MICFI@DCHIP PIC16(L)F18455/56

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

Description

PIC16(L)F184XX microcontrollers feature Intelligent Analog, Core Independent Peripherals (CIPs) and
communication peripherals combined with eXtreme Low-Power (XLP) for a wide range of general
purpose and low-power applications. Features such as a 12-bit Analog-to-Digital Converter with
Computation (ADC2), Memory Access Partitioning (MAP), the Device Information Area (DIA), Power-
saving operating modes, and Peripheral Pin Select (PPS), offer flexible solutions for a wide variety of
custom applications.

Core Features

*  C Compiler Optimized RISC Architecture
*  Only 50 Instructions
*  Operating Speed:
— DC - 32 MHz clock input
— 125 ns minimum instruction cycle
* Interrupt Capability
* 16-Level Deep Hardware Stack
* Timers:
— Up to two 24-bit timers
— Up to four 8-bit timers
— Up to four 16-bit timers
*  Low-Current Power-on Reset (POR)
»  Configurable Power-up Timer (PWRT)
*  Brown-out Reset (BOR)
*  Low-Power BOR (LPBOR) Option
*  Windowed Watchdog Timer (WWDT):
— Variable prescaler selection
— Variable window size selection
— Configurable in hardware (Configuration Words) and/or software
*  Programmable Code Protection

Memory

*  Up to 28 KB Program Flash Memory
 Upto 2 KB Data SRAM Memory
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+ 256B Data EEPROM
« Direct, Indirect and Relative Addressing modes
*  Memory Access Partition (MAP):
—  Write-protect
— Customizable partition
*  Device Information Area (DIA)
«  Device Configuration Information (DCI)

Operating Characteristics

»  Operating Voltage Range:
— 1.8V to 3.6V (PIC16LF184XX)
— 2.3V to 5.5V (PIC16F184XX)
+  Temperature Range:
— Industrial: -40°C to 85°C
— Extended: -40°C to 125°C

Power-Saving Operation Modes

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

+  Sleep: Lowest Power Consumption

»  Peripheral Module Disable (PMD):

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

+  Extreme Low-Power mode (XLP)
— Sleep: 500 nA typical @ 1.8V
— Sleep and Watchdog Timer: 900 nA typical @ 1.8V

eXtreme Low-Power (XLP) Features

+  Sleep mode: 50 nA @ 1.8, typical
*  Watchdog Timer: 500 nA @ 1.8V, typical
«  Secondary Oscillator: 500 nA @ 32 kHz
*  Operating Current;

- 8 uA @ 32 kHz, 1.8V, typical

— 32 uA/MHz @ 1.8V, typical

Digital Peripherals

»  Configurable Logic Cell (CLC):

— 4CLCs

— Integrated combinational and sequential logic
*  Complementary Waveform Generator (CWG):

- 3CWGs
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— Rising and falling edge dead-band control
— Full-bridge, half-bridge, 1-channel drive
— Multiple signal sources
*  Capture/Compare/PWM (CCP) modules:
- 5CCPs
— 16-bit resolution for Capture/Compare modes
— 10-bit resolution for PWM mode
e  Pulse-Width Modulators (PWM):
— 2 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: fygo/22°
*  Peripheral Pin Select (PPS):
— 1/O pin remapping of digital peripherals
+  Serial Communications:
— EUSART
« 2 EUSART(s)
+  RS-232, RS-485, LIN compatible
* Auto-Baud Detect, Auto-wake-up on Start.
— Master Synchronous Serial Port (MSSP)
« 2 MSSP(s)
« SPI
« 12C, SMBus and PMBus" compatible
+  Data Signal Modulator (DSM):

— Modulates a carrier signal with digital data to create custom carrier synchronized output
waveforms

+ Upto 26 I/0O 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
+  Timer modules:
— TimerO:
+  8/16-bit timer/counter
*  Synchronous or asynchronous operation
*  Programmable prescaler/postscaler
» Time base for capture/compare function
— Timer1/3/5 with gate control:
*  16-bit timer/counter
*  Programmable internal or external clock sources
*  Multiple gate sources

© 2018 Microchip Technology Inc. Datasheet Preliminary DS40002038B-page 3



PIC16(L)F18455/56

*  Multiple gate modes
» Time base for capture/compare function
— Timer2/4/6 with Hardware Limit Timer:
e 8-bit timers
*  Programmable prescaler/postscaler
* Time base for PWM function
* Hardware Limit (HLT) and one-shot extensions
»  Selectable clock sources
— Signal Measurement Timer (SMT)
e 2 S8MT(s)
*  24-bit timer/counter with programmable prescaler

Analog Peripherals

+  Analog-to-Digital Converter with Computation (ADC?):
— 12-bit with up to 24 external channels
— Conversion available during Sleep
— Automated post-processing
— Automated math functions on input signals:
« Averaging, filter calculations, oversampling and threshold comparison
— Integrated charge pump for low-voltage operation
— CVD support
»  Zero-Cross Detect (ZCD):
— AC high voltage zero-crossing detection for simplifying TRIAC control
— Synchronized switching control and timing
+  Temperature Sensor Circuit
+  Comparator:
— 2 Comparators
— Fixed Voltage Reference at (non)inverting input(s)
— Comparator outputs externally accessible
+ 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
* Fixed Voltage Reference (FVR) module:
— 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 calibration (nominal)

*  4x PLL for use with External Sources:
— up to 32 MHz (4-8 MHz input)
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e 2x PLL for use with the HFINTOSC:
— upto 32 MHz
*  Low-Power Internal 31 kHz Oscillator (LFINTOSC)
+  External 32.768 kHz Crystal Oscillator (SOCS)
+  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

PIC16(L)F184XX Family Types

Table 1. Devices Included In This Data Sheet

12-bit ADC2 (ch)
5-bit DAC
Comparators
Clock Ref
Timers (8/16-bit)
EUSART
MSSP (I12C/SPI)

Data SRAM (bytes)
Device Information Area

Program Flash Memory (Words)
Windowed Watchdog Timer
Memory Access Partition
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PIC16(L)F18455 8192 14 256 1024 26 24 1 2 |3 1 44 5 2 1 2 2
PIC16(L)F18456 16384 28 256 2048 26 24 1 2 3 1 445 2 1 2 2 4 1 Y Y Y Y Y Y |

Note:
1. |- Debugging integrated on-chip.
2. One pin is input-only.
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Table 2. Devices Not Included In This Data Sheet

12-bit ADC2 (ch)
5-bit DAC
Comparators
Clock Ref
Timers (8/16-bit)
EUSART
MSSP (I12C/SPI)

Data SRAM (bytes)
Device Information Area

Windowed Watchdog Timer
Memory Access Partition

m
o
1
S
-
o
=
(]
=
=
7
L
T
S
©
S
<)
)
S
o

Program Flash Memory (Kbytes)
Data Memory (EEPROM) (bytes)

