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MicrocHIP PIC18F2331/2431/4331/4431

28/40/44-Pin Enhanced Flash Microcontrollers with
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:

* Up to 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 Timer1 @ 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
Timer1 Oscillator, 1.8 pA, Typical, 32 kHz, 2V
Watchdog Timer (WDT), 2.1 pA, typical
Oscillator Two-Speed 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-bit, 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):

- Programmabile 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 g - )

. 10-Bit B | 4Bt s
Device | Flash |#Single-Word | SRAM [EEPROM| VO | oy (o | CCP | o | Slave | EUSART | 5 § | PWM | o) 0 pr,
(bytes) | Instructions |(bytes)| (bytes) 2c™ § G| (ch)

PIC18F2331| 8192 4096 768 256 | 24 5 2 | v Y Y Y 6 1/3
PIC18F2431 | 16384 8192 768 256 | 24 5 2 | v Y Y Y 6 1/3
PIC18F4331| 8192 4096 768 256 | 36 9 2 | v Y Y Y 8 1/3
PIC18F4431 | 16384 8192 768 256 | 36 9 2 | v Y Y Y 8 1/3

© 2007 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

Pin Diagrams

28-Pin SPDIP, SOIC

MCLR/\VPP/RE3 —— [ |1 ~ 28] | «—— RB7/KBI3/PGD
RAO/ANO ~—— [ |2 27[ ] <— RB6/KBI2/PGC
RAT/ANT =— [|3 26[ ] = RB5/KBI1/PWM4/PGM(")
RA2/AN2/VREF-/CAP1/INDX -—— |: 4 25 :| <— RB4/KBIO/PWM5
-
RA3/AN3/VREF+/CAP2/QEA |: 5 g 24 :| <~——» RB3/PWM3
N -
RA4/AN4/CAP3/QEB |: 6 = 23 :| RB2/PWM2
AVDD — [ |7 8 22[ | ~— RB1/PWM1
Avss — [ |8 g 21[ ] «——— RBO/PWMO
OSC1/CLKI/RA7 —— [ |9 6 20 |<—— VDD
OSC2/CLKO/RAG []10 & 19[ ]<—— Vss
RCO/T10SO/T1CK| =—— |: 11 18 :| <— RC7/RX/DT/SDO
RC1/T10SI/CCP2/FLTA =—— |: 12 17| _] <— RCB/TXI/CK/SS
RC2/CCP1/FLTB =—— |: 13 16 :| <«—» RC5/INT2/SCK/SCL
RC3/TOCKI/T5CKI/INTO =——» |: 14 15| | «<—— RC4/INT1/SDI/SDA
Note 1: Low-Voltage Programming must be enabled.
28-Pin QFN =
=
o
o
Baoo § g
EOPFE
o= ===
coaadd=g
ZZ2ommm
IqrY¥YYY
- SlANOowWu <
<<<|Omaomm
re=oreroeo
® XRLLIQNR
RA2/AN2/VREF-/CAP1/INDX | 1 21| RB3/PWM3
RA3/AN3/VREF+/CAP2/QEA | 2 20| RB2/PWM2
RA4/AN4/CAP3/QEB | 3 pic18F2331 191 RBI/PWMT
VoD | 4 PIC18F2431 181 RBO/PWMO
Vss | 5 17| Vop
OSC1/CLKI/RA7 | 6 161l Vss
OSC2/CLKO/RA6 | 7 15] RC7/RX/DT/SDO
02N 2T
Il<|lm © 1))
SEEER TS
SI=E=E=S
385585z
n =32k
CO0ELC s
EDNXZzZQ
SOy OFH
S BQo
et SEg
O ()
14 o

Note 1: Low-Voltage Programming must be enabled.
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PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

40-Pin PDIP

Note 1:
for SCK/SCL.

o
MCLR/VPP/RE3 O 1 N 40 [0
RAO/ANO 02 390
RA1/AN1 03 38 [
RA2/AN2/VREF-/CAP1/INDX «—— [ 4 37 0
RA3/AN3/VREF+/CAP2/QEA Os 36 [
RA4/AN4/CAP3/QEB Oe6 350
RAS5/AN5/LVDIN 07 - 34 O
REO/ANG Os 3 330
RE1/AN7 Oo o= 32 [
RE2/ANS 0 10 @ 310
AVDD O 11 % 30
AVss O 12 - 29 1
OSC1/CLKI/RA7 013 S 28 [
OSC2/CLKO/RAG 0 14 270
RCO/T10SO/T1CKI O 15 26 [
RC1/T10SI/CCP2/FLTA O 16 25 1
RC2/CCP1/FLTB 0 17 24 0
RC3/TockIMrscKIM/INTO O 18 230
RDO/TOCKI/T5CKI 0 19 22 0
RD1/SDO 0 20 213

3: RD4 is the alternate pin for FLTA.

RD?5 is the alternate pin for PWM4.

2: Low-Voltage Programming must be enabled.

RB7/KBI3/PGD
RB6/KBI2/PGC
RB5/KBI1/PWM4/PGM(2)
RB4/KBIO/PWM5
RB3/PWM3

RB2/PWM2

RB1/PWM1

RBO/PWMO

VDD

Vss

RD7/PWM7

RD6/PWM6
RD5/PWM44)
RD4/FLTA®)
RC7/RX/DT/SDO
RC6/TX/CK/SS
RC5/INT2/SCKMscL™
RC4/INT1/sDIM;spaM
RD3/SCK/SCL
RD2/SDI/SDA

RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

© 2007 Microchip Technology Inc.

Preliminary

DS39616C-page 3



PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

44-Pin TQFP

36111 <— RC2/CCP1/FLTB
NC

37-=—= RC3/TOCKI!)/T5CKIM/INTO
35[IT0<— RC1/T10SI/CCP2/FLTA

34O

38[ITJ1<—= RDO/TOCKI/T5CKI

391 J<— RD1/SDO

o
44017 1<—> RC6/TX/CK/SS

43T <— RC5/INT2/SCK(W/scL™
42IT0~<—= RC4/INT1/SDI"/SDAM
41O <—= RD3/SCK/SCL
40T <— RD2/SDI/SDA

33 NC

321 <—> RCO0/T10SO/T1CKI

31T -—= (OSC2/CLKO/RA6

301 =—= OSC1/CLKI/RA7
PIC18F4331 290+ Auss

28111 <— AVDD
PIC18F4431 ;i< RE2/ANS
2611 <—>= RE1/AN7
25T 1<—> REO/AN6
0 24111 <—= RA5/ANS5/LVDIN
1 2311 <—> RA4/AN4/CAP3/QEB

