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MICROCHIP PIC18F2331/2431/4331/4431

28/40/44-Pin Enhanced Flash Microcontrollerswith
nanoWatt Technology, High Performance PWM and A/D

14-bit Power Control PWM Module:

* Up to 4 channels with complementary outputs

» Edge- or center-aligned operation

* Flexible dead-band generator

« Hardware fault protection inputs

« Simultaneous update of duty cycle and period:
- Flexible special event trigger output

Motion Feedback Module:

« Three independent input capture channels:

- Flexible operating modes for period and pulse
width measurement

- Special Hall Sensor interface module
- Special event trigger output to other modules
¢ Quadrature Encoder Interface:
- 2 phase inputs and one index input from encoder

- High and low position tracking with direction
status and change of direction interrupt

- Velocity measurement

High-Speed, 200 Ksps 10-bit A/D Converter:

e Upto 9 channels

« Simultaneous two-channel sampling

» Sequential sampling: 1, 2 or 4 selected channels
« Auto-conversion capability

« 4-word FIFO with selectable interrupt frequency
» Selectable external conversion triggers

» Programmable acquisition time

Flexible Oscillator Structure:
« Four crystal modes up to 40 MHz
« Two external clock modes up to 40 MHz
« Internal oscillator block:
- 8 user selectable frequencies: 31 kHz to 8 MHz
- OSCTUNE can compensate for frequency drift
« Secondary oscillator using Timerl @ 32 kHz
 Fail-Safe Clock Monitor:
- Allows for safe shutdown of device if clock fails

Power-Managed Modes:

Run CPU on, peripherals on
Idle CPU off, peripherals on
Sleep CPU off, peripherals off

Idle mode currents down to 5.8 pA typical
Sleep current down to 0.1 pA typical
Timerl oscillator, 1.8 pA typical, 32 kHz, 2V
Watchdog Timer (WDT), 2.1 A typical
Two-Speed oscillator start-up

Peripheral Highlights:

High current sink/source 25 mA/25 mA

Three external interrupts

Two Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 6.25 ns (TcY/16)
- Compare is 16-hit, max. resolution 100 ns (TcY)

- PWM output: PWM resolution is 1 to 10 bits
Enhanced USART module:

- Supports RS-485, RS-232 and LIN 1.2

- Auto-Wake-up on Start bit

- Auto-Baud detect

RS-232 operation using internal oscillator block
(no external crystal required)

Special Microcontroller Features:

100,000 erase/write cycle enhanced Flash
program memory typical

1,000,000 erase/write cycle data EEPROM
memory typical

Flash/data EEPROM retention: 100 years
Self-programmable under software control
Priority levels for interrupts

8 X 8 Single-cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
Single-supply In-Circuit Serial Programming™
(ICSP™) via two pins

In-Circuit Debug (ICD) via two pins

- Drives PWM outputs safely when debugging

Program Memory Data Memory SSP <
10-bit S 8| 14bit |
. . s 3 Timers
Device Flash | #Single-Word | SRAM | EEPROM | /O | A/D |CCP sPI Slave | EUSART | 5 3| PWM 8/16-bit
(bytes) | Instructions | (bytes)| (bytes) (ch) [2c™ §» G| (ch)
PIC18F2331| 8192 4096 768 256 24 5 2 Y Y Y Y 6 1/3
PIC18F2431| 16384 8192 768 256 24 5 2 Y Y Y Y 6 1/3
PIC18F4331| 8192 4096 768 256 36 9 2 Y Y Y Y 8 1/3
PIC18F4431| 16384 8192 768 256 36 9 2 Y Y Y Y 8 1/3

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

Pin Diagrams

28-Pin SDIP, SOIC

MCLR/VPP/RE3 —— [ | * 1v 28| ] «— RB7/KBI3/PGD
RAO/ANO =—— [ |2 27 [ | «<— RB6/KBI2/PGC
RAL/AN1 13 26 [ ] <— RB5/KBIL/PWM4/PGMY
RA2/AN2/VREF-/CAP1/INDX —— [_| 4 o 25 | | <—— RB4/KBIO/PWM5
RA3/AN3/VREF+CAP2/QEA []5 @ 24[]<«—— RB3/PWM3
RA4/AN4/CAP3/QEB (16 § 23[]<—— RB2PWM2
ADD — = [ |7 & 22[]<—= RBI/PWMIL
N
AVss — [ |8 Lo21 [ ] <—— RBO/PWMO
OSC1/CLKI/RA7 (o O 20[]<—— VoD
OSC2/CLKO/RAB []10 @ 19[ ]=—— Vss
RCO/T10SO/T1CKI =— [ | 11 18 [ ] =—— RC7/RX/DT/SDO
RC1/T10SI/CCP2/FLTA []12 17 [[] =—— RCBI/TX/CK/SS
RC2/CCP1/FLTB =— [ |13 16 | |<———= RCS5/INT2/SCK/SCL
RC3/TOCKI/T5CKI/INTO =——» |: 14 15 :l <——» RC4/INT1/SDI/SDA
Note 1: Low-voltage programming must be enabled.
40-Pin PDIP
MCLR/VPP/RE3 01 N 40 1 RB7/KBI3/PGD
RAO/ANO 02 39 [1 =— RB6/KBI2/PGC
RA1/AN1 O3 38 [ =— RB5/KBI1/PWM4/PGM®@
RA2/AN2/VREF-/CAP1/INDX O 4 37 [1 =— RB4/KBIO/PWM5
RA3/AN3/VREF+/CAP2/QEA Os 36 [] <—— RB3/PWM3
RA4/AN4/CAP3/QEB Oe =) 35 [] =< RB2/IPWM2
RA5/AN5/LVDIN 07 3 34 [1 =— RB1/PWM1
REO/ANG Os =S 33 [ =— RBO/PWMO
RE1/AN7 Oo Q 321 VDD
RE2/AN8 <—— [ 10 ¥ 31 [0 =——Vss
AVDD On * 30 RD7/PWM7
AVss O 12 O 29 [1 =— RD6/PWM6
OSC1/CLKI/RA7 O 13 o 28 [] <—— RD5/PWM4®
OSC2/CLKO/RAG O 14 27 [] «<—» RD4/FLTA®
RCO/T10SO/T1CKI O 15 26 [1 =— RC7/RX/DT/SDOM
RC1/T10SI/CCP2/FLTA O 16 25 [] <— RCB/TX/CK/SS
RC2/CCP1/FLTB O 17 24 [ =—— RC5/INT2/SCK®scL®
RC3/TOCKIDT5CKID/INTO O 18 23 [1 =— RC4/INT1/SDI®/spA®
RDO/TOCKI/T5CKI O 19 22 [ <—— RD3/SCK/SCL
RD1/SDO O 20 21 [1 <—— RD2/SDI/SDA

Note 1: RC3is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RCS5 is the alternate pin
for SCK/SCL.

Low-voltage programming must be enabled.
RD4 is the alternate pin for FLTA.
RD5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

44-Pin TQFP

RC7/RX/DT/SDOW
RD4/FLTA®)
RD5/PWM4®)
RD6/PWM6
RD7/PWM7
Vss

VDD
RBO/PWMO
RB1/PWM1
RB2/PWM2
RB3/PWM3

for SCK/SCL.

P

PR OO~NOO UORAWNERE

NC

43 Im<— RC5/INT2/SCKW/scL®
42 [I<—> RC4/INT1/SDID/SpA®

41 T3 <—= RD3/SCK/SCL
40 ImJ<— RD2/SDI/SDA

39 ITJ<—> RD1/SDO
37 m=— RC3/ToCKIY/T5CKIM/INTO

36 I J<—> RC2/CCP1/FLTB
35 I J<—= RC1/T10SI/CCP2/FLTA

34 11

44 MTJ<—> RC6/TX/CK/SS
38 [ITJ<—> RDO/TOCKI/T5CKI

33 NC
32T <—= RCO/T10SO/T1CKI
3111 <— OSC2/CLKO/RA6

30— =—= OSC1/CLKI/RA7
PIC18F4331 ,gfm<— Avss
2811 <— AVDD
PIC18F4431 S b« Rezans
261 =—= RE1/AN7
2511 <—> REO/AN6
0 24111 <—> RA5/AN5/LVDIN
1 2311 <—> RA4/AN4/CAP3/QEB

Note 1: RC3is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RCS5 is the alternate pin

Low-voltage programming must be enabled.
RD4 is the alternate pin for FLTA.
RD5 is the alternate pin for PWM4.

112
113

NC
NC
RB4/KBIO/PWM5 <— 1114

RB5/KBI1/PWMA4/PGM@) <— 1015
RAO/ANO <— CTT{19

RA1/AN1 <—= 1120

MCLR/VPP/RE3 — 11418
RA2/AN2/VREF-/CAP1/INDX <— 1121

RB7/KBI3/PGD <— 1117

RB6/KBI2/PGC <— [11]16

RA3/AN3/VREF+/CAP2/QEA <— [CTT]22

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

44-Pin QFN
o
=
a9~ Z <
A -~
% g 5
09 x Lo
=9 g0O a5
::Lg OLDEOD_H
nxs mEFOLC
nooos ESIEOS
TOHnpo =='==0
6&;\(0 XX 0wy
SNEX=0050800
XZZODDOOO\—{H
ESES000EEQOEE
OUOTONTAOMANAHO
[CRONONaNaNaNaNONONONS)]
roerrrrrxrxxo
TOHONAODDOMNOLWS
T ITTOOOMOONOM
RC7/RX/DT/SDOM) <—CT1] 1 33T «<— OSC2/CLKO/RAG
RD4/FLTA®) =—C11] 2 32T J<—= OSCI1/CLKI/RA7
RD5/PWM44) =—=[1T] 3 3 -— X\s/s
RD6/PWM6 <=1 4 30 =— ss
rRo7/PWM7 <—c1s  PIC18F4331  9pm<— Avoo
— 28I <— v
‘V’SS ::: PIC18F4431 27T - R[I;Z/ANB
AVDD —[IT] 8 261 <+—= RE1/AN7
RBO/PWMO <—[CT1] 9 251 =—= REO/ANG
RB1/PWM1 <—[TT] 10 24T <—> RA5/AN5/LVDIN
RB2/PWM2 <—»[TT] 11 23[MIJ<—> RA4/AN4/CAP3/QEB
NERI8s8583REN
|| HH H THHHH
] - H 8 I [ I I I I
ogoogoogogod
MOWLT OO MO XL
= wz2z
2230082220
o n.gNBG-OH<N
= \\——D_<<(Hn_
@ SO>Sl g
0 msSYX5 <
x 2255% oQ
ngmd =+
m&n:n:§ i
n:n:n' gg
& S2
3 <=
@ N M
<<
xo

Note 1: RC3is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RCS5 is the alternate pin
for SCK/SCL.

Low-voltage programming must be enabled.
RD4 is the alternate pin for FLTA.
RDS5 is the alternate pin for PWM4.
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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@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com
You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).
Errata

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

To determine if an errata sheet exists for a particular device, please check with one of the following:
» Microchip’s Worldwide Web site; http://www.microchip.com

 Your local Microchip sales office (see last page)

e The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

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

Customer Notification System

Register on our Web site at www.microchip.com/cn to receive the most current information on all of our products.
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PIC18F2331/2431/4331/4431

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

* PIC18F2331 * PIC18F4331
* PIC18F2431 * PIC18F4431

This family offers the advantages of all PIC18 micro-
controllers — namely, high computational performance
at an economical price, with the addition of high endur-
ance enhanced Flash program memory and a high-
speed 10-bit A/D converter. On top of these features,
the PIC18F2331/2431/4331/4431 family introduces
design enhancements that make these microcontrol-
lers a logical choice for many high performance, power
control and motor control applications. These special
peripherals include:

 14-bit resolution Power Control PWM Module
(PCPWM) with programmable dead time insertion

* Motion Feedback Module (MFM), including a
3-channel Input Capture (IC) Module and
Quadrature Encoder Interface (QEI)

« High-speed 10-bit A/D Converter (HSADC)

The PCPWM can generate up to eight complementary
PWM outputs with dead-band time insertion. Overdrive
current is detected by off-chip analog comparators or
the digital fault inputs (FLTA, FLTB).

The MFM Quadrature Encoder Interface provides
precise rotor position feedback and/or velocity
measurement. The MFM 3 X input capture or external
interrupts can be used to detect the rotor state for
electrically commutated motor applications using Hall
Sensor feedback, such as BLDC motor drives.

PIC18F2331/2431/4331/4431 devices also feature
Flash program memory and an internal RC oscillator
with built-in LP modes.

1.1 New Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2331/2431/4331/4431
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

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

e Multiple Idle Modes: The controller can also run
with its CPU core disabled, but the peripherals are
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-man-
aged modes are invoked by user code during
operation, allowing the user to incorporate power
saving ideas into their application’s software
design.

e Lower Consumption in Key Modules: The
power requirements for both Timerl and the
Watchdog Timer have been reduced by up to
80%, with typical values of 1.1 and 2.1 pA,
respectively.

11.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2331/2431/4331/4431
family offer nine different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

» Four crystal modes, using crystals or ceramic
resonators.

« Two external clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general I/O).

* Two external RC oscillator modes, with the same
pin options as the external clock modes.

« An internal oscillator block, which provides an
8 MHz clock and an INTRC source (approxi-
mately 31 kHz, stable over temperature and VDD),
as well as a range of 6 user-selectable clock fre-
qguencies (from 125 kHz to 4 MHz) for a total of 8
clock frequencies.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

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

« Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset or wake-up from Sleep
mode, until the primary clock source is available.
This allows for code execution during what would
otherwise be the clock start-up interval, and can
even allow an application to perform routine
background activities and return to Sleep without
returning to full power operation.

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

1.2 Other Special Features

* Memory Endurance: The enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 100 years.

« Self-programmability: These devices can write
to their own program memory spaces under inter-
nal software control. By using a bootloader 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.

* Power Control PWM Module: In PWM mode,
this module provides 1, 2 or 4 modulated outputs
for controlling half-bridge and full-bridge drivers.
Other features include Auto-Shutdown on fault
detection and Auto-Restart to reactivate outputs
once the condition has cleared.

* Enhanced USART: This serial communication
module is capable of standard RS-232 operation
using the internal oscillator block, removing the
need for an external crystal (and its accompany-
ing power requirement) in applications that talk to
the outside world. This module also includes auto-
baud detect and LIN capability.

» High-speed 10-bit A/D Converter: 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, reducing code
overhead.

* Motion Feedback Module (MFM): This module
features a Quadrature Encoder Interface (QEI)
and an Input Capture (IC) module. The QEI
accepts two phase inputs (QEA, QEB) and one
index input (INDX) from an incremental encoder.
The QEI supports high and low precision position
tracking, direction status and change of direction
interrupt, and velocity measurement. The input
capture features 3 channels of independent input
capture with Timer5 as the time base, a special
event trigger to other modules, and an adjustable
noise filter on each IC input.

« Extended Watchdog Timer (WDT): This
enhanced version incorporates a 16-bit prescaler,
allowing a time-out range from 4 ms to over 2
minutes, that is stable across operating voltage
and temperature.

DS39616B-page 8
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PIC18F2331/2431/4331/4431

1.3
Members

Details on Individual Family

Devices in the PIC18F2331/2431/4331/4431 family are

available

in 28-pin (PIC18F2X31) and 40/44-pin

(PIC18F4X31) packages. The block diagram for the

two groups is shown in Figure 1-1.

The devices are differentiated from each other in three

ways:
1. Flash program memory
PIC18F2X31 devices,

PIC18F4X31).
2. A/D channels (5 for PIC18F2X31 devices, 9 for
PIC18F4X31 devices).
3. 1/O ports (3 bidirectional ports on PIC18F2X31
devices, 5 bidirectional ports on PIC18F4X31

devices).

16 Kbytes

for
for

(8 Kbytes

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and

Table 1-3.

TABLE 1-1: DEVICE FEATURES

Features PIC18F2331 PIC18F2431 PIC18F4331 PIC18F4431
Operating Frequency DC - 40 MHz DC - 40 MHz DC — 40 MHz DC - 40 MHz
Program Memory (Bytes) 8192 16384 8192 16384
Program Memory (Instructions) 4096 8192 4096 8192
Data Memory (Bytes) 768 768 768 768
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 22 22 34 34
1/0 Ports Ports A, B, C Ports A, B, C Ports A, B, C, D, E| Ports A,B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM modules 2 2 2 2
14-bit Power Control PWM (6 Channels) (6 Channels) (8 Channels) (8 Channels)
Motion Feedback module 1 QEI 1 QEI 1 QEI 1 QEI
(Input Capture/Quadrature Encoder or or or or
Interface) 3xIC 3xIC 3xIC 3xIC
Serial Communications SSP, SSP, SSP, SSP,

Enhanced USART

Enhanced USART

Enhanced USART

Enhanced USART

10-hit High-Speed
Analog-to-Digital Converter module

5 Input Channels

5 Input Channels

9 Input Channels

9 Input Channels

Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow | Stack Underflow | Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
WDT WDT WDT WDT
Programmable Low-voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes

Instruction Set

75 Instructions

75 Instructions

75 Instructions

75 Instructions

Packages

28-pin SDIP
28-pin SOIC

28-pin SDIP
28-pin SOIC

40-pin DIP
44-pin TQFP
44-pin QFN

40-pin DIP
44-pin TQFP
44-pin QFN

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

FIGURE 1-1: PIC18F2331/2431 BLOCK DIAGRAM
Data Bus<8>
@ @ @ PORTA
21 Table Pointer<21> Data Latch B RAO/ANO
# 4 RA1/AN1
7 8 18 Data RAM R < RA2/AN2/VREF-/CAP1/INDX
21 inc/dec logic (768 bytes) = +—X| RA3/AN3/VREF+/CAP2/QEA
+—1X| RA4/AN4/CAP3/QEB
21 Address Latch +—] OSC2/CLKO/RAG
+— ] OSC1/CLKI/RA7
Address Lateh || ke 20 [PCLATU[PCLATH| % 12
Address<12>
Program Memory -
Program Counter 1 12% 41} PORTB
Data Latch RBO/PWMO
t FSRo] |[Banko, F RBL/PWM1
31 Level Stack FSR1 RB2/PWM2
FSR2 12 R RB3/PWM3
¢ T RB4/KBIO/PWM5
16 i RB5/KBI1/PWM4/PGM
"I‘ggi‘cec RB6/KBI2/PGC
RB7/KBI3/PGD
8
RCO/T10SO/T1CKI
< RC1/T10SI/CCP2/FLTA
< RC2/CCP1/FLTB
L s RC3/TOCKI/T5CKI/INTO
4 RC4/INT1/SDI/SDA
Instruction n RCS5/INT2/SCK/SCL
Decode & < - I RC6/TX/CK/SS
Control PRODH| PRODL RC7/RX/DT/SDO
WL = S -
ower-up
0SC2/CLKO Timer
OSCICLKI | k= oaimind | Oscillator BITOP
X’—» Start-up Timer 8
TlXIOS'I {} Power-on \T/
Reset
T10S0 4;
AXPLL K=
Watchdog ALU<8>
Timer
Precision Brown-out 8
Band Gap ——> Reset ~| PORTE
Reference v
Power
=0 Managed
MCLRNPP& Mode Logic —
INTRC
osc X MCLRvPr/REZE D
vop, Vss X
Timer0 Timerl Timer2 Timer5 = HSAlé)ébit « E'AVDD' AVss
Synch
Data EE Sehs P EUSART PCPWM MFM
Note 1: RES3 input pin is only enabled when MCLRE fuse is programmed to ‘0.
2: RES3is available only when MCLR is disabled.
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PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM
Data Bus<8>
l; an @ PORTA
3—<] RAO/ANO
21 Table Pointer<21> Data Latch < RA1/AN1
<A } s s B RA2/AN2/VREF-/CAP1/INDX
: : Data RAM LA | RA3/AN3/VREF+/CAP2/QEA
21 inc/dec logic (768 bytes) T N RA4/AN4/CAP3/QEB
o +—X| RAS/AN5/LVDIN
‘ Address Latch 1X] OSC2/CLKO/RAG
|—
Address Latch e 20, [PCLATU[PCLATH] ﬁ 12 OSC1/CLKI/RA7
Address<12>
Program Memory ~
Program Counter 4 121} 4ﬁ PORTB
Data Latch RBO/PWMO
t FSRO| |(Banko, F RB1/PWM1
31 Level Stack FSR1 RB2/PWM2
FSR2 12 LI RB3/PWM3
1 T+ RB4/KBIO/PWM5
16 _ RB5/KBIL/PWM4/PGM®@
"I‘gg‘i‘gc RB6/KBI2/PGC
RB7/KBI3/PGD
PORTC
RCO/T10SO/T1CKI
l4—=DX| RC1/T10SI/CCP2/FLTA®
4+—=X| RC2/CCP1/FLTB
LI a—=| RC3/TOCKI/TSCKI/INTO®
i +—=| RC4/INT1/SDI/SDA®)
Instruction 4+—X| RCS/INT2/SCK/SCL®
Decode & < - 4—X| RC6/TX/CKISS
Control PRODH| PRODL RC7/RX/DT/SDO*
WL = —
0SC2/CLKO Tor” PORTD
i 3—[X] RDO/ITOCKI/T5CKI
Timing ; 4 RD1/SDO
OSC1/CLKI ? Oscillator N
=] Generation (< Start-up Timer +—[X| RD2/SDI/SDA
Ti0SI Ll +—=[X] RD3/SCKISCL
{} Power-on T > RD4/FLTA®
S5 Reset +—[X] RD5/PWM4A)
4XPLL = Watchdog +—X]| RD6/PWM6
Timer RD7/PWM7
Precision Brown-out 8
Band Gap ——> Reset L PORTE
Reference I
Power +—X] RE0O/ANG
—_— Managed
MCLRNVPP[X] Mode Logic L X rRev/AN?
INTRC X re2/ANS
osc X MCLRVPPREZD
vop, vss X
Timer0 Timerl Timer2 Timer5 = HSAlé)ébit < IZAVDD' AVSS
CCP1 Synchronous
Data EE ccp2 Serial Port EUSART PCPWM MFM
Note 1. RE3is available only when MCLR is disabled.
2: RD4 is the alternate pin for FLTA.
3: RC3, RC4 and RC5 are alternate pins for TOCKI/T5CKI, SDI/SDA, SCK/SCL
respectively.
4: RDS5 is the alternate pin for PWMA4.
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT I/O DESCRIPTIONS

Pin
Pin Name Number | Pin | Buffer Description
Type| Type
DIP |SOIC
MCLR/VPP/RE3 1 1 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.
VPP P High-voltage ICSP programming enable pin.
RE3 | ST Digital input. Available only when MCLR is disabled.
OSCI1/CLKI/RA7 9 9 Oscillator crystal or external clock input.
0OSsC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI I | CMOS External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO
pins.)
RA7 /10 | TTL General purpose /O pin.
OSC2/CLKO/RA6 10 10 Oscillator crystal or clock output.
0scC2 (0] — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO (0] — In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RA6 /10 | TTL General purpose /O pin.
PORTA is a bidirectional 1/O port.
RAO/ANO 2 2
RAO /1O | TTL Digital 1/0.
ANO I |Analog| AnaloginputO.
RA1/AN1 3 3
RA1 /O | TTL Digital 1/0.
AN1 I |Analog| Analoginput 1.
RA2/AN2/VREF-/CAP1/INDX| 4 4
RA2 /1O | TTL Digital 1/0.
AN2 I |Analog| Analoginput2.
VREF- I |Analog| A/D Reference Voltage (Low) input.
CAP1 | ST Input capture pin 1.
INDX | ST Quadrature Encoder Interface index input pin.
RA3/AN3/VREF+/CAP2/QEA| 5 5
RA3 /1O | TTL Digital I/0.
AN3 I |Analog| Analoginput3.
VREF+ I |Analog| A/D Reference Voltage (High) input.
CAP2 | ST Input capture pin 2.
QEA | ST Quadrature Encoder Interface channel A input pin.
RA4/AN4/CAP3/QEB 6 6
RA4 /O | TTL Digital 1/0.
AN4 I |Analog| Analoginput4.
CAP3 | ST Input capture pin 3.
QEB | ST Quadrature Encoder Interface channel B input pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
(0] = Output P = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin )
Pin Name Number | Pin | Buffer Description
Type| Type
DIP |SOIC
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/PWMO 21 | 21

RBO /O | TTL Digital 1/0.

