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MICROCHIP PIC18F6310/6410/8310/8410

64/80-Pin Flash Microcontrollerswith nanoWatt Technology

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 mode currents down to 0.1 pA typical
Timerl Oscillator: 1.8 uA, 32 kHz, 2V
Watchdog Timer: 2.1 pA

Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

Four Crystal modes:

- LP: upto 200 kHz

- XT: upto4 MHz

- HS: up to 40 MHz

- HSPLL: 4-10 MHz (16-40 MHz internal)

4x Phase Lock Loop (available for crystal and

internal oscillators)

Two External RC modes, up to 4 MHz

Two External Clock modes, up to 40 MHz

Internal oscillator block:

- 8 user selectable frequencies, from 31 kHz to 8 MHz

- Provides a complete range of clock speeds
from 31 kHz to 32 MHz when used with PLL

- User-tunable to compensate for frequency drift

Secondary oscillator using Timerl @ 32 kHz

Fail-Safe Clock Monitor:

- Allows for safe shut down of device if primary
or secondary clock fails

External Memory Interface
(PIC18F8310/8410 Devices only):

Address capability of up to 2 Mbytes
16-bit/8-bit interface

Peripheral Highlights:

« High current sink/source 25 mA/25 mA
« Four external interrupts

« Four input change interrupts
« Four 8-bit/16-bit Timer/Counter modules
e Up to 3 Capture/Compare/PWM (CCP) modules
» Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI™ (all 4 modes) and 12C™
Master and Slave modes
* Addressable USART module:
- Supports RS-485 and RS-232
« Enhanced Addressable USART module:
- Supports RS-485, RS-232 and LIN 1.2
- Auto-Wake-up on Start bit
- Auto-Baud Detect
« 10-bit, up to 12-channel Analog-to-Digital
Converter module (A/D):
- Auto-acquisition capability
- Conversion available during Sleep
« Dual analog comparators with input multiplexing

Special Microcontroller Features:

» C compiler optimized architecture:
- Optional extended instruction set designed to
optimize re-entrant code
« 1000 erase/write cycle Flash program memory typical
* Flash Retention: 100 years typical
« Priority levels for interrupts
« 8 x 8 Single-Cycle Hardware Multiplier
« Extended Watchdog Timer (WDT):
- Programmable period from 4 ms to 131s
- 2% stability over VDD and temperature
« In-Circuit Serial Programming™ (ICSP™) via two pins
* In-Circuit Debug (ICD) via two pins
« Wide operating voltage range: 2.0V to 5.5V

(%]

grogran;/ll\ge?woryl MData MSSP = E IS
Sevice (On-Board/External) | Memory o | 10bit | ccp 2| | Timers | Ext

. %) .

Flash | # Single-Word | SRAM A/D (ch) | (PWM) spym | Master $S| g |8n6bit| Bus

(bytes) | Instructions (bytes) 2cm | W< 8
PIC18F6310 | 8K/0 4096/0 768 54 12 3 Y Y 11 2 1/3 N
PIC18F6410 | 16K/0 8192/0 768 54 12 3 Y Y 11 2 1/3 N
PIC18F8310 | 8K/2M 4096/1M 768 70 12 3 Y Y 11 2 1/3 Y
PIC18F8410 | 16K/2M 8192/1M 768 70 12 3 Y Y 11 2 1/3 Y
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PIC18F6310/6410/8310/8410

Pin Diagrams
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Note 1. RE7 is the alternate pin for CCP2 multiplexing.
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PIC18F6310/6410/8310/8410

Pin Diagrams (Continued)

80-Pin TQFP
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Note 1: RE7 is the alternate pin for CCP2 multiplexing.
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TO OUR VALUED CUSTOMERS

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

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

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

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

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

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

e Microchip’s Worldwide Web site; http://www.microchip.com
» Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

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

Customer Notification System

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

© 2004 Microchip Technology Inc. Prelimin ary DS39635A-page 5
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PIC18F6310/6410/8310/8410

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

« PIC18F6310 PIC18LF6310

* PIC18F6410 PIC18LF6410

« PIC18F8310 * PIC18LF8310

« PIC18F8410 PIC18LF8410

3

3

This family offers the advantages of all PIC18
microcontrollers — namely, high computational
performance at an economical price. In addition to
these features, the PIC18F6310/6410/8310/8410
family introduces design enhancements that make
these microcontrollers a logical choice for many
high-performance, power sensitive applications.

1.1 New Core Features

111 nanoWatt TECHNOLOGY

All of the devices in the PIC18F6310/6410/8310/8410
family incorporate a range of features that can
significantly reduce power consumption during
operation. Key items include:

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

e Multiple Idle Modes: The controller can also run
with its CPU core disabled, but the peripherals 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.

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

11.2 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F6310/6410/8310/8410
family offer nine different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

« Four Crystal modes, using crystals or ceramic
resonators.

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

* Two External RC Oscillator modes, with the same
pin options as the External Clock modes.

« An internal oscillator block which provides an
8 MHz clock (2% accuracy) and an INTRC
source (approximately 31 kHz, stable over
temperature and VDD), as well as a range of six
user selectable clock frequencies between
125 kHz to 4 MHz for a total of eight clock
frequencies. This option frees the two oscillator
pins for use as additional general purpose /0.

« A Phase Lock Loop (PLL) frequency multiplier,
available to both the High-Speed Crystal and
Internal Oscillator modes, which allows clock
speeds of up to 40 MHz. Used with the internal
oscillator, the PLL gives users a complete
selection of clock speeds from 31 kHz to 32 MHz
— all without using an external crystal or clock
circuit.

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.

© 2004 Microchip Technology Inc.
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PIC18F6310/6410/8310/8410

1.2 Other Special Features

* Memory Endurance: The Flash cells for program
memory are rated to last for approximately a
thousand erase/write cycles. Data retention
without refresh is conservatively estimated to be
greater than 100 years.

< External Memory Interface: For those

applications where more program or data storage
is needed, the PIC18F8310/8410 devices provide
the ability to access external memory devices.
The memory interface is configurable for both
8-bit and 16-bit data widths and uses a standard
range of control signals to enable communication
with a wide range of memory devices. With their
21-bit program counters, the 80-pin devices can
access a linear memory space of up to 2 Mbytes.

» Extended Instruction Set: The
PIC18F6310/6410/8310/8410 family introduces
an optional extension to the PIC18 instruction set,
which adds 8 new instructions and an Indexed
Addressing mode. This extension, enabled as a
device configuration option, has been specifically
designed to optimize re-entrant application code
originally developed in high-level languages such
as ‘C.

* Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
Automatic Baud Rate Detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the EUSART provides stable operation for
applications that talk to the outside world, without
using an external crystal (or its accompanying
power requirement).

e 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, reduces code overhead.

« 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.

1.3 Details on Individual Family
Members

Devices in the PIC18F6310/6410/8310/8410 family are
available in 64-pin (PIC18F6310/8310) and 80-pin
(PIC18F6410/8410) packages. Block diagrams for the
two groups are shown in Figure 1-1 and Figure 1-2,
respectively.

The devices are differentiated from each other in three
ways:

1. Flash Program Memory: 8 Kbytes in PIC18FX310
devices, 16 Kbytes in PIC18FX410 devices.

2. 1/0 Ports: 7 bidirectional ports on 64-pin
devices, 9 bidirectional ports on 80-pin devices.

3. External Memory Interface: present on 80-pin
devices only.

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

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F6310/6410/8310/8410 family are available as
both standard and low-voltage devices. Standard
devices with Flash memory, designated with an “F” in
the part number (such as PIC18F6310), accommodate
an operating VDD range of 4.2V to 5.5V. Low-voltage
parts, designated by “LF” (such as PIC18LF6410),
function over an extended VDD range of 2.0V to 5.5V.

DS39635A-page 8
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PIC18F6310/6410/8310/8410

TABLE 1-1: DEVICE FEATURES

Features PIC18F6310 PIC18F6410 PIC18F8310 PIC18F8410
Operating Frequency DC — 40 MHz DC — 40 MHz DC — 40 MHz DC - 40 MHz
Program Memory (Bytes) 8K 16K 8K 16K
Program Memory (Instructions) 4096 8192 4096 8192
Data Memory (Bytes) 768 768 768 768
External Memory Interface No No Yes Yes
Interrupt Sources 22 22 22 22
1/0 Ports PortsA,B,C, D, E, |Ports A, B,C, D, E, |Ports A, B, C, D, E, |Ports A, B, C, D, E,

F G F, G F,GH,J F, G H,J

Timers 4 4 4 4
Capture/Compare/PWM Modules 3 3 3 3

Serial Communications

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

MSSP, AUSART
Enhanced USART

Parallel Communications

PSP

PSP

PSP

PSP

10-bit Analog-to-Digital Module

12 Input Channels

12 Input Channels

12 Input Channels

12 Input Channels

Resets (and Delays)

POR, BOR, RESET

POR, BOR, RESET

POR, BOR, RESET

POR, BOR, RESET

Instruction, Instruction, Instruction, 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;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

enabled enabled enabled enabled
Packages 64-pin TQFP 64-pin TQFP 80-pin TQFP 80-pin TQFP
© 2004 Microchip Technology Inc. Prelimin ary DS39635A-page 9



PIC18F6310/6410/8310/8410

FIGURE 1-1: PIC18F6310/6410 (64-PIN) BLOCK DIAGRAM
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RF7/SS
BOR ADC ) ) ) _
HLVD 10-bit Timer0 Timerl Timer2 Timer3 PORTG
RGO/CCP3
f f f f f f RGL/TX2/CK2
RG2/RX2/DT2
v v v v v v v
RG4
RG5(®)/MCLR/VPP

Comparators CCP1 CCP2 CCP3 MSSP EUSART1| |AUSART2

Note 1: CCP2 is multiplexed with RC1 when configuration bit CCP2MX is set, or RE7 when CCP2MX is not set.
2:  RG5 is only available when MCLR functionality is disabled.