RC7/RX/DT/SDO <—* [T
RD4/FLTAB) <—=TT]
RD5/PWM4#) <—=[TT]
RD6/PWM6 ~> [
RD7/PWM7 ~—>[IT]
Vss — > 1O

Vpop —= 1M
RBO/PWMO < T}
RB1/PWM1 <—=[IT|
RB2/PWM2 ~<—[IM|
RB3/PWM3 ~<—IT]|

S22 OO NOO PR WN -

112
13

NC
NC
RB4/KBIO/PWM5 <— 1114

RB5/KBI1/PWM4/PGM@) <— 1115
RA1/AN1 =<— CIT]20

RAO/ANQ <—> CTT]19

RB7/KBI3/PGD <— 1117

RB6/KBI2/PGC —<— I1]16
MCLR/VPP/RE3 — TT]18

RA2/AN2/VREF-/CAP1/INDX <— CTT]21
RA3/AN3/VREF+/CAP2/QEA ~—» [TT{22

Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

Low-Voltage Programming must be enabled.
RD4 is the alternate pin for FLTA.
RD?5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

Pin Diagrams (Continued)

44-Pin QFN

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

VDD

AVDD
RBO/PWMO
RB1/PWMH1
RB2/PWM2

Note 1:
for SCK/SCL.

o
'_
- zZ
RS S h
» 2 x kg
=9 AT
A opmse
= =
8553 Bolok
$822%2,%%522
SEESS
[Sfafa) SRS
EZZ00@EEOLE
OUOTONTOMNMAN «—O
Q000Aa0Q00000
FYCEXXXEE XX
TONT ODWONO©LWS
tTEFTITTTOOONOO®M
<171 33 <—>
-—[1T7]2 P =-—
<—>[T17]3 I -
~—=[T7]4 30 <—
<175 PIC18F4331 29 ~—
— 1116 28T <-—
— PIC18F4431 ,f— <
— 178 261 -
<179 o5 [T <>
<1710 24T <—
- 171 23T <>
JRIRL2EX2RIN
ERRRRARERN
QORE VAOMS T X<
SRR
& La9a327=9
@ ooFno>prpl g
8 p=xXxp 3o
2853 §:
sEedle 4}
“5 =
< 33
3 <<
14 Ng
&z

Low-Voltage Programming must be enabled.
RD4 is the alternate pin for FLTA.
RDS5 is the alternate pin for PWM4.

RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

OSC2/CLKO/RA6
OSC1/CLKI/RA7
Vss

AVss

AVDD

VDD

RE2/AN8
RE1/AN7
REO/AN6
RAS5/AN5/LVDIN
RA4/AN4/CAP3/QEB

© 2007 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

TO OUR VALUED CUSTOMERS

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

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

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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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
microcontrollers — namely, high computational perfor-
mance at an economical price, with the addition of high
endurance 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 micro-
controllers 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 3x 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 Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

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

* Lower Consumption in Key Modules: The
power requirements for both Timer1 and the
Watchdog Timer have been reduced by up to
80%, with typical values of 1.1 and 2.1 pA,
respectively.

1.1.2 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 1/0).

» 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
frequencies (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.

© 2007 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
accompanying 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.

DS39616C-page 10
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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 (PIC18F2331/2431) and 40/44-pin
(PIC18F4331/4431) 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 (8 Kbytes for
PIC18F2331/4331 devices, 16 Kbytes for

PIC18F2431/4431).

2. A/D channels (5 for PIC18F2331/2431 devices,
9 for PIC18F4331/4431 devices).

3. 1/O ports (3 bidirectional ports on PIC18F2331/

2431

devices,

PIC18F4331/4431 devices).

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

5 bidirectional

ports on

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 or or or or
Encoder Interface) 3xIC 3xIC 3xIC 3xIC
Serial Communications SSP, SSP, SSP, SSP,

Enhanced USART

Enhanced USART

Enhanced USART

Enhanced USART

10-Bit 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 SPDIP
28-pin SOIC
28-pin QFN

28-pin SPDIP
28-pin SOIC
28-pin QFN

40-pin PDIP
44-pin TQFP
44-pin QFN

40-pin PDIP
44-pin TQFP
44-pin QFN

© 2007 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

FIGURE 1-1: PIC18F2331/2431 BLOCK DIAGRAM
Data Bus<8>
Jﬁ an JL PORTA
24| [_Table Pointer<21> Data Latch 1 RAO/ANO
< RA1/AN1
o i 8 8 Data RAM N 4 RA2/AN2/VREF-/CAP1/INDX
inc/dec logi 768 bytes — n RA3/AN3/VREF+/CAP2/QEA
21 (768 bytes) < RA4/AN4/CAP3/QEB
21 Address Latch 1 OSC2/CLKO/RA6
+— <] OSC1/CLKI/RA7
Address Lath || L 20 PCLATU[PCLATH ﬁ 12
Program Address<12>
Memory 7S AN
Program Counter a4 12 4 PORTB REO/PWMO
Data Latch
t FSRO] |[Bank o, F| RB1/PWM1
37 Lovel Stack FSR1 RB2/PWM2
FSR2 17 N RB3/PWM3
I t — RB4/KBIO/PWMS5
16 i RB5/KBI1/PWM4/PGM
'rl‘ggi‘gc RB6/KBI2/PGC
RB7/KBI3/PGD
8
PoRTC
< RCO/T10SO/T1CKI
» RC1/T10SI/CCP2/FLTA
- RC2/CCP1/FLTB
L s RC3/TOCKI/T5CKI/INTO
» RC4/INT1/SDI/SDA
Instruction |+ < RCS5/INT2/SCK/SCL
Decode & » RC6/TX/CK/SS
Control RC7/RX/DT/SDO
R — :
0SC2/CLKO Tror 8
OSCICLKI | fa=nf o Miming Lt Oscillator BTor] [W K==
Start-up Timer 8 8
T1osS! {} Power-on \—8/
T10S0 X PLL Reset v J;
= Watchdog ; ALU<8>
Timer
Precision B -out 8
Band Gap "Rosot L .|| PoRTE
Reference
__ Power-Managed
MCLRNPP& Mode Logic HEN
[ TY
INTRC
osC X MCLRVPP/RES™?
VDD, Vss &
Timer0 Timer1 Timer2 Timer5 Sy HSA1D°(':B“ «—X] AVDD, AVss
h
Data EE s, Synohronous EUSART PCPWM MFM
Note 1: RE3 input pin is only enabled when MCLRE fuse is programmed to ‘0’.

2:

RE3 is available only when MCLR is disabled.

DS39616C-page

12

Preliminary

© 2007 Microchip Technology Inc.




