

DS40001799F-page 4



"ou| ABojouyda] diyooIoIN 6102-GL0Z @

G ebed-466/1000vSA

TABLE 1: 8-PIN ALLOCATION TABLE (PIC16(L)F18313)
z
S 3 8 E B
2 " Y o
S o Q S s [e] Q = = o = o a 4 o [+4 3 E 0
c |g |2 8| & 2 & 2 E | 8 | 3 2 |3 | 3 | 3| 5|3 :
= 7] ‘S £ = o o = =1 o € g i}
o & S w £
o
o
RAO 7 |ANa0| — [ ctiNo+ — DAC10UT | MDCIN1(™ — — — — — — [ crana™® | — loc | Y ICDDAT/
ICSPDAT
RA1 ANA1 | VREF+ | C1INO- _ DAC1REF+ | MDMIN( _ — _ — sck1M | rxM | cLcin2® | 10C Y ICDCLK/
scL1(1:34) ICSPCLK
RA2 5 | ANA2 | VREF- — — DAC1REF- — TocKIM — — | cwG1IN® | spat(:34 | — — | INTD | Y —
spi1th [o]e}
RA3 4 — — — — — — — — — — ss1 — | cLeiNno™ | [o]e} Y MCLR
VPP
RA4 3 [ANA4| — | c1IN1- — — — T1GM — — — — — — — loc | Y CLKOUT
SOSCO 0SC2
RA5 2 |ANAS| _— — — — mDcIN2M | T1ckI™) | cop1 _ — — — | cLoinit | loc | Y CLKIN
SOSCIN | ccp2t) 0SC1
SOSCI
VDD 1 — — — — — — — — — — — — — — — — VbD
Vss 8 — — — — — — — — — — — — — — — — Vss
— — — C10UT NCO — DSM TMRO CCP1 PWM5 CWG1A SDA1G) CK CLC10UT | CLKR — — —
— — — — — — — — CCP2 PWM6 CWG1B scL1® DT CLC20UT — — — _
ouTt®@
— — — — — — — — — — CWG1C SDO1 TX — — — — —
_ _ — — — — — — — — CWG1D SCK1 — — —_ — — _
Note 1: Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 13-1.
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 13-2.
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 12c logic levels as described in Section 13.3 “Bidirectional Pins”; clock and data signals may be assigned to any of these pins. Assignments to the other pins (e.g.,

RADS5) 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
8 S
2 8 e = -
= = z £ ® 4 o [ x s 2 o
o 8] Q o = ] ] ] 2
& | ¢ |5 8 g 5 3 g Z g & s s ] < 9 X E |2 a
T 74 3 £
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 11 10 | ANA2 | VREF- — — | DAC1REF- — TockM | — — CWG1IN( — — — — | INTOD | Y —
10C
RA3 4 3 — — — — — — — — — — — — — — 10C Y MCLR
VPP
RA4 3 2 [ANA4| — — — — — T16M" — — — — — — — I0OC | Y |CLKOUT
SOSCO 0OSC2
RA5 2 1 |ANA5 | _— — — — — TickM | _ — — — — |cLoiNns® | IOC | Y | CLKIN
SOSCIN OSC1
SOSCI
RCO 10 9 |ANCO| — | C2INo+ | — — _ _ _ _ _ sckq™ _ _ — 10C Y —
scL1(134)
RC1 9 8 [ANC1| — | CUN1- | — — — — — — — spi1 — |cLoiNna® | joc | v —
C2IN1- SDA1(1:34)
RC2 8 7 |ANC2| — C1IN2- | _— _ MDCIN1™ _ _ _ _ _ _ _ _ |10C Y _
C2IN2-
RC3 7 6 |[ANC3| — | C1IN3- | — — MDMIN( — ccp2 — — ss1th — |cLeiNno® | 10C Y —
C2IN3-
RC4 6 5 |ANC4| — — — — — — — — — — — |ceNna® | — Ioc | Y —
RC5 5 4 |ANC5| — — — — MDCIN2() — ccp1 — — — RX(M — — 10C Y —
VDD 1 16 — — — — — — — — — — — — — — — — VDD
Vss 14 13 — — — — — — — — — — — — — — — — Vss
— — — — C10UT | NCO — DSM TMRO CCP1 PWM5 CWG1A SDA1G) CK CLC10UT | CLKR — — —
@ — — — — C20UT — — — — CCP2 PWM6 CWG1B scL1® DT CLC20UT — — — —
OuT
= | = | = = = = = = = = = CWG1C SDO1 TX = = = =
_ — — — — — — — — — — CWG1D SCK1 — — — — — —
Note 1:  Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 13-1.
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 13-2.
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 1’c logic levels as described in Section 13.3 “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 Website at:
http://www.microchip.com

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

Errata

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

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

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

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

Customer Notification System

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

© 2015-2019 Microchip Technology Inc. DS40001799F-page 8



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

TABLE 1-1: DEVICE PERIPHERAL
SUMMARY

PDIP, SOIC and UDFN packages, and the 2R
PIC16(L)F18323 is available in 14-pin PDIP, SOIC and § §
TSSOP packages and 16-pin UQFN packages. Peripheral 'i "i
Figure 1-1 shows a block diagram of the ©|le
PIC16(L)F18313/18323 devices. Table 1-2 shows the E E
pinout descriptions. —
Analog-to-Digital Converter (ADC) o | o
Reference Table 1-1 for peripherals available per device. Temperature Indicator e | 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 Modules (CCP)
CCP1| o | o
CCP2| o | o
Comparators
C1| e °
Cc2 .
Complementary Waveform Generator (CWG)
| CWG1[ o [ o
Configurable Logic Cell (CLC)
CLC1| o | o
CLC2| o | o
Enhanced Universal Synchronous/Asynchronous Receiver/

Transmitter (EUSART)

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

| MssP1] e ] e
Pulse-Width Modulator (PWM)
PWM5| e °
PWM6 | o °
Timers (TMR)
TMRO | e °
TMR1| e °
TMR2 | e °

© 2015-2019 Microchip Technology Inc. DS40001799F-page 9
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FIGURE 1-1:

PIC16(L)F18313/18323 BLOCK DIAGRAM

3:

Program R 1000002
Flash Memory saston
RAM |«
Timing
Generation =P PORTA
-
CLKOUTIOSC2 [ | cyrosc -
. (2)
CLKINOSC1  [—»] | OSCilator - PORTC
—
(Note 3)
|Z » Secondary
Soscl Oscillator
(SOSC)
SOSCo X
MCLR X
PWM6 PWMS5 Ti i i @ ADC
imer2 Timer1 Timer0 Cc2 C1 10-bit DAC1 FVR
EUSARTI| | NCO1 Temp cWG2 CcWG1 cLc2 cLct woT MSSP1 ccP2 ccP1

Indicator

See Figure 4-1.

Note 1: See available chapters for more information on peripherals.
2: Auvailable on PIC16(L)F18323 only.
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TABLE 1-2: PIC16(L)F18313 PINOUT DESCRIPTION
Name Function I.Ir.‘yppu: 0.;;; s:t Description
Eﬁg/;’-\gj%lgllcl\ll’(\)‘;/( DMDGINT Y RAO TTL/ST CMOS General purpose /0.
|CSPDAT/ICDDAT ANAO AN — ADC Channel AQ input.
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 — ICSP™ Data /0.
ICDDAT TTL/ST — In-Circuit Debug Data 1/0O.
RA1/ANA1/VREF+/C1INO-/ RA1 TTL/ST CMOS General purpose I/0O.
MDMINM/CLCIN2(/sCK 1) ANA1 AN — ADC Channel A1 input.
SCL1GYRX(/DACT1REF+/ —
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.
SCK1 TTL/ST — SPI clock.
SCL1 12c oD 12C clock input/output.
RX TTL/ST — EUSART asynchronous input.
DAC1REF+ AN — Digital-to-Analog Converter positive reference voltage
input.
ICSPCLK — CMOS Serial Programming Clock.
ICDCLK — CMOS In-Circuit Debug Clock.
RA2/ANA2/VREF-/DAC1REF-/ RA2 TTL/ST CMOS General purpose |/O.
spI1*3yspAa1t-3rockiy ANA2 AN — ADC Channel A3 inpu.
CWGTINMANT —
VREF- AN — ADC Voltage Reference Negative input.
DAC1REF- AN — Digital-to-Analog Converter negative reference voltage
input.
SDI1 TTL/ST — SPI Data Input.
SDA1 12c oD 12C clock input/output.
TOCKI TTL/ST — TMRO clock input.
CWG1IN TTL/ST — Complementary Waveform Generator input.
INT TTL/ST — External interrupt.
RA3/MCLR/Vrr/SS1(M/CLCINOM RA3 TTLST CMOS | General purpose /0.
MCLR TTL/ST — Master Clear with internal pull-up.
VPP HV — Programming voltage.
SS1 TTL/ST — Slave Select input.
CLCINO TTL/ST — Configurable Logic Cell source input.