PIC16(L)F18424 4096 7 256 512 1211/ 1/2 2 1444 2 1. 11 4 1Y Y Y Y Y Y I
PIC16(L)F18425 8192 14 256 1024 12 11 1 2 2 1 44 4 2 1 1 2 4 1 Y Y Y Y Y Y |
PIC16(L)F18426 16384 28 256 2048 12 11/ 1|2 2 144 4 /2 1 1.2 41 Y Y Y Y Y Y I
PIC16(L)F18444 4096 7 256 512 18 177 1 2 2 1 44 4 2 1 1.1 4 1Y Y Y Y Y Y |
PIC16(L)F18445 8192 14 256 1024 18/ 17 1 |2 2 144 4 /2 1 1 2 4 1 Y Y Y Y Y Y I
PIC16(L)F18446 16384 28 256 2048 18 17 1 2 2 1 44 4 2 1 1 2 4 1 Y Y Y Y Y Y |

Data Sheet Index:

1. DS40002000A, PIC16(L)F18424/44 Data Sheet, 14/20-Pin Full-Featured, Low Pin Count
Microcontrollers with XLP

2. DS40002002A, PIC16(L)F18425/45 Data Sheet, 14/20-Pin Full-Featured, Low Pin Count
Microcontrollers with XLP

3. DS40001985A, PIC16(L)F18426/46 Data Sheet, 14/20-Pin Full-Featured, Low Pin Count
Microcontrollers with XLP

Packages

VQFN

PIC16(L)F18455
PIC16(L)F18456 . . . R

Note: Pin details are subject to change.

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

28-Pin Diagrams
Figure 1. 28-pin SPDIP, SSOP, SOIC

Rev. 00-000 0284
612017

MCLR/Vrr/RE3[]1 28] IRB7/ICSPDAT
RA0O[]2 27 JRB6/ICSPCLK
RA1[]3 26/ 1RB6
RA2[ |4 25 1RB4
RA3[]5 24[1RB3
RA4[]6 23[1rRB2
RA5[]7 22l 1RB1
vss[]8 21JRBO
RA7[]9 20Vop
RA6[]10 19[1Vss
rRcol 11 18JRC7
Rc112 171RC6
Rc2[]13 16[ ]RC5
Rca3[]14 15[ 1RC4

Figure 2. 28-pin VQFN
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Note: Itis recommended that the exposed bottom pad be connected to Vgs.

Related Links
1 28-Pin Allocation Table
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Pin Allocation Tables

1 28-Pin Allocation Table

EUSART
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C1INO-
RAO | 2 |27 ANAO = = = = = = = = = — ceiNno | — Jiocao Y| —
C2INO-
C1IN1-
RA1 3 28  ANA1 — — — — — — — — — — — cLeNniM — ocat Y —
C2IN1-
C1INO+ DAC1VREF-
RA2 | 4| 1| ANA2 | ADCVREF- = = = = = = = = = = — |iocaz Y| —
C2INO+ DAC10UT1
RA3 5 2  ANA3  ADCVREF+ C1IN1+ = DAC1VREF+ MDCARL(1) = = = = = = = — — IOCA3 Y —
RA4 | 6|3 ANA4 = = = = MDcARH(M | Tocki(M) | ccpsIN() = = = = = = — |1ocA4 | Y =
RA5 7 4  ANA5 — — — — mpsRrc(!) — — — — ss1(1) — — — — |lI0cA5 Y —
RA6 (10| 7 | ANA6 = = = = = = = = = = = = = — |1ocAe | Y
0sc2
CLKOUT
RA7 9 6  ANA7 = — = = — — = = — — — — — — |I0CA7 | Y
0sc1
CLKIN
RBO |21/18  ANBO — C2IN1+ = = = = ccp4iN() = cwa1IN( = zcp1| — — — 1ocBo Y | INT(D
RB1 22 19  ANB1 = = = - = = = cwa2iN() = = = — 10CB1 | Y =
C1IN3- scka(1)
scL2(1:3)
C2IN3-
RB2 [23/20 ANB2 = = = = = = = = cwa3IN( = = = — |locB2| Y =
spi2(1)
spa2(1:3)ss2(1)
RB3 24 21  ANB3 = = = = = = = = = = = = — locB3 Y| —
C1IN2-
C2IN2-
ANB4 T56(1)
RB4 | 25|22 = = = = = = = = = = = = — |locB4 Y| —
ADACT(1) sMT2wiIN(1)
T16(1)
RB5 |26 23  ANB5 — - = = — ccpaiN() — — — — - — — loCB5 | Y -
smr2sig(1)
ICSPCLK
RB6 27 24  ANB6 — — — — — — — — — — — |ck2(13) cen2( | —  1ocBe | Y
ICDCLK
Rx2(1) ICSPDAT
RB7 28 25  ANB7 = — = DAC10UT2 = TeIN() = = = = = = — 10CB7 | Y
p12(13) ICDDAT
T1ckI(M)
RCO (11| 8| ANCO = = = = = T3cki() = = = = = = — — |locco| Y | sosco
T3G6(1)
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8 g & g 8 9
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Reference
Comparator
EUSART

28-pin SPDIP/SOIC/SSOP
28-pin VQFN

sMT1WIN()
RC1 12 9 ANC1 = — — — — smT1sic()  ccpain() = — — — — — — locct1 Y soscl
RC2 1310  ANC2 — — — — — T5ckiM | ceprin() — — — — — — — llocc2 Y —
sck1(1)
RC3 14 11 ANC3 = — = = = T2IN() = = = = = — — lloces | Y —
scL1(1,3)
spi()
RC4 (1512 ANC4 = = = = = = = = = = = = — lioces Y| —
spA1(1:3)
RC5 |16 13  ANC5 = = = = = T4IN() = = = = = = = — loccs | Y =
RC6 17|14 ANC6 = = = = = = = = = = = = ck1(13) | — ljoccs| ¥ =
Rx1(1)
RC7 18 15  ANC7 = = = = = = = = = = = = — llocer | Y
pT1(1,3)
RE3 | 1|26 = = = = = = = = = = = = = = — |I0CE3 | Y
MCIR
Vep
Vpbp 20 17 — — — — — — — — — — — — — — — — — VpbD
Vss 8 |5 — — — — — — — — — — — — — — — i Vss
Vss 19 16 — — — — — — — — — — — — — — — - | = Vss
CWGI1A
SDO1 pT1(3)
— | — | ADCGRDA = C10UT | NCO10UT = DSM10UT | TMROOUT | CCP10UT | PWMEOUT | CWG2A = CLCIOUT [CLKR| — |—| —
SDO2 p123)
CWG3A
CWG1B
el ck1d
— | — | ADCGRDB = c20UT = = = = CCP20UT | PWM70OUT | CWG2B = ccout| — | — |—| =
SCK2 ck2®)
CWG3B
ouT(2)
CcWG1C
scL13) 1
== = — = = = = = CCP30UT = cwe2C = cesout| — | — [—| —
scL203) ™2
CWG3C
CWG1D
SDA1(3)
== = = — = = = = CCP40OUT = CWG2D = — |cesout| — [ — |[—| =
SDA2(3)
CWG3D

= CCP50UT = = = = = = = B -

Note:
1. This is a PPS re-mappable input signal. The input function may be moved from the default location
shown to one of several other PORTXx pins.
2. All digital output signals shown in these rows are PPS re-mappable. These signals may be mapped to
output onto one of several PORTXx pin options.
3. This is a bidirectional signal. For normal module operation, the firmware should map this signal to the
same pin in both the PPS input and PPS output registers.
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Device Overview

Device Overview
This document contains device-specific information for the following devices:

+ PIC16F18455 + PIC16LF18455

+ PIC16F18456 + PIC16LF18456

New Core Features

XLP Technology
All of the devices in the PIC16(L)F184XX family incorporate a range of features that can significantly
reduce power consumption during operation. Key items include:

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

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

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

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

Multiple Oscillator Options and Features

All of the devices in the PIC16(L)F184XX family offer several different oscillator options. The
PIC16(L)F184XX family can be clocked from several different sources:

« HFINTOSC

— 1-32 MHz precision digitally controlled internal oscillator
+ LFINTOSC

— 31 kHz internal oscillator
« EXTOSC

External clock (EC)

Low-power oscillator (LP)

Medium-power oscillator (XT)

High-power oscillator (HS)

« SOSC

— Secondary oscillator circuit optimized for 32 kHz clock crystals

* A Phase Lock Loop (PLL) frequency multiplier (2x/4x) is available to the External Oscillator modes
enabling clock speeds of up to 32 MHz

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

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

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

*  Self-programmability: These devices can write to their own program memory spaces under internal
software control. By using a boot loader routine located in the protected Boot Block at the top of
program memory, it becomes possible to create an application that can update itself in the field.

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

*  Windowed Watchdog Timer (WWDT):
— Timer monitoring of overflow and underflow events
— Variable prescaler selection
— Variable window size selection
— All sources configurable in hardware or software

Details on Individual Family Members

The devices of the PIC16(L)F184XX family described in the current datasheet are available in 28-pin
packages. The block diagram for this device is shown in Figure 1-1.

The devices have the following differences:

Program Flash Memory

Data Memory SRAM

Data Memory EEPROM

A/D channels

I/0O ports

Enhanced USART

7. Input Voltage Range/Power Consumption

o g~ LN

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

The pinouts for all devices are listed in the pin summary tables.

Table 1-1. Device Features

m PIC16(L)F18455 PIC16(L)F18456

Program Memory (KBytes) 14 28
Program Memory (Instructions) 8192 16384
Data Memory (Bytes) 1024 2048
Data EEPROM Memory (Bytes) 256 256
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m PIC16(L)F18455 PIC16(L)F18456

28 - SPDIP 28 - SPDIP

28 - SSOP 28 - SSOP
Packages

28 - SOIC (7.5 mm) 28 - SOIC (7.5 mm)
28 - VQFN (4x4) 28 - vQFN (4x4)

I/O Ports A B, C A B,C
Capture/Compare/PWM Modules 5 5
(CCP)
Configurable Logic Cell (CLC) 4 4
10-Bit Pulse-Width Modulator 2 °
(PWM)

12-Bit Analog-to-Digital Module
(ADC?2) with Computation 24 channels 24 channels
Accelerator

5-Bit Digital-to-Analog Module
(DAC)

Comparators 2 2

Numerical Contolled Oscillator

(NCO)
Interrupt Sources 47 47
Timers (16-/8-bit) 4 4
2 MSSP 2 MSSP
Serial Communications
2 EUSART 2 EUSART
Complementary Waveform 3 3
Generator (CWG)
Zero-Cross Detect (ZCD) 1 1
Data Signal Modulator (DSM) 1 1
Reference Clock Output Module 1 1
Peripheral Pin Select (PPS) YES YES
Peripheral Module Disable (PMD) YES YES
Programmable Brown-out Reset
(BOR) YES YES
POR, BOR, RESET Instruction, POR, BOR, RESET Instruction,
Resets (and Delays) Stack Overflow, Stack Underflow = Stack Overflow, Stack Underflow
(PWRT, OST), MCLR, WDT (PWRT, OST), MCLR, WDT
Instruction Set 50 instructions 50 instructions
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m PIC16(L)F18455 PIC16(L)F18456

16-levels hardware stack 16-levels hardware stack

Operating Frequency DC — 32 MHz DC - 32 MHz
Figure 1-1. PIC16(L)F18455/56 Device Block Diagram

Program
Flash Memory
“

Timing v
Generation

PORTA

PORTB

CLKOUTIOSC2 X | Lyrosc

CLKIN/OSC [—»| | Oscilator PORTC
cPU -

PORTE

H
38

SOSCI  [X}—w{ | Secondary

Oscillator
S0SCO X

(S0sC)

MCLR X

ADC?
12-bit

t t+ ¢+ ¢+ ¢+ ¢ ¢ ¢+t ¢ ¢+ ¢+ FYL T
I T T

Temp
Indicator

WDT NCO1 PWM7 PWM6 Timer6 Timer5 Timer4 Timer3 Timer2 Timer1 Timer0 c2 DAC1

*

CWG3 || CWG2 | CWG1 SMT2 SMT1 || EUSART2||EUSART1| MSSP2 || MSSP1 cLc3 cLc2 cLct CCP5 CCP4 CCP3 CCP2 CCP1

Note:
1. See applicable chapters for more information on peripherals.

Register and Bit Naming Conventions

Register Names

When there are multiple instances of the same peripheral in a device, the Peripheral Control registers will
be depicted as the concatenation of a peripheral identifier, peripheral instance, and control identifier. The
control registers section will show just one instance of all the register names with an ‘X’ in the place of the
peripheral instance number. This naming convention may also be applied to peripherals when there is
only one instance of that peripheral in the device to maintain compatibility with other devices in the family
that contain more than one.

Bit Names
There are two variants for bit names:

«  Short name: Bit function abbreviation
* Long name: Peripheral abbreviation and short name

Short Bit Names

Short bit names are an abbreviation for the bit function. For example, some peripherals are enabled with
the EN bit. The bit names shown in the registers are the short name variant.
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Short bit names are useful when accessing bits in C programs. The general format for accessing bits by
the short name is RegisterNamebits.ShortName. For example, the enable bit, EN, in the CM1CONO
register can be set in C programs with the instruction CM1CONObits.EN = 1.

Short names are generally not useful in assembly programs because the same name may be used by
different peripherals in different bit positions. When this occurs, during the include file generation, all
instances of that short bit name are appended with an underscore plus the name of the register in which
the bit resides to avoid naming contentions.

Long Bit Names

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

Long bit names are useful in both C and assembly programs. For example, in C the COG1CONO enable
bit can be set with the GIEN = 1 instruction. In assembly, this bit can be set with the BSF
COG1CONO, G1EN instruction.