PWMO o TTL PWM output O.
RB1/PWM1 22 | 22

RB1 /O | TTL Digital I/0.

PWM1 o TTL PWM output 1.
RB2/PWM2 23 | 23

RB2 /O | TTL Digital I/0.

PWM2 o TTL PWM output 2.
RB3/PWM3 24 | 24

RB3 /O | TTL Digital I/0.

PWM3 o] TTL PWM output 3.
RB4/KBIO/PWM5 25 | 25

RB4 /O | TTL Digital I/0.

KBIO | TTL Interrupt-on-change pin.

PWM5 O TTL PWM output 5.
RB5/KBI1/PWM4/PGM 26 | 26

RB5 /O | TTL Digital I/0.

KBI1 | TTL Interrupt-on-change pin.

PWM4 o TTL PWM output 4.

PGM /0 ST Low-voltage ICSP programming entry pin.
RB6/KBI2/PGC 27 | 27

RB6 /O | TTL Digital I/0.

KBI2 | TTL Interrupt-on-change pin.

PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28 | 28

RB7 /O | TTL Digital I/0.

KBI3 | TTL Interrupt-on-change pin.

PGD /0 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
0] = Output P = Power

oD

= Open-Drain (no diode to VDD)

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin
Pin Name Number | Pin | Buffer Description
Type| Type
DIP |SOIC
PORTC is a bidirectional 1/O port.

RCO/T10SO/T1CKI 11 11

RCO 1/0 ST Digital 1/0.

T10SO (0] — Timerl oscillator output.

T1CKI | ST Timerl external clock input.
RC1/T10SI/CCP2/FLTA 12 | 12

RC1 1/0 ST Digital 1/0.

T10SI I | CMOS Timerl oscillator input.

CCP2 110 ST Capture2 input, Compare2 output, PWM2 output.

FLTA | ST Fault interrupt input pin.
RC2/CCP1/FLTB 13 | 13

RC2 1/0 ST Digital 1/0.

CCP1 110 ST Capturel input/Comparel output/PWML1 output.

FLTB | ST Fault interrupt input pin,.
RC3/TOCKI/T5CKI/INTO 14 | 14

RC3 1/0 ST Digital 1/0.

TOCKI | ST TimerO alternate clock input.

T5CKI | ST Timer5 alternate clock input.

INTO | ST External interrupt 0.
RC4/INT1/SDI/SDA 15 | 15

RC4 1/0 ST Digital 1/0.

INT1 | ST External interrupt 1.

SDI | ST SPI™ data in.

SDA 1/0 ST 12C™ data I/O.
RC5/INT2/SCK/SCL 16 | 16

RC5 1/0 ST Digital 1/0.

INT2 | ST External interrupt 2.

SCK 110 ST Synchronous serial clock input/output for SPI mode.

SCL 110 ST Synchronous serial clock input/output for 1°C mode.
RC6/TX/CK/SS 17 | 17

RC6 110 ST Digital I/O.

TX (0] — USART Asynchronous Transmit.

CK 110 ST USART Synchronous Clock (see related RX/DT).

SS | TTL SPI Slave Select input.
RC7/RX/DT/SDO 18 | 18

RC7 1/0 ST Digital 1/0.

RX | ST USART Asynchronous Receive.

DT 110 ST USART Synchronous Data (see related TX/CK).

SDO (0] — SPI data out.
Vss 8,19(8,19| P — |Ground reference for logic and I/O pins.
VDD 7,20(7,20| P — | Positive supply for logic and 1/O pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
0] = Output P = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS
) Pin Number Pin |Buffer -
Pin Name Description
DIP |TQFP| QFN |Type| Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).
MCLR I ST Master Clear (Reset) input. This pin is an active-low.
Reset to the device.
VPP P Programming voltage input.
RE3 | ST Digital input. Available only when MCLR is disabled.
OSCI1/CLKI/RA7 13 30 32 Oscillator crystal or external clock input.
0OSsC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS otherwise.
CLKI I |CMOS| External clock source input. Always associated with pin
function OSC1. (See related OSC1/CLKI, OSC2/CLKO pins.)
RA7 /O | TTL General purpose /O pin.
OSC2/CLKO/RA6 14 31 33 Oscillator crystal or clock output.
0osc2 (@) — Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO (@) — In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RA6 /10 | TTL General purpose /O pin.
PORTA is a bidirectional I/O port.
RAO/ANO 2 19 19
RAO /O | TTL Digital I/0.
ANO I |Analog| Analog inputO.
RA1/AN1 3 20 20
RA1 /O | TTL Digital I/0.
AN1 I |Analog| Analog input 1.
RA2/AN2/VREF-ICAPL/| 4 21 21
INDX
RA2 /O | TTL Digital I/0.
AN2 I |Analog| Analog input 2.
VREF- I |Analog| A/D Reference Voltage (Low) input.
CAP1 | ST Input capture pin 1.
INDX I ST Quadrature Encoder Interface index input pin.
RA3/AN3/VREF+/ 5 22 22
CAP2/QEA
RA3 /O | TTL Digital I/0.
AN3 I |Analog| Analog input 3.
VREF+ I |Analog| A/D Reference Voltage (High) input.
CAP2 I ST Input capture pin 2.
QEA | ST Quadrature Encoder Interface channel A input pin.
RA4/AN4/CAP3/QEB | 6 23 23
RA4 /O | TTL Digital I/0.
AN4 I |Analog| Analog input 4.
CAP3 | ST Input capture pin 3.
QEB | ST Quadrature Encoder Interface channel B input pin.
RA5/AN5/LVDIN 7 24 24
RA5 /O | TTL Digital I/0.
AN5 I |Analog| Analog input5.
LVDIN | |Analog| Low-voltage Detect input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
0] = Output P = Power
OD = Open-Drain (no diode to VDD)

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)

) Pin Number Pin |Buffer -
Pin Name Description
DIP |TQFP| QFN |Type| Type
PORTB is a bidirectional I1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/PWMO 33 8 9

RBO /O | TTL Digital I/0.

PWMO ] TTL PWM output 0.
RB1/PWM1 34 9 10

RB1 /O | TTL Digital I/0.

PWM1 ] TTL PWM output 1.
RB2/PWM2 35 10 11

RB2 /O | TTL Digital I/0.

PWM2 @] TTL PWM output 2.
RB3/PWM3 36 11 12

RB3 /O | TTL Digital I/0.

PWM3 0] TTL PWM output 3.
RB4/KBI0O/PWM5 37 14 14

RB4 /O | TTL Digital I/0.

KBIO I TTL Interrupt-on-change pin.

PWM5 0] TTL PWM output 5.
RB5/KBI1/PWM4/ 38 15 15
PGM

RB5 /O | TTL Digital I/0.

KBI1 I TTL Interrupt-on-change pin.

PWM4 @] TTL PWM output 4.

PGM 1/0 ST Low-voltage ICSP programming entry pin.
RB6/KBI2/PGC 39 16 16

RB6 /O | TTL Digital I/0.

KBI2 | TTL Interrupt-on-change pin.

PGC I/0 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 17

RB7 /O | TTL Digital I/0.

KBI3 | TTL Interrupt-on-change pin.

PGD I/0 ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels I = Input
0] = Output P = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)
) Pin Number Pin |Buffer -
Pin Name Description
DIP |TQFP| QFN |Type| Type
PORTC is a bidirectional 1/0O port.
RCO/T10SO/T1CKI 15 32 34
RCO I/0 ST Digital I/0.
T10SO (0] — Timerl oscillator output.
T1CKI | ST Timerl external clock input.
RC1/T10SI/CCP2/ 16 35 35
FLTA
RC1 I/0 ST Digital I/0.
T10SI I |CMOS| Timerl oscillator input.
CCP2 1/0 ST Capture2 input, Compare2 output, PWM2 output.
FLTA I ST Fault interrupt input pin.
RC2/CCP1/FLTB 17 | 36 | 36
RC2 I/0 ST Digital I/0.
CCP1 1/0 ST Capturel input/Comparel output/PWML1 output.
FLTB I ST Fault interrupt input pin.
RC3/TOCKI/T5CKI/ 18 37 37
INTO
RC3 1/0 ST Digital I/O.
TOCKI I ST TimerO alternate clock input.
T5CKI I ST Timer5 alternate clock input.
INTO | ST External interrupt O.
RC4/INT1/SDI/SDA 23 42 42
RC4 I/0 ST Digital I/0.
INT1 I ST External interrupt 1.
SDI I ST SPI Data in.
SDA /o | ST 1°C Data I/O.
RC5/INT2/SCK/SCL 24 43 43
RC5 I/0 ST Digital I/0.
INT2 | ST External interrupt 2.
SCK I/0 ST Synchronous serial clock input/output for SPI mode.
SCL I/O ST Synchronous serial clock input/output for 12C mode.
RC6/TXICK/SS 25 | 44 | 44
RC6 I/0 ST Digital I/0.
TX (@) — USART Asynchronous Transmit.
CK I/0 ST USART Synchronous Clock (see related RX/DT).
SS I ST SPI Slave Select input.
RC7/RX/DT/SDO 26 1 1
RC7 I/0 ST Digital I/0.
RX | ST USART Asynchronous Receive.
DT 1/0 ST USART Synchronous Data (see related TX/CK).
SDO O — SPI Data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
0] = Output P = Power
OD = Open-Drain (no diode to VDD)

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)

) Pin Number Pin |Buffer -
Pin Name Description
DIP |TQFP| QFN |Type| Type
PORTD is a bidirectional I/O port, or a Parallel Slave Port
(PSP) for interfacing to a microprocessor port. These pins
have TTL input buffers when PSP module is enabled.
RDO/TOCKI/T5CKI 19 38 38
RDO I/0 ST Digital 1/0.
TOCKI I ST Timer0 external clock input.
T5CKI I ST Timer5 input clock.
RD1/SDO 20 39 39
RD1 I/0 ST Digital 1/0.
SDO O — SPI Data out.
RD2/SDI/SDA 21 40 40
RD2 I/0 ST Digital 1/0.
SDI I ST SPI Data in.
SDA /0 | ST I°C Data I/O.
RD3/SCK/SCL 22 41 41
RD3 I/0 ST Digital 1/0.
SCK I/0 ST Synchronous serial clock input/output for SPI mode.
SCL 1/0 ST Synchronous serial clock input/output for 12C mode.
RD4/FLTA 27 2 2
RD4 I/0 ST Digital 1/0.
FLTA | ST Fault interrupt input pin.
RD5/PWM4 28 3 3
RD5 I/0 ST Digital 1/0.
PWM4 0] TTL PWM output 4.
RD6/PWM6 29 4 4
RD6 I/0 ST Digital I/O.
PWM6 0] TTL PWM output 6.
RD7/PWM7 30 5 5
RD7 I/0 ST Digital I/O.
PWM7 o] TTL PWM output 7.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
@) = Output P = Power

OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/O DESCRIPTIONS (CONTINUED)
) Pin Number Pin |Buffer
Pin Name
DIP | TQFP| QFN | Type| Type
PORTE is a bidirectional I/O port.
REO/ANG 8 25 25
REO I/0 ST Digital I/0.
ANG6 I |Analog| Analog input 6.
RE1/AN7 9 26 26
RE1 I/0 ST Digital I/0.
AN7 I |Analog| Analog input?7.
RE2/AN8 10 27 27
RE2 I/0 ST Digital I/0.
AN8 I |Analog| Analog input 8.
Vss 12, 16,29 (6,30, P — |Ground reference for logic and 1/O pins.
31 31
VDD 11,32| 7,28 | 7, 8, P — |Positive supply for logic and I/O pins.
28,
29
NC — 12, 13 NC NC [No connect
13,
33,34
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels I = Input
@) = Output P = Power
OD = Open-Drain (no diode to VDD)
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PIC18F2331/2431/4331/4431

NOTES:
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PIC18F2331/2431/4331/4431

2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

The PIC18F2331/2431/4331/4431 devices can be
operated in 10 different oscillator modes. The user can
program the configuration bits FOsc3:FoscO in Config-
uration register 1H to select one of these 10 modes:

1. LP Low-power Crystal

2. XT Crystal/Resonator

3. HS High-speed Crystal/Resonator

4, HSPLL High-speed Crystal/Resonator
with PLL enabled

5. RC External Resistor/Capacitor with

Fosc/4 output on RA6

6. RCIO External Resistor/Capacitor with
1/0 on RA6

7. INTIO1 Internal Oscillator with Fosc/4
output on RA6 and 1/0 on RA7

8. INTIO2 Internal Oscillator with 1/0 on RA6
and RA7

9. EC External Clock with Fosc/4 output

10. ECIO External Clock with 1/0 on RA6

2.2 Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HSPLL oscillator modes, a crystal or
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections.

The oscillator design requires the use of a parallel cut
crystal.

CRYSTAL/CERAMIC
RESONATOR OPERATION
(XT, LP, HS OR HSPLL
CONFIGURATION)

FIGURE 2-1:

c1® osc1 ll:
|
l To

o1 Internal
CIXTAL g Re®) Logic
= 1 sl
@ eep
c2® 0SC2 PIC18FXXXX

Note 1: See Table 2-1 and Table 2-2 for initial values of
Cland C2.

2: A series resistor (Rs) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

TABLE 2-1: CAPACITOR SELECTION FOR

CERAMIC RESONATORS

Note: Use of a series cut crystal may give a
frequency out of the crystal
manufacturers’ specifications.

Typical Capacitor Values Used:

Mode Freq OSC1 osc2
XT 455 kHz 56 pF 56 pF
2.0 MHz 47 pF 47 pF

4.0 MHz 33 pF 33 pF

HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes on page 22 for additional information.

Resonators Used:

455 kHz 4.0 MHz
2.0 MHz 8.0 MHz

16.0 MHz

© 2003 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
I Typical Capacitor Values
Osc Type Clr:)r/:(tqa Tested:
C1 C2
LP 32 kHz 33pF 33 pF
200 kHz 15 pF 15 pF
XT 1 MHz 33 pF 33 pF
4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz
200 kHz 8 MHz
1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-
up time.

2. When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

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

An external clock source may also be connected to the
OSCl1 pin in the HS mode, as shown in Figure 2-2.
FIGURE 2-2: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from ~>@—> 0scC1
Ext. System PIC18FXXXX

(HS Mode)

Open «—— OSC2

2.3 HSPLL

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
crystal oscillator circuit, or to clock the device up to its
highest rated frequency from a crystal oscillator. This
may be useful for customers who are concerned with
EMI due to high-frequency crystals.

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz.

The PLL is enabled only when the oscillator configura-
tion bits are programmed for HSPLL mode. If
programmed for any other mode, the PLL is not
enabled.

FIGURE 2-3: PLL BLOCK DIAGRAM

HS Osc Enable:D_
PLL Enable

(from Configuration Register 1H)

0SscC2
_L_|X|_ Phase
HS Mode| FIN  Comparator

| 0OSC1 | Crystal FouT
Osc
Loop
Filter
Yy
veo =< SYSCLK
D
=
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2.4 External Clock Input

The EC and ECIO oscillator modes require an external
clock source to be connected to the OSCL1 pin. There is
no oscillator start-up time required after a Power-on
Reset or after an exit from Sleep mode.

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-4 shows the pin connections for the EC
Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK INPUT

OPERATION
(EC CONFIGURATION)

Clock from ~>@—> OSC1/CLKI
Ext. System PIC18FXXXX

Fosc/4 -«——— OSC2/CLKO

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional
general purpose 1/O pin. The I/O pin becomes bit 6 of
PORTA (RA®6). Figure 2-5 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-5: EXTERNAL CLOCK INPUT
OPERATION

(ECIO CONFIGURATION)

Clock from ~>o—> OSC1/CLKI
Ext. System PIC18FXXXX

RA6 -«—» I/O (OSC2)

2.5 RC Oscillator

For timing insensitive applications, the “RC” and
“RCIO” device options offer additional cost savings.
The RC oscillator frequency is a function of the supply
voltage, the resistor (RExT) and capacitor (CEXT)
values and the operating temperature. In addition to
this, the oscillator frequency will vary from unit to unit
due to normal manufacturing variation. Furthermore,
the difference in lead frame capacitance between
package types will also affect the oscillation frequency,
especially for low CEXT values. The user also needs to
take into account variation due to tolerance of external
R and C components used. Figure 2-6 shows how the
R/C combination is connected.

In the RC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic.

FIGURE 2-6: RC OSCILLATOR MODE
VDD
REXT
0sC1 | Internal
L . Y r» Clock
CEXT j;l —
— PIC18FXXXX
Vss —
-4—— OSC2/CLKO
Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
CEXT > 20 pF

The RCIO Oscillator mode (Figure 2-7) functions like
the RC mode, except that the OSC2 pin becomes an
additional general purpose 1/O pin. The /O pin
becomes hit 6 of PORTA (RAG6).

FIGURE 2-7: RCIO OSCILLATOR MODE

VDD

REXT
0sC1 | Internal

L AN Clock
CEXT j;l

1 == PICL8FXXXX
Vss —

RA6 --—» /0O (OSC2)

Recommended values: 3 kQ < REXT < 100 kQ
CEXT > 20 pF

© 2003 Microchip Technology Inc.

Preliminary

DS39616B-page 23



PIC18F2331/2431/4331/4431

2.6 Internal Oscillator Block

The PIC18F2331/2431/4331/4431 devices include an
internal oscillator block, which generates two different
clock signals; either can be used as the system’s clock
source. This can eliminate the need for external
oscillator circuits on the OSC1 and/or OSC2 pins.

The main output (INTOSC) is an 8 MHz clock source,
which can be used to directly drive the system clock. It
also drives a postscaler, which can provide a range of
clock frequencies from 125kHz to 4 MHz. The
INTOSC output is enabled when a system clock
frequency from 125 kHz to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC), which provides a 31 kHz output. The INTRC
oscillator is enabled by selecting the internal oscillator
block as the system clock source, or when any of the
following are enabled:

e Power-up Timer

« Fail-Safe Clock Monitor
» Watchdog Timer

» Two-Speed Start-up

These features are discussed in greater detail in
Section 22.0 “Special Features of the CPU".

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (Register 2-2).

2.6.1 INTIO MODES

Using the internal oscillator as the clock source can
eliminate the need for up to two external oscillator pins,
which can then be used for digital 1/0. Two distinct
configurations are available:

* In INTIO1 mode, the OSC2 pin outputs Fosc/4,
while OSC1 functions as RA7 for digital input and
output.

* In INTIO2 mode, OSCL1 functions as RA7 and
OSC2 functions as RA6, both for digital input and
output.

2.6.2 INTRC OUTPUT FREQUENCY

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.
This changes the frequency of the INTRC source from
its nominal 31.25 kHz. Peripherals and features that
depend on the INTRC source will be affected by this
shift in frequency.