3:  OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital I/O.
Refer to Section 2.0 “Oscillator Configurations” for additional information.
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PIC18F6310/6410/8310/8410

FIGURE 1-2:

PIC18F8310/8410 (80-PIN) BLOCK DIAGRAM

2:  RG5 is only available when MCLR functionality is disabled.
3:  OSC1/CLKI and OSC2/CLKO are only available in select oscillator modes and when these pins are not being used as digital I/O.
Refer to Section 2.0 “Oscillator Configurations” for additional information.

%
|
%
|
|
|

x
X

PORTA
Data Bus<8>
v A v
Table Pointer<21> s Vs Data Latch —>|
¢ Data Memory —
inc/dec logic (8/16 Kbytes)
Address Latch
TORTE
] Program Counter le
Data Address<12>
31 Level Stack | —>
9 Address Latch
£ Program Memory STKPTR
2 (48/64 Kbytes)
4 Data Latch PORTC
@
£
2 8
>
& i [FroiE AT N
s
. Decode
Instruction Bus <16>
PORTD
AD15:ADO0, A19:A16 _>
(Multiplexed with PORTD,
PORTE and PORTH)
PORTE
State Machine Instruction
Control Signals ‘ Dgg%?ril&
osc1® X Internal Power-up PORTF
Oscillator Timer ‘8 8
@) Block -
osc2® X 4| Oscilator ALU<8>
INTRC Start-up Timer
Ti0sl [Xl Oscillator Power-on 8 >
Reset >
8 MHz Watchd
Oscillator atchaog
T10s0 X i atehd
- B t Precision
McR® X Single-Supply rown-out g 4 Band Gap PORTG
Programming FR'Ie;etf Reference
In-Circuit all->afe
VoD, Vss @ Debugger Clock Monitor
PORTH
BOR ADC _ _ _ _ —P
HLVD 10-bit Timer0 Timerl Timer2 Timer3
f t f + ¥
Comparators CCP1 CCP2 CCP3 MSSP EUSART1 AUSART2
Note 1: CCP2 multiplexing is determined by the settings of the CCP2MX and PM1:PMO configuration bits.

RAO/ANO

RAL/AN1
RA2/AN2/VREF-
RA3/AN3/VREF+
RA4/TOCKI
RAS/AN4/HLVDIN
0SC2/CLKOC)/RAG
OSC1/CLKI®/RAT

RBO/INTO
RB1/INT1
RB2/INT2
RB3/INT3/CcCP2®)
RB4/KBIO
RB5/KBI1
RB6/KBI2/PGC
RB7/KBI3/PGD

RCO/T10SO/T13CKI
RC1/T10Sl/ccP2®
RC2/CCP1
RC3/SCK/SCL
RCA4/SDI/SDA
RC5/SDO
RC6/TX1/CK1
RC7/RX1/DT1

RD7/AD7/PSP7:
RDO/ADO/PSPO

REO/ADS/RD.
REL/AD9/WR_
RE2/AD10/CS
RE3/AD11
RE4/AD12
RE5/AD13
RE6/AD14
RE7/CCP2W/AD15

RFO/ANS
RF1/AN6/C20UT
RF2/AN7/CLOUT
RF3/AN8
RF4/AN9
RFS/AN10/CVREF
RF6/AN11
RF7/SS

RGO/CCP3
RGL/TX2/CK2
RG2/RX2/DT2
RG3

RG4
RG5@/MCLR/VPP

RH3/AD19:RHO/AD16
RH7:RH4

RJO/ALE
RJL/OE
RJ2/WRL
RJ3/WRH
RJ4/BAO
RJ5/CE
RJ6/LB
RJ7/UB
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS
Pin Name Pin Number | pin Buffer Description
TQFP Type | Type
RG5/MCLR/VPP 7 Master Clear (input) or programming voltage (input).

RG5 | ST Digital input.

MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

VPP P Programming voltage input.

OSCI1/CLKI/RA7 39 Oscillator crystal or external clock input.

0OSsC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS
otherwise.

CLKI | CMOS External clock source input. Always associated
with pin function OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)

RA7 1/0 TTL General purpose /O pin.

OSC2/CLKO/RA6 40 Oscillator crystal or clock output.

0scC2 (@) — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (@) — In RC mode, OSC2 pin outputs CLKO, which has
1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

RA6 1/0 TTL General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2. Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.

DS39635A-page 12

Preliminary

© 2004 Microchip Technology Inc.




PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type | Type
PORTA is a bidirectional I/O port.

RAO/ANO 24

RAO I/0 TTL Digital I/0.

ANO | Analog Analog input 0.
RA1/AN1 23

RA1 I/0 TTL Digital 1/0.

AN1 | Analog Analog input 1.
RA2/AN2/VREF- 22

RA2 I/0 TTL Digital I/0.

AN2 | Analog Analog input 2.

VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 21

RA3 I/0 TTL Digital 1/0.

AN3 | Analog Analog input 3.

VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 28

RA4 1/0 ST/OD Digital I/O. Open-drain when configured as output.

TOCKI | ST TimerO external clock input.
RA5/AN4/HLVDIN 27

RA5 I/10 TTL Digital 1/0.

AN4 | Analog Analog input 4.