PIC18F2331/2431/4331/4431

FIGURE 1-2: PIC18F4331/4431 BLOCK DIAGRAM
Data Bus<8>
J} an PORTA
3 RAO/ANO
21 Table Pointer<21> Data Latch < RA1/AN1
= 1 I R RA2/AN2/VREF-/CAP1/INDX
8 18 Data RAM LLUL | 1 RA3/AN3/VREF+/CAP2/QEA
21 inc/dec logic (768 bytes) T 1 RA4/AN4/CAP3/QEB
21 Aadees T 177 K| RAS/ANS/LVDIN
ess Latc| OSC2/CLKO/RA6
Address Latch || 20 PCLATU[PCLATH ﬁ 12 4—X] OSC1/CLKIIRA7
Address<12>
Program Memory AN
Program Counter 12ﬁ 4ﬁ PORTB
Data Latch RBO/PWMO
t FSRO] |[Bank 0, F RB1/PWM1
37 Lovel Stack FSR1 RB2/PWM2
FSR2 128 (Ll RB3/PWM3
T RB4/KBIO/PWM5
16 RB5/KBI1/PWM4/PGM
RB6/KBI2/PGC
RB7/KBI3/PGD
PORTC
RCO/T10SO/T1CKI
l4—=| RC1/T10SI/CCP2/FLTA
l4—=X| RC2/CCP1/FLTB
L la—=1x| RC3/TOCKI/T5CKI/INTO®)
M l4—=<| RC4/INT1/SDI/SDA®)
Instruction |- 4—=D<| RC5/INT2/SCK/SCLE)
Decode & |+— X| RC6/TX/CK/SS
Control RC7/RX/DT/SDO
0SC2ICLKO P"T"."er'“p PORTD
imer p RDO/ITOCKI/T5CKI
Timing ; 4 RD1/SDO
OSC1/CLKI K= Y K= Oscillator N
Generation Start.up Timer +—»X] RD2/SDI/SDA
T10SI L +—= [X] RD3/SCK/SCL
{} Power-on i 1 [X| RD4/FLTA®
15550 Reset 4+—=[X] RD5/PWM4A)
AXPLL (=D Watchdo +—[X] RD6/PWM6
o 9 RD7/PWM7
Precision Brown-out 8
Band Gap ——>f Reset " PORTE
Reference 1
- Power-Managed & REO/ANG
MCLRIVPPRY] Mode Logic L X RE1/AN7
INTRC X Re2/ANS
osc X MCLRVPP/RE3™
VDD, Vss &
Timer0 Timer1 Timer2 Timer5 = HSA1D°(':B“ <—{X] AvDD, Avss
Data EE o Sé’;‘;grfggr‘t’s EUSART PCPWM MFM
Note 1: RE3 is 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 PWM4.

© 2007 Microchip Technology Inc.
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PIC18F2331/2431/4331/4431

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

Pin Number pin | Buff
. in | Buffer _
Pin Name SPDIP, Qe | Type| Type Description
SOIC
MCLR/VPP/RE3 1 26 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.

OSC1/CLKI/RA7 9 6 Oscillator crystal or external clock input.

0osc1 | 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/RAG 10 7 Oscillator crystal or clock output.

0SC2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (e} — 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 27

RAO /10 | TTL Digital I/0.

ANO I |Analog| Analog input 0.
RA1/AN1 3 28

RA1 /10 | TTL Digital I/0.

ANA1 I |Analog| Analog input 1.
RA2/AN2/VRer-/CAP1/INDX| 4 1

RA2 /10 | 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 | ST Quadrature Encoder Interface index input pin.

RA3/AN3/VReEr+/CAP2/QEA| 5 2

RA3 /10 | TTL Digital I/0.

AN3 I |Analog| Analog input 3.

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 3

RA4 /10 | 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.

Legend: TTL = TTL compatible input
ST = Schmitt Trigger input with CMOS levels

O = Output

OD = Open-Drain (no diode to VDD)

CMOS = CMOS compatible input or output
I = Input
P = Power

DS39616C-page 14
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PIC18F2331/2431/4331/4431

TABLE 1-2: PIC18F2331/2431 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer i
Pin Name Description
SoIC
PORTB is a bidirectional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/PWMO 21 18
RBO /10 | TTL Digital I/0.
PWMO o] TTL PWM output 0.
RB1/PWM1 22 19
RB1 /10 | TTL Digital I/0.
PWM1 o] TTL PWM output 1.
RB2/PWM2 23 20
RB2 /10 | TTL Digital I/0.
PWM2 o] TTL PWM output 2.
RB3/PWM3 24 21
RB3 /10 | TTL Digital I/0.
PWM3 o] TTL PWM output 3.
RB4/KBI0O/PWM5 25 22
RB4 /10 | TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
PWM5 o] TTL PWM output 5.
RB5/KBI1/PWM4/PGM 26 23
RB5 /10 | TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
PWM4 o] TTL PWM output 4.
PGM 110 ST Low-Voltage ICSP™ Programming entry pin.
RB6/KBI2/PGC 27 24
RB6 /10 | 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 25
RB7 /10 | TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD 110 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
O = Output P = Power

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

TABLE 1-2: PIC18F2331/2431 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number
. Pin | Buffer i
Pin Name Description
SOIC
PORTC is a bidirectional 1/0O port.
RCO/T10SO/T1CKI 11 8
RCO 110 ST Digital 1/0.
T10S0O (0] — Timer1 oscillator output.
T1CKI | ST Timer1 external clock input.
RC1/T10SI/CCP2/FLTA 12 9
RC1 110 ST Digital 1/0.
T108SI I |CMOS| Timer1 oscillator input.
CCP2 110 ST Capture 2 input, Compare 2 output, PWM2 output.
FLTA | ST Fault interrupt input pin.
RC2/CCP1/FLTB 13 10
RC2 110 ST Digital 1/0.
CCP1 110 ST Capture 1 input/Compare 1 output/PWM1 output.
FLTB | ST Fault interrupt input pin.
RC3/TOCKI/T5CKI/INTO 14 11
RC3 110 ST Digital I/0.
TOCKI | ST TimerO alternate clock input.
T5CKI | ST Timer5 alternate clock input.
INTO | ST External interrupt O.
RC4/INT1/SDI/SDA 15 12
RC4 110 ST Digital I/0.
INT1 | ST External interrupt 1.
SDI | ST SPI data in.
SDA /O | ST 12C™ data /0.
RC5/INT2/SCK/SCL 16 13
RC5 110 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 12C mode.
RC6/TX/CK/SS 17 | 14
RC6 110 ST Digital 1/0.
X (0] — EUSART asynchronous transmit.
CK 110 ST EUSART synchronous clock (see related RX/DT).
SS | TTL SPI slave select input.
RC7/RX/DT/SDO 18 15
RC7 110 ST Digital I/0.
RX | ST EUSART asynchronous receive.
DT 110 ST EUSART synchronous data (see related TX/CK).
SDO (0] — SPI data out.
Vss 8,19 |5,16| P — | Ground reference for logic and 1/O pins.
VDD 7,20 (4,17 | 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
O = 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
PDIP | TQFP | QFN | Type | Type
MCLR/VPP/RE3 1 18 18 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 Programming voltage input.
RE3 | ST Digital input. Available only when MCLR is disabled.
OSC1/CLKI/RA7 13 30 32 Oscillator crystal or external clock input.
0scC1 | 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 I/O pin.
OSC2/CLKO/RA6 14 31 33 Oscillator crystal or clock output.
0SsC2 (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.

Legend: TTL =TTL compatible input
ST = Schmitt Trigger input with CMOS levels
O  =Output
OD = Open-Drain (no diode to VDD)

CMOS = CMOS compatible input or output
| = Input
P = Power

Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

for SCK/SCL.
2: RD4 is the alternate pin for FLTA.
3: RDS5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PDIP | TQFP | QFN | Type | Type
PORTA is a bidirectional 1/0O port.

RAO/ANO 2 19 19

RAO /O | TTL Digital I/0.

ANO I |Analog| Analog input 0.
RA1/AN1 3 20 20

RA1 /O | TTL Digital I/0.