2.6.3 OSCTUNE REGISTER

The internal oscillator’s output has been calibrated at
the factory, but can be adjusted in the user's applica-
tion. This is done by writing to the OSCTUNE register
(Register 2-1). The tuning sensitivity is constant
throughout the tuning range.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new
frequency. The INTRC clock will reach the new fre-
quency within 8clock cycles (approximately
8 * 32 us =256 us). The INTOSC clock will stabilize
within 1 ms. Code execution continues during this shift.
There is no indication that the shift has occurred. Oper-
ation of features that depend on the INTRC clock
source frequency, such as the WDT, Fail-Safe Clock
Monitor and peripherals, will also be affected by the
change in frequency.
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REGISTER 2-1: OSCTUNE: OSCILLATOR TUNING REGISTER

U-0 U-0 RW-0  RW-O0 RW-0 RMW-0 RW-O0 RMW-0
| — | — | Tuns | TUN4 | TUN3 | TUN2 | TUN1 | TUNO
bit 7 bit 0
bit7, 6 Unimplemented: Read as ‘0’

bit 5-0 TUN<5:0>: Frequency Tuning bits
011111 = Maximum frequency
000001
000000 = Center frequency. Oscillator module is running at the calibrated frequency.
111111

100000 = Minimum frequency

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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2.7 Clock Sources and Oscillator
Switching

Like previous PIC18 devices, the PIC18F2331/2431/
4331/4431 devices include a feature that allows the
system clock source to be switched from the main
oscillator to an alternate low frequency clock source.
PIC18F2331/2431/4331/4431 devices offer two alter-
nate clock sources. When enabled, these give addi-
tional options for switching to the various power-
managed operating modes.

Essentially, there are three clock sources for these
devices:

* Primary oscillators
« Secondary oscillators
* Internal oscillator block

The primary oscillators include the external crystal
and resonator modes, the external RC modes, the
external clock modes and the internal oscillator block.
The particular mode is defined on POR by the contents
of Configuration Register 1H. The details of these
modes are covered earlier in this chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC18F2331/2431/4331/4431 devices offer only the
Timerl oscillator as a secondary oscillator. This
oscillator, in all power-managed modes, is often the
time base for functions such as a real-time clock.

Most often, a 32.768 kHz watch crystal is connected
between the RCO/T10SO and RC1/T10SI pins. Like
the LP mode oscillator circuit, loading capacitors are
also connected from each pin to ground.

The Timerl oscillator is discussed in greater detail in
Section 12.2 “Timerl1 Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.

The clock sources for the PIC18F2331/2431/4331/
4431 devices are shown in Figure 2-8. See
Section 12.0 “Timerl Module” for further details of
the Timerl oscillator. See Section 22.1 “Configura-
tion Bits” for Configuration register details.

2.7.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 2-2) controls several
aspects of the system clock’s operation, both in full
power operation and in power-managed modes.

The System Clock Select bits, SCS1:SCSO, select the
clock source that is used when the device is operating
in power-managed modes. The available clock sources
are the primary clock (defined in Configuration register
1H), the secondary clock (Timerl oscillator) and the
internal oscillator block. The clock selection has no
effect until a SLEEP instruction is executed and the
device enters a power-managed mode of operation.
The SCS bits are cleared on all forms of Reset.

The Internal Oscillator Select bits, IRCF2:IRCFO, select
the frequency output of the internal oscillator block that
is used to drive the system clock. The choices are the
INTRC source, the INTOSC source (8 MHz) or one of
the six frequencies derived from the INTOSC
postscaler (125 kHz to 4 MHz). If the internal oscillator
block is supplying the system clock, changing the
states of these bits will have an immediate change on
the internal oscillator’s output.

The OSTS, IOFS and T1RUN bits indicate which clock
source is currently providing the system clock. The
OSTS indicates that the Oscillator Start-up Timer has
timed out, and the primary clock is providing the system
clock in primary clock modes. The IOFS bit indicates
when the internal oscillator block has stabilized, and is
providing the system clock in RC clock modes. The
T1RUN bit (TLCON<6>) indicates when the Timerl
oscillator is providing the system clock in secondary
clock modes. In power-managed modes, only one of
these three bits will be set at any time. If none of these
bits are set, the INTRC is providing the system clock, or
the internal oscillator block has just started and is not
yet stable.

The IDLEN bit controls the selective shut down of the
controller’'s CPU in power-managed modes. The use of
these bits is discussed in more detail in Section 3.0
“Power-Managed Modes”

Note 1: The Timerl oscillator must be enabled to
select the secondary clock source. The
Timerl oscillator is enabled by setting the
T1OSCEN bhit in the Timerl Control regis-
ter (TLCON<3>). If the Timerl oscillator
is not enabled, then any attempt to select
a secondary clock source when execut-
ing a SLEEP instruction will be ignored.

2: Itis recommended that the Timerl oscil-
lator be operating and stable before exe-
cuting the SLEEP instruction, or a very
long delay may occur while the Timerl

oscillator starts.

DS39616B-page 26

Preliminary

© 2003 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

FIGURE 2-8: PIC18F2331/2431/4331/4431 CLOCK DIAGRAM
'Primary Ostillator PIC18F2331/2431/4331/4431 CANFIGIH <3:0> = S10% L 0SCCON<1:0>
0sC2 |X|— T .
. : axpLL [HSPLL Y
| Sleep
. . LP, XT, HS, RC, EC
0501% . '|> >
-'Secondary:Oscillator N T10sC | % Peripherals
T10SO |E —e *»— e o)
! ! Clock Source Option =
' T10SCEN o ul
: : Enable or Other Modules
Tiosl XI‘ + Oscillator OSCCON<6:4> Internal Oscillator
OSCCON<6:4> 8 MHz CPU
111 "o >
4 MHz \
Internal 110 X
Oscillator 2 MHz 101 IDLEN
Block & 1 MHz y
< 1100
> Q 2
8 MHz % 500 kHz o1l =
INTRC (INTOSC) @ | 250khHz |
Source 125 kHz
001
31 kHz
000
WDT, FSCM
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REGISTER 2-2: OSCCON REGISTER

RIW-0 RIW-0 RIW-0  R/W-0 R® R-0 RIW-0  R/W-0
| IDLEN | IRCF2 | IRCF1 | IRCFO | OSTS | IOFS | scsi | scso |
bit 7 bit 0

bit 7 IDLEN: Idle Enable bit

1 = Idle mode enabled; CPU core is not clocked in power-managed modes
0 = Run mode enabled; CPU core is clocked in power-managed modes

bit 6-4 IRCF2:IRCFO: Internal Oscillator Frequency Select bits
111 = 8 MHz (8 MHz source drives clock directly)

110 =4 MHz
101 =2 MHz
100 =1MHz
011 =500 kHz
010 = 250 kHz
001 =125 kHz

000 = 31 kHz (INTRC source drives clock directly)
bit 3 OSTS: Oscillator Start-up Time-out Status bit
1 = Oscillator start-up time-out timer has expired; primary oscillator is running
0 = Oscillator start-up time-out timer is running; primary oscillator is not ready
bit 2 IOFS: INTOSC Frequency Stable bit
1 = INTOSC frequency is stable
0 = INTOSC frequency is not stable
bit 1-0 SCS1:SCS0: System Clock Select bits
1x = Internal oscillator block (RC modes)
01 = Timerl oscillator (Secondary modes)
00 = Primary oscillator (Sleep and PRI_IDLE modes)

Note 1: Depends on state of the IESO bit in Configuration Register 1H.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown

2.7.2 OSCILLATOR TRANSITIONS

The PIC18F2331/2431/4331/4431 devices contain
circuitry to prevent clocking “glitches” when switching
between clock sources. A short pause in the system
clock occurs during the clock switch. The length of this
pause is between 8 and 9 clock periods of the new
clock source. This ensures that the new clock source is
stable and that its pulse width will not be less than the
shortest pulse width of the two clock sources.

Clock transitions are discussed in greater detail in
Section 3.1.2 “Entering Power-Managed Modes”.
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2.8 Effects of Power-Managed Modes
on the Various Clock Sources

When the device executes a SLEEP instruction, the
system is switched to one of the power-managed
modes, depending on the state of the IDLEN and
SCS1:SCS0 bits of the OSCCON register. See
Section 3.0 “Power-Managed Modes” for details.

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSCL1 pin is disabled. The OSC1 pin (and
OSC2 pin, if used by the oscillator) will stop oscillating.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timerl oscillator is operating and
providing the system clock. The Timerl oscillator may
also run in all power-managed modes if required to
clock Timerl.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the system clock
source. The INTRC output can be used directly to
provide the system clock, and may be enabled to
support various special features, regardless of the
power-managed mode (see Sections 22.2 through
22.4). The INTOSC output at 8 MHz may be used
directly to clock the system, or may be divided down
first. The INTOSC output is disabled if the system clock
is provided directly from the INTRC output.

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timerl oscillator may be operating to support a real-
time clock. Other features may be operating that do not
require a system clock source (i.e., SSP slave, PSP,
INTn pins, A/D conversions and others).

2.9 Power-up Delays

Power-up delays are controlled by two timers, so that
no external Reset circuitry is required for most
applications. The delays ensure that the device is kept
in Reset until the device power supply is stable under
normal circumstances, and the primary clock is
operating and stable. For additional information on
power-up delays, see Sections 4.1 through 4.5.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 25-8), if enabled, in Configuration register 2L.
The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the crys-
tal oscillator is stable (LP, XT and HS modes). The OST
does this by counting 1024 oscillator cycles before
allowing the oscillator to clock the device.

When the HSPLL Oscillator mode is selected, the
device is kept in Reset for an additional 2 ms, following
the HS mode OST delay, so the PLL can lock to the
incoming clock frequency.

There is a delay of 5 to 10 us following POR, while the
controller becomes ready to execute instructions. This
delay runs concurrently with any other delays. This
may be the only delay that occurs when any of the EC,
RC or INTIO modes are used as the primary clock
source.

TABLE 2-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
OSC Mode OSC1 Pin OSC2 Pin

RC, INTIO1 Floating, external resistor At logic low (clock/4 output)
should pull high

RCIO, INTIO2 Floating, external resistor Configured as PORTA, bit 6
should pull high

ECIO Floating, pulled by external clock Configured as PORTA, bit 6

EC Floating, pulled by external clock At logic low (clock/4 output)

LP, XT, and HS Feedback inverter disabled, at Feedback inverter disabled, at
quiescent voltage level quiescent voltage level

Note: See Table 4-1 in the Section 4.0 “Reset”, for time-outs due to Sleep and MCLR Reset.
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NOTES:
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3.0 POWER-MANAGED MODES

The PIC18F2331/2431/4331/4431 devices offer a total
of six operating modes for more efficient power
management (see Table 3-1). These operating modes
provide a variety of options for selective power
conservation in applications where resources may be
limited (i.e., battery-powered devices).

There are three categories of power-managed modes:

« Sleep mode
 |dle modes
* Run modes

These categories define which portions of the device
are clocked and sometimes, what speed. The run and
idle modes may use any of the three available clock
sources (Primary, Secondary or INTOSC multiplexer);
the Sleep mode does not use a clock source.

The clock switching feature offered in other PIC18
devices (i.e., using the Timerl oscillator in place of the
primary oscillator), and the Sleep mode offered by all
PICmicro® devices (where all system clocks are
stopped) are both offered in the PIC18F2331/2431/
4331/4431 devices (SEC_RUN and Sleep modes,
respectively). However, additional power-managed
modes are available that allow the user greater flexibil-
ity in determining what portions of the device are oper-
ating. The power-managed modes are event driven;
that is, some specific event must occur for the device to
enter or (more particularly) exit these operating modes.

For PIC18F2331/2431/4331/4431 devices, the power-
managed modes are invoked by using the existing
SLEEP instruction. All modes exit to PRI_RUN mode
when triggered by an interrupt, a Reset or a WDT time-
out (PRI_RUN mode is the normal full power execution
mode; the CPU and peripherals are clocked by the pri-
mary oscillator source). In addition, power-managed
run modes may also exit to Sleep mode or their
corresponding idle mode.

3.1

Selecting a power-managed mode requires deciding if
the CPU is to be clocked or not, and selecting a clock
source. The IDLEN bit controls CPU clocking, while the
SC1:SCSO0 bits select a clock source. The individual
modes, bit settings, clock sources and affected
modules are summarized in Table 3-1.

Selecting Power-Managed Modes

3.1.1 CLOCK SOURCES

The clock source is selected by setting the SCS bits of
the OSCCON register. Three clock sources are avail-
able for use in power-managed idle modes: the primary
clock (as configured in Configuration Register 1H), the
secondary clock (Timerl oscillator), and the internal
oscillator block. The secondary and internal oscillator
block sources are available for the power-managed
modes (PRI_RUN mode is the normal full power exe-
cution mode; the CPU and peripherals are clocked by
the primary oscillator source).

TABLE 3-1: POWER-MANAGED MODES
OSCCON bits Module Clocking
Mode IDLEN |Sscsi1:scso ) Available Clock and Oscillator Source
<7> <1:0> CPU Peripherals
Sleep 0 00 Off Off None — All clocks are disabled
PRI_RUN 0 00 Clocked Clocked Primary — LP, XT, HS, HSPLL, RC, EC, INTRC()
This is the normal full power execution mode.

SEC_RUN 0 01 Clocked Clocked Secondary — Timerl Oscillator
RC_RUN 0 1x Clocked Clocked |Internal Oscillator Block(?)
PRI_IDLE 1 00 Off Clocked Primary — LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked Secondary — Timerl Oscillator
RC_IDLE 1 1x off Clocked |Internal Oscillator Block(?)
Note 1: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
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3.1.2 ENTERING POWER-MANAGED
MODES

In general, entry, exit and switching between power-
managed clock sources requires clock source switch-
ing. In each case, the sequence of events is the same.

Any change in the power-managed mode begins with
loading the OSCCON register and executing a SLEEP
instruction. The SCS1:SCSO0 bits select one of three
power-managed clock sources; the primary clock (as
defined in Configuration Register 1H), the secondary
clock (the Timerl oscillator) and the internal oscillator
block (used in RC modes). Modifying the SCS bits will
have no effect until a SLEEP instruction is executed.
Entry to the power-managed mode is triggered by the
execution of a SLEEP instruction.

Figure 3-5 shows how the system is clocked while
switching from the primary clock to the Timerl oscilla-
tor. When the SLEEP instruction is executed, clocks to
the device are stopped at the beginning of the next
instruction cycle. Eight clock cycles from the new clock
source are counted to synchronize with the new clock
source. After eight clock pulses from the new clock
source are counted, clocks from the new clock source
resume clocking the system. The actual length of the
pause is between eight and nine clock periods from the
new clock source. This ensures that the new clock
source is stable and that its pulse width will not be less
than the shortest pulse width of the two clock sources.

Three bits indicate the current clock source: OSTS and
IOFS in the OSCCON register, and T1RUN in the
T1CON register. Only one of these bits will be set while
in a power-managed mode other than PRI_RUN. When
the OSTS bit is set, the primary clock is providing the
system clock. When the IOFS bit is set, the INTOSC
output is providing a stable 8 MHz clock source and is
providing the system clock. When the T1IRUN bit is set,
the Timerl oscillator is providing the system clock. If
none of these bits are set, then either the INTRC clock
source is clocking the system, or the INTOSC source is
not yet stable.

If the internal oscillator block is configured as the pri-
mary clock source in Configuration Register 1H, then
both the OSTS and IOFS bits may be set when in
PRI_RUN or PRI_IDLE modes. This indicates that the
primary clock (INTOSC output) is generating a stable
8 MHz output. Entering an RC power-managed mode
(same frequency) would clear the OSTS bit.

Note 1: Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, itis
possible to select a higher clock speed
than is supported by the low VDD.
Improper device operation may result if
the VDD/Fosc specifications are violated.

2: Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode; executing a SLEEP instruction is
simply a trigger to place the controller into
a power-managed mode selected by the
OSCCON register, one of which is Sleep
mode.

3.1.3 MULTIPLE SLEEP COMMANDS

The power-managed mode that is invoked with the
SLEEP instruction is determined by the settings of the
IDLEN and SCS bits at the time the instruction is exe-
cuted. If another SLEEP instruction is executed, the
device will enter the power-managed mode specified
by these same bits at that time. If the bits have
changed, the device will enter the new power-managed
mode specified by the new bit settings.

3.14 COMPARISONS BETWEEN RUN
AND IDLE MODES

Clock source selection for the run modes is identical to
the corresponding idle modes. When a SLEEP instruc-
tion is executed, the SCS bits in the OSCCON register
are used to switch to a different clock source. As a
result, if there is a change of clock source at the time a
SLEEP instruction is executed, a clock switch will occur.

In idle modes, the CPU is not clocked and is not run-
ning. In run modes, the CPU is clocked and executing
code. This difference modifies the operation of the
WDT when it times out. In idle modes, a WDT time-out
results in a wake from power-managed modes. In run
modes, a WDT time-out results in a WDT Reset (see
Table 3-2).

During a wake-up from an idle mode, the CPU starts
executing code by entering the corresponding run
mode, until the primary clock becomes ready. When the
primary clock becomes ready, the clock source is auto-
matically switched to the primary clock. The IDLEN and
SCS bits are unchanged during and after the wake-up.

Figure 3-2 shows how the system is clocked during the
clock source switch. The example assumes the device
was in SEC_IDLE or SEC_RUN mode when a wake is
triggered (the primary clock was configured in HSPLL
mode).
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TABLE 3-2: COMPARISON BETWEEN POWER-MANAGED MODES
Power . . Clock during wake-up
Managed CPU is clocked by ... WDTtime-out Peripherals are (while primary becomes
causes a... clocked by ...
Mode ready)
Sleep Not clocked (not running) | Wake-up Not clocked None or INTOSC multiplexer

if Two-Speed Start-up or
Fail-Safe Clock Monitor are
enabled.

Any idle mode | Not clocked (not running) | Wake-up

Primary, Secondary or | Unchanged from Idle mode
INTOSC multiplexer (CPU operates as in
corresponding Run mode).

Any run mode | Secondary, or INTOSC Reset
multiplexer

Secondary or INTOSC | Unchanged from Run mode.
multiplexer

3.2 Sleep Mode

The power-managed Sleep mode in the PIC18F2331/
2431/4331/4431 devices is identical to that offered in
all other PICmicro® controllers. It is entered by clearing
the IDLEN and SCS1:SCSO bits (this is the Reset
state), and executing the SLEEP instruction. This shuts
down the primary oscillator and the OSTS bit is cleared
(see Figure 3-1).

When a wake event occurs in Sleep mode (by interrupt,
Reset, or WDT time-out), the system will not be clocked
until the primary clock source becomes ready (see
Figure 3-2), or it will be clocked from the internal oscil-
lator block if either the Two-Speed Start-up or the Fail-
Safe Clock Monitor are enabled (see Section 22.0
“Special Features of the CPU”). In either case, the
OSTS bit is set when the primary clock provides the
system clocks. The IDLEN and SCS bits are not
affected by the wake-up.

3.3 Idle Modes

The IDLEN bit allows the controller's CPU to be selec-
tively shut down while the peripherals continue to oper-
ate. Clearing IDLEN allows the CPU to be clocked.
Setting IDLEN disables clocks to the CPU, effectively
stopping program execution (see Register 2-2). The
peripherals continue to be clocked regardless of the
setting of the IDLEN bit.

There is one exception to how the IDLEN bit functions.
When all the low-power OSCCON bits are cleared
(IDLEN:SCS1:SCS0 = 000), the device enters Sleep
mode upon the execution of the SLEEP instruction. This
is both the Reset state of the OSCCON register and the
setting that selects Sleep mode. This maintains com-
patibility with other PICmicro devices that do not offer
power-managed modes.

If the Idle Enable bit, IDLEN (OSCCON<7>), is set to a
‘1’ when a SLEEP instruction is executed, the
peripherals will be clocked from the clock source
selected using the SCS1:SCSO bits; however, the CPU
will not be clocked. Since the CPU is not executing
instructions, the only exits from any of the idle modes
are by interrupt, WDT time-out or a Reset.

When a wake event occurs, CPU execution is delayed
approximately 10 us while it becomes ready to execute
code. When the CPU begins executing code, it is
clocked by the same clock source as was selected in
the power-managed mode (i.e., when waking from
RC_IDLE mode, the internal oscillator block will clock
the CPU and peripherals until the primary clock source
becomes ready — this is essentially RC_RUN mode).
This continues until the primary clock source becomes
ready. When the primary clock becomes ready, the
OSTS bit is set, and the system clock source is
switched to the primary clock (see Figure 3-4). The
IDLEN and SCS bits are not affected by the wake-up.

While in any idle mode or the Sleep mode, a WDT time-
out will resultin a WDT wake-up to full power operation.
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FIGURE 3-1: TIMING TRANSITION FOR ENTRY TO SLEEP MODE

osct NI\ N B
CPU L A
Clock oot

Peripheral _—\ /™ /\ "\ :
Clock T

Sleep I— ; : : : : . \ \

Cothter P X PC+2 . .
FIGURE 3-2: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)

: : 1 Q1,Q2,Q3,Q4,Q1,Q2,Q3,Q4,Q1,Q2,Q3,Q4,Q1,Q2,Q3, Q4,

OSC1

PLL Clock
Output

CPU Clock

Peripheral
Clock

Program V ' '
Counter PC . X PC+2 X PC+4 X PC+6 X_pPc+8___X_

Wake Event OSTS bit Set

Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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331 PRI_IDLE MODE

This mode is unique among the three low-power idle
modes, in that it does not disable the primary system
clock. For timing sensitive applications, this allows for
the fastest resumption of device operation with its more
accurate primary clock source, since the clock source
does not have to “warm up” or transition from another
oscillator.