HLVDIN | Analog High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input

| = Input @) = Output

P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type | Type
PORTB is a bidirectional I/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO 48
RBO 110 TTL Digital I/O.
INTO | ST External interrupt O.
RB1/INT1 47
RB1 110 TTL Digital I/O.
INT1 | ST External interrupt 1.
RB2/INT2 46
RB2 110 TTL Digital I/O.
INT2 | ST External interrupt 2.
RB3/INT3 45
RB3 110 TTL Digital I/O.
INT3 | ST External interrupt 3.
RB4/KBIO 44
RB4 110 TTL Digital I/O.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 43
RB5 110 TTL Digital I/O.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 42
RB6 110 TTL Digital I/O.
KBI2 | TTL Interrupt-on-change pin.
PGC 1/0 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 37
RB7 110 TTL Digital I/O.
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 Analog = Analog input
| = Input O = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin Buffer Description
TQFP Type Type
PORTC is a bidirectional 1/0O port.
RCO/T10SO/T13CKI 30
RCO 1/0 ST Digital I/O.
T10SO (@) — Timerl oscillator output.
T13CKI | ST Timerl/Timer3 external clock input.
RC1/T10Sl/CCP2 29
RC1 I/O ST Digital I/O.
T10SI | CMOS Timerl oscillator input.
ccp2® 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output.
RC2/CCP1 33
RC2 I/0 ST Digital I/O.
CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM 1 output.
RC3/SCK/SCL 34
RC3 1/0 ST Digital I/O.
SCK 1/0 ST Synchronous serial clock input/output for SPI™ mode.
SCL 1/0 ST Synchronous serial clock input/output for 12C™ mode.
RC4/SDI/SDA 35
RC4 I/O ST Digital I/O.
SDI | ST SPI data in.
SDA 110 ST 1°C data I/O.
RC5/SDO 36
RC5 1/0 ST Digital I/O.
SDO (@) — SPI data out.
RC6/TX1/CK1 31
RC6 I/0 ST Digital I/O.
X1 0] — EUSART1 asynchronous transmit.
CK1 1/0 ST EUSART1 synchronous clock (see related RX1/DT1).
RC7/RX1/DT1 32
RC7 I/0 ST Digital I/O.
RX1 | ST EUSART1 asynchronous receive.
DT1 1/0 ST EUSART1 synchronous data (see related TX1/CK1).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type Type
PORTD is a bidirectional 1/0O port.
RDO/PSPO 58
RDO 110 ST Digital 1/0.
PSPO 110 TTL Parallel Slave Port data.
RD1/PSP1 55
RD1 110 ST Digital I/O.
PSP1 110 TTL Parallel Slave Port data.
RD2/PSP2 54
RD2 110 ST Digital 1/0.
PSP2 110 TTL Parallel Slave Port data.
RD3/PSP3 53
RD3 110 ST Digital I/O.
PSP3 110 TTL Parallel Slave Port data.
RD4/PSP4 52
RD4 110 ST Digital 1/0.
PSP4 110 TTL Parallel Slave Port data.
RD5/PSP5 51
RD5 110 ST Digital I/O.
PSP5 110 TTL Parallel Slave Port data.
RD6/PSP6 50
RD6 110 ST Digital 1/0.
PSP6 110 TTL Parallel Slave Port data.
RD7/PSP7 49
RD7 110 ST Digital I/O.
PSP7 110 TTL Parallel Slave Port data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2. Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin Buffer Description
TQFP Type | Type
PORTE is a bidirectional I/O port.
REO/RD 2
REO I/0 ST Digital I/0.
RD | TTL Read control for Parallel Slave Port.
RE1/WR 1
RE1 I/0 ST Digital 1/0.
WR | TTL Write control for Parallel Slave Port.
RE2/CS 64
RE2 I/0 ST Digital I/0.
CSs | TTL Chip select control for Parallel Slave Port.
RE3 63 I/0 ST Digital I/0.
RE4 62 I/0 ST Digital 1/0.
RE5 61 110 ST Digital 1/0.
RE6 60 I/0 ST Digital 1/0.
RE7/CCP2 59
RE7 I/0 ST Digital I/O.
ccp2@ 1/0 ST Capture 2 input/Compare 2 output/PWM 2 output.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.
2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
TQFP Type | Type
PORTF is a bidirectional I/O port.
RFO/AN5 18
RFO I/0 ST Digital I/O.
AN5 | Analog Analog input 5.
RF1/AN6/C20UT 17
RF1 I/0 ST Digital I/O.
ANG6 | Analog Analog input 6.
C20UT 0] — Comparator 2 output.
RF2/AN7/C10UT 16
RF2 I/0 ST Digital I/O.
AN7 | Analog Analog input 7.
C10uUT @) — Comparator 1 output.
RF3/AN8 15
RF3 I/0 ST Digital 1/O.
AN8 | Analog Analog input 8.
RF4/AN9 14
RF4 I/0 ST Digital 1/O.
AN9 | Analog Analog input 9.
RF5/AN10/CVREF 13
RF5 I/10 ST Digital I/O.
AN10 | Analog Analog input 10.
CVREF (@) Analog Comparator reference voltage output.
RF6/AN11 12
RF6 I/0 ST Digital I/O.
AN11 | Analog Analog input 11.
RF7/SS 11
RF7 I/0 ST Digital I/O.
SS | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = 0] = Output
P = oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-2: PIC18F6310/6410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number ;
Pin Name Pin Buffer Description
TQFP Type | Type
PORTG is a bidirectional I/O port.
RGO/CCP3 3
RGO 1/0 ST Digital I/O.
CCP3 1/0 ST Capture 3 input/Compare 3 output/PWM 3 output.
RG1/TX2/CK2 4
RG1 I/0 ST Digital I/O.
TX2 (@) — AUSART2 asynchronous transmit.
CKk2 /0 ST AUSART2 synchronous clock (see related RX2/DT2).
RG2/RX2/DT2 5
RG2 1/0 ST Digital I/O.
RX2 | ST AUSART2 asynchronous receive.
DT2 1/0 ST AUSART2 synchronous data (see related TX2/CK2).
RG3 6 I/0 ST Digital 1/0.
RG4 8 I/0 ST Digital 1/0.
RG5 See RG5/MCLR/VPP pin.
Vss 9, 25, 41, 56 P — |Ground reference for logic and 1/O pins.
VDD 10, 26, 38, 57 P — Positive supply for logic and 1/O pins.
AVss 20 P — |Ground reference for analog modules.
AVDD 19 P — Positive supply for analog modules.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1: Default assignment for CCP2 when configuration bit CCP2MX is set.

2: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared.
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PIC18F6310/6410/8310/8410

TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS
Pin Name Pin Number | pin | Buffer Description
TQFP Type | Type
RG5/MCLR/VPP 9 Master Clear (input) or programming voltage (input).

RG5 | ST Digital input.

MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.

VPP P Programming voltage input.

OSCI1/CLKI/RA7 49 Oscillator crystal or external clock input.

0OSsC1 | ST Oscillator crystal input or external clock source input.
ST buffer when configured in RC mode, CMOS
otherwise.

CLKI | CMOS External clock source input. Always associated with
pin function OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)

RA7 110 TTL General purpose /O pin.

OSC2/CLKO/RA6 50 Oscillator crystal or clock output.

0osc2 (0] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (@] — In RC mode, OSC2 pin outputs CLKO, which has
1/4 the frequency of OSCL1 and denotes the
instruction cycle rate.

RA6 110 TTL General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)
Note 1. Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except

Microcontroller mode).
2. Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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PIC18F6310/6410/8310/8410

TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin | Buffer Description
TQFP Type | Type
PORTA is a bidirectional I/0 port.

RAO/ANO 30

RAO I/0 TTL Digital I/0.

ANO | Analog Analog input 0.
RA1/AN1 29

RA1 /0 TTL Digital 1/0.

AN1 | Analog Analog input 1.
RA2/AN2/VREF- 28

RA2 I/0 TTL Digital 1/0.

AN2 | Analog Analog input 2.

VREF- | Analog A/D reference voltage (low) input.
RA3/AN3/VREF+ 27

RA3 I/0 TTL Digital I/0.

AN3 | Analog Analog input 3.

VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI 34

RA4 /0 | ST/OD Digital I/0. Open-drain when configured as output.

TOCKI | ST Timer0 external clock input.
RA5/AN4/HLVDIN 33

RA5 /10 TTL Digital I/0.

AN4 | Analog Analog input 4.

HLVDIN | Analog High/Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RAG pin.
RA7 See the OSC1/CLKI/RA7Y pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input 0] = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1:

Microcontroller mode).
2. Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).

Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 21




PIC18F6310/6410/8310/8410

TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name _I_Pm E:ruffer Description
TQFP ype ype
PORTB is a bidirectional /0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO 58
RBO 1/0 TTL Digital I/0.
INTO | ST External interrupt O.
RB1/INT1 57
RB1 /0 TTL Digital I/0.
INT1 | ST External interrupt 1.
RB2/INT2 56
RB2 I/0 TTL Digital I/0.
INT2 | ST External interrupt 2.
RB3/INT3/CCP2 55
RB3 I/0 TTL Digital I/0.
INT3 | ST External interrupt 3.
ccp2® (0] Analog Capture 2 input/Compare 2 output/PWM 2 output.
RB4/KBIO 54
RB4 /0 TTL Digital 1/0.
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1 53
RB5 /0 TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
RB6/KBI2/PGC 52
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC 110 ST In-Circuit Debugger and ICSP™ programming clock pin.
RB7/KBI3/PGD 47
RB7 /0 TTL Digital 1/0.
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 Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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PIC18F6310/6410/8310/8410

TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name _I_Pm E:ruffer Description
TQFP ype ype
PORTC is a bidirectional 1/O port.
RCO/T10SO/T13CKI 36
RCO 1/0 ST Digital 1/0.
T10SO (0] — Timerl oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10Sl/CCP2 35
RC1 1/0 ST Digital 1/0.
T10SI | CMOS Timerl oscillator input.
ccp2@ 110 ST Capture 2 input/Compare 2 output/PWM 2 output.
RC2/CCP1 43
RC2 110 ST Digital I/O.
CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM 1 output.
RC3/SCK/SCL 44
RC3 1/0 ST Digital 1/0.
SCK 110 ST Synchronous serial clock input/output for SPI™ mode.
SCL 110 ST Synchronous serial clock input/output for 12C™ mode.
RC4/SDI/SDA 45
RC4 1/0 ST Digital 1/0.
SDI | ST SPI data in.
SDA 110 ST 1°C data I/O.
RC5/SDO 46
RC5 1/0 ST Digital I/O.
SDO (0] — SPI data out.
RC6/TX1/CK1 37
RC6 1/0 ST Digital 1/0.
TX1 (0] — EUSART1 asynchronous transmit.
CK1 110 ST EUSART1 synchronous clock (see related RX1/DT1).
RC7/RX1/DT1 38
RC7 1/0 ST Digital 1/0.
RX1 | ST EUSART1 asynchronous receive.
DT1 110 ST EUSART1 synchronous data (see related TX1/CK1).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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PIC18F6310/6410/8310/8410

TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin | Buffer Description
TQFP Type | Type
PORTD is a bidirectional 1/O port.
RDO/ADO/PSPO 72
RDO 1/0 ST Digital 1/0.
ADO 110 TTL External memory address/data 0.
PSPO 110 TTL Parallel Slave Port data.
RD1/AD1/PSP1 69
RD1 110 ST Digital 1/O.
AD1 110 TTL External memory address/data 1.
PSP1 110 TTL Parallel Slave Port data.
RD2/AD2/PSP2 68
RD2 1/0 ST Digital 1/0.
AD2 1/0 TTL External memory address/data 2.
PSP2 1/0 TTL Parallel Slave Port data.
RD3/AD3/PSP3 67
RD3 1/0 ST Digital 1/0.
AD3 110 TTL External memory address/data 3.
PSP3 110 TTL Parallel Slave Port data.
RD4/AD4/PSP4 66
RD4 1/0 ST Digital I/O.
AD4 1/0 TTL External memory address/data 4.
PSP4 110 TTL Parallel Slave Port data.
RD5/AD5/PSP5 65
RD5 1/0 ST Digital 1/0.
AD5 1/0 TTL External memory address/data 5.
PSP5 1/0 TTL Parallel Slave Port data.
RD6/AD6/PSP6 64
RD6 1/0 ST Digital 1/0.
AD6 110 TTL External memory address/data 6.
PSP6 110 TTL Parallel Slave Port data.
RD7/AD7/PSP7 63
RD7 1/0 ST Digital 1/O.
AD7 110 TTL External memory address/data 7.
PSP7 110 TTL Parallel Slave Port data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name _I_Pm E:ruffer Description
TQFP ype ype
PORTE is a bidirectional I/O port.
REO/ADS/RD 4
REO I/0 ST Digital I/0.
ADS8 110 TTL External memory address/data 8.
RD | TTL Read control for Parallel Slave Port.
RE1/AD9/WR 3
RE1 /0 ST Digital 1/0.
AD9 11O TTL External memory address/data 9.
WR | TTL Write control for Parallel Slave Port.
RE2/AD10/CS 78
RE2 I/0 ST Digital I/O.
AD10 11O TTL External memory address/data 10.
Cs | TTL Chip Select control for Parallel Slave Port.
RE3/AD11 77
RE3 I/0 ST Digital I/0.
AD11 110 TTL External memory address/data 11.
RE4/AD12 76
RE4 /0 ST Digital 1/0.
AD12 /0 TTL External memory address/data 12.
RE5/AD13 75
RE5 I/0 ST Digital I/O.
AD13 110 TTL External memory address/data 13.
RE6/AD14 74
RE6 /0 ST Digital 1/0.
AD14 I/0 TTL External memory address/data 14.
RE7/CCP2/AD15 73
RE7 I/0 ST Digital I/O.
ccp20® 110 ST Capture 2 input/Compare 2 output/PWM 2 output.
AD15 110 TTL External memory address/data 15.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin | Buffer Description
TQFP Type | Type
PORTF is a bidirectional 1/0O port.
RFO/AN5 24
RFO 1/0 ST Digital 1/0.
ANS | Analog Analog input 5.
RF1/AN6/C20UT 23
RF1 1/0 ST Digital I/O.
ANG6 | Analog Analog input 6.
C20UT (0] — Comparator 2 output.
RF2/AN7/C1OUT 18
RF2 1/0 ST Digital 1/0.
AN7 | Analog Analog input 7.
C10uUT (0] — Comparator 1 output.
RF3/AN8 17
RF3 1/0 ST Digital 1/0.
ANS8 | Analog Analog input 8.
RF4/AN9 16
RF4 1/0 ST Digital 1/0.
AN9 | Analog Analog input 9.
RF5/AN10/CVREF 15
RF5 1/0 ST Digital 1/0.
AN10 | Analog Analog input 10.
CVREF (0] Analog Comparator reference voltage output.
RF6/AN11 14
RF6 1/0 ST Digital I/O.
AN11 | Analog Analog input 11.
RF7/SS 13
RF7 1/0 ST Digital 1/0.
SS | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin | Buffer Description
TQFP Type | Type
PORTG is a bidirectional I/O port.
RGO/CCP3 5
RGO 1/0 ST Digital 1/0.
CCP3 110 ST Capture 3 input/Compare 3 output/PWM 3 output.
RG1/TX2/CK2 6
RG1 1/0 ST Digital 1/O.
TX2 (0] — AUSART2 asynchronous transmit.
CKk2 110 ST AUSART2 synchronous clock (see related RX2/DT2).
RG2/RX2/DT2 7
RG2 1/0 ST Digital 1/0.
RX2 | ST AUSART2 asynchronous receive.
DT2 1/0 ST AUSART2 synchronous data (see related TX2/CK2).
RG3 8 1/0 ST Digital I/O.
RG4 10 1/0 ST Digital 1/0.
RG5 See RG5/MCLR/VPP pin.
PORTH is a bidirectional 1/O port.
RHO/AD16 79
RHO 1/0 ST Digital 1/0.
AD16 110 TTL External memory address/data 16.
RH1/AD17 80
RH1 1/0 ST Digital I/O.
AD17 1/0 TTL External memory address/data 17.
RH2/AD18 1
RH2 1/0 ST Digital 1/0.
AD18 110 TTL External memory address/data 18.
RH3/AD19 2
RH3 1/0 ST Digital I/O.
AD19 1/0 TTL External memory address/data 19.
RH4 22 1/0 ST Digital I/O.
RH5 21 1/0 ST Digital 1/0.
RH6 20 1/0 ST Digital 1/0.
RH7 19 1/0 ST Digital 1/0.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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TABLE 1-3: PIC18F8310/8410 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number i
Pin Name Pin | Buffer Description
TQFP Type | Type
PORTJ is a bidirectional I/0O port.
RJO/ALE 62
RJO I/0 ST Digital I/0.
ALE (0] — External memory address latch enable.
RJ1/OE 61
RJ1 /0 ST Digital I/0.
OE (0] — External memory output enable.
RJ2/WRL 60
RJ2 I/0 ST Digital I/0.
WRL (0] — External memory write low control.
RJI3/WRH 59
RJ3 /0 ST Digital I/0.
WRH o — External memory write high control.
RJ4/BAO 39
RJ4 1/0 ST Digital I/0.
BAO (0] — External memory Byte Address O control.
RJ5/CE 40
RJ4 /0 ST Digital I1/0
CE (0] — External memory chip enable control.
RJ6/LB 41
RJ6 I/0 ST Digital I/0.
LB (0] — External memory low byte control.
RJ7/UB 42
RJ7 /0 ST Digital I/0.
uB (0] — External memory high byte control.
Vss 11, 31, 51, 70 P — Ground reference for logic and 1/O pins.
VDD 12,32,48,71| P — | Positive supply for logic and 1/O pins.
AVss 26 P — | Ground reference for analog modules.
AVDD 25 P — | Positive supply for analog modules.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
| = Input @) = Output
P = Power oD = Open-Drain (no P diode to VDD)

Note 1: Alternate assignment for CCP2 when configuration bit CCP2MX is cleared (all operating modes except
Microcontroller mode).

2: Default assignment for CCP2 in all operating modes (CCP2MX is set).
3: Alternate assignment for CCP2 when CCP2MX is cleared (Microcontroller mode only).
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2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

PIC18F6310/6410/8310/8410 devices can be operated
in ten different oscillator modes. The user can program
the configuration bits, FOSC3:FOSCO, in Configuration

Register 1H to select one of these ten 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 I/O
on RAG6

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

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, LP, HS OR HSPLL
CONFIGURATION)
c14 osc1 ll:
I To
1. Internal
CIXTAL :g: re® Logic
| =@ Sleep
c2® 0SC2 PIC18FXXXX

Note 1: See Table 2-1 and Table 2-2 for initial values of
C1l 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:

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.

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

4.0 MHz 33 pF 33 pF

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

Note:  Use of a series cut crystal may give a fre-
guency out of the crystal manufacturer’s

specifications.

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

© 2004 Microchip Technology Inc.
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TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Osc Type Cg:?' 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
OSCl1 pin in the HS mode, as shown in Figure 2-2.
FIGURE 2-2: EXTERNAL CLOCK
INPUT OPERATION
(HS OSCILLATOR
CONFIGURATION)

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

(HS Mode)

Open «—— OSC2

2.3 External Clock Input

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

In the EC Oscillator mode, the oscillator frequency
divided by 4 is available on the OSC2 pin. This signal
may be used for test purposes or to synchronize other
logic. Figure 2-3 shows the pin connections for the EC
Oscillator mode.

FIGURE 2-3: EXTERNAL CLOCK

INPUT OPERATION
(EC CONFIGURATION)

Clock from «D@—» OSCL/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 gen-
eral purpose I/O pin. The I/O pin becomes bit 6 of
PORTA (RA®6). Figure 2-4 shows the pin connections
for the ECIO Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK
INPUT OPERATION
(ECIO CONFIGURATION)

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

RA6 -e-—{ /O (OSC2)
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2.4 RC Oscillator

For timing insensitive applications, the “RC” and
“RCIO” device options offer additional cost savings.
The actual oscillator frequency is a function of several
factors:

* Supply voltage

« Values of the external resistor (REXT) and
capacitor (CEXT)

 Operating temperature

Given the same device, operating voltage and
temperature and component values, there will also be
unit-to-unit frequency variations. These are due to
factors such as:

« Normal manufacturing variation

« Difference in lead frame capacitance between
package types (especially for low CEXT values)

* Variations within the tolerance of limits of REXT
and CEXT

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 2-5 shows how the R/C combination is
connected.