Legend: AN = Analog input or output
TTL = TTL compatible input

HV = High Voltage

CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels
XTAL = Crystal levels

OD = Open-Drain
I2C = Schmitt Trigger input with 12C

Note 1:
2:

3:

Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 13-1.
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 13-2.

These 12C functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 1-2: PIC16(L)F18313 PINOUT DESCRIPTION (CONTINUED)
Name Function I-Il:iyppu: o.;;t :::t Description
RA4/ANA4/C1IN1-T1G(T, RA4 TTUST CMOS | General purpose I/O.
SOSCO/OSC2/CLKOUT ANA4 AN — ADC Channel A4 inpu.
C1IN1- AN — Comparator C1 negative input.
T1G TTLST — TMR1 gate input.
SOSCO — XTAL Secondary Oscillator Connection.
0SC2 — XTAL Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS Fosc/4 output.
RA5/ANA5/MDCIN2M/T1CKIM) RA5 TTL/ST CMOS | General purpose /0.
SOSCIN/SOSCI/CLCIN1")/ ANAS5 AN — ADC Channel A5 input.
ccp1ticcp2/0SCc1/CLKIN —
MDCIN2 TTL/ST — Modular Carrier input 2.
T1CKI TTL/ST — TMR1 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 — Capture/Compare/PWM1 input.
CCP2 TTL/ST — Capture/Compare/PWM2 input.
0SsC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN TTL/ST — External clock input.
ouT@ C10UT — CMOS | Comparator output.
NCO1 — CMOSs NCO output.
CCP1 — CMOS Capture/Compare/PWM1 output.
CCP2 — CMOS Capture/Compare/PWM2 output.
PWM5 — CMOS PWMS5 output.
PWM6 — CMOS PWMS6 output.
CWG1A — CMOS Complementary Waveform Generator Output A.
CWG1B — CMOSs Complementary Waveform Generator Output B.
CWG1C — CMOS Complementary Waveform Generator Output C.
CWG1D — CMOS Complementary Waveform Generator Output D.
SDA1®) — oD 12C data input/output.
SDO1 — CMOS SPI data output.
SCKA1 — CMOS SPI clock output.
scL1® — oD 12C 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
TTL = TTL compatible input
HV = High Voltage

Note 1:

CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels
XTAL = Crystal levels

Default peripheral input. Input can be moved to any other pin with the PPS input selection registers. See Register 13-1.

OD = Open-Drain
I2C = Schmitt Trigger input with [2C

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 13-2.

3:  These I2C functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION

Name Function I.Ir.'yppl: O.;;t :::t 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 — ICSP™ Data 1/0.
ICDDAT | TTL/ST — In-Circuit Debug Data I/O.
RA1/ANA1/VREF+/C1INO-/ RA1 TTL/ST CMOSs General purpose I/0.
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 — Serial Programming Clock.
ICDCLK | TTL/ST — In-Circuit Debug Clock.
RA2/ANA2/VREF-/DAC1REF-/ RA2 TTL/ST| CMOS | General purpose I/O.
TOCKIMICWGTINANT ANA2 AN — ADC Channel A2 inpu.
VREF- AN — ADC Negative Voltage Reference input.
DAC1REF- AN — Digital-to-Analog Converter negative reference voltage
input.
TOCKI TTL/ST — TMRO 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 1/O.
OSC2/CLKOUT ANA4 AN — ADC Channel A4 input.
T1G TTL/ST — TMR1 gate input.
SOSCO — XTAL Secondary Oscillator Connection.
0SC2 — XTAL Crystal/Resonator (LP, XT, HS modes).
CLKOUT — CMOS | Fosc/4 output.
RA5/ANA5/T1CKIM/cLCIN3(Y RA5 TTL/ST| CMOS | General purpose 1/O.
SOSCI/SOSCIN/OSC1/CLKIN ANA5 AN _ ADC Channel A5 input.
T1CKI TTL/ST — TMR1 clock input.
CLCIN3 | TTL/ST — Configurable Logic Cell source input.
SOSCI XTAL — Secondary Oscillator Connection.
SOSCIN | TTL/ST — Secondary Oscillator Input Connection.
0SC1 XTAL — Crystal/Resonator (LP, XT, HS modes).
CLKIN TTL/ST — External clock input.

Legend: AN = Analog input or output
TTL = TTL compatible input

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 13-1.
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 13-2.

3:  These IC functions are bidirectional. The output pin selections must be the same as the input pin selections.

CMOS = CMOS compatible input or output OD = Open-Drain
ST = Schmitt Trigger input with CMOS levels 12C = Schmitt Trigger input with 12C
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION (CONTINUED)

Name Function I.;_‘yppl: O-;;t S:t Description
RCO/ANCO/C2INO+/SCL1T); RCO TTL/ST| CMOS | General purpose I/O.
sck1® ANCO AN — ADC Channel CO input.
C2INO+ AN — Comparator positive input.
SCL1 1’c oD 1C clock.
SCK1 TTL/ST — SPI clock.
RC1/ANC1/C1IN1-/C2IN1-/ RC1 TTL/ST| CMOS | General purpose I/O.
sDA1®ispi1MrcLeing® ANC1 AN — ADC Channel C1 input.
C1IN1- AN — Comparator C1 negative input.
C2IN1- AN — Comparator C2 negative input.
SDA1 1’c oD 12C data.
SDI1 TTL/ST — SPI data input.
CLCIN2 | TTL/ST — Configurable Logic Cell source input.
RC2/ANC2/C1IN2-/C2IN2-/ RC2 TTL/ST CMOS General purpose I/0O.
MDCIN1® 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.
%'\("1')’\‘“”CCP?W/C'-C'NO“)/ 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 — Capture/Compare/PWM2.
CLCINO | TTL/ST — Configurable Logic Cell source input.
Ss1 TTL/ST — Slave Select input.
RC4/ANC4/CLCIN1(™ RC4 TTL/ST| CMOS | General purpose 1/O.
ANC4 AN — ADC Channel C4 input.
CLCIN1 TTL/ST — Configurable Logic Cell source input.
RC5/ANC5/MDCIN2(W/ccp1()y RC5 TTL/ST| CMOS | General purpose 1/O.
RX(® ANCS5 AN — ADC Channel C5 input.
MDCIN2 | TTL/ST — Modular Carrier input 2.
CCP1 TTL/ST — 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 12C = Schmitt Trigger input with 12C
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 13-1.
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 13-2.
3:  These I2C functions are bidirectional. The output pin selections must be the same as the input pin selections.
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TABLE 1-3: PIC16(L)F18323 PINOUT DESCRIPTION (CONTINUED)
Name Function ?yppl: O-;;t S:t Description
ouT@ C10UT — CMOS | Comparator output.
C20UT — CMOS Comparator output.
CCP1 — CMOS Capture/Compare/PWM1 output.
CCP2 — CMOSs Capture/Compare/PWM2 output.
PWM5 — CMOS | PWMS5 output.
PWM6 — CMOS | PWMS6 output.
CWG1A — CMOS Complementary Waveform Generator Output A.
CWG1B — CMOS Complementary Waveform Generator Output B.
CWG1C — CMOSs Complementary Waveform Generator Output C.
CWG1D — CMOSs Complementary Waveform Generator Output D.
SDA10 — oD 12C data input/output.
SDO1 — CMOS | SPI data output.
SCK1 — CMOS SPI clock output.
scL1t® — oD 12C 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.
NCO1 — CMOS Numerically controlled oscillator output.
DSM — CMOS | Data Signal Modulator output.
TMRO — CMOS | TMRO 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 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 13-1.
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 13-2.
These 12C functions are bidirectional. The output pin selections must be the same as the input pin selections.
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2.0 GUIDELINES FOR GETTING
STARTED WITH
PIC16(L)F183XX
MICROCONTROLLERS

21 Basic Connection Requirements

Getting started with the PIC16(L)F183XX family of 8-bit
microcontrollers requires attention to a minimal set of
device pin connections before proceeding with
development.