PRI_IDLE mode is entered by setting the IDLEN bit,
clearing the SCS bits, and executing a SLEEP instruc-
tion. Although the CPU is disabled, the peripherals
continue to be clocked from the primary clock source
specified in Configuration Register 1H. The OSTS bit
remains set in PRI_IDLE mode (see Figure 3-3).

When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of approximately 10 us is
required between the wake event and when code exe-
cution starts. This is required to allow the CPU to
become ready to execute instructions. After the wake-
up, the OSTS bit remains set. The IDLEN and SCS bits
are not affected by the wake-up (see Figure 3-4).

FIGURE 3-3: TRANSITION TIMING TO PRI_IDLE MODE
ol @2l e Q| el e -
s /SN

e R A A A A

Peripheral

R A A WA WA WA WA WA WA WA WA WA WA
Fogran X o —r.
FIGURE 3-4: TRANSITION TIMING FOR WAKE FROM PRI_IDLE MODE
: | Q1 I 2 | Q3 I Q4
0sc1 /—\_/ \ 1 \ / \ / \ / \_/ \
CPU Clock CPU Start-upEDeIay / \ / \ ] \ ] \
Peri@lgrceﬂ g/—\ / ; \ E/ é \ é/ \ E/ \ f/ \—E/ \
it L m— * e E
Wake+Event . I . I
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3.3.2 SEC_IDLE MODE

In SEC_IDLE mode, the CPU is disabled, but the
peripherals continue to be clocked from the Timerl
oscillator. This mode is entered by setting the Idle bit,
modifying to SCS1:SCSO0 = 01, and executing a SLEEP
instruction. When the clock source is switched (see
Figure 3-5) to the Timerl oscillator, the primary oscilla-
tor is shut down, the OSTS bit is cleared and the
T1RUN bit is set.

Note:  The Timerl oscillator should already be
running prior to entering SEC_IDLE mode.
If the TLOSCEN bit is not set when the
SLEEP instruction is executed, a forced
NOP will be executed instead and entry to
SEC_IDLE mode will not occur. If the
Timerl oscillator is enabled, but not yet
running, peripheral clocks will be delayed
until the oscillator has started; in such sit-
uations, initial oscillator operation is far
from stable and unpredictable operation

may result.

FIGURE 3-5:

When a wake event occurs, the peripherals continue to
be clocked from the Timerl oscillator. After a 10 us
delay following the wake event, the CPU begins execut-
ing code, being clocked by the Timerl oscillator. The
microcontroller operates in SEC_RUN mode until the
primary clock becomes ready. When the primary clock
becomes ready, a clock switch back to the primary clock
occurs (see Figure 3-6). When the clock switch is com-
plete, the TIRUN bit is cleared, the OSTS bit is set and
the primary clock is providing the system clock. The
IDLEN and SCS bits are not affected by the wake-up;
the Timerl oscillator continues to run.

TIMING TRANSITION FOR ENTRY TO SEC_IDLE MODE

T10SI

OSC1

Clock Transition

CPU

Clock

Peripheral ™\ M\ M\ "\
Clock

S (R

Program

Counter PC

PC+2

FIGURE 3-6:

TIMING TRANSITION FOR WAKE FROM SEC_RUN MODE (HSPLL)
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3\ /4\ /5 /6\/7\ /8

Peripheral

Clock
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Note 1:

TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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3.3.3 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled, but the periph-
erals continue to be clocked from the internal oscillator
block using the INTOSC multiplexer. This mode allows
for controllable power conservation during Idle periods.

This mode is entered by setting the IDLEN bit, setting
SCS1 (SCSO is ignored), and executing a SLEEP
instruction. The INTOSC multiplexer may be used to
select a higher clock frequency by modifying the IRCF
bits before executing the SLEEP instruction. When the
clock source is switched to the INTOSC multiplexer
(see Figure 3-7), the primary oscillator is shut down,
and the OSTS bit is cleared.

If the IRCF bits are set to a non-zero value (thus
enabling the INTOSC output), the IOFS bit becomes
set after the INTOSC output becomes stable, in about
1 ms. Clocks to the peripherals continue while the
INTOSC source stabilizes. If the IRCF bits were previ-
ously at a non-zero value before the SLEEP instruction

was executed, and the INTOSC source was already
stable, the IOFS bit will remain set. If the IRCF bits are
all clear, the INTOSC output is not enabled and the
IOFS bit will remain clear; there will be no indication of
the current clock source.

When a wake event occurs, the peripherals continue to
be clocked from the INTOSC multiplexer. After a 10 us
delay following the wake event, the CPU begins exe-
cuting code, being clocked by the INTOSC multiplexer.
The microcontroller operates in RC_RUN mode until
the primary clock becomes ready. When the primary
clock becomes ready, a clock switch back to the pri-
mary clock occurs (see Figure 3-8). When the clock
switch is complete, the IOFS bit is cleared, the OSTS
bit is set, and the primary clock is providing the system
clock. The IDLEN and SCS bits are not affected by the
wake-up. The INTRC source will continue to run if
either the WDT or the Fail-Safe Clock Monitor is
enabled.

FIGURE 3-7: TIMING TRANSITION TO RC_IDLE MODE
Ql!Q2!Q3|Q4!Q1'j “““““““““““““““ r"
INTRC Lo M\ 2\ 3\ /25 6\ B T\ T\ T\ T\
osci _/_\_:/—\_7—\_7—\ : 54— Clock Transition —’: : : ! X ! X :
CPU MU S
Clock X : | . X : : ' ! ' :
Peripheral_— ,—\ /. : /_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\
Clock ] . i i , : ' i ' ]
Brogram ———p¢ Y PCT2 — i
FIGURE 3-8: TIMING TRANSITION FOR WAKE FROM RC_RUN MODE (RC_RUN TO PRI_RUN)
[ @ | Q| Q@ | @ | Q4 | Q1 ---------------- - =1Q2] Q3] Q4| Q1] Q2| Q3
INTOSC ! ' ) : ' : e |
Multiplexer , \ X ) \ \ ' ] ] \ | \ \
L e—TosT s e @) 3 oo
PLLClock . . ! I f :: R N A
; — ! . 1\ /2\./3\ /4\ /5\ /6\ /7\ /8 VAN A WA WA WA
Output | v : ! ' ' +—— Clock Transion——, ' .
cpucos /) N\ EaVataValalaval
periheral 2/ \} T\ 1/ \ T\ : Rttt et o
Clock . — . X . s S
FCoonter I Pcf X PCTz X PC+4 X_PC+6
Wake from Interrupt Event OSTS bit Set
Note 1: TosT =1024 Tosc; TPLL =2 ms (approx). These intervals are not shown to scale.
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34 Run Modes SEC_RUN mode is entered by clearing the IDLEN bit,
setting SCS1:SCS0 =01, and executing a SLEEP
instruction. The system clock source is switched to the
Timerl oscillator (see Figure 3-9), the primary oscilla-

If the IDLEN bit is clear when a SLEEP instruction is
executed, the CPU and peripherals are both clocked

from the source selected using the SCS1:SCSO bits. tor is shut down, the TLRUN bit (TLCON<6>) is set and
While these operating modes may not afford the power the OSTS bit is cleared.
conservation of Idle or Sleep modes, they do allow the
device to continue executing instructions by using a Note:  The Timerl oscillator should already be
lower frequency clock source. RC_RUN mode also running prior to entering SEC_RUN mode.
offers the possibility of executing code at a frequency If the TLOSCEN bit is not set when the
greater than the primary clock. SLEEP instruction is executed, a forced
Wake-up from a power-managed run mode can be trig- NOP will be executed instead and entry to
gered by an interrupt, or any Reset, to return to full SEC_IDLE mode will not occur. If the
power operation. As the CPU is executing code in run Timerl oscillator is enabled, but not yet
modes, several additional exits from run modes are running, system clocks will be delayed
possible. They include exit to Sleep mode, exit to a cor- until the oscillator has started. In such
responding idle mode, and exit by executing a RESET situations, initial oscillator operation is far
instruction. While the device is in any of the power- from stable and unpredictable operation
managed run modes, a WDT time-out will result in a may result.
WDT Reset. When a wake event occurs, the peripherals and CPU
341 PRI RUN MODE continge to be clocked from the Timerl osqillator while
- the primary clock is started. When the primary clock
The PRI_RUN mode is the normal full power execution becomes ready, a clock switch back to the primary clock
mode. If the SLEEP instruction is never eXchted, the occurs (See Figure 3_6) When the clock switch is com-
microcontroller operates in this mode (a SLEEP instruc- plete, the TLIRUN bit is cleared, the OSTS bit is set, and
tion is executed to enter all other power-managed the primary clock is providing the system clock. The
modes). All other power-managed modes exit to IDLEN and SCS bits are not affected by the wake-up;
PRI_RUN mode when an interrupt or WDT time-out the Timer1l oscillator continues to run.
oceur. Firmware can force an exit from SEC_RUN mode. By
There is no entry to PRI_RUN mode. The OSTS bit is clearing the TLOSCEN bit (TLCON<3>), an exit from
set. The IOFS bit may be set if the internal oscillator SEC_RUN back to normal full power operation is trig-
block is the primary clock source (see Section 2.7.1 gered. The Timerl oscillator will continue to run and
“Oscillator Control Register”). provide the system clock even though the TLOSCEN bit

is cleared. The primary clock is started. When the pri-

3.4.2 SEC_RUN MODE mary clock becomes ready, a clock switch back to the

The SEC_RUN mode is the compatible mode to the primary clock occurs (see Figure 3-6). When the clock
“clock switching” feature offered in other PIC18 switch is complete, the Timerl oscillator is disabled, the
devices. In this mode, the CPU and peripherals are T1RUN bit is cleared, the OSTS bit is set and the pri-
clocked from the Timer1 oscillator. This gives users the mary clock provides the system clock. The IDLEN and
option of lower power consumption while still using a SCS bits are not affected by the wake-up.

high accuracy clock source.

FIGURE 3-9: TIMING TRANSITION FOR ENTRY TO SEC_RUN MODE
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3.4.3 RC_RUN MODE

In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator block using the
INTOSC multiplexer, and the primary clock is shut
down. When using the INTRC source, this mode pro-
vides the best power conservation of all the run modes,
while still executing code. This mode works well for
user applications that are not highly timing sensitive, or
do not require high-speed clocks at all times.

If the primary clock source is the internal oscillator
block (either of the INTIO1 or INTIO2 oscillators), there
are no distinguishable differences between PRI_RUN
and RC_RUN modes during execution. However, a
clock switch delay will occur during entry to, and exit
from, RC_RUN mode. Therefore, if the primary clock
source is the internal oscillator block, the use of
RC_RUN mode is not recommended.

This mode is entered by clearing the IDLEN bit, setting
SCS1 (SCSO is ignored) and executing a SLEEP
instruction. The IRCF bits may select the clock
frequency before the SLEEP instruction is executed.
When the clock source is switched to the INTOSC
multiplexer (see Figure 3-10), the primary oscillator is
shut down and the OSTS bit is cleared.

The IRCF bits may be modified at any time to immedi-
ately change the system clock speed. Executing a
SLEEP instruction is not required to select a new clock
frequency from the INTOSC multiplexer.

FIGURE 3-10:

Note:  Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VbDD.
Improper device operation may result if

the VDD/Fosc specifications are violated.

If the IRCF bits are all clear, the INTOSC output is not
enabled, and the IOFS bit will remain clear; there will
be no indication of the current clock source. The INTRC
source is providing the system clocks.

If the IRCF bits are changed from all clear (thus
enabling the INTOSC output), the IOFS bit becomes
set after the INTOSC output becomes stable. Clocks to
the system continue while the INTOSC source
stabilizes in approximately 1 ms.

If the IRCF bits were previously at a non-zero value
before the SLEEP instruction was executed, and the
INTOSC source was already stable, the IOFS bit will
remain set.

When a wake event occurs, the system continues to be
clocked from the INTOSC multiplexer while the primary
clock is started. When the primary clock becomes
ready, a clock switch to the primary clock occurs (see
Figure 3-8). When the clock switch is complete, the
IOFS bitis cleared, the OSTS bit is set and the primary
clock provides the system clock. The IDLEN and SCS
bits are not affected by the wake-up. The INTRC
source will continue to run if either the WDT or the
Fail-Safe Clock Monitor is enabled.

TIMING TRANSITION TO RC_RUN MODE
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3.4.4 EXIT TO IDLE MODE

An exit from a power-managed run mode to its corre-
sponding idle mode is executed by setting the IDLEN
bit and executing a SLEEP instruction. The CPU is
halted at the beginning of the instruction following the
SLEEP instruction. There are no changes to any of the
clock source status bits (OSTS, IOFS, or T1RUN).
While the CPU is halted, the peripherals continue to be
clocked from the previously selected clock source.

3.4.5 EXIT TO SLEEP MODE

An exit from a power-managed run mode to Sleep
mode is executed by clearing the IDLEN and
SCS1:SCSO0 bits and executing a SLEEP instruction.
The code is no different than the method used to invoke
Sleep mode from the normal operating (full power)
mode.

The primary clock and internal oscillator block are dis-
abled. The INTRC will continue to operate if the WDT
is enabled. The Timerl oscillator will continue to run, if
enabled, in the TLCON register. All clock source status
bits are cleared (OSTS, IOFS and T1RUN).

3.5 Wake From Power-Managed
Modes

An exit from any of the power-managed modes is trig-
gered by an interrupt, a Reset or a WDT time-out. This
section discusses the triggers that cause exits from
power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Sections 3.2 through 3.4).

Note: If application code is timing sensitive, it
should wait for the OSTS bit to become set
before continuing. Use the interval during
the Low-power exit sequence (before
OSTS is set) to perform timing insensitive

“housekeeping” tasks.

Device behavior during Low-power mode exits is
summarized in Table 3-3.

3.5.1 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit a power-managed mode and resume full
power operation. To enable this functionality, an inter-
rupt source must be enabled by setting its enable bit in
one of the INTCON or PIE registers. The exit sequence
is initiated when the corresponding interrupt flag bit is
set. On all exits from Low-power mode by interrupt,
code execution branches to the interrupt vector if the
GIE/GIEH bit (INTCON<7>) is set. Otherwise, code
execution continues or resumes without branching
(see Section 9.0 “Interrupts”).
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TABLE 3-3:

(BY CLOCK SOURCES)

ACTIVITY AND EXIT DELAY ON WAKE FROM SLEEP MODE OR ANY IDLE MODE

Power-

Activity During Wake from

Clock in Power- | Primary System Managed Clock Ready Power-Managed Mode
- Status bit
Managed Mode Clock Mode Exit 0SCCO
Delay ( N) Exit by Interrupt Exit by Reset
LP, XT, HS CPU and peripherals [Not clocked, or
Primary System  [,op| | - OSTS clocked by primary Two-Speed Start-up
Clock 5-10 us clock and executing | (if enabled)®.
(@) _
(PRI_IDLE mode) EC, RC, INTRC instructions.
INTOSC® IOFS
LP, XT, HS OST OSTS CPU and peripherals
T10SC or HSPLL OST + 2 ms clocked by selected
INTRC) EC, RC, INTRC® | 510 us® — power-managed mode
! ! clock and executing
INTOSC® 1 ms™ IOFS instructions until
LP, XT, HS OST OSTS primary clock source
, HSPLL OST +2ms becomes ready.
INTOSC® T =
EC, RC, INTRC® | 5-10 us® —
INTOSC® None IOFS
LP, XT, HS OSsT Not clocked or
HSPLL OST + 2 ms OSTS Two-Speed Start-up (if
Sleep mode @) B) enabled) until primary
EC, RC, INTRC 510us — clock source becomes
INTOSC® 1 ms® IOFS ready®.

Note 1:

required delays (see Section 3.3 “Idle Modes”).

In this instance, refers specifically to the INTRC clock source.

Includes both the INTOSC 8 MHz source and postscaler derived frequencies.

Two-Speed Start-up is covered in greater detail in Section 22.3 “Two-Speed Start-up”.

Execution continues during the INTOSC stabilization period.

Required delay when waking from Sleep and all idle modes. This delay runs concurrently with any other
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3.5.2 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock (defined in
Configuration register 1H) becomes ready. At that time,
the OSTS bit is set and the device begins executing
code.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 22.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 22.4 “Fail-Safe Clock
Monitor”) are enabled in Configuration Register 1H,
the device may begin execution as soon as the Reset
source has cleared. Execution is clocked by the
INTOSC multiplexer driven by the internal oscillator
block. Since the OSCCON register is cleared following
all Resets, the INTRC clock source is selected. A
higher speed clock may be selected by modifying the
IRCF bits in the OSCCON register. Execution is
clocked by the internal oscillator block until either the
primary clock becomes ready, or a power-managed
mode is entered before the primary clock becomes
ready; the primary clock is then shut down.

3.5.3 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all idle modes and
Sleep mode), the time-out will result in a wake from the
power-managed mode (see Section 3.2 “Sleep
Mode” through Section 3.4 “Run Modes”).

If the device is executing code (all run modes), the
time-out will result in a WDT Reset (see Section 22.2
“Watchdog Timer (WDT)").

The WDT timer and postscaler are cleared by execut-
ing a SLEEP or CLRWDT instruction, the loss of a cur-
rently selected clock source (if the Fail-Safe Clock
Monitor is enabled), and modifying the IRCF bits in the
OSCCON register if the internal oscillator block is the
system clock source.

354 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. These are:

* PRI_IDLE mode where the primary clock source
is not stopped; and

 the primary clock source is not any of LP, XT, HS
or HSPLL modes.

In these cases, the primary clock source either does
not require an oscillator start-up delay, since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC, and INTIO
oscillator modes).

However, a fixed delay (approximately 10 ps) following
the wake event is required when leaving Sleep and idle
modes. This delay is required for the CPU to prepare
for execution. Instruction execution resumes on the first
clock cycle following this delay.

3.6 INTOSC Frequency Drift

The factory calibrates the internal oscillator block out-
put (INTOSC) for 8 MHz. However, this frequency may
drift as VDD or temperature changes, which can affect
the controller operation in a variety of ways.

It is possible to adjust the INTOSC frequency by modi-
fying the value in the OSCTUNE register. This has the
side effect that the INTRC clock source frequency is
also affected. However, the features that use the
INTRC source often do not require an exact frequency.
These features include the Fail-Safe Clock Monitor, the
Watchdog Timer and the RC_RUN/RC_IDLE modes
when the INTRC clock source is selected.

Being able to adjust the INTOSC requires knowing
when an adjustment is required, in which direction it
should be made, and in some cases, how large a
change is needed. Three examples follow, but other
techniques may be used.
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3.6.1 EXAMPLE - USART

An adjustment may be indicated when the USART
begins to generate framing errors, or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the system clock frequency is too high —
try decrementing the value in the OSCTUNE register to
reduce the system clock frequency. Errors in data
may suggest that the system clock speed is too low —
increment OSCTUNE.

3.6.2 EXAMPLE - TIMERS

This technique compares system clock speed to some
reference clock. Two timers may be used; one timer is
clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timerl oscillator.

Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value
is greater than expected, then the internal oscillator
block is running too fast — decrement OSCTUNE.

3.6.3 EXAMPLE - CCP IN CAPTURE
MODE

A CCP module can use free running Timer1, clocked by
the internal oscillator block and an external event with
a known period (i.e., AC power frequency). The time of
the first event is captured in the CCPRxH:CCPRxL
registers and is recorded for use later. When the
second event causes a capture, the time of the first
event is subtracted from the time of the second event.
Since the period of the external event is known, the
time difference between events can be calculated.

If the measured time is much greater than the
calculated time, the internal oscillator block is running
too fast — decrement OSCTUNE. If the measured time
is much less than the calculated time, the internal
oscillator block is running too slow — increment
OSCTUNE.
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NOTES:
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40 RESET

The PIC18F2331/2431/4331/4431 devices differenti-
ate between various kinds of Reset:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation

c) MCLR Reset during Sleep

d) Watchdog Timer (WDT) Reset (during
execution)

e) Programmable Brown-out Reset (BOR)

f) RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other

Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

FIGURE 4-1:

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal
operation. Status bits from the RCON register, RI, TO,
PD, POR and BOR, are set or cleared differently in
different Reset situations, as indicated in Table 4-2.
These bits are used in software to determine the nature
of the Reset. See Table 4-3 for a full description of the
Reset states of all registers.

A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.

The enhanced MCU devices have a MCLR noise filter
in the MCLR Reset path. The filter will detect and
ignore small pulses.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

The MCLR input provided by the MCLR pin can be dis-
abled with the MCLRE bit in Configuration Register 3H
(CONFIG3H<7>). See Section 22.1 “Configuration
Bits” for more information.

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack
Pointer

External Reset
7

MCLRE —

Stack Full/Underflow Reset

MCLR ()_IDLE

Sleep

WDT
Time-out

2: See Table 4-1 for time-out situations.

N VDD Rise| POR Pulse
Detect
VDD
Brown-out
Reset
BOREN:] ) S
Ir ‘osT/PWRT —;
1024 Cycles JE
osT — Y __| Chip_Reset
10-bit Ripple Counter @ | R o——»
OSC1 | | ’—I_/
I o
|—32BS _ pwRT  655ms |
| INTRC) —’> 11-bit Ripple Counter }— |
I I
L_ - — - — — — — — - Enable PWRT
Enable 0ST®
Note 1: Thisis the INTRC source from the internal oscillator block, and is separate from the RC oscillator of the CLKI pin.
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4.1 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR cir-
cuitry, just tie the MCLR pin through a resistor (1k to
10 kQ) to VDD. This will eliminate external RC compo-
nents usually needed to create a Power-on Reset
delay. A minimum rise rate for VDD is specified
(parameter D004). For a slow rise time, see Figure 4-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW VDD POWER-UP)
VDD VDD
D R
R1 _
MCLR
c PIC18FXXXX

I

Note 1: External Power-on Reset circuit is
required only if the VDD power-up slope
is too slow. The diode D helps discharge
the capacitor quickly when VDD powers
down.