FIGURE 2-5: RC OSCILLATOR MODE
VDD
REXT
S L
CEXTJ_ j;l —
— PIC18FXXXX
Vss —
-%—— OSC2/CLKO
Foscl/4

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

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

FIGURE 2-6:

VbD

RCIO OSCILLATOR MODE

HI—

Vss —

RA6 -w—>»

REXT
0sC1 | Internal
AN Clock
CEXT j;l

/0 (OSC2)

PIC18FXXXX

Recommended values: 3 kQ < REXT < 100 kQ

CEXT > 20 pF

2.5 PLL Frequency Multiplier

A Phase Locked Loop (PLL) circuit is provided as an
option for users who want to use a lower frequency
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, or users who require higher
clock speeds from an internal oscillator.

25.1 HSPLL OSCILLATOR MODE

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

The PLL is only available to the crystal oscillator when
the FOSC3:FOSCO configuration bits are programmed
for HSPLL mode (= 0110).

FIGURE 2-7: PLL BLOCK DIAGRAM
(HS MODE)

HS Oscillator Enable:D_
PLL Enable

(from Configuration Register 1H)

0osc2 Ph
ase
X —THs Mode| Fin Comparator

(| Crystal -
OESC]' Oscillator FOUT{>—l

Loop

Filter

Yy

veo L |sYscik
i
=

25.2 PLL AND INTOSC

The PLL is also available to the internal oscillator block
in selected oscillator modes. In this configuration, the
PLL is enabled in software and generates a clock out-
put of up to 32 MHz. The operation of INTOSC with the
PLL is described in Section 2.6.4 “PLL in INTOSC
Modes”.

© 2004 Microchip Technology Inc.
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2.6 Internal Oscillator Block

The PIC18F6310/6410/8310/8410 devices include an
internal oscillator block, which generates two different
clock signals; either can be used as the microcontrol-
ler's clock source. This may 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 device clock. It
also drives a postscaler, which can provide a range of
clock frequencies from 31 kHz to 4 MHz. The INTOSC
output is enabled when a clock frequency from 125 kHz
to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC), which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source; it is also enabled automatically when any of the
following are enabled:

e Power-up Timer

« Fail-Safe Clock Monitor
e Watchdog Timer

» Two-Speed Start-up

These features are discussed in greater detail in
Section 23.0 “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 elimi-
nates 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 RA6, both for digital input and
output.

2.6.2 INTOSC OUTPUT FREQUENCY

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.

The INTRC oscillator operates independently of the
INTOSC source. Any changes in INTOSC across
voltage and temperature are not necessarily reflected
by changes in INTRC and vice versa.

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.

The OSCTUNE register also implements the INTSRC
and PLLEN bits, which control certain features of the
internal oscillator block. The INTSRC bit allows users
to select which internal oscillator provides the clock
source when the 31 kHz frequency option is selected.
This is covered in greater detail in Section 2.7.1
“Oscillator Control Register”.

The PLLEN bit controls the operation of the frequency
multiplier, PLL, in internal oscillator modes.

2.6.4 PLL IN INTOSC MODES

The 4x frequency multiplier can be used with the
internal oscillator block to produce faster device clock
speeds than are normally possible with an internal
oscillator. When enabled, the PLL produces a clock
speed of up to 32 MHz.

Unlike HSPLL mode, the PLL is controlled through
software. The control bit, PLLEN (OSCTUNE<6>), is
used to enable or disable its operation.

The PLL is available when the device is configured to use
the internal oscillator block as its primary clock source
(FOSC3:FOSCO0 = 1001 or 1000). Additionally, the PLL
will only function when the selected output frequency is
either 4 MHz or 8 MHz (OSCCON<6:4>=1110r 110). If
both of these conditions are not met, the PLL is disabled.

The PLLEN control bit is only functional in those inter-
nal oscillator modes where the PLL is available. In all
other modes, it is forced to ‘0’ and is effectively
unavailable.

2.6.5 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 possi-
ble to adjust the INTOSC frequency by modifying the
value in the OSTUNE register. This has no effect on the
INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make the adjustment, 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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2.6.5.1 Compensating with the AUSART

An adjustment may be required when the AUSART
begins to generate framing errors or receives data with
errors while in Asynchronous mode. Framing errors
indicate that the device clock frequency is too high; to
adjust for this, decrement the value in OSTUNE to
reduce the clock frequency. On the other hand, errors
in data may suggest that the clock speed is too low; to
compensate, increment OSTUNE to increase the clock
frequency.

2.6.5.2 Compensating with the Timers

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

Both timers are cleared, but the timer clocked by the
reference generates interrupts. When an interrupt
occurs, the internally clocked timer is read and both
timers are cleared. If the internally clocked timer value

is greater than expected, then the internal oscillator
block is running too fast. To adjust for this, decrement
the OSCTUNE register.

2.6.5.3 Compensating with the Timers

A CCP module can use free running Timerl (or
Timer3), 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. 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, then the internal oscillator block is
running too fast; to compensate, decrement the
OSTUNE register. If the measured time is much less
than the calculated time, then the internal oscillator
block is running too slow; to compensate, increment
the OSTUNE register.

REGISTER 2-1: OSCTUNE: OSCILLATOR TUNING REGISTER
RW-0  R/W-0) u-0 RIW-0 RW-0  RMW-0  RMW-0  R/W-0
INTSRC | PLLEN® — TUN4 TUN3 TUN2 TUN1 TUNO
bit 7 bit 0
bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
0 = 31 kHz device clock derived directly from INTRC internal oscillator

bit 6 PLLEN: Frequency Multiplier PLL for INTOSC Enable bit(1)
1 = PLL enabled for INTOSC (4 MHz and 8 MHz only)

0 = PLL disabled

Note 1: Available only in certain oscillator configurations; otherwise, this bit is unavailable
and reads as ‘0’. See Section 2.6.4 “PLL in INTOSC Modes” for details.

bit 5 Unimplemented: Read as ‘0’

bit 4-0 TUN4:TUNO: Frequency Tuning bits

01111 = Maximum frequency

00000 = Center frequency. Oscillator module is running at the calibrated frequency.

00001
11111
L] L]

10000 = Minimum frequency

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

© 2004 Microchip Technology Inc.
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2.7 Clock Sources and
Oscillator Switching

Like previous PIC18 devices, the
PIC18F6310/6410/8310/8410 family includes a feature
that allows the device clock source to be switched from
the main oscillator to an alternate low-frequency clock
source. PIC18F6310/6410/8310/8410 devices offer two
alternate clock sources. When an alternate clock source
is enabled, the various power managed operating
modes are available.

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 by the FOSC3:FOSCO

configuration bits. 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.

PIC18F6310/6410/8310/8410 devices offer the Timerl
oscillator as a secondary oscillator. This oscillator, in all
power managed modes, is often the time base for
functions such as a real-time clock.

Most often, a 32.768 kHz watch crystal is connected
between the RCO/T10SO/T13CKIl and RC1/T10SI
pins. Like the LP mode oscillator circuit, loading
capacitors are also connected from each pin to ground.

The Timerl oscillator is discussed in greater detail in
Section 12.3 “Timerl 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 PIC18F6310/6410/8310/8410
devices are shown in Figure 2-8. See Section 23.0
“Special Features of the CPU” for configuration
register details.

FIGURE 2-8: PIC18F6310/6410/8310/8410 CLOCK DIAGRAM

....... PIC18F6X10/8X10

‘Primary Oscillator LP. XT. HS. RC. EC
osco |E : : ,l> , XT, HS, RC,
: Sleep 2 x pLL | HSPLL, INTOSC/PLL _
oscl K" Pt OSCTUNE<6> — »\J’)—\‘B
-Secondary Oscillator l\ T10SC | x Peripherals
T10SO & ) ) I/ > g >
' T10SCEN
. Enable
T10sl X" + Oscillator OSCCON<6:4> Internal Oscillator
OSCCON<6:4> 8 MHz [~ CPU
4 MHz ( 1
Internal 110 .
Oscillator 2MHZ | oL | IDLEN
Block 3 1 MHz Clock
8 MHz S 1100 X Control
Source 38 MHz ﬁ 500 kHz, 011 S
INTOSC
INTRC ( ) o 250 kHZ— 010 FOSC3:FOSCO OSCCON<1:0>
Source 125 kHz 001
T1 31 kHz Clock Source Option
31 kHz (INTRC) I y for other Modules

OSCTUNE<7>
WDT, PWRT, FSCM

and Two-Speed Start-up
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2.7.1 OSCILLATOR CONTROL REGISTER

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

The System Clock Select bits, SCS1:SCSO0, select the
clock source. The available clock sources are the pri-
mary clock (defined by the FOSC:FOSCO configuration
bits), the secondary clock (Timerl oscillator) and the
internal oscillator block. The clock source changes
immediately after one or more of the bits is written to,
following a brief clock transition interval. The SCS bits
are cleared on all forms of Reset.