AN1 I |Analog| Analog input 1.
RA2/AN2/VRerF-/ICAP1/| 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 | 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

RAS5 /O | TTL Digital I/0.

AN5 I |Analog| Analog input 5.

LVDIN I |Analog| Low-Voltage Detect input.

Legend: TTL =TTL compatible input
ST = Schmitt Trigger input with CMOS levels
O  =Output
OD = Open-Drain (no diode to VDD)
Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

2: RDA4 is the alternate pin for FLTA.

3: RD5 is the alternate pin for PWM4.

CMOS = CMOS compatible input or output
| = Input
P = Power

DS39616C-page 18

Preliminary © 2007 Microchip Technology Inc.




PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/0O DESCRIPTIONS (CONTINUED)

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

RBO/PWMO 33 8 9

RBO /O | TTL Digital 1/0.

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

RB1 /O | TTL Digital 1/0.

PWM1 (0] TTL PWM output 1.
RB2/PWM2 35 10 11

RB2 /1O | TTL Digital 1/0.

PWM2 (0] TTL PWM output 2.
RB3/PWM3 36 11 12

RB3 /O | TTL Digital 1/0.

PWM3 (0] TTL PWM output 3.
RB4/KBI0/PWM5 37 14 14

RB4 /O | TTL Digital 1/0.

KBIO | TTL Interrupt-on-change pin.

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

RB5 /O | TTL Digital I/0.

KBI1 | TTL Interrupt-on-change pin.

PWM4 o] TTL PWM output 4.

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

RB7 /O | TTL Digital 1/0.

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 | = Input
O  =Output P = Power

OD = Open-Drain (no diode to VDD)
Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

2: RDA4 is the alternate pin for FLTA.
3: RDS5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PDIP | TQFP | QFN | Type | Type
PORTC is a bidirectional 1/O port.
RCO/T10SO/T1CKI 15 32 34
RCO I/O ST Digital 1/0.
T10S0O (0] — Timer1 oscillator output.
T1CKI | ST Timer1 external clock input.
RC1/T10SI/CCP2/ 16 35 35
FLTA
RC1 I/O ST Digital 1/0.
T10SI I |CMOS| Timer1 oscillator input.
CCP2 I/0 ST Capture 2 input, Compare 2 output, PWM2 output.
FLTA | ST Fault interrupt input pin.
RC2/CCP1/FLTB 17 | 36 | 36
RC2 I/0 ST Digital I/0.
CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM1 output.
FLTB | ST Fault interrupt input pin.
RC3/TOCKI/T5CKI/ 18 37 37
INTO
RC3 I/0 ST Digital I/0.
TocKIM | ST TimerQ alternate clock input.
T5CKIM | ST Timer5 alternate clock input.
INTO | ST External interrupt 0.
RC4/INT1/SDI/SDA 23 42 42
RC4 I/O ST Digital 1/0.
INT1 | ST External interrupt 1.
spi [ ST SPI data in.
SDAM /O | ST [2C™ data /0.
RC5/INT2/SCK/SCL | 24 43 43
RC5 I/0 ST Digital I/0.
INT2 | ST External interrupt 2.
sck® 1/0 ST Synchronous serial clock input/output for SPI mode.
scLM 1/0 ST Synchronous serial clock input/output for 12C mode.
RCB/TX/CK/SS 25 | 44 | 44
RC6 I/0 ST Digital I/0.
X (0] — EUSART asynchronous transmit.
CK I/O ST EUSART synchronous clock (see related RX/DT).
SS | ST SPI slave select input.
RC7/RX/DT/SDO 26 1 1
RC7 I/0 ST Digital 1/0.
RX | ST EUSART asynchronous receive.
DT I/O ST EUSART 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 | = Input
O  =Output P = Power

OD = Open-Drain (no diode to VDD)
Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

2: RDA4 is the alternate pin for FLTA.
3: RDS5 is the alternate pin for PWM4.
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PIC18F2331/2431/4331/4431

TABLE 1-3: PIC18F4331/4431 PINOUT I/0O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PDIP | TQFP | QFN | Type | Type
PORTD is a bidirectional 1/O port.

RDO/TOCKI/T5CKI 19 38 38

RDO I/0 ST Digital 1/0.

TOCKI | ST TimerQ external clock input.

T5CKI | ST Timer5 input clock.
RD1/SDO 20 39 39

RD1 I/0 ST Digital 1/0.

SDO (0] — SPI data out.
RD2/SDI/SDA 21 40 40

RD2 I/0 ST Digital 1/0.

SDI | ST SPI data in.

SDA I/0 ST [’C™ data I/O.
RD3/SCK/SCL 22 41 41

RD3 I/0 ST Digital 1/0.

SCK 1/0 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() o | TTL PWM output 4.
RD6/PWM6 29 4 4

RD6 I/0 ST Digital 1/0.

PWM6 o] TTL PWM output 6.
RD7/PWM7 30 5 5

RD7 I/0 ST Digital 1/0.

PWM7 0] TTL PWM output 7.

Legend: TTL =TTL compatible input
ST = Schmitt Trigger input with CMOS levels

O  =Output

OD = Open-Drain (no diode to VDD)
Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin

for SCK/SCL.

2: RDA4 is the alternate pin for FLTA.

3: RDS5 is the alternate pin for PWM4.

CMOS = CMOS compatible input or output
| = Input
P = Power

© 2007 Microchip Technology Inc.
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TABLE 1-3: PIC18F4331/4431 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer L
Pin Name Description
PDIP | TQFP | QFN | Type | Type
PORTE is a bidirectional I/O port.

REO/ANG6 8 25 25

REO I/O ST Digital 1/0.

ANG6 I |Analog| Analog input 6.
RE1/AN7 9 26 26

RE1 I/0 ST Digital 1/0.

AN7 I |Analog| Analog input?7.
RE2/AN8 10 27 27

RE2 I/O ST Digital 1/0.

AN8 I |Analog| Analog input 8.
Vss 12, | 6,29 [6,30,| P — | Ground reference for logic and 1/O pins.

31 31
VDD 1, | 7,28 | 7,8, P — | Positive supply for logic and 1/O pins.
32 28,29
NC — 12,13, 13 NC NC [No connect.
33,34
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O  =Output P = Power

OD = Open-Drain (no diode to VDD)
Note 1: RC3 is the alternate pin for TOCKI/T5CKI; RC4 is the alternate pin for SDI/SDA; RC5 is the alternate pin
for SCK/SCL.

2: RDA4 is the alternate pin for FLTA.
3: RDS5 is the alternate pin for PWM4.
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2.0 OSCILLATOR
CONFIGURATIONS

21 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
Configuration 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/O on RA6

7. INTIO1 Internal Oscillator with Fosc/4
Output on RA6 and I/O 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 I/O 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.

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

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, LP, HS OR HSPLL

CONFIGURATION)

c10 osc1 '|>
|
l To

c1a Internal
I XTAL g RE() Logic
2@ Sleep
c2M 0SC2 PIC18FXXXX

Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and 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

Typical Capacitor Values Used:

Mode Freq 0scC1 0SC2
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 following Table 2-2 for additional
information.