2: R < 40kQ is recommended to make
sure that the voltage drop across R does
not violate the device’s electrical specifi-
cation.

3: R1 21 kQ will limit any current flowing
into MCLR from external capacitor C, in
the event of MCLR/VPP pin breakdown,
due to Electrostatic Discharge (ESD) or
Electrical Overstress (EOS).

4.2 Power-up Timer (PWRT)

The Power-up Timer (PWRT) of the PIC18F2331/2431/
4331/4431 devices is an 11-bit counter, which uses the
INTRC source as the clock input. This yields a count of
2048 x 32 us = 65.6 ms. While the PWRT is counting,
the device is held in Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip-to-chip due to temperature and
process variation. See DC parameter #33 for details.

The PWRT is enabled by clearing configuration bit
PWRTEN.

4.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #33). This ensures that
the crystal oscillator or resonator has started and
stabilized.

The OST time-out is invoked only for XT, LP, HS and
HSPLL modes, and only on Power-on Reset or on exit
from most power-managed modes.

4.4 PLL Lock Time-out

With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly differ-
ent from other oscillator modes. A portion of the Power-
up Timer is used to provide a fixed time-out that is suf-
ficient for the PLL to lock to the main oscillator fre-
quency. This PLL lock time-out (TPLL) is typically 2 ms
and follows the oscillator start-up time-out.

4.5 Brown-out Reset (BOR)

A configuration bit, BOREN, can disable (if clear/
programmed) or enable (if set) the Brown-out Reset cir-
cuitry. If VDD falls below VBOR (parameter D005) for
greater than TBOR (parameter #35), the brown-out situ-
ation will reset the chip. A Reset may not occur if VDD
falls below VBOR for less than TBoOR. The chip will
remain in Brown-out Reset until VDD rises above VBOR.
If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay TPWRT (parameter
#33). If VDD drops below VBOR while the Power-up
Timer is running, the chip will go back into a Brown-out
Reset and the Power-up Timer will be initialized. Once
VDD rises above VBOR, the Power-up Timer will execute
the additional time delay. Enabling BOR Reset does
not automatically enable the PWRT.

4.6 Time-out Sequence

On power-up, the time-out sequence is as follows:
First, after the POR pulse has cleared, PWRT time-out
is invoked (if enabled). Then, the OST is activated. The
total time-out will vary based on oscillator configuration
and the status of the PWRT. For example, in RC mode
with the PWRT disabled, there will be no time-out at all.
Figures 4-3 through 4-7 depict time-out sequences on
power-up.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXXX device
operating in parallel.

Table 4-2 shows the Reset conditions for some Special
Function registers, while Table 4-3 shows the Reset
conditions for all the registers.
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TABLE 4-1: TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-up® and Brown-out Exit from
Configuration PWRTEN = 0 PWRTEN = 1 Power-Managed Mode
HSPLL 66 msD + 1024 Tosc + 2 ms® 1024 Tosc + 2 ms® 1024 Tosc + 2 ms®
HS, XT, LP 66 ms(M) + 1024 Tosc 1024 Tosc 1024 Tosc
EC, ECIO 66 ms() — —
RC, RCIO 66 ms() — —
INTIO1, INTIO2 66 ms() — —
Note 1. 66 ms (65.5 ms) is the nominal Power-up Timer (PWRT) delay.
2: 2 ms is the nominal time required for the 4x PLL to lock.
REGISTER 4-1: RCON REGISTER BITS AND POSITIONS
R/W-0 U-0 uU-0 R/W-1 R-1 R-1 R/W-1 R/W-1
IPEN — — RI TO PD POR BOR
bit 7 bit 0

Note:  Referto Section 5.14 “RCON Register” for bit definitions.

TABLE 4-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER

Condition Program RCON | 2/ | 70 | PD | POR | BOR | STKFUL | STKUNF
Counter Register

Power-on Reset 0000h 0--1 1100 | 1 1 0 0 0
RESET Instruction 0000h 0--0 uuuu | 0 u u u u u u
Brown-out 0000h 0--1 11u- | 1 1 1 u 0 u u
MCLR during power-managed 0000h 0--u luuu | u 1 u u u u u
run modes
MCLR during power-managed 0000h 0--u 10uu | u 1 0 u u u u
idle modes and Sleep
WDT Time-out during full power 0000h 0--u Ouuu | u 0 u u u u u
or power-managed Run
MCLR during full power u u
execution
Stack Full Reset (STVREN =1) 0000h 0--u uuuu | u u u u u 1 u
Stack Underflow Reset u 1
(STVREN =1)
Stack Underflow Error (not an 0000h u--u uuuu | u u u u u u 1
actual Reset, STVREN = 0)
WDT Time-out during power- PC +2 u--u 00uu | u 0 0 u u u u
managed ldle or Sleep
Interrupt Exit from power-man- | PC+2® |y--u wouu| u | u | © u u u u
aged modes

Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’.

Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
interrupt vector (0x000008h or 0x000018h).
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TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset' Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

TOSU 2331|2431 | 4331|4431 ---0 0000 ---0 0000 ---0 uuuu®
TOSH 2331 | 2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuu®
TOSL 2331|2431 | 4331 | 4431 0000 0000 0000 0000 uuuu uuuu®
STKPTR 2331|2431 4331 | 4431 00-0 0000 uu-0 0000 uu-u uuuu®
PCLATU 2331|2431 |4331|4431 ---0 0000 ---0 0000 ---u uuuu
PCLATH 2331|2431 |4331|4431 0000 0000 0000 0000 uuuu uuuu
PCL 2331|2431 | 4331|4431 0000 0000 0000 0000 PC +2(@
TBLPTRU 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
TBLPTRH 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 233124314331 |4431 0000 0000 0000 0000 uuuu uuuu
TABLAT 2331|2431 |4331|4431 0000 0000 0000 0000 uuuu uuuu
PRODH 2331 | 2431|4331 (4431 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL 2331243114331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON 2331|2431 | 4331 | 4431 0000 000x 0000 000u uuuu uuuu®
INTCON2 | 2331|2431 |4331 4431 1111 -1-1 1111 -1-1 uuuu -u-u®
INTCON3 | 2331|2431 (4331|4431 11-0 0-00 11-0 0-00 uu-u u-uu®
INDFO 2331|2431 (4331|4431 N/A N/A N/A
POSTINCO |2331 243143314431 N/A N/A N/A
POSTDECO |2331 2431 (4331|4431 N/A N/A N/A
PREINCO 2331|2431 |4331|4431 N/A N/A N/A
PLUSWO 2331|2431 (4331|4431 N/A N/A N/A
FSROH 233124314331 |4431 ---- XXXX ---- uuuu ---- uuuu
FSROL 2331 | 2431|4331 (4431 XXXX XXXX uuuu uuuu uuuu uuuu
WREG 2331 | 2431|4331 (4431 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 233124314331 |4431 N/A N/A N/A
POSTINC1 |2331|2431(4331(4431 N/A N/A N/A
POSTDEC1 |2331 (243143314431 N/A N/A N/A
PREINC1 2331|2431 (4331|4431 N/A N/A N/A
PLUSW1 2331|2431 (4331|4431 N/A N/A N/A
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Note 1:
2:

Shaded cells indicate conditions do not apply for the designated device.

One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

See Table 4-2 for Reset value for specific condition.

Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

Bit 3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.

DS39616B-page 48

Prelimi nary © 2003 Microchip Technology Inc.




PIC18F2331/2431/4331/4431

TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset' Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

FSR1H 233124314331 |4431 ---- XXXX ---- uuuu ---- uuuu
FSRI1L 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
BSR 2331|2431 (4331|4431 ---- 0000 ---- 0000 ---- uuuu
INDF2 2331|2431 (4331|4431 N/A N/A N/A
POSTINC2 |2331|2431|4331|4431 N/A N/A N/A
POSTDEC?2 |2331|2431|4331|4431 N/A N/A N/A
PREINC2 2331|2431 (4331|4431 N/A N/A N/A
PLUSW2 2331|2431 |4331|4431 N/A N/A N/A
FSR2H 233124314331 |4431 ---- XXXX ---- uuuu ---- uuuu
FSR2L 233124314331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS 2331|2431 (4331|4431 ---X XXXX ---u uuuu ---u uuuu
TMROH 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
TMROL 2331|2431|4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON 2331|2431 (4331|4431 11-- 1111 11-- 1111 uu-- uuuu
OSCCON 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
LVDCON 2331|2431 (4331|4431 --00 0101 --00 0101 --uu uuuu
WDTCON 2331|2431 (4331|4431 ---- --- o | @ ---- --- [ u
RCON® 2331 | 2431|4331 | 4431 0--1 11q0 0--g gquu u--u gqguu
TMR1H 233124314331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L 2331|2431 (4331|4431 XXXX XKXXX uuuu uuuu uuuu uuuu
T1CON 233124314331 |4431 0000 0000 uluu uuuu uuuu uuuu
TMR2 233124314331 |4431 0000 0000 0000 0000 uuuu uuuu
PR2 233124314331 |4431 1111 1111 1111 1111 1111 1111
T2CON 2331|2431 (4331|4431 -000 0000 -000 0000 -uuu uuuu
SSPBUF 2331|2431 |4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
SSPCON 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
Note 1. One or more bits in the INTCONXx or PIRX registers will be affected (to cause wake-up).
2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).
3. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.
4: See Table 4-2 for Reset value for specific condition.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.
6. Bit3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.
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TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset' Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

ADRESH 2331|2431 |4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 2331|2431 (4331|4431 XXXX KXXX uuuu uuuu uuuu uuuu
ADCONO 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
ADCON1 2331|2431 (4331|4431 00-0 1000 00-- 1000 uu-u uuuu
ADCON2 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
CCPR1H 2331|2431|4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L 233124314331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
CCPR2H 233124314331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2L 2331|2431|4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
ANSELO 2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
ANSEL1 2331|2431 (4331|4431 ---- --- [ N [ u
T5CON 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
QEICON 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
SPBRGH 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
SPBRG 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
RCREG 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
TXREG 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
TXSTA 2331|2431 (4331|4431 0000 -010 0000 -010 uuuu -uuu
RCSTA 233124314331 |4431 0000 000x 0000 000x uuuu uuuu
BAUDCTL 2331|2431 (4331|4431 -1-1 0-00 -1-1 0-00 -u-u u-uu
EEADR 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
EEDATA 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
EECON1 2331|2431 |4331|4431 xx-0 x000 uu-0 u000 uu-0 u000
EECON2 2331|2431 (4331|4431 0000 0000 0000 0000 0000 0000
IPR3 2331|2431 (4331|4431 ---1 1111 ---1 1111 ---u uuuu
PIE3 2331|2431 (4331|4431 ---0 0000 ---0 0000 ---u uuuu
PIR3 2331|2431 (4331|4431 ---0 0000 ---0 0000 ---u uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Note 1:
2:

Shaded cells indicate conditions do not apply for the designated device.

One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

See Table 4-2 for Reset value for specific condition.

Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

Bit 3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.
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TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
IPR2 2331 |2431|4331|4431 1--1 -1-1 1--1 -1-1 u--u -u-u
PIR2 2331 |2431|4331|4431 0--0 -0-0 0--0 -0-0 u--u -u-u
PIE2 2331 |2431|4331|4431 0--0 -0-0 0--0 -0-0 u--u -u-u
2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
IPR1 2331|2431 (4331 (4431 -111 1111 -111 1111 -uuu uuuu
PIRL 2331 | 2431 | 4331 | 4431 -000 0000 -000 0000 -uuu uuuu®
2331 | 2431|4331 | 4431 -000 0000 -000 0000 ~uuu uuuu®
2331 | 2431 {4331 4431 0000 0000 0000 0000 uuuu uuuu
PIEL 2331|2431 (4331|4431 -000 0000 -000 0000 -uuu uuuu
OSCTUNE |2331|2431 {4331 (4431 --00 0000 --00 0000 --uu uuuu
ADCON3 2331 (2431|4331 |4431 00-0 0000 00-0 0000 uu-u uuuu
ADCHS 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
TRISE®) 2331 | 2431 | 4331|4431 —e-- 111 —e-- 111 ---- -uuu
TRISD 2331 | 2431|4331 |4431 1111 1111 1111 1111 uuuu uuuu
TRISC 2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
TRISB 2331 |2431|4331|4431 1111 1111 1111 1111 uuuu uuuu
TRISA®) 2331 | 2431 | 4331|4431 1111 11110 1111 11110 uuuu uuuu®
PR5H 2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
PR5L 2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
LATE® 2331 | 2431 | 4331|4431 —o - oxxx ---- -uwu ---- -uuu
LATD 2331|2431 (4331|4431 XXXX KXXX uuuu uuuu uuuu uuuu
LATC 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
LATB 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
LATA®) 2331|2431 (4331|4431 xxxx xxxx®) uuuu uuuu® uuuu uuuu®
TMR5H 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
TMR5L 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
PORTE®) 2331|2431 (4331|4431 ---- XXXX ---- XXXX ---- uuuu
PORTD 2331 | 2431 | 4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
PORTB 2331|2431 (4331|4431 XXXX KXXX uuuu uuuu uuuu uuuu
PORTA®) 2331|2431 |4331|4431|  xx0x 00000 wuou 0000® wuuu uuuu®
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

3. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

4: See Table 4-2 for Reset value for specific condition.

5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

6. Bit3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.
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TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset' Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets

PTCONO 2331 |2431|4331|4431 0000 0000 UuuU uuuu uuuu uuuu
PTCON1 2331 |2431|4331|4431 00-- ---- 00-- ---- uu-- ----
PTMRL 2331 |2431|4331|4431 0000 0000 0000 0000 uuuu uuuu
PTMRH 2331 | 2431|4331 |4431 ---- 0000 ---- 0000 ---- uuuu
PTPERL 2331 |2431|4331|4431 1111 1111 1111 1111 uuuu uuuu
PTPERH 2331 |2431|4331|4431 ---- 1111 ---- 1111 ---- uuuu
PDCOL 2331243114331 |4431 --00 0000 --00 0000 --uu uuuu
PDCOH 2331 |2431|4331|4431 0000 0000 0000 0000 uuuu uuuu
PDC1L 2331 |2431|4331|4431 0000 0000 0000 0000 uuuu uuuu
PDC1H 233124314331 |4431 --00 0000 --00 0000 --uu uuuu
PDC2L 2331 |2431|4331|4431 0000 0000 0000 0000 uuuu uuuu
PDC2H 2331 |2431|4331|4431 --00 0000 --00 0000 --uu uuuu
PDC3L 233124314331 |4431 0000 0000 0000 0000 uuuu uuuu
PDC3H 2331 |2431|4331|4431 --00 0000 --00 0000 --uu uuuu
SEVTCMPL | 2331|2431 {4331 (4431 0000 0000 0000 0000 uuuu uuuu
SEVTCMPH | 2331|2431 {4331 (4431 ---- 0000 ---- 0000 ---- uuuu
PWMCONO |2331 (2431 (4331|4431 -101 0000 -101 0000 -uuu uuuu
PWMCON1 |2331|2431 (4331|4431 0000 0-00 0000 0-00 uuuu u-uu
DTCON 233124314331 |4431 0000 0000 0000 0000 uuuu uuuu
FLTCONFIG | 2331|2431 (4331|4431 -000 0000 -000 0000 -uuu uuuu
OVDCOND |2331|2431 {4331 (4431 1111 1111 1111 1111 uuuu uuuu
OVDCONS 2331 (2431|4331|4431 0000 0000 0000 0000 uuuu uuuu
\C;QII_D;E'UFH/ 2331 |2431|4331|4431 KKK KKXX uuuu uuuu I,
\C/:élli’éEUFL/ 2331 |2431|4331|4431 XXKK XXXX Uuuu uuuu I,
gégé?\llﬁw 2331 |2431|4331|4431 XXXK XXXX Uuuu uuuu I,
gégé?\jgrlf_u 2331 (2431|4331 |4431 KXKK XXXX uuuu uuuu -
Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.

Note 1:

One or more bits in the INTCONXx or PIRX registers will be affected (to cause wake-up).

2:

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

See Table 4-2 for Reset value for specific condition.

Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

Bit 3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.
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TABLE 4-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
. . . Power-on Reset, WDT Reset Wake-up via WDT
Register Applicable Devices .
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
CAP3BUFH/ | 2331 | 2431 | 4331|4431 KXXK XXXX UuuU uuuu
MAXCNTH uuuu uuuu
CAP3BUFL/ | 2331|2431 (4331|4431 KKKK XXXX uuuu uuuu
MAXCNTL uuuu uuuu
CAP1CON 2331|2431 4331|4431 -0-- 0000 -0-- 0000 -u-- uuuu
CAP2CON 2331|2431 (4331|4431 -0-- 0000 -0-- 0000 -u-- uuuu
CAP3CON 2331|2431 (4331|4431 -0-- 0000 -0-- 0000 -u-- uuuu
DFLTCON 2331 | 2431|4331 (4431 -000 0000 -000 0000 -uuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).
2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).
3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.
4: See Table 4-2 for Reset value for specific condition.
5. Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the Oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.
6: Bit3 of PORTE and LATE are enabled if MCLR functionality is disabled. When not enabled as the PORTE
pin, they are disabled and read as ‘0’. The 28-pin devices have only RE3 on PORTE when MCLR is
disabled.
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FIGURE 4-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)

VDD —/

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT- !

< TOST-»

|

FIGURE 4-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VpD): CASE 1

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

' «—TOST—»

FIGURE 4-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT.

' «—TOST—»
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FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)
5V

VDD oV A
MCLR _
INTERNAL POR g |

-

' TPWRT !
PWRT TIME-OUT l I |
: — '«— TosT
OST TIME-OUT !
INTERNAL RESET |
FIGURE 4-7: TIME-OUT SEQUENCE ON POR W/ PLL ENABLED (MCLR TIED TO VDD)
VDD —/
MCLR .
INTERNAL POR ;
X TPWRT.
PWRT TIME-OUT e TOST—>
OST TIME-OUT l-—TPLL——f

PLL TIME-OUT ‘

INTERNAL RESET ‘

Note:  TosT = 1024 clock cycles.
TPLL = 2 ms max. First three stages of the PWRT timer.
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NOTES:

DS39616B-page 56 Prelimi nary © 2003 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

5.0 MEMORY ORGANIZATION

There are three memory types in enhanced MCU
devices. These memory types are:

e Program Memory

¢ Data RAM

» Data EEPROM

Data and program memory use separate busses,
which allows for concurrent access of these types.

Additional detailed information for Flash program mem-
ory and data EEPROM is provided in Section 6.0
“Flash Program Memory” and Section 7.0 “Data
EEPROM Memory”, respectively.

FIGURE 5-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F2331/4331
PC<20:0> |
CALL, RCALL, RETURNIE 21
RETFIE, RETLW

Stack Level 1

Stack Level 31

Reset Vector LSb 000000h
High Priority Interrupt Vector LSb| 000008h
Low Priority Interrupt Vector LSb| 000018h
On-Chip Flash
Program Memory
001FFFh
002000h
>
[=]
58
=3
5P
w
>
Unused -
Read ‘0's
1FFFFFh

5.1 Program Memory Organization

A 21-bit program counter is capable of addressing the
2-Mbyte program memory space. Accessing a location
between the physically implemented memory and the
2-Mbyte address will cause a read of all ‘0’s (a NOP
instruction).

The PIC18F2331 and PIC18F4331 each have
8 Kbytes of Flash memory and can store up to 4,096
single-word instructions.

The PIC18F2431 and PIC18F4431 each have
16 Kbytes of Flash memory and can store up to 8,192
single-word instructions.

The Reset vector address is at 000000h and the
interrupt vector addresses are at 000008h and
000018h.

The Program Memory Maps for PIC18F2X31 and
PIC18F4X31 devices are shown in Figure 5-1 and
Figure 5-2, respectively.

FIGURE 5-2: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F2431/4431
PC<20:0> |
CALL, RCALL, RETURNI[ 21
RETFIE, RETLW

Stack Level 1

Stack Level 31

Reset Vector LSb 000000h

High Priority Interrupt Vector LSb| 000008h

Low Priority Interrupt Vector LSh| 000018h

On-Chip Flash
Program Memory

003FFFh
004000h
2
[=}
53
=
5(/]
3 Unused -
Read ‘0's
1FFFFFh
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5.2 Return Address Stack

The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC
(Program Counter) is pushed onto the stack when a
CALL or RCALL instruction is executed, or an interrupt
is acknowledged. The PC value is pulled off the stack
on a RETURN, RETLW or a RETFIE instruction.
PCLATU and PCLATH are not affected by any of the
RETURN or CALL instructions.

The stack operates as a 31-word by 21-bit RAM and a
5-bit stack pointer, with the stack pointer initialized to
00000b after all Resets. There is no RAM associated
with stack pointer 00000b. This is only a Reset value.
During a CALL type instruction, causing a push onto the
stack, the stack pointer is first incremented and the
RAM location pointed to by the stack pointer is written
with the contents of the PC (already pointing to the
instruction following the call). During a RETURN type
instruction, causing a pop from the stack, the contents
of the RAM location pointed to by the STKPTR are
transferred to the PC and then the stack pointer is
decremented.

The stack space is not part of either program or data
space. The stack pointer is readable and writable, and
the address on the top of the stack is readable and writ-
able through the top-of-stack Special File registers.
Data can also be pushed to, or popped from, the stack
using the top-of-stack SFRs. Status bits indicate if the
stack is full, has overflowed or underflowed.