Bit Fields

Bit fields are two or more adjacent bits in the same register. Bit fields adhere only to the short bit naming
convention. For example, the three Least Significant bits of the COG1CONO register contain the mode
control bits. The short name for this field is MD. There is no long bit name variant. Bit field access is only
possible in C programs. The following example demonstrates a C program instruction for setting the
COGH1 to the Push-Pull mode:

COG1CONObits.MD = 0x5;

Individual bits in a bit field can also be accessed with long and short bit names. Each bit is the field name
appended with the number of the bit position within the field. For example, the Most Significant mode bit
has the short bit name MD2 and the long bit name is G1MD2. The following two examples demonstrate
assembly program sequences for setting the COG1 to Push-Pull mode:

Example 1:

MOVLW ~ (1<<G1MD1)
ANDWF COGLCONO, F
MOVLW 1<<GIMD2 | 1<<G1MDO
IORWF COGLCONO, F

Example 2:
BSF COG1CONO, G1IMD2
BCF COG1CONO, GIMD1
BSF COG1CONO, GIMDO

Register and Bit Naming Exceptions

Status, Interrupt, and Mirror Bits

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

Legacy Peripherals

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

+  EUSART
« MSSP

144 Register Legend

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

Table 1-2. Register Legend

RO Read-only bit

W Writable bit

U Unimplemented bit, read as ‘0’

P Programmable bit

‘7 Bit is set

‘0’ Bit is cleared

x Bit is unknown

u Bit is unchanged

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

Reset Value is determined by fuse setting

g Reset Value at POR for PPS re-mappable signals
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Guidelines for Getting Started with PIC16(L)F18455/56
Microcontrollers

Basic Connection Requirements

Getting started with the PIC16(L)F18455/56 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:

* Al Vpp and Vgg pins (see 2.2 Power Supply Pins)
*  MCLR pin (see 2.3 Master Clear (MCLR) Pin)

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

«  PGC/PGD pins used for In-Circuit Serial Programming” (ICSP™') and debugging purposes (see 2.4
In-Circuit Serial Programming™ ICSP™ Pins)

*  OSCI and OSCO pins when an external oscillator source is used (see 2.5 External Oscillator Pins)
Additionally, the following may be required:

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

Figure 2-1. Recommended Minimum Connections

VDD HH
R1 )
R2 s £

MCLR

PIC16(L)Fxxxxx

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

C2: 0.1 uF, 16V ceramic

R1: 10 kQ

R2: 100Q to 470Q

Power Supply Pins

Decoupling Capacitors
The use of decoupling capacitors on every pair of power supply pins (Vpp and Vsg) is required.

Consider the following criteria when using decoupling capacitors:

*  Value and type of capacitor: A 0.1 uF (100 nF), 10-25V 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.
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»  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 yF. 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 pF in parallel with 0.001 pF).

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

Tank Capacitors

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

Master Clear (MCLR) Pin

The MCLR pin provides two specific device functions: Device Reset, and Device Programming and
Debugging. If programming and debugging are not required in the end application, a direct connection to
Vpp may be all that is required. The addition of other components, to help increase the application’s
resistance to spurious Resets from voltage sags, may be beneficial. A typical configuration is shown in
Figure 2-1. Other circuit designs may be implemented, depending on the application’s requirements.

During programming and debugging, the resistance and capacitance that can be added to the pin must
be considered. Device programmers and debuggers drive the MCLR pin. Consequently, specific voltage
levels (Vg and V| ) and fast signal transitions must not be adversely affected. Therefore, specific values
of R1 and C1 will need to be adjusted based on the application and PCB requirements. For example, it is
recommended that the capacitor, C1, be isolated from the MCLR pin during programming and debugging
operations by using a jumper (Figure 2-2). The jumper is replaced for normal run-time operations.

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

VDD

R1
R2

C1

I o

Note:
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1. R1 =10 kQ is recommended. A suggested starting value is 10 kQ. Ensure that the MCLR pin V4
and V,_ specifications are met.

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

In-Circuit Serial Programming™ 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 can interfere with the programmer/debugger communications to the device. If such discrete
components are an application requirement, they should be removed from the circuit during programming
and debugging. Alternatively, refer to the AC/DC characteristics and timing requirements information in
the respective device Flash programming specification for information on capacitive loading limits, and
pin input voltage high (V|4) and input low (V) requirements.

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

For more information on available Microchip development tools connection requirements, refer to the
“Development Support” section.

Related Links
41. Development Support

External Oscillator Pins

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

The oscillator circuit 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 the following figure. In-line packages may be handled with a single-
sided layout that completely encompasses the oscillator pins. With fine-pitch packages, it is not always
possible to completely surround the pins and components. A suitable solution is to tie the broken guard
sections to a mirrored ground layer. In all cases, the guard trace(s) must be returned to ground.
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Figure 2-3. Suggested Placement of the Oscillator Circuit

Single-Sided and In-Line Layouts:

Copper Pour Primary Oscillator
(tied to ground) Crystal

DEVICE PINS
X

X
Primary X
Oscillator
C1 0sc2
GND
SOSCO
SOSCI

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)

OSCO\

GND

X K

C2

Oscillator
Crystal

c1

OsSCl

DEVICE PINS

In planning the application’s routing and 1/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, 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”

Related Links
9. Oscillator Module (with Fail-Safe Clock Monitor)
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2.6 Unused 1/Os

Unused I/0 pins should be configured as outputs and driven to a logic low state. Alternatively, connect a
1kQ to 10 kQ resistor to Vgg on unused pins to drive the output to logic low.
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Enhanced Mid-Range CPU

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

Figure 3-1. Core Data Path Diagram

Rev. 10-000055C
111302016

15 Configuration
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x Flash
2 Program
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Memory
16-Level Stack RAM
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Instruction Reg Addr MUX
Indirect
Direct Addr 7 12 Addr
5 12
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STATUS Reg
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CLKIN  X—— Timer
Brown-out
CLKOUT [XF— Timing Reset WReg
soscl X— Generation
S0SCO [XK— é é
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Block

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.

Related Links
10.5 Automatic Context Saving
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16-Level Stack with Overflow and Underflow

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

Related Links

7.5 Stack

8.15.2 PCONO

File Select Registers

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

Related Links

7.6 Indirect Addressing

Instruction Set
There are 50 instructions for the enhanced mid-range CPU to support the features of the CPU.

Related Links
40. Instruction Set Summary
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Device Configuration

Device configuration consists of the configuration words, user ID, device ID, Device Information Area
(DIA), and the Device Configuration Information (DCI) regions.

Related Links
5. Device Information Area
6. Device Configuration Information

Configuration Words

The devices have five Configuration Words starting at address 8007h through 800Bh. The Configuration
bits establish configuration values prior to the execution of any software; Configuration bits enable or
disable device-specific features.

In terms of programming, these important Configuration bits should be considered:
1. LVP: Low-Voltage Programming Enable Bit
— 1 =ON - Low-Voltage Programming is enabled. MCLR/Vpp pin function is MCLR. MCLRE
Configuration bit is ignored.
— 0 =O0FF —HV on MCLR/Vpp must be used for programming.
2. CP: User Nonvolatile Memory (NVM) Program Memory Code Protection bit
— 1 =O0FF - User NVM code protection disabled

— 0 =0N - User NVM code protection enabled

Code Protection

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

Program Memory Protection

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

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

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

User ID

Four words in the memory space (8000h-8003h) are designated as ID locations where the user can store
checksum or other code identification numbers. These locations are readable and writable during normal
execution. See the “NVMREG Access to Device Information Area, Device Configuration Area, User ID,
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Device ID, EEPROM, and Configuration Words” section for more information on accessing these memory
locations. For more information on checksum calculation, see the “PIC16(L)F184XX Memory
Programming Specification”, (DS40001970).

Related Links

13.4.7 NVMREG Access to Device Information Area, Device Configuration Area, User ID, Device ID,
EEPROM, and Configuration Words

Device ID and Revision ID
The 14-bit device ID word is located at 0x8006 and the 14-bit revision ID is located at 0x8005. These
locations are read-only and cannot be erased or modified.