Resonators Used:

455 kHz

4.0 MHz

2.0 MHz

8.0 MHz

16.0 MHz

© 2007 Microchip Technology Inc.
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TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Osc Type C;\::::' Tested:
C1 C2
LP 32 kHz 33 pF 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
OSC1 pin in the HS mode, as shown in Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCKINPUT
OPERATION (HS OSC

CONFIGURATION)

Clock from ~>o—> 0SC1
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 Oscillator
mode for frequencies up to 10 MHz. A PLL then multi-
plies 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
PLL Enable:‘::

(from Configuration Register 1H)

0SC2
Phase
HS Mode| FIN  Comparator
Olosct | cnstal TEodT
Osc
Loop
Filter
Yy
veo ¢ SYSCLK
St»
=
V/
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24 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 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 CLOCKINPUT

OPERATION
(EC CONFIGURATION)

Clock from ~>o—> 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 /O pin. The I/O pin becomes bit 6 of
PORTA (RA6). Figure 2-5 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-5: EXTERNAL CLOCKINPUT
OPERATION

(ECIO CONFIGURATION)

Clock from «Do—» OSC1/CLKI
Ext. System PIC18FXXXX

RA6 -e-—»{ /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 Rand 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
Internal
1
L oS¢ &T—» Clock
CEXT J; p—
Vss — = PIC18FXXXX
-%+—] 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 /O pin. The /O pin
becomes bit 6 of PORTA (RAB).

FIGURE 2-7:

VDD

RCIO OSCILLATOR MODE

REXT—E
[

0SC1 | Internal

L . T Clock
CEXT I]
1 =

Vss — PIC18FXXXX
RA6 -e—s{ 1/0 (0SC2)

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

* 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, OSC1 functions as RA7 and
OSC2 functions as RAB, 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
frequency within 8 clock 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

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — TUN5 TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7-6 Unimplemented: Read as ‘0’
bit 5-0 TUNS5:TUNO: Frequency Tuning bits

011111 = Maximum frequency

000001
000000 = Center frequency. Oscillator module is running at the calibrated frequency.
111111

100000 = Minimum frequency

© 2007 Microchip Technology Inc. Preliminary DS39616C-page 27



PIC18F2331/2431/4331/4431

2.7 Clock Sources and Oscillator
Switching

Like previous PIC18 devices, the PIC18F2331/2431/
4331/4431 devices include a feature that allows the sys-
tem clock source to be switched from the main oscillator
to an alternate low-frequency clock source. PIC18F2331/
2431/4331/4431 devices offer two alternate clock
sources. When enabled, these give additional 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
Timer1 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
(RTC).

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 Timer1 oscillator is discussed in greater detail in
Section 12.2 “Timer1 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
“Timer1 Module” for further details of the Timer1
oscillator. See Section 22.1 “Configuration Bits” for
Configuration register details.

2.71 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:SCSO0, 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 (Timer1 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
(T1CON<6>) indicates when the Timer1 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 shutdown 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 Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T10SCEN bit in the Timer1 Control
register (T1CON<3>). If the Timer1
oscillator is not enabled, then any attempt
to select a secondary clock source when
executing a SLEEP instruction will be
ignored.

2: It is recommended that the Timer1
oscillator be operating and stable before
executing the SLEEP instruction, or a very
long delay may occur while the Timer1
oscillator starts.
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FIGURE 2-8: PIC18F2331/2431/4331/4431 CLOCK DIAGRAM
'Primary Oscillator PIC18F2331/2431/4331/4431 CONFIG1H <3:0> == g(')?:t:r‘gl = OSCCON<1:0>
»‘ 4xpLL [[HSPLL o
s LP, XT, HS, RC, EC_
lf/
: '/\ T1OSC‘$ § Penpherils
! = Clock S Opti =
, OCl ource Option
! ! E;gggEN for other Modules
T108I KI— —— Oscillator OSCCON<6:4> Internal Oscillator
OSCCON<6:4> 8 MHz CPU
111 N
l 4 MHz_ X
Internal 110 .
Oscillator 2MHz_ - IDLEN
Block 5 | 1MHz
g 100 X
- 2 00 kHz 2
8 MHz *g S 011 =
INTRC (INTOSC) @ | 250kHz 010
Source 125 kHz
001
31kHz | o
o WDT, FSCM
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REGISTER 2-2: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 RM R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCSO0
bit 7 bit 0
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
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 (default)

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 Timer Time-out Status bit(")
1 = Oscillator Start-up Timer time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer time-out 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 = Timer1 oscillator (Secondary modes)
00 = Primary oscillator (Sleep and PRI_IDLE modes)

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

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 OSC1 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 Timer1 oscillator is operating and
providing the system clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1.

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 Section 22.2 “Watchdog
Timer (WDT)” through Section 22.4 “Fail-Safe Clock
Monitor”). 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
Timer1 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,
INTx pins, A/D conversions and others).

29 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 Section 4.1 “Power-on Reset (POR)” through
Section 4.5 “Brown-out Reset (BOR)”.

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 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 Timer1 oscillator in place of the
primary oscillator), and the Sleep mode offered by all
PIC® 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 flexibility in deter-
mining what portions of the device are operating. 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
primary oscillator source). In addition, power-managed
Run modes may also exit to Sleep mode or their
corresponding Idle mode.

3.1 Selecting Power-Managed Modes

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
SCS1:SCSO0 bits select a clock source. The individual
modes, bit settings, clock sources and affected
modules are summarized in Table 3-1.

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 (Timer1 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
execution mode; the CPU and peripherals are clocked
by the primary oscillator source).

TABLE 3-1: POWER-MANAGED MODES
OSCCON<7,1:0> Module Clocking
Mode Available Clock and Oscillator Source
IDLEN |SCS1:SCS0 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 — Timer1 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 — Timer1 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
switching. 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 Timer1 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 Timer1 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 T1RUN bit is set,
the Timer1 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
primary 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 a power-managed RC 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, it
is 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

Clock During Wake-up

PowerManaged | o5\ i Clocked by ... WDT Time-out Peripherals are (while primary clock source
Mode Causes a ... Clocked by ...
becomes 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 PIC® microcontrollers. It is entered by clearing
the IDLEN and SCS1:SCSO0 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
oscillator 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
selectively shut down while the peripherals continue to
operate. 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 execution of the SLEEP instruction. This is
both the Reset state of the OSCCON register and the
setting that selects Sleep mode. This maintains
compatibility with other PIC devices that do not offer
power-managed modes.

If the Idle Enable bit, IDLEN (OSCCON<7>), is setto a
‘I’ when a SLEEP instruction is executed, the
peripherals will be clocked from the clock source
selected using the SCS1:SCSO0 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 result in a WDT wake-up to full power
operation.
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FIGURE 3-1:

TIMING TRANSITION FOR ENTRY TO SLEEP MODE
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FIGURE 3-2:

TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)

0OscC1

PLL Clock
Output
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Clock

Program
Counter
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Note 1: ToST = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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3.3.1 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).

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
execution 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).