521 TOP-OF-STACK ACCESS

The top of the stack is readable and writable. Three
register locations, TOSU, TOSH and TOSL hold the
contents of the stack location pointed to by the
STKPTR register (Figure 5-3). This allows users to
implement a software stack if necessary. After a CALL,
RCALL or interrupt, the software can read the pushed
value by reading the TOSU, TOSH and TOSL registers.
These values can be placed on a user-defined software
stack. At return time, the software can replace the
TOSU, TOSH and TOSL and do a return.

The user must disable the global interrupt enable bits
while accessing the stack to prevent inadvertent stack
corruption.

5.2.2 RETURN STACK POINTER
(STKPTR)

The STKPTR register (Register 5-1) contains the stack
pointer value, the STKFUL (stack full) status bit, and
the STKUNF (stack underflow) status bits. The value of
the stack pointer can be 0 through 31. The stack pointer
increments before values are pushed onto the stack
and decrements after values are popped off the stack.
At Reset, the stack pointer value will be zero. The user
may read and write the stack pointer value. This feature
can be used by a Real-Time Operating System for
return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) configuration bit. (Refer to
Section 22.1 “Configuration Bits” for a description of
the device configuration bits.) If STVREN is set
(default), the 31st push will push the (PC + 2) value
onto the stack, set the STKFUL bit, and reset the
device. The STKFUL bit will remain set and the stack
pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the stack pointer will increment to 31.
Any additional pushes will not overwrite the 31st push,
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and set the STKUNF bit, while the stack
pointer remains at zero. The STKUNF bit will remain
set until cleared by software or a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.

FIGURE 5-3: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

TOSU TOSH TOSL

[ 00h | [ 1Ah | [ 34h

A A A

Top-of-Stack | _001A34h |00010

Return Address Stack
11111
11110
11101
STKPTR<4:0>

n

00011/

000D58h |o0001
00000

DS39616B-page 58 Prelimin ary © 2003 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

REGISTER 5-1: STKPTR REGISTER
R/C-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL | STKUNF — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0

bit 7(1) STKFUL: Stack Full Flag bit

1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6(1) STKUNF: Stack Underflow Flag bit

1 = Stack underflow occurred

0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’

bit 4-0 SP4:SPO0: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented  C = Clearable only bit

‘0’ = Bitis cleared X = Bit is unknown

5.2.3 PUSH AND POP INSTRUCTIONS

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pull values
off the stack without disturbing normal program execu-
tion is a desirable option. To push the current PC value
onto the stack, a PUSH instruction can be executed.
This will increment the stack pointer and load the cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place data or a return address
on the stack.

The ability to pull the TOS value off of the stack and
replace it with the value that was previously pushed
onto the stack, without disturbing normal execution, is
achieved by using the POP instruction. The POP instruc-
tion discards the current TOS by decrementing the
stack pointer. The previous value pushed onto the
stack then becomes the TOS value.

524 STACK FULL/UNDERFLOW RESETS

These Resets are enabled by programming the
STVREN bit in Configuration Register 4L. When the
STVREN bit is cleared, a full or underflow condition will
set the appropriate STKFUL or STKUNF bit, but not
cause a device Reset. When the STVREN bit is set, a
full or underflow will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. The
STKFUL or STKUNF bits are cleared by the user
software or a POR Reset.

© 2003 Microchip Technology Inc.
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5.3 Fast Register Stack

A “fast return” option is available for interrupts. A fast
register stack is provided for the Status, WREG and
BSR registers and are only one in depth. The stack is
not readable or writable and is loaded with the current
value of the corresponding register when the processor
vectors for an interrupt. The values in the registers are
then loaded back into the working registers, if the
RETFIE, FAST instruction is used to return from the
interrupt.

All interrupt sources will push values into the stack reg-
isters. If both low and high priority interrupts are
enabled, the stack registers cannot be used reliably to
return from low priority interrupts. If a high priority inter-
rupt occurs while servicing a low priority interrupt, the
stack register values stored by the low priority interrupt
will be overwritten. Users must save the key registers
in software during a low priority interrupt.

If interrupt priority is not used, all interrupts may use the
fast register stack for returns from interrupt.

If no interrupts are used, the fast register stack can be
used to restore the Status, WREG and BSR registers at
the end of a subroutine call. To use the fast register
stack for a subroutine call, a CALL label, FAST
instruction must be executed to save the Status,
WREG and BSR registers to the fast register stack. A
RETURN, FAST instruction is then executed to restore
these registers from the fast register stack.

Example 5-1 shows a source code example that uses
the fast register stack during a subroutine call and
return.

EXAMPLE 5-1: FAST REGISTER STACK
CODE EXAMPLE
CALL SUB1, FAST ; STATUS, WREG, BSR
;SAVED IN FAST REGISTER
; STACK
L]
L]
SUBL e
L]
RETURN FAST ;RESTORE VALUES SAVED
; IN FAST REGISTER STACK

5.4 PCL, PCLATH and PCLATU

The program counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21-bits
wide. The low byte, known as the PCL register, is both
readable and writable. The high byte, or PCH register,
contains the PC<15:8> bits and is not directly readable
or writable. Updates to the PCH register may be per-
formed through the PCLATH register. The upper byte is
called PCU. This register contains the PC<20:16> bits
and is not directly readable or writable. Updates to the
PCU register may be performed through the PCLATU
register.

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by any operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 5.8.1
“Computed GoTO").

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the LSB of PCL is fixed to a value of ‘0’.
The PC increments by 2 to address sequential
instructions in the program memory.

The CALL, RCALL, GOTO and program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.
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55 Clocking Scheme/Instruction

Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the Instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 5-4.

5.6

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO),
then two cycles are required to complete the instruction
(Example 5-2).

A fetch cycle begins with the program counter (PC)
incrementing in Q1.

Instruction Flow/Pipelining

In the execution cycle, the fetched instruction is latched
into the “Instruction register” (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3, and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination
write).

FIGURE 5-4:

CLOCK/INSTRUCTION CYCLE

QL | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 !
osCil /7 / /L /7 / /L /T
QLy—\ \ T\ |

@/

|| Internal

|

T

Phase

/ \ i /—\_| Clock

e —
|

Q4 \ / \

i |

I
PC PC X

PC+2 PC+4

X
OSC2/CLKO k—/—k—/—k—/il

(RC mode) | Execute INST (PC-2) | |
| Fetch INST (PC) Execute INST (PC)
Fetch INST (PC+2) Execute INST (PC+2)
! Fetch INST (PC+4)
EXAMPLE 5-2: INSTRUCTION PIPELINE FLOW
Tcy0 Tcyl Tcy2 Tcy3 Tcv4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA SUB 1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush (nop)
5. Instruction @ address SUB_1 Fetch SUB_1| Execute SUB_1

Allinstructions are single cycle, except for any program branches. These take two cycles since the fetch instruction
is “flushed” from the pipeline, while the new instruction is being fetched and then executed.

© 2003 Microchip Technology Inc.
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5.7 Instructions in Program Memory

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB = 0). Figure 5-5 shows an
example of how instruction words are stored in the pro-
gram memory. To maintain alignment with instruction
boundaries, the PC increments in steps of 2 and the
LSB will always read ‘0’ (see Section 5.4 “PCL,
PCLATH and PCLATU”).

The caLL and GOTO instructions have the absolute pro-
gram memory address embedded into the instruction.
Since instructions are always stored on word bound-
aries, the data contained in the instruction is a word
address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 5-5 shows how the
instruction ‘GOTO 000006h’is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner.
The offset value stored in a branch instruction repre-
sents the number of single-word instructions that the
PC will be offset by. Section 23.0 “Instruction Set
Summary” provides further details of the instruction
set.

FIGURE 5-5: INSTRUCTIONS IN PROGRAM MEMORY
Word Address
LSB=1 LSB=0 2
Program Memory 000000h
Byte Locations — 000002h
000004h
000006h
Instruction 1:  MovLW 055h O0Fh 55h 000008h
Instruction 2: GOTO 000006h EFh 03h 00000ADh
FOh 00h 00000Ch
Instruction 3:  MOVFF 123h, 456h Cilh 23h 00000Eh
F4h 56h 000010h
000012h
000014h
57.1 TWO-WORD INSTRUCTIONS the second word of the instruction is executed by itself

PIC18F2331/2431/4331/4431 devices have four two-
word instructions: MOVFF, CALL, GOTO and LFSR. The
second word of these instructions has the 4 MSBs set
to ‘1’'s and is decoded as a NOP instruction. The lower
12 bits of the second word contain data to be used by
the instruction. If the first word of the instruction is
executed, the data in the second word is accessed. If

EXAMPLE 5-3: TWO-WORD INSTRUCTIONS

(first word was skipped), it will execute as a NOP. This
action is necessary when the two-word instruction is
preceded by a conditional instruction that results in a
skip operation. A program example that demonstrates
this concept is shown in Example 5-3. Refer to
Section 23.0 “Instruction Set Summary” for further
details of the instruction set.

CASE 1:

Object Code Source Code

0110 0110 0000 0000 TSTFSZ REG1 ; 1s RAM location 07

1100 0001 0010 0011 MOVFF REG1l, REG2 ; No, skip this word

1111 0100 0101 0110 ; Execute this word as a NOP
0010 0100 0000 0O0O0O ADDWF REG3 ; continue code

CASE 2:

Object Code Source Code

0110 0110 0000 00O0O TSTFSZ REG1 ; 1s RAM location 07?

1100 0001 0010 0011 MOVFF REG1, REG2 ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 00O0O ADDWF REG3 ; continue code
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5.8 Look-up Tables

Look-up tables are implemented two ways:

e Computed GOTO
* Table Reads

5.8.1 COMPUTED GOTO

A computed GOTO is accomplished by adding an offset
to the program counter. An example is shown in
Example 5-4.

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW Oxnn instructions.
WREG is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next
instruction executed will be one of the RETLW 0xnn
instructions, which returns the value 0xnn to the calling
function.

The offset value (in WREG) specifies the number of
bytes that the program counter should advance, and
should be multiples of 2 (LSB = 0).

In this method, only one data byte may be stored in
each instruction location and room on the return
address stack is required.

EXAMPLE 5-4: COMPUTED GOTO USING
AN OFFSET VALUE

MOVFWOFFSET
CALLTABLE
ORG 0xnn0O0
TABLEADDWFPCL
RETLWOxXnn
RETLWOxXnn
RETLWOxnn

5.8.2 TABLE READS/TABLE WRITES

A better method of storing data in program memory
allows two bytes of data to be stored in each instruction
location.

Look-up table data may be stored two bytes per pro-
gram word by using table reads and writes. The table
pointer (TBLPTR) specifies the byte address and the
table latch (TABLAT) contains the data that is read
from, or written to program memory. Data is transferred
to/from program memory, one byte at a time.

The Table Read/Table Write operation is discussed
further in Section 6.1 “Table Reads and Table
Writes”.

5.9 Data Memory Organization

The data memory is implemented as static RAM. Each
register in the data memory has a 12-bit address,
allowing up to 4096 bytes of data memory. Figure 5-6
shows the data memory organization for the
PIC18F2331/2431/4331/4431 devices.

The data memory map is divided into as many as 16
banks that contain 256 bytes each. The lower 4 bits of
the Bank Select Register (BSR<3:0>) select which
bank will be accessed. The upper 4 bits for the BSR are
not implemented.

The data memory contains Special Function Registers
(SFR) and General Purpose Registers (GPR). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratch pad operations in the user’s
application. The SFRs start at the last location of Bank
15 (FFFh) and extend to F60h. Any remaining space
beyond the SFRs in the bank may be implemented as
GPRs. GPRs start at the first location of Bank 0 and
grow upwards. Any read of an unimplemented location
will read as ‘0’s.

The entire data memory may be accessed directly or
indirectly. Direct addressing may require the use of the
BSR register. Indirect addressing requires the use of a
File Select Register (FSRn) and a corresponding
Indirect File Operand (INDFn). Each FSR holds a 12-
bit address value that can be used to access any
location in the Data Memory map without banking. See
Section 5.12 “Indirect Addressing, INDF and FSR
Registers” for indirect addressing details.

The instruction set and architecture allow operations
across all banks. This may be accomplished by indirect
addressing or by the use of the MOVFF instruction. The
MOVFF instruction is a two-word/two-cycle instruction
that moves a value from one register to another.

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle,
regardless of the current BSR values, an Access Bank
is implemented. A segment of Bank 0 and a segment of
Bank 15 comprise the Access RAM. Section 5.10
“Access Bank” provides a detailed description of the
Access RAM.

59.1 GENERAL PURPOSE REGISTER
FILE

Enhanced MCU devices may have banked memory in
the GPR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other Resets.

Data RAM is available for use as GPR registers by all
instructions. The second half of Bank 15 (F60h to
FFFh) contains SFRs. All other banks of data memory
contain GPRs, starting with Bank 0.
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FIGURE 5-6: DATA MEMORY MAP FOR PIC18F2331/2431/4331/4431 DEVICES
BSR<3:0> Data Memory Map
000h
= 0000 00h| Access RAM 05Eh
Bank0O  — — — — 7 060h
GPR
FFh OFFh
- 0001 00h 100h
> Bank 1 GPR
FFh 1FFh
00h 200h
| =0010 | Bank2 GPR
FFh 2FFh
00h 300h
Access Bank
00h
Access RAM Low
ooirr .0 0 Adcmcs RAM Hiah SFH
= A RAM High| 60
Batr(])k ° o _Unused o CcesiséFRs) 9 —
= Read ‘00h’
1110 Bank 14 e
When a = 0:
The BSR is ignored and the
Access Bank is used.
The first 96 bytes are
General Purpose RAM
00h EOF('):Q (from Bank 0).
=1111 Unused F5Fh
—> Bank15 r — — — — A F60h The second 160 bytes are
FFh SFR FEEh Special Function Registers

(from Bank 15).

When a = 1:

The BSR specifies the bank
used by the instruction.
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59.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM. A list of these
registers is given in Table 5-1 and Table 5-2.

The SFRs can be classified into two sets; those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the

“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the

peripherals whose functions they control.

The unused SFR locations will be unimplemented and
read as ‘0’s.

SPECIAL FUNCTION REGISTER MAP FOR PIC18F2331/2431/4331/4431 DEVICES

TABLE 5-1:
Address Name Address Name Address
FFFh TOSU FDFh INDF2 FBFh
FFEh TOSH FDEh| POSTINC2 FBEh
FFDh TOSL FDDh | POSTDEC2 FBDh
FFCh| STKPTR FDCh| PREINC2 FBCh
FFBh| PCLATU FDBh| PLUSW2 FBBh
FFAh| PCLATH FDAh FSR2H FBAh
FF9h PCL FD9h FSR2L FB9h
FF8h| TBLPTRU FD8h| STATUS FB8h
FF7h| TBLPTRH FD7h| TMROH FB7h
FF6h| TBLPTRL FD6h TMROL FB6h
FF5h| TABLAT FD5h TOCON FB5h
FF4h| PRODH FD4h — FB4h
FF3h PRODL FD3h| OSCCON FB3h
FF2h| INTCON FD2h| LVDCON FB2h
FF1h| INTCON2 FD1h| WDTCON FB1lh
FFOh| INTCON3 FDOh RCON FBOh
FEFh INDFO FCFh TMR1H FAFh
FEEh| POSTINCO FCEh TMR1L FAEh
FEDh| POSTDECO FCDh T1CON FADh
FECh| PREINCO FCCh TMR2 FACh
FEBh| PLUSWO FCBh PR2 FABh
FEAh FSROH FCAh T2CON FAAh
FE9h FSROL FC9h| SSPBUF FA9h
FE8h WREG FC8h| SSPADD FA8h
FE7h INDF1 FC7h| SSPSTAT FA7h
FE6h| POSTINC1 FC6h| SSPCON FA6h
FE5h | POSTDEC1 FC5h — FA5h
FE4h| PREINC1 FC4h| ADRESH FA4h
FE3h| PLUSW1 FC3h| ADRESL FA3h
FE2h FSR1H FC2h| ADCONO FA2h
FE1lh FSR1L FClh| ADCON1 FAlh
FEOh BSR FCOh| ADCON2 FAOh

Name Address Name Address Name
CCPR1H F9Fh IPR1 F7Fh PTCONO
CCPR1L F9Eh PIR1 F7Eh PTCON1

CCP1CON F9Dh PIE1 F7Dh PTMRL
CCPR2H FI9Ch — F7Ch PTMRH
CCPR2L F9Bh| OSCTUNE F7Bh PTPERL

CCP2CON F9Ah| ADCON3 F7Ah PTPERH
ANSEL1 F99h ADCHS F79h PDCOL
ANSELO F98h — F78h PDCOH
T5CON F97h — F77h PDCI1L
QEICON F96h TRISE F76h PDC1H

— F95h TRISD F75h PDC2L

— F94h TRISC F74h PDC2H

— F93h TRISB F73h PDC3L

— F92h TRISA F72h PDC3H
— F91h PR5H F71h SEVTCMPL
SPBRGH F90h PR5L F70h SEVTCMPH
SPBRG F8Fh — F6Fh PWMCONO
RCREG F8Eh — F6Eh PWMCON1

TXREG F8Dh LATE F6Dh DTCON

TXSTA F8Ch LATD F6Ch FLTCONFIG

RCSTA F8Bh LATC F6Bh OVDCOND

BAUDCTL F8Ah LATB F6Ah OVDCONS

EEADR F89h LATA F69h CAP1BUFH
EEDATA F88h TMR5H F68h CAP1BUFL
EECON2 F87h TMR5L F67h CAP2BUFH
EECON1 F86h — F66h CAP2BUFL
IPR3 F85h — F65h CAP3BUFH
PIR3 F84h PORTE F64h CAP3BUFL
PIE3 F83h PORTD F63h CAP1CON
IPR2 F82h PORTC F62h CAP2CON
PIR2 F81h PORTB F61h CAP3CON
PIE2 F80h PORTA F60h DFLTCON

© 2003 Microchip Technology Inc.

Preliminary

DS39616B-page 65




PIC18F2331/2431/4331/4431

TABLE 5-2: REGISTER FILE SUMMARY (PIC18F2331/2431/4331/4431)

File Name | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O P\g‘g"eBOO”R De;gg:"”
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000 48, 58
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000 | 48,58
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000 48, 58
STKPTR STKFUL STKUNF — Return Stack Pointer 00-0 0000 48, 59
PCLATU = = bit 21 | Holding register for PC<20:16> ---0 0000 | 48,60
PCLATH Holding register for PC<15:8> 0000 0000 48, 60
PCL PC Low Byte (PC<7:0>) 0000 0000 | 48,60
TBLPTRU = = bit 214 | Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) --00 0000 | 48,78
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 48, 78
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000 48,78
TABLAT Program Memory Table Latch 0000 0000 48, 78
PRODH Product register High Byte XXXX XXXX 48, 89
PRODL Product register Low Byte XXXK XXXX 48, 89
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOF RBIF 0000 000x 48, 93
INTCON2 RBPU INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP 1111 -1-1 48,94
INTCON3 INT2P INT1P — INT2IE INT1IE — INT2IF INT1IF 11-0 0-00 48, 95
INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) N/A 48,71
POSTINCO |Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A 48,71
POSTDECO |Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) N/A 48,71
PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) N/A 48,71
PLUSWO Uses contents of FSRO to address data memory — value of FSRO offset by W (not a physical register) N/A 48,71
FSROH — — — — Indirect Data Memory Address Pointer 0 High ---- 0000 48,71
FSROL Indirect Data Memory Address Pointer O Low Byte XXXX XXXX 48,71
WREG Working register XXXX XXXX 48
INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) N/A 48,71
POSTINC1 |Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A 48,71
POSTDEC1 |Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) N/A 48,71
PREINC1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) N/A 48,71
PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 offset by W (not a physical register) N/A 48,71
FSR1H — | — | — | — | Indirect Data Memory Address Pointer 1 High ---- 0000 49,71
FSR1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XXXX 49,71
BSR — | — | — | — |Bank Select Register ---- 0000 49,70
INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) N/A 49,71
POSTINC2 |Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A 49,71
POSTDEC2 |Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) N/A 49,71
PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) N/A 49,71
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 offset by W (not a physical register) N/A 49,71
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High ---- 0000 49,71
FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXX XXXX 49,71
STATUS — | — 1 = ] ~ | oo | z | bc | c - -x xxxx | 49,73
TMROH TimerO register High Byte 0000 0000 | 49,135
TMROL TimerO register Low Byte xxxx xxxx | 49,135
TOCON T™rooN | TozeBT |  — [ — | 7toess | Tops2 | Topst | Topso | 11-- 1111 49,133
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO, ECIO and INTIO2 (with port function on RA6) Oscillator mode only, and read

‘0’ in all other oscillator modes.

2:  RAT and associated bits are configured as port pins in INTIO2 Oscillator mode only and read ‘0’ in all other modes.

3: Bit 21 of the PC is only available in Test mode and serial programming modes.

4:  If PBADEN = 0, PORTB<4:0> are configured as digital input and read unknown, and if PBADEN = 1, PORTB<4:0> are configured as
analog input and read ‘0’ following a Reset.

5:  These registers and/or bits are not implemented on the PIC18F2X31 devices, and read as ‘0".