The following pins must always be connected:

« All' VDD and Vss pins
(see Section 2.2 “Power Supply Pins”)

* MCLR pin (when configured for external
operation)
(see Section 2.3 “Master Clear (MCLR) Pin”)

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

» ICSPCLK/ICSPDAT pins used for In-Circuit Serial
Programming™  (ICSP™) and debugging
purposes (see Section 2.4 “ICSP™ Pins”)

* OSC1 and OSC2 pins when an external oscillator
source is used
(see Section 2.5 “External Oscillator Pins”)

Additionally, the following pins may be required:

» VREF+/VREF- pins are used when external voltage
reference for analog modules is implemented

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED

MINIMUM CONNECTIONS

(

Ir____“l Cc2
, VDD | |
| |

| | a [72]
| |

| |

|

|

|

|

|

|

[a)
9
> >

MCLR/VPP

PIC16(L)F1xxx

f Vss

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

R1: 10 kQ

R2: 100Q to 470Q

Note1: Only when MCLRE configuration bit is 1 and the
MCLR pin does not have a weak pull-up.

2.2 Power Supply Pins

2.21 DECOUPLING CAPACITORS

The use of decoupling capacitors on every pair of
power supply pins (VDD and VsS) is required. All VDD
and Vss pins must be connected. None can be left
floating.

Consider the following criteria when using decoupling
capacitors:

» Value and type of capacitor: A 0.1 yF (100 nF),
10-20V capacitor is recommended. The capacitor
should be a low-ESR device, with a resonance
frequency in the range of 200 MHz and higher.
Ceramic capacitors are recommended.

* Placement on the printed circuit board: The
decoupling capacitors should be placed as close
to the pins as possible. It is recommended to
place the capacitors on the same side of the
board as the device. If space is constricted, the
capacitor can be placed on another layer on the
PCB using a via; however, ensure that the trace
length from the pin to the capacitor is no greater
than 0.25 inch (6 mm).

» Handling high-frequency noise: If the board is
experiencing high-frequency noise (upward of
tens of MHz), add a second ceramic type
capacitor in parallel to the above described
decoupling capacitor. The value of the second
capacitor can be in the range of 0.01 pF to
0.001 pF. Place this second capacitor next to
each primary decoupling capacitor. In high-speed
circuit designs, consider implementing a decade
pair of capacitances as close to the power and
ground pins as possible (e.g., 0.1 yF in parallel
with 0.001 pF).

* Maximizing performance: On the board layout
from the power supply circuit, run the power and
return traces to the decoupling capacitors first,
and then to the device pins. This ensures that the
decoupling capacitors are first in the power chain.
Equally important is to keep the trace length
between the capacitor and the power pins to a
minimum,  thereby reducing PCB trace
inductance.

222 TANK CAPACITORS

On boards with power traces running longer than six
inches in length, it is suggested to use a tank capacitor
for integrated circuits, including microcontrollers, to
supply a local power source. The value of the tank
capacitor should be determined based on the trace
resistance that connects the power supply source to
the device, and the maximum current drawn by the
device in the application. In other words, select the tank
capacitor so that it meets the acceptable voltage sag at
the device. Typical values range from 4.7 uF to 47 pF.

© 2015-2019 Microchip Technology Inc.
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2.3 Master Clear (MCLR) Pin

The MCLR pin provides three specific device functions:

» Device Reset (when MCLRE = 1)
« Digital input pin (when MCLRE = 0)
» Device Programming and Debugging

If programming and debugging are not required in the
end application then either set the MCLRE
configuration bit to ‘1’ and use the pin as a digital input
or clear the MCLRE Configuration bit and leave the pin
open to use the internal weak pull-up. The addition of
other components, to help increase the application’s
resistance to spurious Resets from voltage sags, may
be beneficial. A typical configuration is shown in
Figure 2-1. Other circuit designs may be implemented,
depending on the application’s requirements.

During programming and debugging, the resistance
and capacitance that can be added to the pin must be
considered. Device programmers and debuggers drive
the MCLR pin. Consequently, specific voltage levels
(VIH and VIL) and fast signal transitions must not be
adversely affected. Therefore, the programmer
MCLR/VPP output should be connected directly to the
pin so that R1 isolates the capacitor, C1 from the MCLR
pin during programming and debugging operations.

Any components associated with the MCLR pin should
be placed within 0.25 inch (6 mm) of the pin.

2.4 ICSP™ Pins

The ICSPCLK and ICSPDAT pins are used for
In-Circuit Serial Programming™ (ICSP™) and
debugging purposes. It is recommended to keep the
trace length between the ICSP connector and the ICSP
pins on the device as short as possible. If the ICSP
connector is expected to experience an ESD event, a
series resistor is recommended, with the value in the
range of a few tens of ohms, not to exceed 100Q.

Pull-up resistors, series diodes and capacitors on the
ICSPCLK and ICSPDAT pins are not recommended as
they will interfere with the programmer/debugger
communications to the device. If such discrete
components are an application requirement, they
should be isolated from the programmer by resistors
between the application and the device pins or
removed from the circuit during programming.
Alternatively, refer to the AC/DC characteristics and
timing requirements information in the respective
device Flash programming specification for information
on capacitive loading limits, and pin input voltage high
(VIH) and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., ICSPCLK/ICSPDAT pins),
programmed into the device, matches the physical
connections for the ICSP to the Microchip debugger/
emulator tool.

For more information on available Microchip
development tools connection requirements, refer to
Section 37.0 “Development Support”.
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2.5 External Oscillator Pins

Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency  secondary oscillator (refer to
Section 7.0 “Oscillator Module” for details).

The oscillator circuit should be placed on the same side
of the board as the device. Place the oscillator circuit
close to the respective oscillator pins with no more than
0.5 inch (12 mm) between the circuit components and
the pins. The load capacitors should be placed next to
the oscillator itself, on the same side of the board.

Use a grounded copper pour around the oscillator
circuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a two-sided
board, avoid any traces on the other side of the board
where the crystal is placed.

Layout suggestions are shown in Figure 2-2. In-line
packages may be handled with a single-sided layout
that completely encompasses the oscillator pins. With
fine-pitch packages, it is not always possible to
completely surround the pins and components. A
suitable solution is to tie the broken guard sections to a
mirrored ground layer. In all cases, the guard trace(s)
must be returned to ground.

In planning the application’s routing and /O
assignments, ensure that adjacent port pins, and other
signals in close proximity to the oscillator, are benign
(i.e., free of high frequencies, short rise and fall times,
and other similar noise).