TRANSITION TIMING TO PRI_IDLE MODE

osct /O Y\ Y SNS S SNSS

crucos /L

Clock ! f ! 4 !

b .
Countor & PC X
FIGURE 3-4: TRANSITION TIMING FOR WAKE FROM PRI_IDLE MODE
i Q1 l @2 | Q3 | s
osct / \ 1 \ \ ] \ / \ / \
CPU Clock ! CPU Start-up Delay , \ 7 \ [ \ I \
Peripheral ,/— \ [\ / M\ \ / \ / \ ;/ \
Clock . \ ' ! [
Program * X : !
Counter : : PC PC+2°
Wake Event
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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 Timer1
oscillator. This mode is entered by setting the Idle bit,
modifying SCS1:SCS0 = 01 and executing a SLEEP
instruction. When the clock source is switched (see
Figure 3-5) to the Timer1 oscillator, the primary
oscillator is shut down, the OSTS bit is cleared and the
T1RUN bit is set.

When a wake event occurs, the peripherals continue to
be clocked from the Timer1 oscillator. After a 10 us
delay following the wake event, the CPU begins execut-
ing code, being clocked by the Timer1 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 Timer1 oscillator continues to run.

Note: The Timer1 oscillator should already be
running prior to entering SEC_IDLE mode.
If the T1IOSCEN 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
Timer1 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: TIMING TRANSITION FOR ENTRY TO SEC_IDLE MODE

oL ek e e R e H e e e R R

T10SI
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FIGURE 3-6: TIMING TRANSITION FOR WAKE FROM SEC_RUN MODE (HSPLL)
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Note 1: TosST = 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
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. 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 ps
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
a1|az|as|as4lat - - - - oo R R T
INTRG L — M . .
0301_/_\_:/_\_7_\_:/_\ : «————— Clock Transition EEEE—— ; : : E E E !
cPU C Lo o
Clock_/MA\_/\/\/\ ' : : ! ' ' ' :
Peripheral : : : : ! X : : . X
Clock M\ y/\/\/\ SN T Y /N
oo FC ) PC+2 — Z
FIGURE 3-8: TIMING TRANSITION FOR WAKE FROM RC_RUN MODE (RC_RUN TO PRI_RUN)
| @ | Q1 | a2 | @ | o4 | Q1 ---------------- - = Q2| Q3| Q4| Q1] Q2| Q3
INTOSC /—\_/_\_/_\_/_\_/—\ , Lo
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0sCl ARAY AvAE
PLLO%It%fﬁ : - : : : OV AN WA At et aWalalal
X L ' ' : ! '@—— Clock Transition —— | | | * '
CPU Clock /_\_/—\_/—\_/_\_/—\ : EaVataWaNRNAVAl
Perhral 1/ \1 /\_/ T\ \ L\ ANt atatatatal
Clock X — . ! . o
%’gggétlg PC? X PC +2 ' X PC +4 Y _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

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:SCSO0 bits.
While these operating modes may not afford the power
conservation of Idle or Sleep modes, they do allow the
device to continue executing instructions by using a
lower frequency clock source. RC_RUN mode also
offers the possibility of executing code at a frequency
greater than the primary clock.

Wake-up from a power-managed Run mode can be
triggered by an interrupt, or any Reset, to return to full
power operation. As the CPU is executing code in Run
modes, several additional exits from Run modes are
possible. They include exit to Sleep mode, exit to a
corresponding Idle mode and exit by executing a
RESET instruction. While the device is in any of the
power-managed Run modes, a WDT time-out will
result in a WDT Reset.

3.4.1 PRI_RUN MODE

The PRI_RUN mode is the normal full power execution
mode. If the SLEEP instruction is never executed, the
microcontroller operates in this mode (a SLEEP instruc-
tion is executed to enter all other power-managed
modes). All other power-managed modes exit to
PRI_RUN mode when an interrupt or WDT time-out
occur.

There is no entry to PRI_RUN mode. The OSTS bit is
set. The IOFS bit may be set if the internal oscillator
block is the primary clock source (see Section 2.7.1
“Oscillator Control Register”).

3.4.2 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.

FIGURE 3-9:

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
Timer1 oscillator (see Figure 3-9), the primary oscilla-
tor is shut down, the T1RUN bit (T1CON<6>) is set and
the OSTS bit is cleared.

Note: The Timer1 oscillator should already be
running prior to entering SEC_RUN mode.
If the TIOSCEN 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
Timer1 oscillator is enabled, but not yet
running, system clocks will be delayed
until the oscillator has started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.

When a wake event occurs, the peripherals and CPU
continue to be clocked from the Timer1 oscillator while
the primary clock is started. 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 Timer1 oscillator continues to run.

Firmware can force an exit from SEC_RUN mode. By
clearing the T1OSCEN bit (T1CON<3>), an exit from
SEC_RUN back to normal full power operation is trig-
gered. The Timer1 oscillator will continue to run and
provide the system clock even though the T1OSCEN bit
is cleared. The primary clock is started. When the pri-
mary clock becomes ready, a clock switch back to the
primary clock occurs (see Figure 3-6). When the clock
switch is complete, the Timer1 oscillator is disabled, the
T1RUN bit is 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.

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
provides 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 VDD.
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 bit is 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 ldle 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 Timer1 oscillator will continue to run, if
enabled, in the T1CON 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 mode 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: ACTIVITY AND EXIT DELAY ON WAKE FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)
Clock in Primary System |Power-Managed ClockReady Activity During Wale from
Power- Managed Ty Sy anag Status bit Power-Managed Mode
Mode Clock Mode Exit Delay (OSCCON) - -
Exit by Interrupt Exit by Reset
. LP, XT, HS 0STS CPU and peripherals Not clocked or
Primary System [ op| | clocked by primary Two-Speed Start-up
Clock EC RC.INTRC® 5-10 us® clock and executing | (if enabled).®
(PRI_IDLE mode) | =~ ™ — instructions.
INTOSC®) IOFS
LP, XT, HS OST 0STS CPU and peripherals
T10SC or HSPLL OST +2 ms clocked by selected
INTRC() EC, RC, INTRC™ 5-10 ps® — power-managed .mode
> n clock and executing
INTOSC@ 1 mst) IOFS instructions until
LP, XT, HS OST 0STS primary clock source
) HSPLL OST+2ms becomes ready.
INTOSC® 3 5
EC,RC, INTRC | 5.10 us® —
INTOSC® None IOFS
LP, XT, HS OST 0STS Not clocked or
HSPLL OST +2 ms Two-Speed Start-up (if
Sleep mode @) ) enabled) until primary
EC, RC, (lzr\)lTRC 5-10 ”Z) — clock source becomes
INTOSC 1ms |I0OFS ready(3).
Note 1: In this instance, refers specifically to the INTRC clock source.
2: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
3: Two-Speed Start-up is covered in greater detail in Section 22.3 “Two-Speed Start-up”.
4: Execution continues during the INTOSC stabilization period.
5: Required delay when waking from Sleep and all Idle modes. This delay runs concurrently with any other

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

3.54 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 the 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 - EUSART

An adjustment may be indicated when the EUSART
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
Timer1 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:CCPRXxL 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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4.0 RESET

The PIC18F2331/2431/4331/4431 devices differentiate
between various kinds of Reset:
a) Power-on Reset (POR)
) MCLR Reset during normal operation
c) MCLR Reset during Sleep
)

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

WDT
Time-out

VDD Rise
Detect

POR Pulse

BOREN:] :

1024 Cycles

VDD

Brown-out
Reset

OST/PWRT
OST

osc1 |
I

Chip_Reset

R Q—

10-Bit Ripple Counter @

32us  pWRT  65.5ms

INTRC(" | 11-Bit Ripple Counter |

I

I

I
el
I

I

I

I

_I

Enable PWRT

Enable OST(?