The Internal Oscillator Frequency Select bits,
IRCF2:IRCFO, select the frequency output of the
internal oscillator block to drive the device clock. The
choices are the INTRC source, the INTOSC source
(8 MHz) or one of the frequencies derived from the
INTOSC postscaler (31.25 kHz to 4 MHz). If the internal
oscillator block is supplying the device clock, changing
the states of these bits will have an immediate change
on the internal oscillator’s output.

When an output frequency of 31 kHz is selected
(IRCF2:IRCFO = 000), users may choose which inter-
nal oscillator acts as the source. This is done with the
INTSRC bit in the OSCTUNE register (OSCTUNE<7>).
Setting this bit selects INTOSC as a 31.25 kHz clock
source by enabling the divide-by-256 output of the
INTOSC postscaler. Clearing INTSRC selects INTRC
(nominally 31 kHz) as the clock source.

This option allows users to select the tunable and more
precise INTOSC as a clock source, while maintaining
power savings with a very low clock speed. Regardless
of the setting of INTSRC, INTRC always remains the
clock source for features such as the Watchdog Timer
and the Fail-Safe Clock Monitor.

The OSTS, IOFS and T1RUN bits indicate which clock
source is currently providing the device clock. The
OSTS bit indicates that the Oscillator Start-up Timer
has timed out and the primary clock is providing the
device clock in primary clock modes. The IOFS bit indi-
cates when the internal oscillator block has stabilized
and is providing the device clock in RC Clock modes.
The T1RUN bit (TICON<6>) indicates when the
Timerl oscillator is providing the device 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
clock, or the internal oscillator block has just started
and is not yet stable.

The IDLEN bit determines if the device goes into Sleep
mode or one of the Idle modes when the SLEEP
instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 3.0
“Power Managed Modes”.

Note 1: The Timerl oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T1OSCEN bit in the Timerl Control regis-
ter (TLCON<3>). If the Timerl oscillator is
not enabled, then any attempt to select a
secondary clock source when executing a
SLEEP instruction will be ignored.

2: It is recommended that the Timerl
oscillator be operating and stable before
executing the SLEEP instruction or a very
long delay may occur while the Timerl
oscillator starts.

2.7.2 OSCILLATOR TRANSITIONS

PIC18F6310/6410/8310/8410 devices contain circuitry
to prevent clock “glitches” when switching between
clock sources. A short pause in the device clock occurs
during the clock switch. The length of this pause is the
sum of two cycles of the old clock source and three to
four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 3.1.2 “Entering Power Managed Modes”.

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 35



PIC18F6310/6410/8310/8410

REGISTER 2-2: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-1 R/W-0 R/W-0 RM R-0 R/W-0 R/W-0
IDLEN IRCF2 IRCF1 IRCFO 0OSTS IOFS scs1 SCS0
bit 7 bit 0

bit 7 IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction
bit 6-4 IRCF2:IRCFO: Internal Oscillator Frequency Select bits

111 = 8 MHz (INTOSC drives clock directly)

110 =4 MHz

101 =2MHz

100 = 1 MHz®)

011 = 500 kHz

010 = 250 kHz

001 = 125 kHz

000 = 31 kHz (from either INTOSC/256 or INTRC directly)®

bit3  OSTS: Oscillator Start-up Time-out Status bit(1)
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:SCSO0: System Clock Select bits

1x = Internal oscillator block
01 = Timerl oscillator
00 = Primary oscillator

Note 1: Depends on state of the IESO configuration bit.

2: Source selected by the INTSRC bit (OSCTUNE<7>), see
Section 2.6.3 “OSCTUNE Register”.

3: Default output frequency of INTOSC on Reset.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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2.8 Effects of Power Managed Modes
on the Various Clock Sources

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 Timerl oscillator is operating and
providing the device clock. The Timerl oscillator may
also run in all power managed modes if required to
clock Timerl or Timer3.

In Internal Oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the device clock
source. The 31 kHz INTRC output can be used directly
to provide the clock and may be enabled to support var-
ious special features, regardless of the power managed
mode (see Section 23.2 “Watchdog Timer (WDT)”
through Section 23.4 “Fail-Safe Clock Monitor” for
more information on WDT, Fail-Safe Clock Monitor and
Two-Speed Start-up). The INTOSC output at 8 MHz may
be used directly to clock the device, or may be divided
down by the postscaler. The INTOSC output is disabled
if the clock is provided directly from the INTRC output.

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

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timerl oscillator may be operating to support a
real-time clock. Other features may be operating that
do not require a device clock source (i.e., SSP slave,
PSP, INTn pins and others). Peripherals that may add
significant current consumption are listed in
Section 26.2 “DC Characteristics: Power-Down and
Supply Current”.

2.9 Power-up Delays

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

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 26-12). It is enabled by clearing (= 0) the
PWRTEN configuration bit.

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal 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 interval Tcsb (parameter 38,
Table 26-12) 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
Oscillator Mode OSC1 Pin OSC2 Pin

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

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

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

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

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

voltage level voltage level

Note:  See Table 4-2 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

PIC18F6310/6410/8310/8410 devices offer a total of
seven operating modes for more efficient power
management. These 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 power managed modes include several
power-saving features. One of these is the clock
switching feature, offered in other PIC18 devices,
allowing the controller to use the Timerl oscillator in
place of the primary oscillator. Also included is the
Sleep mode, offered by all PICmicro® devices, where
all device clocks are stopped.

3.1

Selecting a power managed mode requires deciding if
the CPU is to be clocked or not and selecting a clock
source. The IDLEN bit controls CPU clocking, while the
SCS1:SCSO0 bits select a clock source. The individual
modes, bit settings, clock sources and affected
modules are summarized in Table 3-1.

Selecting Power Managed Modes

3.1.1 CLOCK SOURCES

The SCS1:SCSO bits allow the selection of one of three
clock sources for power managed modes. They are:

« the primary clock, as defined by the
FOSC3:FOSCO configuration bits

 the secondary clock (the Timerl oscillator)
« the internal oscillator block (for RC modes)

3.1.2 ENTERING POWER MANAGED

MODES

Entering Power Managed Run mode, or switching from
one power managed mode to another, begins by
loading the OSCCON register. The SCS1:SCSO0 bits
select the clock source and determine which Run or
Idle mode is being used. Changing these bits causes
an immediate switch to the new clock source,
assuming that it is running. The switch may also be
subject to clock transition delays. These are discussed
in Section 3.1.3 “Clock Transitions and Status
Indicators” and subsequent sections.

Entry to the Power Managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.

Depending on the current mode and the mode being
switched to, a change to a power managed mode does
not always require setting all of these bits. Many transi-
tions may be done by changing the oscillator select
bits, or changing the IDLEN bit prior to issuing a SLEEP
instruction. If the IDLEN bit is already configured
correctly, it may only be necessary to perform a SLEEP
instruction to switch to the desired mode.

TABLE 3-1: POWER MANAGED MODES
OSCCON bits Module Clocking
Mode IDLEN® |scsi1:scso ) Available Clock and Oscillator Source
<7> <1-0> CPU Peripherals
Sleep 0 N/A Off Off None — All clocks are disabled
PRI_RUN N/A 00 Clocked Clocked |Primary — LP, XT, HS, HSPLL, RC, EC, INTRC®
This is the normal full power execution mode.

SEC_RUN N/A 01 Clocked Clocked |Secondary — Timerl Oscillator
RC_RUN N/A 1x Clocked Clocked |Internal Oscillator Block(®
PRI_IDLE 1 00 Off Clocked |[Primary — LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked |Secondary — Timerl Oscillator
RC_IDLE 1 1x off Clocked |Internal Oscillator Block(®
Note 1: |IDLEN reflects its value when the SLEEP instruction is executed.

2:

Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
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3.13 CLOCK TRANSITIONS AND
STATUS INDICATORS

The length of the transition between clock sources is
the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Three bits indicate the current clock source and its
status. They are:

« OSTS (OSCCON<3>)
« IOFS (OSCCON<2>)
« T1IRUN (T1CON<6>)

In general, only one of these bits will be set while in a
given power managed mode. When the OSTS bit is
set, the primary clock is providing the device clock.
When the IOFS bhit is set, the INTOSC output is provid-
ing a stable 8 MHz clock source to a divider that actu-
ally drives the device clock. When the TLIRUN bit is set,
the Timerl oscillator is providing the clock. If none of
these bits are set, then either the INTRC clock source
is clocking the device or the INTOSC source is not yet
stable.