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

Related Links

13. (NVM) Nonvolatile Memory Control

Register Summary - Configuration Words

=N I = I AN I (R N N
7:0

0x8007

0x8008

0x8009

0x800A

0x800B

4.7

RSTOSC[2:0] FEXTOSC[2:0]
CONFIG1
13:8 FCMEN CSWEN CLKOUTEN
7:0 BOREN LPBOREN PWRTSI[1:0] MCLRE
CONFIG2
13:8 DEBUG STVREN PPS1WAY ZCDDIS BORV
7:0 WDTE[1:0] WDTCPS[4:0]
CONFIG3
13:8 WDTCCS[2:0] WDTCWS[2:0]
7:0 WRTAPP SAFEN BBEN BBSIZE[2:0]
CONFIG4
13:8 LVP WRTSAF WRTD WRTC WRTB
7:0 CP
CONFIG5
13:8

Register Definitions: Configuration Words
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4.71

Bit

Access
Reset

Bit

Access
Reset

CONFIG1

Name: CONFIG1
Address: 0x8007

Configuration word 1

Oscillators
15 14 13 12 11 10 9 8
| FCMEN CSWEN CLKOUTEN
RIP u RIP u U R/P
1 1 1 1 1 1
7 6 5 4 3 2 1 0
RSTOSC[2:0] FEXTOSC[2:0]
u R/P R/IP R/P u R/IP R/IP R/IP

1 1 1 1 1 1 1 1

Bit 13 — FCMEN Fail-Safe Clock Monitor Enable bit

Value Description
1 FSCM timer enabled
0 FSCM timer disabled

Bit 11 — CSWEN Clock Switch Enable bit

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

Bit 8 - CLKOUTEN Clock Out Enable bit

Value Condition Description

1 If FEXTOSC = EC (high, mid or low) or Not | CLKOUT function is disabled; I/O or oscillator
Enabled function on OSC2

0 If FEXTOSC = EC (high, mid or low) or Not CLKOUT function is enabled; Fogc/4 clock
Enabled appears at OSC2
Otherwise This bit is ignored.

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

111 EXTOSC operating per FEXTOSC bits

110 HFINTOSC (1 MHz), with OSCFRQ = ‘010’ (4 MHz) and CDIV = ‘0010’ (4:1)
101 LFINTOSC

100 SOSC

011 Reserved

010 EXTOSC with 4x PLL, with EXTOSC operating per FEXTOSC bits
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Value Description
001 HFINTOSC with 2x PLL (32 MHz), with OSCFRQ = ‘101’ (16 MHz) and CDIV = ‘0000’ (1:1)
000 HFINTOSC with OSCFRQ = 32 MHz and CDIV = 1:1

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

Value Description

111 ECH (External Clock) above 8 MHz

110 ECM (External Clock) for 500 kHz to 8 MHz

101 ECL (External Clock) below 500 kHz

100 Oscillator not enabled

011 Reserved (do not use)

010 HS (Crystal oscillator) above 4 MHz

001 XT (Crystal oscillator) above 100 kHz, below 4 MHz
000 LP (crystal oscillator) optimized for 32.768 kHz

Related Links
9.6.7 OSCFRQ
9.6.2 OSCCON2

© 2018 Microchip Technology Inc. Datasheet Preliminary DS40002038B-page 36



PIC16(L)F18455/56

Device Configuration

4.7.2 CONFIG2

CONFIG2
0x8008

Name:
Address:

Configuration Word 2

Supervisor
Bit 15 14 13 12 1 10 9 8
| DEBUG STVREN PPS1WAY ZCD BORV
Access R/P R/P R/P R/P R/P u
Reset 1 1 1 1 1 1
Bit 7 6 5 4 3 2 1 0
BOREN[1:0] | LPBOREN PWRTS[1:0] MCLRE
Access R/P R/P R/P u U R/P R/P R/P
Reset 1 1 1 1 1 1 1 1

Bit 13 - DEBUG Debugger Enable bit(")

Value Description
1 Background debugger disabled
0 Background debugger enabled

Bit 12 — STVREN Stack Overflow/Underflow Reset Enable bit

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

Bit 11 — PPS1WAY PPSLOCKED bit One-Way Set Enable bit

1 The PPSLOCKED bit can be cleared and set only once; PPS registers remain locked after
one clear/set cycle
0 The PPSLOCKED bit can be set and cleared repeatedly (subject to the unlock sequence)

Bit 10 - ZCD ZCD Control bit

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

Bit 9 —- BORV Brown-out Reset Voltage Selection bit(

Value Description
1 Brown-out Reset voltage (VgoRr) set to lower trip point level
0 Brown-out Reset voltage (VgoRr) set to higher trip point level

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

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

00 Brown-out Reset disabled

Bit 5 — LPBOREN Low-Power BOR Enable bit

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

Bits 2:1 — PWRTS[1:0] Power-up Timer Selection bits

11 PWRT disabled

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

Bit 0 - MCLRE Master Clear (MCLR) Enable bit

Value Condition Description
IfLVP =1 RE3 pin function is MCLR (it will reset the device when driven low)
1 IfLVP =0 MCLR pin is MCLR (it will reset the device when driven low)
0 IfLVP =0 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
asa‘l’.

2. See Vpgor parameter in the “Electrical Specifications” chapter for specific trip point voltages.

Related Links

42.4.5 Reset, WDT, Oscillator Start-up Timer, Power-up Timer, Brown-Out Reset and Low-Power Brown-
Out Reset Specifications
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4.7.3

Bit

Access
Reset

Bit

Access
Reset

CONFIG3

Name: CONFIG3
Address: 0x8009

Configuration Word 3
Windowed Watchdog Timer

15 14 13 12 11 10 9 8
| | | WDTCCS[2:0] WDTCWS[2:0]
RIP R/P R/P R/P R/P R/P
1 1 1 1 1 1
7 6 5 4 3 2 1 0
WDTE[1:0] WDTCPS[4:0]
U RIP RIP RIP RIP RIP RIP RIP

1 1 1 1 1 1 1 1

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

Value Description

111 Software Control

110 to Reserved

011

010 32 kHz SOSC

001 WDT reference clock is the 31.25 kHz HFINTOSC (MFINTOSC) output
000 WDT reference clock is the 31.0 kHz LFINTOSC

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

WDTCON1 [WINDOW] at POR

Window delay Window Software | |
yed access
WDTCWS Percent of opening control of required?
. o ?
time Percent of WINDOW?
time
111 111 n/a 100 Yes No
110 110 n/a 100
101 101 25 75
100 100 37.5 62.5
011 011 50 50 No Yes
010 010 62.5 37.5
001 001 75 25
000 000 87.5 12.5

Bits 6:5 — WDTE[1:0] WDT Operating Mode bits
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Value Description

11 WDT enabled regardless of Sleep; SEN is ignored

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

00 WDT disabled, SEN bit is ignored

Bits 4:0 - WDTCPS[4:0] WDT Period Select bits
WDTCONO[WDTPS] at POR

WDTCPS Typical Time Out Software Control of WDTPS?
Value Divider Ratio (Fin = 31 kHz2)