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

This is 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
circuitry, 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.

Note: The following decoupling method is
recommended:

1. A 1 pF capacitor should be connected
across AVDD and AVSS.

2. A similar capacitor should be

connected across VDD and Vss.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbb POWER-UP)
VDD VDD
D R

R1
MCLR
C PIC18FXXXX

L

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 > 1 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 ps = 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
different from other oscillator modes. A portion of the
Power-up Timer is used to provide a fixed time-out that
is sufficient for the PLL to lock to the main oscillator
frequency. 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
circuitry. If VDD falls below VBOR (parameter DOO5A
through DOO05K) for greater than TBOR (parameter 35),
the brown-out situation will reset the chip. A Reset may
not occur if VDD falls below VBOR for less than TBOR.
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
the Brown-out Reset does not automatically enable the
PWRT.
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4.6

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

Time-out Sequence

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

power-up.

conditions for all the registers.

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 ms" + 1024 Tosc + 2 ms(? 1024 Tosc + 2 ms? 1024 Tosc + 2 ms?
HS, XT, LP 66 ms") + 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 U-0 R/W-1 R-1 R-1 R/W-0 R/W-0

IPEN — — RI TO PD POR BOR

bit 7 bit 0
Note: Refer to Section 5.14 “RCON Register” for bit definitions.
TABLE 4-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
Condition ';flf‘r:?e"r‘ R':gics’t': . | RI| TO | PD | POR | BOR | STKFUL | STKUNF

Power-on Reset 0000h | 0--1 1100 | 1 1 1 0 0 0 0
RESET Instruction 0000h | 0--0 uuuu | O u u u u u u
Brown-out 0000h | 0--1 11lu-| 1 1 1 u 0 u u
MCLR Reset during power-managed 0000h | O0--u luuu| u | 1 | u u u u u
Run modes
MCLR Reset during power-managed Idle | 0000h | 0--u 10uu| u | 1 | © u u u u
and Sleep modes
WDT Time-out during full power or 0000h | 0--u Ouuu | u 0 u u u u u
power-managed Run modes
MCLR Reset during full power execution u u
Stack Full Reset (STVREN = 1) 0000h | 0--u uuuu | u u u u u 1 u
Stack Underflow Reset (STVREN = 1) u
Stack Underflow Error (not an actual 0000h | u--u uuuu | u u u u u u 1
Reset, STVREN = 0)
WDT time-out during power-managed Idle | PC+2 | u--u 00uu | u 0 0 u u u u
or Sleep modes
Interrupt exit from power-managed modes | PC + 2M | y——y wouu | u u 0 u u u u

Legend:
Note 1:

u = unchanged, x = unknown, - = unimplemented bit, read as ‘0.
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).

© 2007 Microchip Technology Inc.
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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 uuuul®
TOSH 2331 | 2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuu®)
TOSL 2331 | 2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuul®)
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(2)
TBLPTRU 2331 (2431|4331 | 4431 --00 0000 --00 0000 --uu uuuu
TBLPTRH 2331 (2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 2331 (2431|4331 | 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 2331 (2431|4331 |4431 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON 2331 | 2431|4331 | 4431 0000 000x 0000 000u uuuu uuuul?
INTCON2 | 2331|2431 |4331 4431 1111 -1-1 1111 -1-1 uuuu —u-ul
INTCON3 | 2331|2431 4331|4431 11-0 0-00 11-0 0-00 uu-u u-uul
INDFO 2331 (2431|4331 | 4431 N/A N/A N/A
POSTINCO |2331|2431|4331|4431 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 2331 (2431|4331 | 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 2331 (2431|4331 4431 N/A N/A N/A
POSTINC1 2331 (2431|4331 | 4431 N/A N/A N/A
POSTDEC1 |2331|2431 4331|4431 N/A N/A N/A
PREINC1 2331 (2431|4331 | 4431 N/A N/A N/A
PLUSWA1 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.

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
FSR1H 2331|2431 (4331|4431 --—- 0000 ---- uuuu --—- uuuu
FSR1L 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
POSTDEC2 | 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 2331 (2431|4331 | 4431 -——- 0000 -——-— uuuu -——— uuuu
FSR2L 2331|2431 (4331|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 1111 1111 1111 1111 uuuu uuuu
OSCCON 2331|2431 (4331|4431 0000 9000 0000 9000 uuuu uuuu
LVDCON 2331|2431 (4331|4431 --00 0101 --00 0101 --uu uuuu
WDTCON 2331|2431 4331|4431 0-—- -——- 0 0-—- -—- 0 u--— —-—- u
RCON® 2331|2431 | 4331 | 4431 0--1 11q0 0--g gquu u--u gquu
TMR1H 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L 2331 (2431|4331 | 4431 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 2331|2431 (4331|4431 0000 0000 uluu uuuu uuuu uuuu
TMR2 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
PR2 2331|2431 4331|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: 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: 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

ADRESH 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 2331|2431 4331|4431 --00 0000 --00 0000 --uu uuuu
ADCON1 2331|2431 (4331|4431 00-0 0000 00-0 0000 uu-u uuuu
ADCON2 2331 (2431|4331 |4431 0000 0000 0000 0000 uuuu 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
CCPR1H 2331|2431 4331|4431 XXXX XKXXX uuuu uuuu uuuu uuuu
CCPR1L 2331|2431 4331|4431 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP1CON | 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
CCPR2H 2331|2431 4331|4431 XXXX XKXXX uuuu uuuu uuuu uuuu
CCPR2L 2331|2431 4331|4431 XXXX XKXXX uuuu uuuu uuuu uuuu
CCP2CON | 2331|2431 (4331|4431 --00 0000 --00 0000 --uu uuuu
ANSELA1 2331|2431 4331|4431 --—- —--—- N e atadiatute ittt u
ANSELO 2331 (2431|4331 |4431 1111 1111 1111 1111 uuuu uuuu
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 2331|2431 4331|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
EECON2 2331 (2431|4331 | 4431 0000 0000 0000 0000 0000 0000
EECON1 2331|2431 (4331|4431 xx=0 %000 uu-0 u000 uu-0 u000
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.