For additional information and design guidance on
oscillator circuits, please refer to these Microchip
Application Notes, available at the corporate website
(www.microchip.com):

» ANB826, “Crystal Oscillator Basics and Crystal
Selection for rfPIC™ and PICmicro® Devices”

« ANB849, “Basic PICmicro® Oscillator Design”

* AN943, “Practical PICmicro® Oscillator Analysis
and Design”

* AN949, “Making Your Oscillator Work”

2.6 Unused I/Os

Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connecta 1 kQ
to 10 kQ resistor to Vss on unused pins and drive the
output logic low.
FIGURE 2-2: SUGGESTED
PLACEMENT OF THE
OSCILLATOR CIRCUIT

Single-Sided and In-Line Layouts:

Copper Pour Primary Oscillator
(tied to ground) Crystal

DEVICE PINS

Primary
Oscillator

C1 0SsC2

Secondary Oscillator|
(SOsC)

Crystal

SOSC: C2

Fine-Pitch (Dual-Sided) Layouts:

Top Layer Copper Pour
(tied to ground)

Bottom Layer

Copper Pour — g
(tied to ground)

0OSCO

C2

Oscillator
Crystal

GND

C1

OsCl

DEVICE PINS
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3.0 ENHANCED MID-RANGE CPU The hardware stack is 16-levels deep and has

. . . ) ) Overflow and Underflow Reset capability. Direct,
This family of devices contains an enhanced mid-range Indirect, and Relative addressing modes are available.
8-bit CPU core. The CPU has 48 instructions. Interrupt Two File Select Registers (FSRs) provide the ability to
capability includes automatic context saving. read program and data memory.
FIGURE 3-1: CORE DATA PATH BLOCK DIAGRAM
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3.1 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 8.5 “Automatic Context Saving”
for more information.

3.2 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 PCONO register, and if enabled, will
cause a software Reset. See Section 4.4 “Stack” for
more details.

3.3 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
memory. When an FSR points to program memory,
there is one additional instruction cycle in instructions
using INDF to allow the data to be fetched. General
purpose memory can now also be addressed linearly,
providing the ability to access contiguous data larger
than 80 bytes. See Section4.5 “Indirect
Addressing” for more details.

34 Instruction Set

There are 48 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 34.0 “Instruction Set Summary” for more
details.
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40 MEMORY ORGANIZATION

These devices contain the following types of memory:

* Program Memory
- Configuration Words
- Device ID
- Revision ID
- UserID
- Program Flash Memory
« Data Memory
- Core Registers
- Special Function Registers
- General Purpose RAM
- Common RAM
+ Data EEPROM

41 Program Memory Organization

The enhanced mid-range core has a 15-bit program
counter capable of addressing 32K x 14 program
memory space. Table 4-1 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 4-1).

TABLE 4-1: DEVICE SIZES AND ADDRESSES

Device Program Memory Size (Words) Last Program Memory Address

PIC16(L)F18313/18323 2048 07FFh
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FIGURE 4-1:

PROGRAM MEMORY MAP
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PIC16(L)F18313/18323
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411 READING PROGRAM MEMORY AS

DATA

There are three methods of accessing constants in
program memory. The first method is to use tables of
RETLW instructions. The second method is to set an
FSR to point to the program memory. The third method
is to use the NVMCON registers to access the program
memory.

4111

The RETLW instruction can be used to provide access
to tables of constants. The recommended way to create
such a table is shown in Example 4-1.

RETLW Instruction

EXAMPLE 4-1: RETLW INSTRUCTION
constants
BRW ;Add Index in W to

;program counter to
;select data
; Index0 data
;Indexl data

RETLW DATAO
RETLW DATAL
RETLW DATA2
RETLW DATA3

my function
;.. LOTS OF CODE..
MOVLW DATA_ INDEX
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,
computed GOTO method must be used because the
BRW instruction is not available in some devices, such
as the PIC16F6XX, PIC16F7XX, PIC16F8XX, and
PIC16F9XX devices.
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41.1.2 Indirect Read with FSR

The program memory can be accessed as data by
setting bit 7 of an FSRxH register and reading the
matching INDFx register. The MOVIW instruction will
place the lower eight bits of the addressed word in the
W register. Writes to the program memory cannot be
performed via the INDF registers. Instructions that read
the program memory via the FSR require one extra
instruction cycle to complete. Example 4-2
demonstrates reading the program memory via an
FSR.

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

EXAMPLE 4-2: ACCESSING PROGRAM

MEMORY VIA FSR

constants
RETLW DATAO
RETLW DATAl
RETLW DATAZ2
RETLW DATA3

my_ function
;.. LOTS OF CODE...
MOVLW LOW constants
MOVWEF FSR1L
MOVLW HIGH constants
MOVWE FSR1H
MOVIW O[FSR1]

; THE PROGRAM MEMORY IS IN W

; Index0 data
;Indexl data

41.1.3 NVMREG Access

The NVMREG interface allows read/write access to all
locations accessible by the FSRs, User ID locations,
and EEPROM. The NVMREG interface also provides
read-only access to Device ID, Revision ID, and
Configuration data. See Section 11.4 “NVMREG
Access” for more information.

4.2 Data Memory Organization

The data memory is partitioned into 32 memory banks
with 128 bytes in each bank. Each bank consists of
(Figure 4-2):

* 12 core registers

» Special Function Registers (SFR)

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

* 16 bytes of common RAM

4.21 BANK SELECTION

The active bank is selected by writing the bank number
into the Bank Select Register (BSR). Unimplemented
memory will read as ‘0’. 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 Section4.5 “Indirect
Addressing”” for more information.

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

FIGURE 4-2: 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

422 CORE REGISTERS

The core registers contain the registers that directly
affect 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 4-2. For detailed
information, see Table 4-4.

TABLE 4-2: 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
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4221 STATUS Register
The STATUS register, shown in Register 4-1, 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 MOVWEF 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 34.0
“Instruction Set Summary”).

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 4-1: STATUS: STATUS REGISTER
uU-0 uU-0 u-0 R-1/q R-1/q R/W-0/u R/W-0/u R/W-0/u
— — — TO PD z pch cth
bit 7 bit 0
Legend:

R = Readable bit

u = Bit is unchanged

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 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 = AWDT 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, SUBWF 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 0 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.
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423 SPECIAL FUNCTION REGISTERS

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), with the exception of banks 27, 28,
and 29 (PPS and CLC registers). The registers
associated with the operation of the peripherals are
described in the appropriate peripheral chapter of this
data sheet.

424 GENERAL PURPOSE RAM

There are up to 80 bytes of GPR in each data memory
bank. The general purpose RAM can be accessed in a
non-banked method via the FSRs. This can simplify
access to large memory structures. See Section 4.5.2
“Linear Data Memory” for more information.

425 COMMON RAM

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

4.2.6 DEVICE MEMORY MAPS

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

TABLE 4-3: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (ALL BANKS)

Bank . . . . . . . . Value on: Value onall

Offset Name Bit7 Bit 6 Bit 5 Bit4 Bit3 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 — | = T = To 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-- --- 1100-- --- 1
Legend: x = unknown, u = unchanged, g =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
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TABLE 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31

(2] [x¢]

3|3

- | =

Address Name ; ; Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 F‘,'g';,eB"(;‘é ;it‘f;e"s::'s

o | o

o | a

Bank 0
CPU CORE REGISTERS; see Table 4-2 for specifics
00Ch PORTA = = RAs | RAM | RA3 | RA2 | RAT RAO ——xx xxxx | --uu uuuu
00Dh — Unimplemented — —
00Eh PORTC X | — Unimplemented — —

— | x _ _ Rc5 | Rc4a | RrRC3 | RC2 | RCH RCO ——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 TMRO[7:0] 0000 0000 0000 0000
016h TMROH TMRO[15:8] 1111 1111 1111 1111
017h TOCONO TOEN — TOOUT TO16BIT TOOUTPSI[3:0] 0-00 0000 0-00 0000
018h TOCON1 TOCS[2:0] TOASYNC TOCKPSI[3:0] 0000 0000 0000 0000
019h TMR1L TMR1L[7:0] XXXX XXXX uuuu uuuu
01Ah TMR1H TMR1HI[7:0] XXKX XXKX uuuu uuuu
01Bh T1CON TMR1CS[1:0] T1CKPS[1:0] T1SOSC 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
3|2
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | o
Bank 1
CPU CORE REGISTERS; see Table 4-2 for specifics
08Ch TRISA = = TRISAS | TRISA4 | = | TrRisA2 | TRisat | 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 IOCIE — — — 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 — CWGI1IE — — — — 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]I7:0] 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’gg‘f;gﬁ alue on all
o0
o | a
Bank 2
CPU CORE REGISTERS; see Table 4-2 for specifics
10Ch LATA = = LATAS | LATA4 | = | a2 [ tatat | LATAO —-xx -xxx | --uu -uuu
10Dh — — Unimplemented — —
10Eh LATC X | — Unimplemented — —