11111 01011 1:65536 | 216 2s Yes

11110 11110

1:32 25 1ms No
10011 10011
10010 10010 = 1:8388608 223 256s
10001 10001 = 1:4194304 222 128s
10000 10000 = 1:2097152 221 64s
01111 01111 @ 1:1048576 220 32s
01110 01110 = 1:524288 29 16s
01101 01101 = 1:262144 218 8s
01100 01100 | 1:131072 | 2'7 4s
01011 01011 1:65536 216 2s
01010 01010 1:32768 215 1s
01001 01001 1:16384 | 214 512 ms No
01000 01000 1:8192 o 256 ms
00111 00111 1:4096 212 128 ms
00110 00110 1:2048 2 64 ms
00101 00101 1:1024 2 32 ms
00100 00100 1:512 2° 16 ms
00011 00011 1:256 28 8 ms
00010 00010 1:128 2 4 ms
00001 00001 1:64 26 2 ms
00000 00000 1:32 25 1 ms
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4.7.4

Bit

Access
Reset

Bit

Access
Reset

CONFIG4

Name: CONFIG4
Address: 0x800A

Configuration Word 4

Memory Write Protection

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

1 1 1 1 1 1 1 1

Bit 13 — LVP Low-Voltage Programming Enable bit

The LVP bit cannot be written (to zero) while operating from the LVP programming interface. The purpose
of this rule is to prevent the user from dropping out of LVP mode while programming from LVP mode, or
accidentally eliminating LVP mode from the Configuration state.

The preconditioned (erased) state for this bit is critical.

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

Bit 11 - WRTSAF Storage Area Flash Write Protection bit(1)

Value Description
1 SAF NOT write-protected
0 SAF write-protected

Bit 10 - WRTD Data EEPROM Write Protection bit()

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

Bit 9 — WRTC Configuration Register Write Protection bit(1)

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

Bit 8 —- WRTB Boot Block Write Protection bit(1)
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Value Description
1 Boot Block NOT write-protected
0 Boot Block write-protected

Bit 7 — WRTAPP Application Block Write Protection bit(!)

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

Bit 4 — SAFEN SAF Enable bit(")

Value Description
1 SAF disabled
0 SAF enabled

Bit 3 - BBEN Boot Block Enable bit(")

Value Description
1 Boot Block disabled
0 Boot Block enabled

Bits 2:0 — BBSIZE[2:0] Boot Block Size Selection bits
BBSIZE is used only when BBEN = 0

BBSIZE bits can only be written while BBEN = 1; after BBEN = 0, BBSIZ is write-protected.

Table 4-1. Boot Block Size Bits
Actual Boot Block Size User Program
Memory Size (words) Last Boot Block
Memory Access

BBEN BBSIZE
PIC16(L)F18455 |PIC16(L)F18456
1 XXX 0 0

0 111 512 512 01FFh
0 110 1024 1024 03FFh
0 101 2048 2048 07FFh
0 100 4096 4096 OFFFh
0 011-000 — 8192 1FFFh

Note: The maximum boot block size is half the user program memory size. All selections higher than
the maximum are set to half size. For example, all BBSIZE = 000 - 100 produce a boot block size of 4
kW on a 8 kW device.

Note:

1. Bits are implemented as sticky bits. Once protection is enabled, it can only be reset through a Bulk
Erase.
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4.7.5 CONFIG5

Name: CONFIG5
Address: 0x800B

Configuration Word 5

Code Protection

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

CP

Access U ] U U U U U R/P

Reset 1 1 1 1 1 1 1 1

Bit 0 — CP Program Flash Memory Code Protection bit

Value Description

1 Program Flash Memory code protection disabled
0 Program Flash Memory code protection enabled

4.8 Register Summary - Device and Revision

=N I = I AN A (N N N
7:0

MJRREV[1:0] MNRREV[5:0]
0x8005 REVISION ID

13:8 1 0 MJRREVI[5:2]
7:0 DEVI[7:0]
0x8006 DEVICE ID
13:8 1 1 DEV[11:8]
4.9 Register Definitions: Device and Revision
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491

Bit

Access
Reset

Bit

Access
Reset

DEVICE ID

Name: DEVICE ID
Address: 0x8006

Device ID Register

15 14 13 12 11 10 9 8
| 1 1 DEV[11:8]
R R R R R R
7 6 5 4 3 2 1 0
DEV[7:0]
R R R R R R R R
Bit13-1

These bit must be ‘1’ to be distinguishable from the previous Device ID scheme

Bit12-1

These bit must be ‘1’ to be distinguishable from the previous Device ID scheme

Bits 11:0 — DEV[11:0]
Device ID bits

PIC16F18455
PIC16LF18455
PIC16F 18456
PIC16LF18456

30D7h
30D8h
30D%9h
30DAh
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49.2 REVISION ID

Name: REVISION ID
Address: 0x8005

Revision ID Register

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

Bit13 -1 Read as ‘1’
These bits are fixed with value ‘1’ for all devices in this family.

Bit12 -0 Read as ‘0’
These bits are fixed with value ‘0’ for all devices in this family.

Bits 11:6 —- MJURREV[5:0] Major Revision ID bits
These bits are used to identify a major revision.

Bits 5:0 - MNRREV[5:0] Minor Revision ID bits
These bits are used to identify a minor revision.
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Device Information Area

The Device Information Area (DIA) is a dedicated region in the program memory space; it is a new
feature in the PIC16(L)F184XX family of devices. The DIA contains the calibration data for the internal
temperature indicator module, stores the Microchip Unique Identifier words, and the Fixed Voltage
Reference voltage readings measured in mV. The complete DIA table is shown below, followed by a
description of each region and its functionality. The data is mapped from 8100h to 811Fh in the
PIC16(L)F184XX family. These locations are read-only and cannot be erased or modified. The data is
programmed into the device during manufacturing.

Table 5-1. Device Information Area

Address Range | Name of Region Standard Device Information

8100h-8108h

8109h

810Ah-8111h

8112h
8113h
8114h
8115h
8116h
8117h

MUIO
MUI1
MUI2
MUI3
MUl14
MUIS
MUI6
MUI7
MUI8
MUI9
EUIO
EUI1
EUI2
EUI3
EUI4
EUIS
EUI6
EUI7
TSLR1
TSLR2
TSLR3
TSHRA1
TSHR2
TSHR3

Microchip Unique Identifier (9 Words)

1 Word Reserved

Unassigned (8 Words)

Unassigned (1 word)
Temperature indicator ADC reading at 90°C (low range setting)
Unassigned (1 word)
Unassigned (1 word)
Temperature indicator ADC reading at 90°C (high range setting)

Unassigned (1 word)
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Address Range | Name of Region Standard Device Information

8118h FVRA1X ADC FVR1 Output voltage for 1x setting (in mV)

8119h FVRA2X ADC FVR1 Output Voltage for 2x setting (in mV)

811Ah FVRA4X(1) ADC FVR1 Output Voltage for 4x setting (in mV)

811Bh FVRC1X Comparator FVR2 output voltage for 1x setting (in mV)

811Ch FVRC2X Comparator FVR2 output voltage for 2x setting (in mV)

811Dh FVRC4X(™") Comparator FVR2 output voltage for 4x setting (in mV)
811Eh-811Fh Unassigned (2 Words)

Note:
1. Value not present on LF devices.