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: 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
IPR1 2331|2431 (4331|4431 -111 1111 -111 1111 -uuu uuuu
PIR1 2331|2431 (4331|4431 -000 0000 -000 0000 -uuu uuuulM
2331 |2431|4331|4431| -000 0000 -000 0000 ~uuu uuuu
PIE1 2331|2431 4331|4431 0000 0000 0000 0000 uuuu uuuu
2331|2431 (4331|4431 -000 0000 -000 0000 -uuu uuuu
OSCTUNE | 2331|2431 4331 (4431 --00 0000 --00 0000 --uu uuuu
TRISE®) 2331 (243143314431 ---- -111 -—-- -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 111160 wuuu uuuut®
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 ---- -xxx ---- -uuu ---- -uuu
LATD 2331|2431 4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
LATC 2331 (2431|4331 | 4431 XXXX XXXX uuuu uuuu uuuu uuuu
LATB 2331|2431 (4331|4431 XKXXK XKXX uuuu uuuu uuuu uuuu
LATA®) 2331 (2431|4331 | 4431 xxxx xxxx(®) uwauu uuuu® uwauu uuuu'®
TMR5H 2331 (2431|4331 | 4431 XXXX XXXX uuuu uuuu uuuu uuuu
TMR5L 2331|2431 (4331|4431 XXXK XKXX 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 XXXK XKXX uuuu uuuu uuuu uuuu
PORTB 2331 (2431|4331 | 4431 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA®) 2331|2431 (4331|4431| xx0x 00000 uuou 00000 uuuu 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 2331 (2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuu
PDCOH 2331|2431 4331|4431 --00 0000 --00 0000 --uu uuuu
PDC1L 2331 (2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
PDC1H 2331|2431 (4331|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 2331 (2431|4331 | 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 -111 0000 -111 0000 -uuu uuuu
PWMCON1 | 2331|2431 (4331|4431 0000 0-00 0000 0-00 uuuu u-uu
DTCON 2331 (2431|4331 | 4431 0000 0000 0000 0000 uuuu uuuu
FLTCONFIG | 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
OVDCOND | 2331|2431 (4331|4431 1111 1111 1111 1111 uuuu uuuu
OVDCONS | 2331|2431 (4331|4431 0000 0000 0000 0000 uuuu uuuu
SQE;E'UFH/ 2331|2431 4331|4431 XXKK KKK uuuu uuuu HUUL uuuL
SQII_DQEUFL/ 2331|2431 4331|4431 T uuuu uuuu HUUL uuuL
ggl;ZClilngH/ 2331|2431 4331|4431 T Quuu uuuu HUUL uuuL
gél;%l?\jl._]rFLL/ 2331|2431 (4331|4431 KKK KKKK uuuu uuuu HUUL uuuL
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 PIRXx 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
Reqister Apblicable Devices Power-on Reset, WDT Reset Wake-up via WDT
9 PP Brown-out Reset RESET Instruction or Interrupt
Stack Resets
CAP3BUFH/ | 2331 | 2431|4331 | 4431 XXXX XXXX uuuu uuuu uuuu uuuu
MAXCNTH
CAP3BUFL/ | 2331|2431 (4331|4431 XXXX XXXX uuuu uuuu uuuu uuuu
MAXCNTL
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: 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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FIGURE 4-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)
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FIGURE 4-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbbD): CASE 1
VDD —/

MCLR

INTERNAL POR ;

TPWRT

PWRT TIME-OUT <+ TOST—

OST TIME-OUT

INTERNAL RESET

FIGURE 4-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2
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FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO Vbb, VDD RISE > TPWRT)
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FIGURE 4-7: TIME-OUT SEQUENCE ON POR w/PLL ENABLED (m TIED TO VDD)
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Note: TosT = 1024 clock cycles.

TPLL ~ 2 ms max. First three stages of the PWRT timer.
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NOTES:
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5.0 MEMORY ORGANIZATION

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

* 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, RETURN II 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
2
€ g
(&}
S8
50
1%}
S
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 PIC18F2331/4331 devices each have 8 Kbytes of

Flash memory and can store up to 4,096 single-word
instructions.

The PIC18F2431/4431 devices 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 PIC18F2331/4331 and
PIC18F2431/4431 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, RETURN K 21
RETFIE, RETLW

Stack Level 1

Stack Level 31

T Reset Vector LSb 000000h

High-Priority Interrupt Vector LSb| 000008h

Low-Priority Interrupt Vector LSb 000018h

On-Chip Flash
Program Memory

003FFFh
004000h
>
£
Q
(&}
g
5 D
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
writable through the Top-of-Stack (TOS) Special Function
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.

5.2.1 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.

FIGURE 5-3:

52.2  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 (RTOS) 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.

RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

TOSU TOSH TOSL

Return Address Stack

[o0h ] [1AR ] [ 34nh

A

A A
p Top-of-Stack

11111
11110
11101
. STKPTR<4:0>
N -
[ )
00011
001A34h [00010
000D58h 100001

00000
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REGISTER 5-1: STKPTR: STACK POINTER 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™M | STKUNF( — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
Legend: C = Clearable-only bit
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
bit 7 STKFUL: Stack Full Flag bit(")

1 = Stack became full or overflowed

0 = Stack has not become full or overflowed

bit 6 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:SP0: Stack Pointer Location bits

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

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
current 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 condition 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 Power-on Reset.

© 2007 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
registers. 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 SUB1l, FAST ; STATUS, WREG, BSR
; SAVED IN FAST REGISTER
; STACK
L]
L]
SUB1 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
transferred to the program counter by any operation
that writes PCL. Similarly, the upper two bytes of the
program 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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5.5
Cycle

The clock input (from OSCH1) is internally

four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the
Program Counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the Instruction Register (IR) in Q4. The
is decoded and executed during the
following Q1 through Q4. The clocks and instruction

instruction

execution flow are shown in Figure 5-4.

FIGURE 5-4:

Clocking Scheme/Instruction

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).

Instruction Flow/Pipelining

divided by

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

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).

CLOCK/INSTRUCTION CYCLE

Lt |

Qly \

Q2 | Q3 | Q4 |
osCll_ /. / \/ /L /v / /7L N

Q1 | Q2 | Q3 | Q4 | Q1 | Q2 | Q3 | Q4 |

/ \

N\ / \

Internal

Q@  /—\
Q3 / \

Phase
Clock

Q4 \

—

PC | PC

¥ PC+2 PC+4

0OSC2/CLKO

(RC mode) Execute INST (PC - 2)

!
|
/A W
|
|
|
|

Execute INST (PC)

|
I
| Fetch INST (PC)
|

Fetch INST (PC + 2) Execute INST (PC + 2)

Fetch INST (PC + 4)

EXAMPLE 5-2:

INSTRUCTION PIPELINE FLOW

Tcy0

Teyl Tcy2 Tcy3 Tcy4 Tcys

MOVLW 55h Fetch 1

Execute 1

MOVWE PORTB

Fetch 2 Execute 2

BRA SUB 1
BSF

PORTA, BIT3

(Forced NOP)

Fetch 3 Execute 3

Fetch 4

Flush (NOP)

g w N

Instruction @ address SUB_1

Fetch SUB_1

Execute SUB_1

All instructions 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.
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5.7 Instructions in Program Memory

The program memory is addressed in bytes. Instructions
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 program 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
program memory address embedded into the instruction.
Since instructions are always stored on word boundaries,
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 