— | x = = LATC5 | LATC4 | LATC3 | LATC2 | LATC1 | LATGO ——xx xxxx | --uu uuuu
10Fh — — Unimplemented — —
110h — — Unimplemented — —
111 CM1CONO C10N c1ouT — | ctor | — cisP | ctHys | cisyNC | o0-0 -100 | o00-0 -100
112h CM1CON1 C1INTP C1INTN C1PCHI[2:0] C1NCH][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 C2PCHI[2:0] C2NCH][2:0] 0000 0000 0000 0000
115h CMOUT X — — — — — — — — MC1OUT | --——- --- 0 | =-=--= --- 0

— | X — — — — — — MC20UT MC10OUT | ---- —- 00 | ---- —- 00
116h BORCON SBOREN Reserved — — — — — BORRDY 1--= --= aq u--- --- u
117h FVRCON FVREN FVRRDY TSEN TSRNG CDAFVR[1:0] ADFVR[1:0] 0g00 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

czesL/eLesld(1)91o1d

(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Bank 3
CPU CORE REGISTERS; see Table 4-2 for specifics
18Ch ANSELA = | = | AnsAas | Ansa4 | = | ansaz [ Ansat | Ansao —-11 -111 | --11 -111
18Dh — — Unimplemented — —
18Eh ANSELC X | — Unimplemented — —

— | x — [ — ] anscs | aAnsca | anscs | anscz | 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 Reserved | ---- -- 01 | ---- -- 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Bank 4
CPU CORE REGISTERS; see Table 4-2 for specifics
20Ch WPUA — | — ] wpuas | wpuaa | wpuaz | wpua2z | 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] XXKK XXXX uuuu uuuu
212h SSP1ADD SSP1ADDI7:0] 0000 0000 0000 0000
213h SSP1MSK SSP1MSK]7:0] 1111 1111 1111 1111
214h SSP1STAT SMP CKE D/A P S R/W 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(2] [x¢]
3|2
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;lgll:,eaoc?ﬁ alue on all
o0
o | o
Bank 5
CPU CORE REGISTERS; see Table 4-2 for specifics
28Ch ODCONA — | — ] obcas | obcas | — | obcaz | opcat | opcao -—00 -000 | --00 -000
28Dh — — Unimplemented — —
28Eh ODCONC X | — Unimplemented — —

— | x — | — | obccs | opbcca | 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 — CCP20OUT CCP2FMT CCP2MODE[3:0] 0-x0 0000 0-x0 0000
298h CCP2CAP — — — — — CCP2CTS|2:0] --——— -000 ———— -XxX
299%h — — Unimplemented — —
29Ah — — Unimplemented — —
29Bh — — Unimplemented — —
29Ch — — Unimplemented — —
29Dh — — Unimplemented — —
29Eh — — Unimplemented — —
29Fh — — Unimplemented — —
Bank 6
30Ch SLRCONA — | — ] stras | stra¢ | — [ slra2 | SLRA | SLRAO —-11 -111 | --11 -111
30Dh — — Unimplemented — —
30Eh SLRCONC X | — Unimplemented — —

— | x — |  — | sres | strca | strea [ strc2 | stret | sLrco —-11 1111 | --11 1111
30Fh-31Fh — — Unimplemented — —
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

el [l

2|8

Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’gg‘f;gﬁ alue on all
o |9
o o
Bank 7
CPU CORE REGISTERS; see Table 4-2 for specifics

38Ch INLVLA _ — | Nbvias [ INbvia4 [ INLvias | INLVEA2 [ INLVLAT | INLVLAO “11 1111 | —-11 1111
38Dh — Unimplemented — —
38Eh INLVLC X — Unimplemented = =

— | x = = [ iNnwvics | Nbvica [ oNwvics [ iNwvicz [ iNwvict [ iNLvico —-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 | locce1 | 1occpo --00 0000 | --00 0000
398h IOCCN X | — Unimplemented — —

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

— | x — — IOCCF5 IOCCF4 |  IOCCF3 IOCCF2 | I0CCF1 | 10CCFO --00 0000 | --00 0000
39Ah CLKRCON CLKREN — — CLKRDC[1:0] CLKRDIV[2:0] 0--1 0000 | 0--1 0000
39Bh — Unimplemented — —
39ch MDCON MDEN — — MDOPOL MDOUT — | — | wpBIT 0--0 0-=0 | 0--0 0--0
39Dh MDSRC — — — — MDMS[3:0] o= 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

czesL/eLesld(1)91o1d

(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all

o0

o | a
Bank 8

CPU CORE REGISTERS; see Table 4-2 for specifics

40Ch-41Fh — — Unimplemented — —
Bank 9
48Ch-497h — — Unimplemented — —
498h NCO1ACCL NCO1ACC[7:0] 0000 0000 0000 0000
499h 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 NCO1INCI[15:8] 0000 0000 0000 0000
49Dh NCO1INCU — — — — NCO1INC[19:16] ---- 0000 ---- 0000
49Eh NCO1CON N1EN — N10OUT 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Bank 10-11
CPU CORE REGISTERS; see Table 4-2 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 PWM5DCI1:0] — — — — — — XX== ———-— uu-- ----
618h PWM5DCH PWMS5DCI9:2] XXXX XXXX uuuu uuuu
619h PWM5CON PWMS5EN | — PWM50UT PWM5POL — — — — 0-00 —--- 0-00 --—--
61Ah PWM6DCL PWM6DCI1:0] — — — — — — XX== ———-— uu-- ----
61Bh PWM6DCH PWM6DCI9:2] XXXX XXXX uuuu uuuu
61Ch PWM6CON PWMG6EN | — PWM6B0OUT PWM6POL — — — — 0-00 —--- 0-00 --—--
61Dh-61Fh — — Unimplemented — —
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Bank 13
CPU CORE REGISTERS; see Table 4-2 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 As2eM 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Banks 14-16
CPU CORE REGISTERS; see Table 4-2 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 NVMADRJ[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 NVMCONZ2[7:0] 0000 0000 0000 0000
897h — — Unimplemented — —
898h — — Unimplemented — —
899%h — — Unimplemented — —
89Ah — — Unimplemented — —
89Bh PCONO STKOVF STKUNF — RWDT RMCLR RI POR BOR 00-1 110q ga-g gquu
89Ch-89Fh — — Unimplemented — —
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(2] [x¢]

2|3

Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o | a
Bank 18
CPU CORE REGISTERS; see Table 4-2 for specifics

90Ch — — Unimplemented — —
90Dh — — Unimplemented — —
90Eh — — Unimplemented — —
90Fh — — Unimplemented — —
910h — — Unimplemented — —
911h PMDO SYSCMD FVRMD — — — NVMMD CLKRMD IOCMD 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 OSCCONT1 — NOSC[2:0] NDIV[3:0] -gqgq 0000 -qgqq 0000
91Ah OSCCON2 — COSC[2:0] CDIV[3:0] -gqgq 0000 -qgqq 0000
91Bh OSCCON3 CSWHOLD SOSCPWR SOSCBE ORDY NOSCR — — — 0000 0--- 0000 0---
91Ch OSCSTAT1 EXTOR HFOR — LFOR SOR ADOR — PLLR qqg-9 99-9 ag-q9 99-9
91Dh OSCEN EXTOEN HFOEN — LFOEN SOSCEN ADOEN — — 00-0 00-- 00-0 00--
91Eh OSCTUNE — — HFTUNI5:0] --10 0000 --10 0000
91Fh OSCFRQ — — — — HFFRQ[3:0] ---- 0110 ---- 0110
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o| o
Banks 19-27
CPU CORE REGISTERS; see Table 4-2 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, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(el ©

2|3

Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’gg‘f;gﬁ alue on all
o | o
o | a
Banks 28
CPU CORE REGISTERS; see Table 4-2 for specifics

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

— X — — — CCP1PPS[4:0] ---1 0101 ---u uuuu
E15h CCP2PPS X | — = = = CCP2PPS[4:0] ---0 0101 ---u uuuu