If the internal oscillator block is configured as the
primary clock source by the FOSC3:FOSCO
configuration bits, 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 another
Power Managed RC mode at the same frequency
would clear the OSTS bit.

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

2. Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode or
one of the Idle modes, depending on the
setting of the IDLEN bit.

3.14 MULTIPLE SLEEP COMMANDS

The power managed mode that is invoked with the
SLEEP instruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter
the new power managed mode specified by the new
setting.

3.2 Run Modes

In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.

3.2.1 PRI_RUN MODE

The PRI_RUN mode is the normal full power execution
mode of the microcontroller. This is also the default
mode upon a device Reset unless Two-Speed Start-up
is enabled (see Section 23.3 “Two-Speed Start-up”
for details). In this 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”).

3.2.2 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.

SEC_RUN mode is entered by setting the SCS1:SCS0
bits to ‘01’. The device clock source is switched to the
Timerl oscillator (see Figure 3-1), the primary
oscillator is shut down, the TIRUN bit (TLCON<6>) is
set and the OSTS bit is cleared.

Note:  The Timerl oscillator should already be
running prior to entering SEC_RUN mode.
If the TLOSCEN bit is not set when the
SCS1:SCSO0 hits are set to ‘01’, entry to
SEC_RUN mode will not occur. If the
Timerl oscillator is enabled, but not yet
running, peripheral clocks will be delayed
until the oscillator has started; in such
situations, initial oscillator operation is far
from stable and unpredictable operation

may result.

On transitions from SEC_RUN mode to PRI_RUN, the
peripherals and CPU continue to be clocked from the
Timerl oscillator while the primary clock is started.
When the primary clock becomes ready, a clock switch
back to the primary clock occurs (see Figure 3-2).
When the clock switch is complete, the TIRUN bit is
cleared, the OSTS bit is set and the primary clock is
providing the clock. The IDLEN and SCS bits are not
affected by the wake-up; the Timerl oscillator
continues to run.
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FIGURE 3-1:

TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
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FIGURE 3-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)
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Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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3.2.3 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. It works well for user
applications which 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 INTRC or INTOSC), there are no distinguishable
differences between PRI_RUN and RC_RUN modes dur-
ing 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 hot recommended.

This mode is entered by setting the SCS1 hit to ‘1"
Although it is ignored, it is recommended that the SCS0O
bit also be cleared; this is to maintain software
compatibility with future devices. When the clock
source is switched to the INTOSC multiplexer (see
Figure 3-3), the primary oscillator is shut down and the
OSTS bhit is cleared.The IRCF bits may be modified at
any time to immediately change the clock speed.

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.

FIGURE 3-3:

If the IRCF bits and the INTSRC bit 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
device clocks.

If the IRCF bits are changed from all clear (thus,
enabling the INTOSC output), or if INTSRC is set, the
IOFS hit becomes set after the INTOSC output
becomes stable. Clocks to the device continue while
the INTOSC source stabilizes after an interval of
TIOBST.

If the IRCF bits were previously at a non-zero value, or
if INTSRC was set before setting SCS1 and the
INTOSC source was already stable, the IOFS bit will
remain set.

On transitions from RC_RUN mode to PRI_RUN, the
device 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 3-4). When the clock
switch is complete, the IOFS bit is cleared, the OSTS
bit is set and the primary clock is providing the device
clock. The IDLEN and SCS bits are not affected by the
switch. The INTRC source will continue to run if either
the WDT or the Fail-Safe Clock Monitor is enabled.

TRANSITION TIMING TO RC_RUN MODE
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FIGURE 3-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
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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

The Power Managed Sleep mode in the
PIC18F6310/6410/8310/8410 devices is identical to
the Legacy Sleep mode offered in all other PICmicro®
devices. It is entered by clearing the IDLEN bit (the
default state on device Reset) and executing the
SLEEP instruction. This shuts down the selected
oscillator (see Figure 3-5). All clock source status bits
are cleared.

Sleep Mode

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timerl oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the primary clock source becomes ready (see
Figure 3-6), 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 23.0
“Special Features of the CPU”). In either case, the
OSTS bit is set when the primary clock is providing the
device clocks. The IDLEN and SCS bits are not
affected by the wake-up.

34 Idle Modes

The Idle modes allow the controller's CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is set to a ‘1’ when a SLEEP instruction
is executed, the peripherals will be clocked from the
clock source selected using the SCS1:SCSO bits;
however, the CPU will not be clocked. The clock source
status bits are not affected. Setting IDLEN and execut-
ing SLEEP provides a quick method of switching from a
given Run mode to its corresponding ldle mode.

If the WDT is selected, the INTRC source will continue
to operate. If the Timerl oscillator is enabled, it will also
continue to run.

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 by an interval of TcsD
(parameter 38, Table 26-12), while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). 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 the Run mode
currently specified by the SCS1:SCSO bits.

FIGURE 3-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
Q1lQ2]Q31QalQLr - b e p e
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Clock~ M T
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FIGURE 3-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)
) CQL - = Q2,Q3,Q4,Q1,Q2,Q3,Q4,01,/Q2,Q3,Q4,01,Q2,Q3, Q4,
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CPUClock : MY\
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Note 1: TosT = 1024 Tosc; TPLL = 2 ms (approx). These intervals are not shown to scale.
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34.1 PRI_IDLE MODE

This mode is unique among the three Low-Power Idle
modes, in that it does not disable the primary device
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 from PRI_RUN mode by
setting the IDLEN bit and executing a SLEEP instruc-
tion. If the device is in another Run mode, set IDLEN
first, then clear the SCS bits and execute SLEEP.
Although the CPU is disabled, the peripherals continue
to be clocked from the primary clock source specified
by the FOSC3:FOSCO configuration bits. The OSTS bit
remains set (see Figure 3-7).

When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of interval Tcsb 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 3-8).

FIGURE 3-7: TRANSITION TIMING FOR ENTRY TO PRI_IDLE MODE
el @2 | el Q| Q1 eeeiieiiiei -
osa /NS Y\
CPU Clock 5/—\_5/_\_5/_\_5/_\ E
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FIGURE 3-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
| QL e = e | @& |
osc1 / \ / \ /: \ / \ ) | /—\
CPU Clock o0 . E/ \ 7 \ / \ 7—\
Peripheral ./~ — T\ /. / \ / \ o—
ook | | Lo | | | |
Coonier ' : —PC : : :
Wake Event l

DS39635A-page 44

Preliminary

© 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

3.4.2 SEC_IDLE MODE

In SEC_IDLE mode, the CPU is disabled, but the
peripherals continue to be clocked from the Timerl
oscillator. This mode is entered from SEC_RUN by set-
ting the IDLEN bit and executing a SLEEP instruction. If
the device is in another Run mode, set IDLEN first, then
set SCS1:SCSO to ‘01" and execute SLEEP. When the
clock source is switched to the Timerl oscillator, the
primary oscillator is shut down, the OSTS bhit is cleared
and the TIRUN bit is set.

When a wake event occurs, the peripherals continue to
be clocked from the Timerl oscillator. After an interval
of Tcsp following the wake event, the CPU begins exe-
cuting code being clocked by the Timerl oscillator. The
IDLEN and SCS bits are not affected by the wake-up;
the Timer1 oscillator continues to run (see Figure 3-8).

Note:  The Timerl oscillator should already be
running prior to entering SEC_IDLE mode.
If the TLOSCEN bit is not set when the
SLEEP instruction is executed, the SLEEP
instruction will be ignored and entry to
SEC_IDLE mode will not occur. If the
Timerl oscillator is enabled, but not yet
running, peripheral clocks will be delayed
until the oscillator has started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.

3.4.3 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.

From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then set
the SCS1 bit and execute SLEEP. Although its value is
ignored, it is recommended that SCSO0 also be cleared;
this is to maintain software compatibility with future
devices. 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, the
primary oscillator is shut down and the OSTS bit is
cleared.

If the IRCF bits are set to any non-zero value, or the
INTSRC bit is set, the INTOSC output is enabled. The
IOFS bit becomes set after the INTOSC output
becomes stable, after an interval of TIOBST
(parameter 39, Table 26-12). Clocks to the peripherals
continue while the INTOSC source stabilizes. If the
IRCF hits were previously at a non-zero value, or
INTSRC was set before the SLEEP instruction was
executed and the INTOSC source was already stable,
the IOFS bit will remain set. If the IRCF bits and
INTSRC are all clear, the INTOSC output will not be
enabled; the IOFS bit will remain clear and 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 delay
of Tcsp following the wake event, the CPU begins exe-
cuting code, being clocked by the INTOSC multiplexer.
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.
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3.5 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered 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 Section 3.2 “Run Modes” through
Section 3.4 “Idle Modes”).

351 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle or Sleep mode to a Run
mode. To enable this functionality, an interrupt 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 Idle or Sleep modes 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”).