6:  The RE3 port bitis only available when MCLRE fuse (CONFIG3H<7>) is programmed to ‘0’. Otherwise, RE3 reads ‘0’. This bit is read-only.
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TABLE 5-2: REGISTER FILE SUMMARY (PIC18F2331/2431/4331/4431) (CONTINUED)

File Name | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg"eB"c;‘R De;zgz:m
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCS0 0000 g000 28, 49
LVDCON — — IVRST LVDEN LVDL3 LvVDL2 LVDL1 LVDLO --00 0101 49, 263
WDTCON WDTW _ _ _ _ _ _ SWDTEN | 0000 0000 49, 279
RCON IPEN = = RI TO PD POR BOR 0--1 11qq |47, 74,105
TMR1H Timerl register High Byte xxxx xxxx | 49,141
TMR1L Timerl register Low Byte xxxx xxxx | 49,141
T1CON RD16 ‘ T1RUN ‘ T1CKPS1 | T1CKPSO | T10SCEN ‘ T1ISYNC ‘ TMR1CS | TMR1ON | 0000 0000 49, 137
TMR2 Timer2 register 0000 0000 49, 143
PR2 Timer2 Period register 1111 1111 49, 143
T2CON — [ toutess | Toutps2 | Toutpsi | ToutPso | TMR20N | T2ckPs1 | T2cKPSO | -000 oooo | 49,143
SSPBUF SSP Receive Buffer/Transmit register XXXX XXXX 49, 220
SSPADD SSP Address register in 12C Slave mode. SSP Baud Rate Reload register in 12C Master mode. 0000 0000 49, 220
SSPSTAT SMP CKE D/A P s RIW UA BF 0000 0000 | 49,212
SSPCON wcoL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO | 0000 0000 | 49,213
ADRESH A/D Result register High Byte xxxx xxxx | 50,259
ADRESL A/D Result register Low Byte xxxx xxxx | 50,259
ADCONO — — ACONV ACSCH | ACMOD1 | ACMODO | GO/DONE | ADON --00 0000 | 50,244
ADCON1 VCFG1 VCFGO — FIFOEN BFEMT FFOVFL | ADPNT1 | ADPNTO | 00-0 1000 | 50,245
ADCON2 ADFM ACQT3 ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCS0 | 0000 o000 | 90,246
ADCON3 ADRS1 ADRSO — SSRC4 SSRC3 SSRC2 SSRC1 SSRCO 00-0 0000 51. 247
ADCSH GDSEL1 GDSELO GBSEL1 GBSELO GCSEL1 GCSELO GASEL1 GASELO | 0000 0000 51, 248
CCPR1H Capture/Compare/PWM registerl High Byte xxxx xxxx | 50,152
CCPR1L Capture/Compare/PWM registerl Low Byte xxxx xxxx | 50,152
CCP1CON — — DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO | 0000 0000 | 50, 155,

149
CCPR2H Capture/Compare/PWM register2 High Byte xxxx xxxx | 50, 152
CCPR2L Capture/Compare/PWM register2 Low Byte xxxx xxxx | 50, 152
CCP2CON — — DC2B1 DC2B0O CCP2M3 CCP2M2 CCP2M1 CCP2MO --00 0000 50, 155
ANSEL1 — — — — — — — ANS8 | - - 1| 50,249
ANSELO ANS7® | ANs6® | ANS56) ANS4 ANS3 ANS2 ANS1 ANSO | 1111 1111 | 50,249
TSCON T5SEN | RESEN® | T5MOD T5PS1 T5PS0 T5SYNC | TMR5CS | TMR5ON | 0100 oooo | 50,145
QEICON VELM ERROR | UP/DOWN | QEIM2 QEIM1 QEIMO PDEC1 PDECO | 0000 oooo | 90,171
SPBRGH Baud Rate Generator register, High Byte 0000 0000 | 90,225
SPBRG USART Baud Rate Generator 0000 0000 50, 225
RCREG USART Receive register 0000 0000 | 50,233,

232
TXREG USART Transmit register 0000 0000 50, 230,

232
TXSTA CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 50, 222
RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x 50, 223
BAUDCTL — RCIDL — SCKP BRG16 — WUE ABDEN -1-1 0-00 50, 224
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO, ECIO and INTIO2 (with port function on RA6) Oscillator mode only, and read

‘0’ in all other oscillator modes.

2:  RAY and associated bits are configured as port pins in INTIO2 Oscillator mode only and read ‘0’ in all other modes.

3: Bit 21 of the PC is only available in Test mode and serial programming modes.

4:  If PBADEN = 0, PORTB<4:0> are configured as digital input and read unknown, and if PBADEN = 1, PORTB<4:0> are configured as
analog input and read ‘0’ following a Reset.

5:  These registers and/or bits are not implemented on the PIC18F2X31 devices, and read as ‘0’.

6:  The RE3 port bitis only available when MCLRE fuse (CONFIG3H<7>) is programmed to ‘0’. Otherwise, RE3 reads ‘0’. This bit is read-only.
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TABLE 5-2: REGISTER FILE SUMMARY (PIC18F2331/2431/4331/4431) (CONTINUED)

File Name | Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\g‘g"eBOO”R De;ggz:m
EEADR EEPROM Address register 0000 0000 50, 85
EEDATA EEPROM Data register 0000 0000 50, 88
EECON2 EEPROM Control register2 (not a physical register) 0000 0000 | 50, 76, 85
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD xx-0 x000 | 50,77, 86
IPR3 — _ _ PTIP | IC3DRIP | IC2QEIP | ICLIP | TMR5IP | --_1 1111 50
PIR3 = — — PTIF IC3DRIF | IC2QEIF IC1IF TMRSIF | -__9 0000 50
PIE3 = — — PTIE IC3DRIE | IC2QEIE IC1IE TMRS5IE | --_¢ 0000 50
IPR2 OSFIP — — EEIP — LVDIP — CCP2IP 1--1 -1-1 51, 103
PIR2 OSFIF = = EEIF = LVDIF = CCP2IF | 0--0 -0-0| 51,97
PIE2 OSFIE — — EEIE — LVDIE — CCP2IE 0--0 -0-0 51, 100
IPR1 — ADIP RCIP TXIP SSPIP CCP1P | TMR2IP | TMRLIP | -111 1111 | 51,102
PIR1 — ADIF RCIF TXIF SSPIF CCPLIF | TMR2IF | TMRLIF | -000 0000 | 51,96
PIE1 — ADIE RCIE TXIE SSPIE CCP1EE | TMR2IE | TMRLE | -000 0000 | 51,99
OSCTUNE — — TUNS TUN4 TUN3 TUN2 TUN1 TUNO --00 0000 25,51
ADCON3 ADRS1 ADRSO — SSRC4 SSRC3 SSRC2 SSRC1 SSRCO 00-0 0000 50
ADCHS GDSEL1 GDSELO GBSEL1 GBSELO GCSEL1 GCSELO GASEL1 GASELO 0000 0000 50
TRISE® - - - - — Data Direction bits for PORTE®) ---- -111| 51,131
TRISD® Data Direction Control register for PORTD 1111 1111 | 51,128
TRISC Data Direction Control register for PORTC 1111 1111 | 51,123
TRISB Data Direction Control register for PORTB 1111 1111 | 51,117
TRISA TRISA7?® ‘ TRISA6M ‘ Data Direction Control register for PORTA 1111 1111 | 51,111
PR5H Timer5 Period register High Byte 1111 1111 50
PR5L Timer5 Period register Low Byte 1111 1111 50
LATE®) — ‘ — ‘ — — — Read/Write PORTE Data Latch ---- -xxx | 51,132
LATD®) Read/Write PORTD Data Latch xxxx xxxx | 51,128
LATC Read/Write PORTC Data Latch xxxx xxxx | b5l, 123
LATB Read/Write PORTB Data Latch XXXX XXXX 51, 117
LATA LATA<7>() ‘ LATA<6>() ‘ Read/Write PORTA Data Latch xcxx ook | 51,111
TMR5H Timer5 Timer register High Byte XXXKX XXXX 146
TMR5L Timer5 Timer register Low Byte XXXX XXXX 146
PORTE - - - = RE3® |Read PORTE pins, —--- xxxx | 51,132

Write PORTE Data Latch®)

PORTD Read PORTD pins, Write PORTD Data Latch XXXX XXXX 51, 128
PORTC Read PORTC pins, Write PORTC Data Latch XXXX XXXX 51, 123
PORTB Read PORTB pins, Write PORTB Data Latch(® xxxx xxxx | 51,117
PORTA RA7@ RA6()  |Read PORTA pins, Write PORTA Data Latch xx0x 0000 | 51,111
PTCONO PTOPS3 PTOPS2 PTOPS1 PTOPSO PTCKPS1 | PTCKPSO PTMOD1 PTMODO | 0000 0000 52, 186
PTCON1 PTEN PTDIR — — — — — — 00-- ---- 52,186
PTMRL PWM Time Base register (lower 8 bits). 0000 0000 184
PTMRH UNUSED PWM Time Base register (Upper 4 bits) ---- 0000 184
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO, ECIO and INTIO2 (with port function on RA6) Oscillator mode only, and read
‘0" in all other oscillator modes.
2: RA7 and associated bits are configured as port pins in INTIO2 Oscillator mode only and read ‘0’ in all other modes.
Bit 21 of the PC is only available in Test mode and serial programming modes.
4: If PBADEN = 0, PORTB<4:0> are configured as digital input and read unknown, and if PBADEN = 1, PORTB<4:0> are configured as
analog input and read ‘0’ following a Reset.
5:  These registers and/or bits are not implemented on the PIC18F2X31 devices, and read as ‘0’.
6:  The RE3 port bit is only available when MCLRE fuse (CONFIG3H<7>) is programmed to ‘0’. Otherwise, RE3 reads ‘0’. This bit is read-only.
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TABLE 5-2: REGISTER FILE SUMMARY (PIC18F2331/2431/4331/4431) (CONTINUED)

Value on Details on

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR page:
PTPERL PWM Time Base Period register (Lower 8 bits). 1111 1111 184
PTPERH UNUSED PWM Time Base Period register (Upper 4 bits) ---- 1111 184
PDCOL PWM Duty Cycle #OL register (Lower 8 bits) --00 0000 184
PDCOH UNUSED ‘ PWM Duty Cycle #0H register (Upper 6 bits) 0000 0000 184
PDC1L PWM Duty Cycle #1L register (Lower 8 bits) 0000 0000 184
PDC1H UNUSED ‘ PWM Duty Cycle #1H register (Upper 6 bits) --00 0000 184
PDC2L PWM Duty Cycle #2L register (Lower 8 bits) 0000 0000 184
PDC2H UNUSED ‘ PWM Duty Cycle #2H register (Upper 6 bits) --00 0000 184
PDC3L PWM Duty Cycle #3L register (Lower 8 bits) 0000 0000 184
PDC3H UNUSED ‘ PWM Duty Cycle #3H register (Upper 6 bits) --00 0000 184
SEVTCMPL |PWM Special Event Compare register (Lower 8 bits) 0000 0000 N/A
SEVTCMPH UNUSED PWM Special Event Compare reg (Upper 4 bits) ---- 0000 N/A
PWMCONO — PWMEN2 | PWMEN1 | PWMENO PMOD3 PMOD2 PMOD1 PMODO -101 0000 52,187
PWMCON1 | SEVOPS3 | SEVOPS2 | SEVOPS1 | SEVOPSO | SEVTDIR — uDIS OSYNC | 0000 0-00 | 52, 188
DTCON DTPS1 DTPSO DT5 DT4 DT3 DT2 DT1 DTO 0000 0000 | 52 200
FLTCONFIG — FLTBS FLTBMOD FLTBEN FLTCON FLTAS FLTAMOD FLTAEN -000 0000 52, 208
OVDCOND POVD7 POVD6 POVD5 POVD4 POVD3 POVD2 POVD1 POVDO 1111 1111 | 52 203
OVDCONS POUT7 POUT6 POUT5 POUT4 POUT3 POUT2 POUT1 POUTO 0000 0000 | 52 204

CAP1BUFH/ |Capture 1 register, High Byte/ e —— 52,
VELRH Velocity register, High Byte

CAP1BUFL/ |Capture 1 register Low Byte/ e — 52
VELRL Velocity register, Low Byte

CAP2BUFH/ | Capture 2 register, High Byte/ P —— 52
POSCNTH QEI Position Counter register, High Byte

CAP2BUFL/ |Capture 2 Reg., Low Byte/ - 52
POSCNTL QEI Position Counter register, Low Byte

CAP3BUFH/ |Capture 3 Reg., High Byte/ HKXK KXKX 53
MAXCNTH | QEI Max. Count Limit register, High Byte

CAP3BUFL/ |Capture 3 Reg., Low Byte/ P —— 53
MAXCNTL QEI Max. Count Limit register, Low Byte

CAP1CON — CAP1REN — — CAP1M3 CAP1M2 CAP1M1 CAP1IMO ([-0-0 0000 53, 163
CAP2CON — CAP2REN — — CAP2M3 CAP2M2 CAP2M1 CAP2MO |-0-0 0000 53, 163
CAP3CON — CAP3REN — — CAP3M3 CAP3M2 CAP3M1 CAP3MO |-0-0 0000 53, 163
DFLTCON — FLT4EN FLT3EN FLT2EN FLT1EN FLTCK2 FLTCK1 FLTCKO |[-000 0000 53,178
Legend: X = unknown, u = unchanged, — = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO, ECIO and INTIO2 (with port function on RA6) Oscillator mode only, and read

‘0’ in all other oscillator modes.

2:  RATY and associated bits are configured as port pins in INTIO2 Oscillator mode only and read ‘0’ in all other modes.

3: Bit 21 of the PC is only available in Test mode and serial programming modes.

4:  If PBADEN = 0, PORTB<4:0> are configured as digital input and read unknown, and if PBADEN = 1, PORTB<4:0> are configured as
analog input and read ‘0’ following a Reset.

5:  These registers and/or bits are not implemented on the PIC18F2X31 devices, and read as ‘0".

6:  The RE3 port bit is only available when MCLRE fuse (CONFIG3H<7>) is programmed to ‘0’. Otherwise, RE3 reads ‘0’. This bit is read-only.
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5.10 Access Bank

The Access Bank is an architectural enhancement
which is very useful for C compiler code optimization.
The techniques used by the C compiler may also be
useful for programs written in assembly.

This data memory region can be used for:

Intermediate computational values

Local variables of subroutines

Faster context saving/switching of variables
Common variables

Faster evaluation/control of SFRs (no banking)

The Access Bank is comprised of the last 128 bytes in
Bank 15 (SFRs) and the first 128 bytes in Bank 0.
These two sections will be referred to as Access RAM
High and Access RAM Low, respectively. Figure 5-6
indicates the Access RAM areas.

A bit in the instruction word specifies if the operation is
to occur in the bank specified by the BSR register or in
the Access Bank. This bit is denoted as the ‘a’ bit (for
access bit).

When forced in the Access Bank (a = 0), the last
address in Access RAM Low is followed by the first
address in Access RAM High. Access RAM High maps
the Special Function Registers, so these registers can
be accessed without any software overhead. This is
useful for testing status flags and modifying control bits.

5.11 Bank Select Register (BSR)

The need for a large general purpose memory space
dictates a RAM banking scheme. The data memory is
partitioned into as many as sixteen banks. When using
direct addressing, the BSR should be configured for the
desired bank.

BSR<3:0> holds the upper 4 bits of the 12-bit RAM
address. The BSR<7:4> bits will always read ‘0’s, and
writes will have no effect (see Figure 5-7).

A MOVLB instruction has been provided in the

instruction set to assist in selecting banks.

If the currently selected bank is not implemented, any
read will return all ‘0’s and all writes are ignored. The
Status register bits will be set/cleared as appropriate for
the instruction performed.

Each Bank extends up to FFh (256 bytes). All data
memory is implemented as static RAM.

A MOVFF instruction ignores the BSR, since the 12-bit
addresses are embedded into the instruction word.

Section 5.12 “Indirect Addressing, INDF and FSR
Registers” provides a description of indirect address-
ing, which allows linear addressing of the entire RAM
space.

FIGURE 5-7: DIRECT ADDRESSING
Direct Addressing
BSR<7:4> BSR<3:0> 7 From Opcode(® 0
Lofofofof [ [T JLL T T T[[[]
2) ) - )Y
Bank Select® 1 Location Select®
» 00h 01h OEh OFh
L » |000h 100h EOOh FOOh
Data oo
Memory®
OFFh 1FFh EFFh FFFh
Bank 0 Bank 1 Bank 14 Bank 15
Note 1. For register file map detail, see Table 5-1.
2: The access bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to the
registers of the Access Bank.
3: The MOVFF instruction embeds the entire 12-bit address in the instruction.
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5.12 Indirect Addressing, INDF and
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory, where the data memory address in the instruction
is not fixed. An FSR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 5-8
shows how the fetched instruction is modified prior to
being executed.

Indirect addressing is possible by using one of the
INDF registers. Any instruction using the INDF register
actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself,
indirectly (FSR = 0), will read 00h. Writing to the INDF
register indirectly, results in a no operation. The FSR
register contains a 12-bit address, which is shown in
Figure 5-9.

The INDFn register is not a physical register. Address-
ing INDFn actually addresses the register whose
address is contained in the FSRn register (FSRn is a
pointer). This is indirect addressing.

Example 5-5 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 5-5:  HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 0x100 ;

NEXT CLRF POSTINCO Clear INDF
register then
inc pointer

Bankl1l?
NO, clear next
; YES, continue

GOTO NEXT

BTFSS FSROH, 1 ; All done with
CONTINUE ;

There are three indirect addressing registers. To
address the entire data memory space (4096 bytes),
these registers are 12-bits wide. To store the 12 bits of
addressing information, two 8-bit registers are
required:

1. FSRO: composed of FSROH:FSROL
2. FSR1: composed of FSR1H:FSR1L
3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDFO, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data. If an instruction writes a
value to INDFO, the value will be written to the address
pointed to by FSROH:FSROL. A read from INDF1 reads
the data from the address pointed to by
FSR1H:FSRI1L. INDFn can be used in code anywhere
an operand can be used.

If INDFO, INDF1 or INDF2 are read indirectly via a FSR,
all ‘0’s are read (zero bit is set). Similarly, if INDFO,
INDF1 or INDF2 are written to indirectly, the operation
will be equivalent to a NOP instruction and the Status
bits are not affected.

5121 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation using one of these five registers deter-
mines how the FSR will be modified during indirect
addressing.

When data access is performed using one of the five
INDFn locations, the address selected will configure
the FSRn register to:

« Do nothing to FSRn after an indirect access (no
change) — INDFn

* Auto-decrement FSRn after an indirect access
(post-decrement) — POSTDECh

* Auto-increment FSRn after an indirect access
(post-increment) — POSTINCn

 Auto-increment FSRn before an indirect access
(pre-increment) — PREINCn

« Use the value in the WREG register as an offset
to FSRn. Do not modify the value of the WREG or
the FSRn register after an indirect access (no
change) — PLUSWn

When using the auto-increment or auto-decrement fea-
tures, the effect on the FSR is not reflected in the Status
register. For example, if the indirect address causes the
FSR to equal ‘0’, the Z bit will not be set.

Auto-incrementing or auto-decrementing a FSR affects
all 12 bits. That is, when FSRnL overflows from an
increment, FSRnH will be incremented automatically.

Adding these features allows the FSRn to be used as a
stack pointer, in addition to its uses for table operations
in data memory.

Each FSR has an address associated with it that per-
forms an indexed indirect access. When a data access
to this INDFn location (PLUSWn) occurs, the FSRn is
configured to add the signed value in the WREG regis-
ter and the value in FSR to form the address before an
indirect access. The FSR value is not changed. The
WREG offset range is -128 to +127.

If an FSR register contains a value that points to one of
the INDFn, an indirect read will read 00h (zero bit is
set), while an indirect write will be equivalent to a NOP
(Status bits are not affected).

If an indirect addressing write is performed when the
target address is an FSRnH or FSRnL register, the data
is written to the FSR register, but no pre- or post-
increment/decrement is performed.
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FIGURE 5-8: INDIRECT ADDRESSING OPERATION
RAM oh
Instruction
Executed
Opcode | Address |
A A FFFh
12

/ —\_File Address = access of an indirect addressing register
A A

BSR<3:0>( (12 12
Instruction q

Fetched 4 78
| Opcode | File | | FSR
FIGURE 5-9: INDIRECT ADDRESSING
Indirect Addressing
FSRnH:FSRnL
3 0 7 0
INEEEEEEEEEE
11 0
- J

Location Select

0000h

Data
Memory®

OFFFh

Note 1: For register file map detail, see Table 5-1.

DS39616B-page 72 Prelimin ary © 2003 Microchip Technology Inc.



PIC18F2331/2431/4331/4431

5.13 Status Register

The Status register, shown in Register 5-2, contains the
arithmetic status of the ALU. The Status register can be
the operand for any instruction, as with any other reg-
ister. If the Status register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, then
the write to these five bits is disabled. These bits are set
or cleared according to the device logic. Therefore, the
result of an instruction with the Status register as desti-
nation may be different than intended.

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, MOVFF and MOVWF instructions are used to
alter the Status register, because these instructions do
not affect the Z, C, DC, OV or N bits in the Status reg-
ister. For other instructions not affecting any status bits,
see Table 23-2.

Note: The C and DC bits operate as a borrow
and digit borrow bit respectively, in sub-

traction.
REGISTER 5-2: STATUS REGISTER
U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov Z DC C
bit 7 bit 0

bit 7-5 Unimplemented: Read as ‘0’
bit 4 N: Negative bit

This bit is used for signed arithmetic (2's complement). It indicates whether the result was

negative (ALU MSB = 1).
1 = Result was negative
0 = Result was positive

bit 3 QV: Overflow bit

This bit is used for signed arithmetic (2's complement). It indicates an overflow of the
7-bit magnitude, which causes the sign bit (bit7) to change state.