— | X — — — CCP2PPS[4:0] ---1 0011 ---u uuuu
E16h — Unimplemented B — —
E17h — Unimplemented — —
E18h CWG1PPS = = = CWG1PPS[4:0] ---0 0010 ---u uuuu
E19h — Unimplemented — —
E1Ah MDCIN1PPS X | — — — — MDCIN1PPS[4:0] ---0 0000 ---u uuuu

— | X — — — MDCIN1PPS[4:0] ---1 0010 ---u uuuu
E1Bh MDCIN2PPS X | — — — — MDCIN2PPS[4:0] ---0 0101 ---u uuuu

— | X — — — MDCIN2PPS[4:0] ---1 0101 ---u uuuu
E1Ch MDMINPPS X | — — — — MDMINPPS[4:0] ---0 0001 ---u uuuu

— | X — — — MDMINPPS[4:0] ---1 0011 ---u uuuu
E1Dh — Unimplemented — —
E1Eh — Unimplemented — —
E1Fh — Unimplemented — —
E20h SSP1CLKPPS | X | — — — — SSP1CLKPPS[4:0] ---0 0001 ---u uuuu

il S - — — SSP1CEKPPS[4:O] ---1 0000 ---u uuuu
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

(el [xe]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’gg‘f;gﬁ alue on all
o | o
o| o
E21h SSP1DATPPS X | — — — — SSP1DATPPS[4:0] ---0 0010 ---u 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 ---u uuuu
— | X — — — RXPPS[4:0] -—-0 0101 ---u uuuu
E25h TXPPS X | — — — — TXPPS[4:0] ---0 0000 ---u 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-E6Fh — — Unimplemented — —
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(el ©
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c')‘é alue on all
Q| Q
o | a
Bank 29
CPU CORE REGISTERS; see Table 4-2 for specifics

E8Ch-E8Fh — — Unimplemented = =
E90h RAOPPS — — — RAOPPSJ[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 — — — RC2PPSJ[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 ---u uuuu
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c')‘é alue on all
o0
o |
Bank 30
CPU CORE REGISTERS; see Table 4-2 for specifics

FOCh — Unimplemented — —
FODh — Unimplemented — —
FOEh — Unimplemented — —
FOFh CLCDATA — — — — — — | mceout | mectoutr | - - 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 CLC1GLSO LC1G1D4T LC1G1D4N LC1G1D3T LC1G1D3N LC1G1D2T LC1G1D2N LC1G1D1T LC1G1D1N 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 LC2G1D4AT 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 LC2G4D4AT LC2G4D4N LC2G4D3T LC2G4D3N LC2G4D2T LC2G4D2N LC2G4D1T LC2G4D1N XXXX XXXX uuuu uuuu
Legend: x = unknown, u = unchanged, g =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 4-4: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)
(2] [x¢]
2|3
Address Name ; ; Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ;’g'&"eB"c’)‘é alue on all
o0
o |
Bank 31 — only accessible from Debug Executive, unless otherwise specified
CPU CORE REGISTERS; see Table 4-2 for specifics

F8Ch-FE3h — Unimplemented — —
FE4h(2) STATUS_SHAD — — | — — — z DC c ———— —xxx ———— -—uuu
FE5h(2) WREG_SHAD Working Register Normal (Non-ICD) Shadow KKKK KKKXK uuuu uuuu
FE6h(?) BSR_SHAD — = | — Bank Select Register Normal (Non-ICD) Shadow ——-x -xxx ———— -uuu
FE7h(2 PCLATH_SHAD — Program Counter Latch High Register Normal (Non-ICD) Shadow —XXX XXXX -uuu uuuu
FE8h(2) FSROL_SHAD Indirect Data Memory Address 0 Low Pointer Normal (Non-ICD) Shadow XXXX XXXX uuuu uuuu
FE9h(2) 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
FEER(® 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, g =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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4.3 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 4-3 shows the five
situations for the loading of the PC.

FIGURE 4-3: LOADING OF PCIN
DIFFERENT SITUATIONS
Instruction with
14 PCH PCL 0
PCL as
PC‘L ‘ ‘ ‘Y‘ ‘ ‘ A‘ ‘ ‘ ‘ ‘Y ‘ ‘ ‘ J Destination
6 ™~ 0 8\
PCLATHIT [ [T T T T ] ALUResult
14 PCH PCL 0
pc [T TTTTTITTIT[[] cot0, CALL
. )
6 4\ 0o N
PCLATHL] [ | [ EIE ] OPCODE <10:0>
14 PCH PCL 0 canim
pc[ I I TTTTITTITITTT]
L v A v J
6 ™~ 0 8\
PCLATHEL [ [ [T [ T] W
14 PCH PCL 0
pc I TTTTTITTITTTTT] BRW
c - )
154
PC +W
14 PCH PCL 0
el LT TTTTTITTITTITIT] BRA
N . )
154,
PC + OPCODE <8:0>

4.3.1 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
writing the desired upper seven bits to the PCLATH
register. When the lower eight bits are written to the
PCL register, all 15 bits of the program counter will
change to the values contained in the PCLATH register
and those being written to the PCL register.

432 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset to
the program counter (ADDWE 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).

433 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. PCH[6:3] is loaded with PCLATH[6:3].

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

434 BRANCHING

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

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

If using BRA, the signed 9-bit literal value ('k') of the
operand of the BRA instruction is added to the PC.
Since the PC will have incremented to fetch the next
instruction, the new address will be PC + 1 + k.

© 2015-2019 Microchip Technology Inc.

DS40001799F-page 44



PIC16(L)F18313/18323

4.4 Stack

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

The stack operates as a circular buffer and does not
cause a Reset when either a Stack Overflow or
Underflow occur 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.

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.

441 ACCESSING THE STACK

The stack is accessible 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
STKPTR while interrupts are 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, RETLW and
RETFIE instructions or the vectoring to

an interrupt address.

During normal program operation, CALL, CALLW and
Interrupts  will increment STKPTR while RETLW,
RETURN, and RETFIE will decrement STKPTR. At any
time, STKPTR can be read to see how many levels
remain available on the stack. 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 write
the PC and then decrement the STKPTR.

Reference Figure 4-4 through Figure 4-7 for examples
of accessing the stack.
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FIGURE 4-4: ACCESSING THE STACK EXAMPLE 1
. Stack Reset Disabled
TOSH:TOSL ‘ <: OXOF TR o)
0x0E
0x0D
0x0C
0x0B
0x0A
Initial Stack Configuration:
0x09
After Reset, the stack is empty. The
0x08 empty stack is initialized so the Stack
0x07 Pointer is pointing at Ox1F - 1. 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
. Stack Reset Enabled
TOSH:TOSL ‘ <j Ox1F 0x0000 STVRENS
FIGURE 4-5: ACCESSING THE STACK EXAMPLE 2
OxOF
0x0E
0x0D
0x0C
0x0B
0x0A
0x09 This figure shows the stack configuration
0x08 after the first CALL or a single interrupt.
X 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
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FIGURE 4-6: ACCESSING THE STACK EXAMPLE 3
0xOF
Ox0E
0x0D
0x0C After seven CALLs or six CALLs and an
0x0B interrupt, the stack looks like the figure
on the left. A series of RETURN instructions
0x0A will repeatedly place the return addresses
into the Program Counter and pop the stack.
0x09
0x08
0x07

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

0x05 | Return Address

0x04 | Return Address

0x03 Return Address

0x02 | Return Address

0x01 Return Address

0x00 | Return Address

FIGURE 4-7: ACCESSING THE STACK EXAMPLE 4

OxOF Return Address

OxOE | Return Address

0x0D Return Address

0x0C | Return Address

0x0B | Return Address

OxOA | Return Address When the stack is full, the next CALL or

0x09 | Return Address an interrupt will set the Stack Pointer to
0x10. This is identical to address 0x00
0x08 | Return Address so the stack will wrap and overwrite the

return address at 0x00. If the Stack
0x07 | Return Address Overflow/Underflow Reset is enabled, a

Reset will occur and location 0x00 will
0x06 Return Address not be overwritten.