Microchip Unique Identifier (MUI)
The PIC16(L)F184XX devices are individually encoded during final manufacturing with a Microchip
Unique Identifier (MUI). The MUI cannot be erased by a Bulk Erase command or any other user-
accessible means. This feature allows for manufacturing traceability of Microchip Technology devices in
applications where this is required. It may also be used by the application manufacturer for a number of
functions that require unverified unique identification, such as:

«  Tracking the device

*  Unique serial number

The MUI consists of nine program words and one reserved program word. When taken together, these
fields form a unique identifier. The MUI is stored in read-only locations, located between 8100h to 8109h
in the DIA space. The above table lists the addresses of the identifier words.

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

External Unique Identifier (EUI)

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

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

The purpose of the temperature indicator module is to provide a temperature-dependent voltage that can
be measured by an analog module. The “Temperature Indicator Module” chapter explains the operation of
the Temperature Indicator module and defines terms such as the low range and high range settings of the
sensor. The DIA table contains the internal ADC measurement values of the temperature sensor for low
and high range at fixed points of reference. The values are measured during test and are unique to each
device. The right-justified ADC readings are stored in the DIA memory region. The calibration data can be
used to plot the approximate sensor output voltage, Vtsense VS Temperature curve.

*  TSLR: Address 8112h to 8114h store the measurements for the low range setting of the
temperature sensor at Vpp = 3V.

« TSHR: Address 8115h to 8117h store the measurements for the high range setting of the
temperature sensor at Vpp = 3V.

The stored measurements are made by the device ADC using the internal Vrgr = 2.048V.

Related Links
19. Temperature Indicator Module

Fixed Voltage Reference Data

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

*  ADC input channel

*  ADC positive reference

*  Comparator positive input

» Digital-to-Analog Converter

For more information on the FVR, refer to the “Fixed Voltage Reference (FVR)” chapter (see related
links).
The DIA stores measured FVR voltages for this device in mV for the different buffer settings of 1x, 2x or
4x at program memory locations 8118h to 811Dh.

*  FVRA1X stores the value of ADC FVR1 Output voltage for 1x setting (in mV)

*  FVRA2X stores the value of ADC FVR1 Output Voltage for 2x setting (in mV)

*  FVRA4X stores the value of ADC FVR1 Output Voltage for 4x setting (in mV)

*  FVRC1X stores the value of Comparator FVR2 output voltage for 1x setting (in mV)

*  FVRC2X stores the value of Comparator FVR2 output voltage for 2x setting (in mV)

*  FVRCA4X stores the value of Comparator FVR2 output voltage for 4x setting (in mV)

Related Links
18. (FVR) Fixed Voltage Reference
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Device Configuration Information

The Device Configuration Information (DCI) is a dedicated region in the program Flash memory mapped
from 8200h to 821Fh. The data stored in the DCI memory is hard-coded into the device during
manufacturing. Refer to the table below for the complete DCI table address and description. The DCI
holds information about the device, which is useful for programming and bootloader applications. These
locations are read-only and cannot be erased or modified.

Table 6-1. Device Configuration Information for PIC16(L)F18455/56 Devices

ADDRESS m DESCRIPTION PIC16(L)F18455/56 UNITS

8200h ERSIZ Erase Row Size Words
8201h WLSIZ Number of Write Latches 32 Latches
8202h URSIZ Number of User Rows 256/512 Rows
8203h EESIZ EE Data Memory Size 256 Bytes
8204h PCNT Pin Count 28 Pins

DIA and DCI Access

The DIA and DCI data are read-only and cannot be erased or modified. See section “NVMREG Access to
Device Information Area, Device Configuration Area, User ID, Device ID, EEPROM, and Configuration
Words” for more information on accessing these memory locations.

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

Related Links

13.4.7 NVMREG Access to Device Information Area, Device Configuration Area, User ID, Device ID,
EEPROM, and Configuration Words
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Memory Organization

These devices contain the following types of memory:
*  Program Memory
— Configuration Words

Device ID
User ID
Program Flash Memory
Device Information Area (DIA)
Device Configuration Information (DCI)
Revision ID
*  Data Memory

— Core Registers

— Special Function Registers

— General Purpose RAM

— Common RAM
« EEPROM

The following features are associated with access and control of program memory and data memory:
* PCL and PCLATH
+ Stack
* Indirect Addressing
*  NVMREG access

Program Memory Organization

The enhanced mid-range core has a 15-bit Program Counter capable of addressing 32K x 14 program
memory space. The table below shows the memory sizes implemented. The Reset vector is at 0000h and
the interrupt vector is at 0004h (see the following figure).

Table 7-1. Device Sizes And Addresses
PIC16(L)F18455 8192 Ox1FFF
PIC16(L)F18456 16384 Ox3FFF

© 2018 Microchip Technology Inc. Datasheet Preliminary DS40002038B-page 50



PIC16(L)F18455/56

Memory Organization

Figure 7-1. Program Memory and Stack

Rev. 1000040
31312017

PC<14:0>
CALL, CALLW A
RETURN, RETLW 15
Interrupt, RETFIE
Stack Level 0
Stack Level 1
L]
L]
L]
Stack Level 15
Reset Vector 0000h
. |——
L]
Interrupt Vector 0004h
s ¢ [} 0005h
. g 07FFh
on-chip 2 0800h
Program g
Memory N 1 _1____ OFFFh
2 1000h
< g 17FFh
Page o 1800h
3}
_____ vY® L ___| 1FFFh
g 2000h
y 2 3FFFh
4000h
Unimplemented
7FFFh

Related Links
4.7.5 CONFIG5
7.2.5 Memory Violation

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 NVMREG interface to access the program memory.

Related Links
13.4 NVMREG Access
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7111 RETLW Instruction

The RETLW instruction can be used to provide access to tables of constants. The recommended way to
create such a table is shown in the following example.

constants
BRW ;Add Index in W to
;program counter to
;select data
RETLW DATAO ; Index0 data
RETLW DATAl ;Indexl data

RETLW DATAZ2
RETLW DATA3
my function
;.. LOTS OF CODE...
MOVLW DATA INDEX
call constants
;.. THE CONSTANT IS IN W

The BRW instruction makes this type of table very simple to implement.
7.1.1.2 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 MOV IW instruction will place the lower eight bits of the addressed word in
the W register. Writes to the program memory cannot be performed via the INDFx registers. Instructions
that read the program memory via the FSR require one extra instruction cycle to complete. The following
example demonstrates reading the program memory via an FSR.

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

constants
RETLW DATAO ; Index0 data
RETLW DATA1l ; Indexl data

RETLW DATA2
RETLW DATA3

my function
;.. LOTS OF CODE..

MOVLW LOW constants
MOVWE FSR1L
MOVLW HIGH constants
MOVWF FSR1H
MOVIW 2 [FSR1

;DATA2 IS IN W

7.2 Memory Access Partition (MAP)

User Flash is partitioned into:
*  Application Block
* Boot Block, and
«  Storage Area Flash (SAF) Block

The user can allocate the memory usage by setting the BBEN bit, selecting the size of the partition
defined by BBSIZE bits and enabling the Storage Area Flash by the SAFEN bit of the Configuration Word.
Refer to the following links for the different user Flash memory partitions.

Related Links

© 2018 Microchip Technology Inc. Datasheet Preliminary DS40002038B-page 52



7.21

7.2.2

7.2.3

7.24

7.2.5

PIC16(L)F18455/56

Memory Organization

4.7.4 CONFIG4

Application Block

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

Boot Block

If BBEN = 1, the boot block is enabled and a specific address range is allotted as the boot block based on
the value of the BBSIZE bits and the sizes provided in Configuration Word 4.