1 = Overflow occurred for signed arithmetic (in this arithmetic operation)

0 = No overflow occurred
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/borrow bit

For ADDWF, ADDLW, SUBLW and 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

Note:  For borrow, the polarity is reversed. A subtraction is executed by adding the
2's complement of the second operand. For rotate (RRF, RLF) instructions, this
bit is loaded with either the bit 4 or bit 3 of the source register.

bit 0 C: Carry/borrow bit

For ADDWF, ADDLW, SUBLW and 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:  For borrow, the polarity is reversed. A subtraction is executed by adding the
2's complement of the second operand. For rotate (RRF, RLF) instructions, this
bit is loaded with either the high- or low-order bit of the source register.

Legend:
R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bitis set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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5.14 RCON Register Note 1:

The Reset Control (RCON) register contains flag bits
that allow differentiation between the sources of a
device Reset. These flags include the TO, PD, POR,
BOR and RI bits. This register is readable and writable.

If the BOREN configuration bit is set
(Brown-out Reset enabled), the BOR bit
is ‘1’ on a Power-on Reset. After a Brown-
out Reset has occurred, the BOR bit will
be cleared and must be set by firmware to
indicate the occurrence of the next
Brown-out Reset.

Itis recommended that the POR bit be set
after a Power-on Reset has been
detected, so that subsequent Power-on
Resets may be detected.

REGISTER 5-3:  RCON REGISTER
R/W-0 u-0 u-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
bit 7 bit O

bit 7 IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6-5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

1 = The RESET instruction was not executed (set by firmware only)
0 = The RESET instruction was executed causing a device Reset
(must be set in firmware after a Brown-out Reset occurs)

bit 3 TO: Watchdog Time-out Flag bit

1= Set by power-up, CLRWDT instruction, or SLEEP instruction

0= A WDT time-out occurred
bit 2 PD: Power-down Detection Flag bit

1= Set by power-up or by the CLRWDT instruction
0 = Cleared by execution of the SLEEP instruction

bit 1 POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred (set by firmware only)

0 = A Power-on Reset occurred

(must be set in firmware after a Power-on Reset occurs)

bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)

0 = A Brown-out Reset occurred

(must be set in firmware after a Brown-out Reset occurs)

Legend:
R = Readable bit
- n = Value at POR

‘1’ = Bit is set

W = Writable bit

U = Unimplemented bit, read as ‘0’
‘0’ = Bit is cleared

X = Bit is unknown
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6.0 FLASHPROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

While writing or erasing program memory, instruction
fetches cease until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

6.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data
RAM:

e Table Read (TBLRD)
e Table Write (TBLWT)

FIGURE 6-1: TABLE READ OPERATION

The program memory space is 16-bits wide, while the
data RAM space is 8-bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into TABLAT in the data RAM
space. Figure 6-1 shows the operation of a table read
with program memory and data RAM.

Table write operations store data from TABLAT in the
data memory space into holding registers in program
memory. The procedure to write the contents of the
holding registers into program memory is detailed in
Section 6.5 “Writing to Flash Program Memory”.
Figure 6-2 shows the operation of a table write with
program memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block
can start and end at any byte address. If a table write is
being used to write executable code into program
memory, program instructions will need to be word
aligned, (TBLPTRL<0> = 0).

The EEPROM on-chip timer controls the write and
erase times. The write and erase voltages are gener-
ated by an on-chip charge pump rated to operate over
the voltage range of the device for byte or word
operations.

Table Pointer()

Instruction: TBLRD*

Program Memory

TBLPTRU | TBLPTRH : TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬁ_f

Note 1: Table Pointer points to a byte in program memory.
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FIGURE 6-2: TABLE WRITE OPERATION

Instruction: TBLWT*

Program Memory
Holding Registers

Table Pointer(®)

TBLPTRU | TBLPTRH { TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Note 1: Table Pointer actually points to one of eight holding registers, the address of which is determined by
TBLPTRL<2:0>. The process for physically writing data to the Program Memory Array is discussed in
Section 6.5 “Writing to Flash Program Memory”.

6.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include the:

« EECONLI register
« EECONZ2 register
e TABLAT register

* TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS
EECONL1 is the control register for memory accesses.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit EEPGD determines if the access will be to
program or data EEPROM memory. When clear, oper-
ations will access the data EEPROM memory. When
set, program memory is accessed.

Control bit CFGS determines if the access will be to the
configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access configuration registers. When CFGS is clear,
the EEPGD bit selects either program Flash or data
EEPROM memory.

The FREE bit controls program memory erase opera-
tions. When the FREE bit is set, the erase operation is
initiated on the next WR command. When FREE is
clear, only writes are enabled.

The WREN bit enables and disables erase and write
operations. When set, erase and write operations are
allowed. When clear, erase and write operations are
disabled — the WR bit cannot be set while the WREN bit
is clear. This process helps to prevent accidental writes
to memory due to errant (unexpected) code execution.

Firmware should keep the WREN bit clear at all times,
except when starting erase or write operations. Once
firmware has set the WR bit, the WREN bit may be
cleared. Clearing the WREN bit will not affect the
operation in progress.

The WRERR bit is set when a write operation is inter-
rupted by a Reset. In these situations, the user can
check the WRERR bit and rewrite the location. It will be
necessary to reload the data and address registers
(EEDATA and EEADR) as these registers have cleared
as a result of the Reset.

Control bits RD and WR start read and erase/write
operations, respectively. These bits are set by firm-
ware, and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 6.3 “Reading the
Flash Program Memory” regarding table reads.

Note: Interrupt flag bit EEIF, in the PIR2 register,
is set when the write is complete. It must
be cleared in software.
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REGISTER 6-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR WREN WR RD
bit 7 bit 0

EEPGD: Flash Program or Data EEPROM Memory Select bit
1 = Access program Flash memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EE or Configuration Select bit

1 = Access configuration registers

0 = Access program Flash or data EEPROM memory
Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation — TBLPTR<5:0> are ignored)
0 = Perform write only

WRERR: EEPROM Error Flag bit

1 = A write operation was prematurely terminated (any Reset during self-timed
programming)

0 = The write operation completed normally

Note:  When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows
tracing of the error condition.

WREN: Write Enable bit

1 = Allows erase or write cycles
0 = Inhibits erase or write cycles

WR: Write Control bit

1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write
cycle.
(The operation is self-timed and the bit is cleared by hardware once write is complete. The
WR bit can only be set (not cleared) in software.)

0 = Write cycle completed

RD: Read Control bit

1 = Initiates a memory read
(Read takes one cycle. RD is cleared in hardware. The RD bit can only be set (not cleared)
in software. RD bit cannot be set when EEPGD =1.)

0 = Read completed

Legend:
R = Readable hit S = Settable only U = Unimplemented bit, read as ‘0’
W = Writable bit - n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared

X = Bit is unknown
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6.2.2 TABLAT — TABLE LATCH REGISTER

The Table Latch (TABLAT) is an 8-bit register mapped
into the SFR space. The Table Latch is used to hold
8-bit data during data transfers between program
memory and data RAM.

6.2.3 TBLPTR — TABLE POINTER
REGISTER

The Table Pointer (TBLPTR) addresses a byte within
the program memory. The TBLPTR is comprised of
three SFR registers: Table Pointer Upper Byte, Table
Pointer High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). These three regis-
ters join to form a 22-bit wide pointer. The low order 21
bits allow the device to address up to 2 Mbytes of pro-
gram memory space. Setting the 22nd bit allows
access to the Device ID, the User ID and the
Configuration bits.

The TBLPTR is used by the TBLRD and TBLWT instruc-
tions. These instructions can update the TBLPTR in
one of four ways based on the table operation. These
operations are shown in Table 6-1. These operations
on the TBLPTR only affect the low order 21 bits.

6.2.4 TABLE POINTER BOUNDARIES

TBLPTR is used in reads, writes and erases of the
Flash program memory.

When a TBLRD is executed, all 22 bits of the Table
Pointer determine which byte is read from program or
configuration memory into TABLAT.

When a TBLWT is executed, the three LSbs of the Table
Pointer (TBLPTR<2:0>) determine which of the eight
program memory holding registers is written to. When
the timed write to program memory (long write) begins,
the 19 MSbs of the Table Pointer, TBLPTR
(TBLPTR<21:3>), will determine which program
memory block of 8 bytes is written to (TBLPTR<2:0>
are ignored). For more detail, see Section 6.5
“Writing to Flash Program Memory”.

When an erase of program memory is executed, the 16
MSbs of the Table Pointer (TBLPTR<21:6>) point to the
64-byte block that will be erased. The Least Significant
bits (TBLPTR<5:0>) are ignored.

Figure 6-3 describes the relevant boundaries of
TBLPTR based on Flash program memory operations.

TABLE 6-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer
TBLRD* TBLPTR is not modified
TBLWT*
TBLRD*+ TBLPTR is incremented after the read/write
TBLWT* +
TBLRD - TBLPTR is decremented after the read/write
TBLWT* -
TBLRD+ TBLPTR is incremented before the read/write
TBLWT+*
FIGURE 6-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0

ERASE — TBLPTR<21:6>

LONG WRITE — TBLPTR<21:3>

READ or WRITE — TBLPTR<21:0>
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6.3 Reading the Flash Program
Memory

The TBLRD instruction is used to retrieve data from
program memory and placed into data RAM. Table
reads from program memory are performed one byte at
atime.

TBLPTR points to a byte address in program space.
Executing a TBLRD instruction places the byte pointed
to into TABLAT. In addition, TBLPTR can be modified
automatically for the next table read operation.

FIGURE 6-4:

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 6-4
shows the interface between the internal program
memory and the TABLAT.

READS FROM FLASH PROGRAM MEMORY

Odd (High) Byte

Program Memory

Even (Low) Byte

Instruction Register
(IR)

TBLPTR TBLPTR
LsB=1 LSB=0

TABLAT
Read Register

EXAMPLE 6-1: READING A FLASH PROGRAM MEMORY WORD
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base
MOVWF TBLPTRU ; address of the word

MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL

MOVWF WORD_ODD

READ WORD
TBLRD* + ; read into TABLAT and increment TBLPTR
MOVFW TABLAT ; get data
MOVWF WORD_EVEN
TBLRD* + ; read into TABLAT and increment TBLPTR
MOVFW TABLAT ; get data
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6.4 Erasing Flash Program Memory

The minimum erase block size is 32 words or 64 bytes
under firmware control. Only through the use of an
external programmer, or through ICSP control can
larger blocks of program memory be bulk erased. Word
erase in Flash memory is not supported.

When initiating an erase sequence from the micro-
controller itself, a block of 64 bytes of program memory
is erased. The Most Significant 16 bits of the
TBLPTR<21:6> point to the block being erased.
TBLPTR<5:0> are ignored.

The EECONL1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash pro-
gram memory. The CFGS bit must be clear to access
program Flash and data EEPROM memory. The
WREN bit must be set to enable write operations. The
FREE bit is set to select an erase operation. The WR
bit is set as part of the required instruction sequence
(as shown in Example 6-2), and starts the actual erase
operation. It is not necessary to load the TABLAT
register with any data, as it is ignored.

For protection, the write initiate sequence using
EECON2 must be used.

A long write is necessary for erasing the internal Flash.
Instruction execution is halted while in a long write
cycle. The long write will be terminated by the internal
programming timer.

6.4.1 FLASH PROGRAM MEMORY

ERASE SEQUENCE

The sequence of events for erasing a block of internal
program memory location is:

1. Load table pointer with address of row being
erased.

2. Set the EECON1
operation:

- set EEPGD bit to point to program
memory;

- clear the CFGS bit to access program
memory;

- set WREN bit to enable writes;

- set FREE bit to enable the erase.
Disable interrupts.

Write 55h to EECONZ2.

Write AAh to EECON2.

Set the WR bit. This will begin the row erase
cycle.

7. The CPU will stall for duration of the erase
(about 2 ms using internal timer).

8. [Execute a NOP.
9. Re-enable interrupts.

register for the erase

o 0, w

EXAMPLE 6-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL
ERASE_ROW

BSF EECONL1, EEPGD ; point to Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 55h
MOVWF EECON2 ; write 55H

Required MOVLW AAh

Sequence MOVWE EECON2 ; write AAH
BSF EECON2, WR ; start erase (CPU stall)
NOP
BSF INTCON, GIE ; re-enable interrupts
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6.5 Writing to Flash Program Memory

The programming block size is 4 words or 8 bytes.
Word or byte programming is not supported.

Table writes are used internally to load the holding
registers needed to program the Flash memory. There
are 8 holding registers used by the table writes for
programming.

Since the Table Latch (TABLAT) is only a single byte,
the TBLWT instruction has to be executed 8 times for
each programming operation. All of the table write
operations will essentially be short writes, because only
the holding registers are written. At the end of updating
8 registers, the EECONL1 register must be written to, to
start the programming operation with a long write.

The long write is necessary for programming the
internal Flash. Instruction execution is halted while in a
long write cycle. The long write will be terminated by
the internal programming timer.

FIGURE 6-5: TABLE WRITES TO FLASH PROGRAM MEMORY

Write Register

TABLAT

o 00
8 8 8 8
TBLPTR = xxxxx0 TBLPTR = xxxxx1 TBLPTR = xxxxx2 TBLPTR = xxxxx7
Holding Register | Holding Register | Holding Register | LU Holding Register |

Program Memory

6.5.1 FLASH PROGRAM MEMORY WRITE
SEQUENCE

The sequence of events for programming an internal

program memory location should be:

1. Read 64 bytes into RAM.

2. Update data values in RAM as necessary.

3. Load Table Pointer with address being erased.

4

Do the row erase procedure (see Section 6.4.1
“Flash Program Memory Erase Sequence”).

5. Load Table Pointer with address of first byte
being written.

6. Write the first 8 bytes into the holding registers
with auto-increment.

7. Setthe EECONL1 register for the write operation:

- set EEPGD bit to point to program
memory;

- clear the CFGS bit to access program
memory;

- set WREN bit to enable byte writes.
8. Disable interrupts.
9. Write 55h to EECON2.

10. Write AAh to EECONZ2.
11. Set the WR bit. This will begin the write cycle.

12. The CPU will stall for duration of the write (about
2 ms using internal timery).

13. Execute a NOP.
14. Re-enable interrupts.

15. Repeat steps 6-14 seven times, to write 64
bytes.

16. Verify the memory (table read).
This procedure will require about 18 ms to update one

row of 64 bytes of memory. An example of the required
code is given in Example 6-3.
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EXAMPLE 6-3: WRITING TO FLASH PROGRAM MEMORY
MOVLW D'64 ; number of bytes in erase block
MOVWF COUNTER
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSROH
MOVLW BUFFER_ADDR_ LOW
MOVWF FSROL
MOVLW CODE_ADDR_UPPER ; Load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW ; 6 LSB = 0
MOVWF TBLPTRL
READ BLOCK
TBLRD* + ; read into TABLAT, and inc
MOVFW TABLAT ; get data
MOVWF POSTINCO ; store data and increment FSRO
DECFSZ COUNTER ; done?
GOTO READ BLOCK ; repeat
MODIFY_WORD
MOVLW DATA ADDR HIGH ; point to buffer
MOVWF FSROH
MOVLW DATA ADDR_LOW
MOVWF FSROL
MOVLW NEW_DATA LOW ; update buffer word and increment FSRO
MOVWF POSTINCO
MOVLW NEW_DATA HIGH ; update buffer word
MOVWF INDFO
ERASE_BLOCK
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW ; 6 LSB = 0
MOVWF TBLPTRL
BCF EECON1, CFGS ; point to PROG/EEPROM memory
BSF EECONL1, EEPGD ; point to Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 55h ; Required sequence
MOVWF EECON2 ; write 55H
MOVLW AAh
MOVWF EECON2 ; write AAH
BSF EECON1,WR ; start erase (CPU stall)
NOP
BSF INTCON, GIE ; re-enable interrupts
WRITE_BUFFER_BACK
MOVLW 8 ; number of write buffer groups of 8 bytes
MOVWF COUNTER_HT
MOVLW BUFFER_ADDR_HIGH ; point to buffer
MOVWF FSROH
MOVLW BUFFER_ADDR_LOW
MOVWF FSROL
PROGRAM_LOOP
MOVLW 8 ; number of bytes in holding register
MOVWF COUNTER
WRITE WORD TO HREGS
MOVFW  POSTINCO ; get low byte of buffer data and increment FSRO
MOVWF TABLAT ; present data to table latch
TBLWT+* ; short write

DECFSZ COUNTER
GOTO  WRITE_WORD TO HREGS

to internal TBLWT holding register, increment
TBLPTR

loop until buffers are full
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EXAMPLE 6-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
PROGRAM_MEMORY

BCF INTCON, GIE ; disable interrupts

MOVLW  55h ; required sequence

MOVWF EECON2 ; write 55H

MOVLW AAh

MOVWF EECON2 ; write AAH

BSF EECON1, WR ; start program (CPU stall)

NOP

BSF INTCON, GIE ; re-enable interrupts

DECFSZ COUNTER_HI ; loop until done

GOTO PROGRAM_LOOP

BCF EECON1, WREN ; disable write to memory
6.5.2 WRITE VERIFY 6.6 Flash Program Operation During

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

6.5.3 UNEXPECTED TERMINATION OF

WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and repro-
grammed if needed. The WRERR bit is set when a
write operation is interrupted by a MCLR Reset, or a
WDT Time-out Reset during normal operation. In these
situations, users can check the WRERR bit and rewrite
the location.

Code Protection

See Section 22.5 “Program Verification and Code
Protection” for details on code protection of Flash pro-
gram memory.

TABLE 6-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY
. . . . . . . . Value on: Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
TBLPTRU — — bit21 |Program Memory Table Pointer Upper Byte ~-00 0000]| --00 0000
(TBLPTR<20:16>)

TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 | 0000 0000
TBLPTRL [Program Memory Table Pointer High Byte (TBLPTR<7:0>) 0000 0000 | 0000 0000
TABLAT Program Memory Table Latch 0000 0000 | 0000 0000
INTCON | GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE | RBIE | TMROIF | INTF RBIF | 0000 000x| 0000 000u
EECON2 |EEPROM Control Register2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xx-0 %000 | uu-0 u000
IPR2 OSFIP — — EEIP — LVDIP — CCP2IP |[1--1 -1-1|1--1 -1-1
PIR2 OSFIF — — EEIF — LVDIF — CCP2IF |0--0 -0-0|0--0 -0-0
PIE2 OSFIE — — EEIE — LVDIE — CCP2IE |[0--0 -0-0|0--0 -0-0
Legend: x =unknown, u =unchanged, r =reserved, - = unimplemented, read as ‘0’.

Shaded cells are not used during Flash/EEPROM access.
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NOTES:
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7.0 DATA EEPROM MEMORY

The Data EEPROM is readable and writable during
normal operation over the entire VDD range. The data
memory is not directly mapped in the register file
space. Instead, it is indirectly addressed through the
Special Function Registers (SFR).

There are four SFRs used to read and write the
program and data EEPROM memory. These registers
are:

« EECON1
« EECON2
 EEDATA
« EEADR

The EEPROM data memory allows byte read and write.
When interfacing to the data memory block, EEDATA
holds the 8-bit data for read/write and EEADR holds the
address of the EEPROM location being accessed.
These devices have 256 bytes of data EEPROM with
an address range from 00h to FFh.

The EEPROM data memory is rated for high erase/
write cycle endurance. A byte write automatically
erases the location and writes the new data (erase-
before-write). The write time is controlled by an on-chip
timer. The write time will vary with voltage and temper-
ature, as well as from chip-to-chip. Please refer to
parameter D122 (Table 25-1 in Section 25.0 “Electri-
cal Characteristics”) for exact limits.

7.1 EEADR

The address register can address 256 bytes of data
EEPROM.

7.2 EECON1 and EECON2 Registers

EECONL1 is the control register for memory accesses.

EECON?2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit EEPGD determines if the access will be to
program or data EEPROM memory. When clear, oper-
ations will access the data EEPROM memory. When
set, program memory is accessed.

Control bit CFGS determines if the access will be to the
configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access configuration registers. When CFGS is clear,
the EEPGD bhit selects either program Flash or data
EEPROM memory.

The WREN bit enables and disables erase and write
operations. When set, erase and write operations are
allowed. When clear, erase and write operations are
disabled; the WR bit cannot be set while the WREN bit
is clear. This mechanism helps to prevent accidental
writes to memory due to errant (unexpected) code
execution.

Firmware should keep the WREN bit clear at all times,
except when starting erase or write operations. Once
firmware has set the WR bit, the WREN bit may be
cleared. Clearing the WREN bit will not affect the
operation in progress.

The WRERR bit is set when a write operation is
interrupted by a Reset. In these situations, the user can
check the WRERR bit and rewrite the location. It is
necessary to reload the data and address registers
(EEDATA and EEADR), as these registers have
cleared as a result of the Reset.

Control bits RD and WR start read and erase/write
operations, respectively. These bits are set by firm-
ware, and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 6.1 “Table Reads
and Table Writes” regarding table reads.

Note: Interrupt flag bit, EEIF in the PIR2 register,
is set when write is complete. It must be

cleared in software.

© 2003 Microchip Technology Inc.

Preliminary

DS39616B-page 85



PIC18F2331/2431/4331/4431

REGISTER 7-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD CFGS — FREE WRERR WREN WR RD
bit 7 bit 0

EEPGD: Flash Program or Data EEPROM Memory Select bit
1 = Access program Flash memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EE or Configuration Select bit

1 = Access configuration or calibration registers

0 = Access program Flash or data EEPROM memory
Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)
0 = Perform write only

WRERR: EEPROM Error Flag bit
1 = A write operation wa