0x05 | Return Address

0x04 Return Address

0x03 | Return Address

0x02 Return Address

0x01 Return Address

TOSH:TOSL ‘ <:| 0x00 | Return Address STKPTR = 0x10
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4.5 Indirect Addressing

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

The FSR registers form a 16-bit address that allows an
addressing space with 65536 locations. These locations
are divided into four memory regions:

» Traditional/Banked Data Memory

 Linear Data Memory

* Program Flash Memory

+ EEPROM

FIGURE 4-8: INDIRECT ADDRESSING

451 TRADITIONAL/BANKED DATA
MEMORY

The banked 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.

0x0000

Ox1FFF
0x2000

OX2FEF
< 0X2FFO

Ox7FFF

FSR 0x8000

Address
Range

\ Ox87FF

Rev. 10-000044F
1312017

0x0000

Traditional
Data Memory

Linear
Data Memory

Reserved

PC value = 0x000

Program
Flash Memory

PC value = Ox7FF
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FIGURE 4-9: TRADITIONAL/BANKED DATA MEMORY MAP
Direct Addressing Indirect Addressing
4 BSR 0 6 From Opcode 0 7 FSRxH 0o 7 FSRxL 0
LTI L] felelefol TIT LTI L]
— AN J - '\ J
K Bank Select T Location Select Bank Selectj Location Select
» 00000 00001 00010 11111 J
0x00
eoo
O0x7F
Bank 0 Bank 1 Bank 2 Bank 31
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452 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 4-10: LINEAR DATA MEMORY
MAP

7 FSRnH 0o 7 FSRnL 0
Lofolsl LTI ILLLITITTT]
- J

Location Select - 0x2000 [ 55020

Bank 0
0x06F

0x0A0
Bank 1
O0xO0EF
0x120

—» < Bank 2
0x16F

0xF20
Bank 30

\_ Ox29AF | OxF6F

453 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 4-11:  PROGRAM FLASH
MEMORY MAP

7 FSRnH 0o 7 FSRnL 0

HENEEEEEREEEEEEEE

- J

Location Select

f 0x8000 0x0000

Program
Flash
< Memory
(low 8
bits)

\_ OxFFFF|_OxX7FFF

454 DATA EEPROM MEMORY

The EEPROM memory can be read or written through
the NVMCON register interface (see Section 11.2
“Data EEPROM”). However, to make access to the
EEPROM easier, read-only access to the EEPROM
contents are also available through indirect addressing
via an FSR. When the MSB of the FSR (ex: FSRxH) is
set to 0x70, the lower 8-bit address value (in FSRxL)
determines the EEPROM location that may be read
(via the INDF register).

In other words, the EEPROM address range
0x00-0xFF is mapped into the FSR address space
between 0x7000 and 0x70FF. Writing to the EEPROM
cannot be accomplished via the FSR/INDF interface.
Reads from the EEPROM through the FSR/INDF inter-
face will require one additional instruction cycle to com-
plete.
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5.0 DEVICE CONFIGURATION

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

5.1 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.
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5.2 Register Definitions: Configuration Words
REGISTER 5-1: 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
— RSTOSCI[2:0] — FEXTOSC[2:0]
bit 7 bit 0
Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘1’
‘0’ = Bit is cleared ‘1’ = Bitis set n = Value when blank
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:
1 = OFF CLKOUT function is disabled; I/O or oscillator function on OSC2
0 = ON CLKOUT function is enabled; Fosc/4 clock appears at OSC2
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 = soSscC SOSC (32.768 kHz)
010 = Reserved
001 = EXT4X EXTOSC with 4x PLL; EXTOSC operating per FEXTOSC[2:0] bits
000 = HFINT32 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 500 kHz to 8 MHz

101 = ECL EC (External Clock) below 500 kHz

100 = OFF Oscillator not enabled

011 = Unimplemented

010 = HS HS (Crystal oscillator) above 4 MHz

001 = XT HT (Crystal oscillator) above 100 kHz, below 4 MHz
000 = LP LP (Crystal oscillator) optimized for 32.768 kHz
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REGISTER 5-2: CONFIGURATION WORD 2: SUPERVISORS

R/P-1 R/P-1 R/P-1 U-1 R/P-1 U-1
DEBUG | STVREN | PPS1WAY | — 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
BOREN[1:0] | LPBOREN®) = WDTE[1:0] 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
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 = ON Stack Overflow or Underflow will cause a Reset
0 = OFF  Stack Overflow or Underflow will not cause a Reset
bit 11 PPS1WAY: PPSLOCK One-Way Set Enable bit
1 = ON The PPSLOCK bit can be cleared and set only once; PPS registers remain locked after one clear/set
cycle
0 = OFF The PPSLOCK bit can be set and cleared repeatedly (subject to the unlock sequence)
bit 10 Unimplemented: Read as ‘1’
bit 9 BORYV: Brown-out Reset Voltage Selection bit(2)
1 = LoW Brown-out Reset voltage (VBOR) set to 1.9V on LF, and 2.45V on F devices
0 = HIGH 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 s 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:
RAS3 pin function is MCLR.
If LVP = 0:
1 = ON MCLR pin is MCLR.
0 = OFF MCLR pin function is port-defined function.
Note 1: 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’
See VBOR parameter for specific trip point voltages.
PIC16LF18313/18323 devices only.
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REGISTER 5-3: 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
— — — — — — WRT[1:0]

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 LVP: Low-Voltage Programming Enable bit(1)

1 = ON 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 = OFr 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 5-4: 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 cP
bit 7 bit 0
Legend:

R = Readable bit
‘0’ = Bitis cleared

P = Programmable bit
‘1’ = Bitis set

U = Unimplemented bit, read as ‘1’
n = Value when blank or after Bulk Erase

bit 13-2
bit 1

bit 0

Unimplemented: Read as ‘1’

CPD: Data EEPROM Memory Code Protection bit
1 = OrFr Data EEPROM code protection disabled
0 = ON Data EEPROM code protection enabled

CP: Program Memory Code Protection bit
1 = OFF Program Memory code protection disabled
0 = ON  Program Memory code protection enabled
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5.3 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.

5.3.1 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-write
writing the program memory is dependent upon the
write protection setting. See Section 5.4 “Write
Protection” for more information.

5.3.2 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.

54 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 WRTI[1:0> bits in Configuration Words define the
size of the program memory block that is protected.

5.5 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 11.4.7 “NVMREG EEPROM, User ID, Device
ID and Configuration 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).

5.6 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. See
Section 11.4.7 “NVMREG EEPROM, User ID, Device
ID and Configuration Word Access” for more
information on accessing these memory locations.

Development tools, such as device programmers and
debuggers, may be used to read the Device ID and
Revision ID.
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5.7 Register Definitions: Device and Revision

REGISTER 5-5: 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 0110 0110 (3066h)
PIC16LF18313 11 0000 0110 1000 (3068h)
PIC16F18323 11 0000 0110 0111 (3067h)
PIC16LF18323 11 0000 0110 1001 (3069h)

REGISTER 5-6: REVID: REVISION ID REGISTER

R-1 R-0 R R R R
REV[13:8]
bit 13 bit 8
R 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:  The upper two bits of the Revision ID Register will always read ‘10’.
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6.0 RESETS

There are multiple ways to reset this device:

.

Power-On Reset (POR)

Brown-Out Reset (BOR)

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

WDT Reset

RESET instruction

Stack Overflow

Stack Underflow

Programming mode exit

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

A simplified block diagram of the on-chip Reset circuit
is shown in Figure 6-1.

FIGURE 6-1:

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

ICSP™ Programming Mode Exit

RESET Instruction

Stack Underflow

Stack Overlfow

Rev. 10-000006A
8/14/20

S
MCLRE ——|
VPP/MCLR
Sleep*|_O
Time-out
E Power-on
Reset
VbD
BOR
Active™ |
Brown-out
Reset
| | LPBOR
Reset

Note 1: See Table 6-1 for BOR active conditions.