Related Links
4.7.4 CONFIG4

Storage Area Flash

Storage Area Flash (SAF) is enabled by clearing the SAFEN bit of the Configuration Word. If enabled, the
SAF block is placed at the end of memory and spans 128 words. If the Storage Area Flash (SAF) is
enabled, the SAF area is not available for program execution.

Related Links

4.7.4 CONFIG4

Memory Write Protection

All the memory blocks have corresponding write-protection fuses WRTAPP, WRTB and WRTC bits in the
Configuration Word 4. If write-protected locations are written from NVMCON registers, memory is not
changed and the WRERR bit defined in NVMCON1 register is set as explained in the “WRERR Bit”
section.

Related Links
4.7.4 CONFIG4

13.6.3 NVMCON1
13.4.9 WRERR Bit

Memory Violation

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

Table 7-2. Memory Access Partition

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

00 0000h .. APPLICATION APPLICATION

Last Block BLOCK® BLOCK® HOOT BLOCH | BOUT BLOGH
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Address BBEN =1 BEN =1 BBEN = 0 BBEN =0
SAFEN = 1 SAFEN = 0 SAFEN = 1 SAFEN = 0

Memory
Address

Last Boot Block

Memory

Address

+ 1M . Last

Program

Memory

Address - 80h APPLICATION
BLOCK®)

APPLICATION
BLOCK®)

Last Program
Memory
Address -
7Fh@ . Last SAF®4) SAF®4)
Program

Memory

Address

Config Memory

Address(®) CEINIAS

CONFIG

Note:
1. Last Boot Block Memory Address is based on BBSIZE given in “Configuration Word 4”.
2. Last Program Memory Address is the Flash size given in the “Program Memory Organization”.

3. Config Memory Address are the address locations of the Configuration Words given in the
“NVMREG Access to Device Information Area, Device Configuration Area, User ID, Device ID,
EEPROM, and Configuration Words” section.

4. Each memory block has a corresponding write protection fuse defined by the WRTAPP, WRTB and
WRTC bits in the “Configuration Word 4”.

Related Links

8.11 Memory Execution Violation
8.15.3 PCON1

4.7.4 CONFIG4

7.1 Program Memory Organization

13.4.7 NVMREG Access to Device Information Area, Device Configuration Area, User ID, Device ID,
EEPROM, and Configuration Words

Data Memory Organization

The data memory is partitioned into 64 memory banks with 128 bytes in each bank. Each bank consists
of:

* 12 core registers
*  Up to 100 Special Function Registers (SFR)

© 2018 Microchip Technology Inc. Datasheet Preliminary DS40002038B-page 54



7.3.1

7.3.2

PIC16(L)F18455/56

Memory Organization

*  Up to 80 bytes of General Purpose RAM (GPR)
* 16 bytes of common RAM

Figure 7-2. Banked Memory Partition

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

7-bit Bank Offset Typical Memory Bank

00h
Core Registers
(12 bytes)

0Bh
0Ch

Special Function Registers

(up to 20 bytes maximum)
1Fh
20h

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

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

Bank Selection

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

Related Links
7.6 Indirect Addressing
7.8.7 BSR

Core Registers

The core registers contain the registers that directly affect the basic operation. The core registers occupy
the first 12 addresses of every data memory bank (addresses n00h/n80h through nOBh/n8Bh). These
registers are listed below.
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Table 7-3. Core Registers

Addresses in BANKx Core Registers

n0Oh or n80h INDFO
n01h or n81h INDF1
n02h or n82h PCL
n03 or n83h STATUS
n04h or n84h FSROL
n05h or n85h FSROH
n06h or n86h FSR1L
n07h or n87h FSR1H
n08h or n88h BSR
nO%h or n89h WREG
nOAh or n8Ah PCLATH
n0Bh or n8Bh INTCON

STATUS Register

The STATUS register contains:
¢ the arithmetic status of the ALU
¢ the Reset status

The STATUS register can be the destination for any instruction, like any other register. If the STATUS
register is the destination for an instruction that affects the Z, DC or C bits, then 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 STATUS register as destination may
be different than intended.

For example, CLRF STATUS will clear bits <4:3> and <1:0>, and set the Z bit. This leaves the STATUS
register as ‘000u uluu’ (where u = unchanged).

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

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

Related Links
7.8.4 STATUS
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Special Function Register

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

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

General Purpose RAM
There are up to 80 bytes of GPR in each data memory bank.
Linear Access to GPR

The general purpose RAM can be accessed in a non-banked method via the FSRs. This can simplify
access to large memory structures.

Related Links
7.6.2 Linear Data Memory
Common RAM

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

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. The following figure shows the five situations for the
loading of the PC.
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Figure 7-3. Loading of PC in Different Situations

rrrrrrrrr

14 PCH PCL 0 Instruction
PCLITTITTITITTITTITTT withpcL as
1 Destination
6 ' 0 8
PCLATH ALU result
14 PCH PCL 0
GOTO,
PCLITTTITITTITITITTY oy
Ly o M
PCLATHLL [ [ T T'T'T ] OPCODE <10:0>
14 PCH PCL 0
PCLITTTITTITTITTTIT] cariw
6 7 0 eﬁ
PCLATH W
14 PCH PCL 0
PCLITTTTITTTIITTITTT] BrRW
15k
PC+W
14 PCH PCL 0
PCLITTTITTTIITTITTT] Bra

15
PC + OPCODE <8:0>

Modifying PCL

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

Computed GOTO

A computed GOTO is accomplished by adding an offset to the Program Counter (ADDWF PCL). When
performing a table read using a computed GOTO method, care 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).

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>.
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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.

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, BRwW and BRA. The PC will have incremented to fetch
the next instruction in both cases. When using either branching instruction, a PCL memory boundary may
be crossed.

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

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

Stack

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

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

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

Accessing the Stack

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

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

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

Reference the following figures for examples of accessing the stack.
Figure 7-4. Accessing the Stack Example 1

Rev. 10-000043A
713012013

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

O0x0E

0x0D

0x0C

0x0B

X Initial Stack Configuration:

0x0A

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

0x08 Pointer is pointing at 0x1F. If the Stack

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

0x06 Stack Overflow/Underflow Reset is

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

0x04 OxOF.

0x03

0x02

0x01

0x00

: Stack Reset Enabled
TOSH:TOSL <): Ox1F 0x0000 (STVREN = 1)
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Figure 7-5. Accessing the Stack Example 2

Rev. 10-0000438
713012013

0x0F
0x0E
0x0D
0x0C
0x0B
0x0A

0x09 This figure shows the stack configuration
after the first CALL or a single interrupt.
0x08 If a RETURN instruction is executed, the
0x07 return address will be placed in the
Program Counter and the Stack Pointer
decremented to the empty state (0x1F).

0x06
0x05
0x04
0x03
0x02

0x01
TOSH:TOSL b 0x00 | Return Address

Figure 7-6. Accessing the Stack Example 3

Rev. 10-000043C
713012013

OxOF
Ox0E
0x0D
0x0C After seven CALLS or six CALLs and an

0x0B