LFINTOSC

E/T\
—

R
Power-up

— Timer L
PWRTE j

Device

Z Reset
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6.1 Power-on Reset (POR)

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

6.2 Brown-out Reset (BOR)

The BOR circuit holds the device in Reset 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 BORENI[1:0] bits in
Configuration Words. The four operating modes are:

+ BORis always on

* BOR is off when in Sleep

* BORis controlled by software

* BORis always off

Refer to Table 6-1 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, and the BOR bit of the PCONO register will
be cleared, indicating that a Brown-out Reset condition
occurred. See Figure 6-2 for more information.

TABLE 6-1: BOR OPERATING MODES
. . Instruction Execution upon:
BOREN][1:0] SBOREN Device Mode | BOR Mode Release of POR or Wake-up from Sleep
11 X X Active In these 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
BORENI1:0] bits.
10 X Awake Active Waits for release of BOR (BORRDY = 1)
Sleep Disabled BOR ignored when asleep
1 Active In these specific cases, “Release of POR” and
“Wake-up from Sleep”, there is no delay in start-up.
X The BOR ready flag, (BORRDY = 1), will be set
01 before the CPU is ready to execute instructions
because the BOR circuit is forced on by the
BORENI1:0] bits.
0 X Disabled o .
- Begins immediately (BORRDY = x)
00 X X Disabled

© 2015-2019 Microchip Technology Inc.

DS40001799F-page 59



PIC16(L)F18313/18323

6.2.1 BOR IS ALWAYS ON

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

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

6.2.2 BOR IS OFF IN SLEEP

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

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

6.2.3 BOR CONTROLLED BY SOFTWARE

When the BOREN bits of Configuration Words are
programmed to ‘01’, the BOR is controlled by the
SBOREN bit of the BORCON register. The device
wake from Sleep is not delayed by the BOR Ready
condition or the VDD level only when the SBOREN bit
is cleared in software and the device is starting up from
a non POR/BOR Reset event.

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.

FIGURE 6-2: BROWN-OUT SITUATIONS
VDD
-_——___——___——\—_/ _________________ VBOR
)
Internal L
Reset " Tpwrt()
VDD
_____________W _____________ VBOR
1 N\_/,
1 |
Internal l < TPWRT:<—>I—
Reset TpwrT("
VDD
_____ \_____________7[_____________- VBOR
) |
Internal L
Reset " Tepwrt("
Note 1: TPWRT delay only if PWRTE bit is programmed to ‘0.

6.2.4 BOR ALWAYS OFF

When the BOREN bits of Configuration Word 2 are
programmed to ‘00’, the BOR is always disable. In the
configuration, setting the SWBOREN bit will have no
affect on BOR operation.

© 2015-2019 Microchip Technology Inc.

DS40001799F-page 60



PIC16(L)F18313/18323

6.3 Low-Power Brown-out Reset
(LPBOR)(PIC16LF18313/18323
Devices Only)

The Low-Power Brown-Out Reset (LPBOR) circuit
provides alternative protection against Brown-out
conditions for the PIC16LF18313/18323 devices only.
When VDD falls below the LPBOR threshold, the device
is held in Reset. When this occurs, the BOR bit of the
PCONO register is cleared to indicate that a Brown-out
Reset occurred. The BOR bit will be cleared when
either the BOR or the LPBOR circuitry detects a BOR
condition. The LPBOR feature can be used with or
without BOR enabled.

When used while BOR is enabled, the LPBOR can be
used as a secondary protection circuit in case the BOR
circuit fails to detect the BOR condition. Additionally,
when BOR is enabled except while in Sleep
(BOREN[1:0] = 10), the LPBOR circuit will hold the
device in Reset while VDD is lower than the LPBOR
threshold, and will also re-arm the POR. (See
Table 35-11 for LPBOR Reset voltage levels).

When used without BOR enabled, the LPBOR circuit

provides a single Reset trip point with the benefit of
reduced current consumption.

6.3.1 ENABLING LPBOR

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

6.3.1.1 LPBOR Module Output

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

6.4 MCLR

The MCLR is an optional external input that can reset
the device. The MCLR function is controlled by the
MCLRE bit of Configuration Words and the LVP bit of
Configuration Words (Table 6-2).

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

6.4.1 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

6.4.2 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 Section12.2 “PORTA
Registers” for more information.

6.5 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 PCONO register, are
changed to indicate the WDT Reset. See Section 10.0
“Watchdog Timer (WDT)” for more information.

6.6 RESET Instruction

A RESET instruction will cause a device Reset. The RI
bit in the PCONO register will be setto ‘0’. See Table 6-4
for default conditions after a RESET instruction has
occurred.

6.7 Stack Overflow/Underflow Reset

The device can reset when the Stack Overflows or
Underflows. The STKOVF or STKUNF bits of the
PCONO register indicate the Reset condition. These
Resets are enabled by setting the STVREN bit in
Configuration Words. See Section 4.4 “Stack” for more
information.

6.8 Programming Mode EXxit

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

6.9 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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6.10 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 6-3). 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 7.0 “Oscillator Module” for more
information.

FIGURE 6-3: RESET START-UP SEQUENCE

VDD

Internal POR

Power-up Timer

oE_ e—

< » TMCLR

Internal RESET

————— OscillatorModes - — — — — —|— + — — — — — — — — — — — — — — o

External Crystal

Oscillator Start-up Timer

Oscillator HHHHHHHHHHHHHHHHHHHH _

Internal Oscillator

Oscillator _
Fosc HHHHHHHHHHHHHHM -

External Clock (EC)

Fosc -
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6.11

Upon any Reset, multiple bits in the STATUS and
PCONO register are updated to indicate the cause of
the Reset. Table 6-3 and Table 6-4 show the Reset
conditions of these registers.

Determining the Cause of a Reset

TABLE 6-3: 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 |llegal, TO is set on POR
0 0 1 1 1 0 x x 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 6-4: RESET CONDITION FOR SPECIAL REGISTERS
Condition Program STATUS PCONO
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 + 11 ---1 Ouuu uu-u uuuu
RESET Instruction Executed 0000h ---u uuuu uu-u uluu
Stack Overflow Reset (STVREN = 1) 0000h ---u uuuu lu-u uuuu
Stack Underflow Reset (STVREN = 1) 0000h ---u 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.
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REGISTER 6-1: BORCON: BROWN-OUT RESET CONTROL REGISTER
R/W-1/u R/W-0-0 U-0 u-0 U-0 U-0 u-0 R-qg/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 = 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 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 must be maintained as ‘0’.
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: BORENJ1:0] bits are located in Configuration Words.

6.12 Power Control (PCONO0) Register

The Power Control (PCONO) register contains flag bits

to differentiate between a:

» Power-on Reset (POR)
* Brown-out Reset (BOR)

« Reset Instruction Reset (RI)

+ MCLR Reset (W)
» Watchdog Timer Reset (RWDT)

» Stack Underflow Reset (STKUNF)
» Stack Overflow Reset (STKOVF)

The PCONQO register bits are shown in Register 6-2.

Hardware will change the corresponding register bit
during the Reset process; if the Reset was not caused

by the condition, remains unchanged

(Table 6-4).

Software should reset the bit to the inactive state after

the bit

the restart (hardware will not reset the bit).

Software may also set any PCONO bit to the active
state, so that user code may be tested, but no Reset

action will be generated.
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6.13 Register Definitions: Power Control

REGISTER 6-2: PCONO: POWER CONTROL REGISTER 0

R/W/HS-0/q R/W/HS-0/q uU-0 R/W/HC-1/q R/W/HC-1/qg R/W/HC-1/q R/W/HC-gq/lu R/W/HC-qg/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’ = Bitis 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 has been cleared by firmware
bit 6 STKUNF: Stack Underflow Flag bit

1 = A Stack Underflow occurred

0 = A Stack Underflow has not occurred or has been 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 6-5: SUMMARY OF REGISTERS ASSOCIATED WITH RESETS

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':ﬁggzt;
BORCON | SBOREN | Reserved — — — — — BORRDY 64
PCONO STKOVF | STKUNF — RWDT RMCLR RI POR BOR 65
STATUS — — — TO PD z DC C 24
WDTCON — — WDTPS[4:0] SWDTEN 109
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used by Resets.
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7.0 OSCILLATOR MODULE

71 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 7-1 illustrates a block diagram of the oscillator
module.

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

» Selectable system clock so