A fixed delay of interval Tcsp, 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.

3.5.2 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 an exit from the
power managed mode (see Section 3.2 “Run Modes”
and Section 3.3 “Sleep Mode”). If the device is
executing code (all Run modes), the time-out will result
in a WDT Reset (see Section 23.2 “Watchdog Timer
(WDT)").

The WDT timer and postscaler are cleared by execut-
ing a SLEEP or CLRWDT instruction, losing 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 device clock
source.

3.5.3 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the IOFS bit is set instead.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 3-2.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 23.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 23.4 “Fail-Safe Clock
Monitor™”) is enabled, 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. 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.

354 EXIT WITHOUT AN OSCILLATOR
START-UP DELAY

Certain exits from power managed modes do not
invoke the OST at all. There are two cases:

* 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 instances, 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 of interval
Tcsp, following the wake event, is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.
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TABLE 3-2:  EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)

Clock Source Clock Source Exit Dela Clock Ready Status
before Wake-up after Wake-up y bit (OSCCON)
LP, XT, HS
OSTS
Primary Device Clock HSPLL 2
Tcsp®
(PRI_IDLE mode) EC, RC, INTRCY —
INTOSC® IOFS
LP, XT, HS TosT® 0STS
(1) HSPLL TosT + t,c¥
T10SC or INTRC T ;
EC, RC, INTRC(® Tesp®@ —
INTOSC® TiosT®) IOFS
LP, XT, HS TosT® 0STS
NTOSCE) HSPLL TosT + t, 4
EC, RC, INTRC®) Tcsp@ —
INTOSC® None IOFS
LP, XT, HS TosT® 0STS
None HSPLL TosT + t,c¥
(Sleep mode) EC, RC, INTRC(® Tesp®@ —
INTOSC® TiosT® IOFS

Note 1: In this instance, refers specifically to the 31 kHz INTRC clock source.
2: Tcsb (parameter 38) is a required delay when waking from Sleep and all Idle modes and runs concurrently
with any other required delays (see Section 3.4 “Idle Modes”).
3. Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
4: TosT is the Oscillator Start-up Timer (parameter 32). t,. is the PLL Lock-out Timer (parameter F12); it is
also designated as TPLL.
5. Execution continues during TIOBST (parameter 39), the INTOSC stabilization period.
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NOTES:
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40 RESET

The PIC18F6310/6410/8310/8410 devices differentiate
between various kinds of Reset:

4.1 RCON Register

Device Reset events are tracked through the RCON
register (Register 4-1). The lower five bits of the
register indicate that a specific Reset event has

a) Power-on Reset (POR) .
i . ) occurred. In most cases, these bits can only be set by
b) MCLR Reset dur!ng normal operation the event and must be cleared by the application after
¢) MCLR Reset during power managed modes the event. The state of these flag bits, taken together,
d) Watchdog Timer (WDT) Reset (during can be read to indicate the type of Reset that just
execution) occurred. This is described in more detail in
e) Programmab|e Brown-out Reset (BOR) Section 4.6 “Reset State of RegiSterS" .
f) RESET Instruction The RCON register also has control bits for setting
g) Stack Full Reset interrupt priority (IPEN) and software control of the
h) Stack Underflow Reset BOR_ (SBOREN). Interrupt priority is discussed in
) ] ] _ Section 9.0 “Interrupts”. BOR is covered in
This section discusses Resets generated by MCLR, Section 4.4 “Brown-out Reset (BOR)”.
POR and BOR and covers the operation of the various
start-up timers. Stack Reset events are covered in
Section 5.1.3.4 “Stack Full and Underflow Resets”.
WDT Resets are covered in Section 23.2 “Watchdog
Timer (WDT)".
A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.
FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/lUnderflow Reset
Pointer
External Reset
= D
MCLRE —
MCLR ()_IDLE
Sleep
WDT
Time-out
- VDD Rise| POR Pulse
Detect
VDD
Brown-out
Reset 4~D_
BOREN S
T ostPwrRT T !
I 1024 Cycl I .
OST ycles Chip_Reset
10-bit Ripple Counter @ | R o
OSC1 | |
| 32 us I !
| = PWRT  65.5ms |
I INTRC® | > 11-bit Ripple Counter | I
L — — — — — — 7 - — - Enable PWRT
Enable OST®
Note 1: Thisis the INTRC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
2: See Table 4-2 for time-out situations.
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REGISTER 4-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

RCON: RESET CONTROL REGISTER

RW-0 R/W-1® u-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN | SBOREN — RI TO PD POR BOR
bit 7 bit 0

IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
SBOREN: BOR Software Enable bit

If BOREN1:BORENO = 01:

1= BORis enabled

0 = BOR is disabled

If BOREN1:BORENO = 00, 10 Or 11:

Bit is disabled and read as ‘0’

Note 1. If SBOREN is enabled, its Reset state is ‘1’; otherwise, it is ‘0’.

Unimplemented: Read as ‘0’
RI: RESET Instruction Flag bit

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

TO: Watchdog Timer Time-out Flag bit

1 = Set by power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred

PD: Power-Down Detection Flag bit

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

POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred (set by firmware only)
0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)
0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

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

Note 1. It is recommended that the POR bit be set after a Power-on Reset has been
detected, so that subsequent Power-on Resets may be detected.

2: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming
that POR was set to ‘1’ by software immediately after POR).
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4.2 Master Clear (MCLR)

The MCLR pin provides a method for triggering a hard
external Reset of the device. A Reset is generated by
holding the pin low. PIC18 Extended MCU devices
have a noise filter in the MCLR Reset path which
detects and ignores small pulses.

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

In PIC18F6310/6410/8310/8410 devices, the MCLR
input can be disabled with the MCLRE configuration bit.
When MCLR is disabled, the pin becomes a digital
input. See Section 10.7 “PORTG, TRISG and LATG
Registers” for more information.

4.3 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.

To take advantage of the POR circuitry, tie the MCLR
pin through a resistor (1 kQ to 10 kQ) to VDD. This will
eliminate external RC components 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
(voltage, 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.

POR events are captured by the POR bit (RCON<1>).
The state of the bit is set to ‘0’ whenever a POR occurs;
it does not change for any other Reset event. POR is
not reset to ‘1’ by any hardware event. To capture
multiple events, the user manually resets the bit to ‘1’
in software following any POR.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW VDD POWER-UP)
VDD VDD
D R
R1
MCLR
C PIC18FXXXX
1
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.

R <40 kQ is recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.

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).
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4.4 Brown-out Reset (BOR)

PIC18F6310/6410/8310/8410 devices implement a
BOR circuit that provides the user with a number of
configuration and power-saving options. The BOR is
controlled by the BORV1:BORVO and
BOREN1:BORENO configuration bits. There are a total
of four BOR configurations, which are summarized in
Table 4-1.

The BOR threshold is set by the BORV1:BORVO bits. If
BOR is enabled (any values of BOREN1:BORENO
except ‘00", any drop of VDD below VBOR
(parameter DOO5) for greater than TBOR (parameter 35)
will reset the device. A Reset may or 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.

BOR and the Power-up Timer (PWRT) are
independently configured. Enabling the BOR Reset
does not automatically enable the PWRT.

441 SOFTWARE ENABLED BOR

When BOREN1:BORENO = 01, the BOR can be
enabled or disabled by the user in software. This is
done with the control bit, SBOREN (RCON<6>).
Setting SBOREN enables the BOR to function as
previously described. Clearing SBOREN disables the
BOR entirely. The SBOREN bhit operates only in this
mode; otherwise, it is read as ‘0.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change the BOR configuration. It also allows the user
to tailor device power consumption in software by
eliminating the incremental current that the BOR
consumes. While the BOR current is typically very
small, it may have some impact in low-power
applications.

Note:  Evenwhen BOR is under software control,
the BOR Reset voltage level is still set by
the BORV1:BORVO configuration bits. It
cannot be changed in software.

4.4.2 DETECTING BOR

When BOR is enabled, the BOR bit always resets to ‘0’
on any BOR or POR event. This makes it difficult to
determine if a BOR event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR bit is reset to ‘1’ in software
immediately after any POR event. IF BOR is ‘0’ while
PORis ‘1’, it can be reliably assumed that a BOR event
has occurred.

4.4.3 DISABLING BOR IN SLEEP MODE

When BOREN1:BORENO = 10, the BOR remains
under hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

TABLE 4-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation
BOREN1 | BORENO | (RCON<6>)
0 0 Unavailable |BOR is disabled; must be enabled by reprogramming the configuration bits.
0 1 Available |BOR is enabled in software; operation controlled by SBOREN.

1 0 Unavailable |BOR is enabled in hardware and active during the Run and Idle modes,
disabled during Sleep mode.

Unavailable |BOR is enabled in hardware; must be disabled by reprogramming the
configuration bits.
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4.5 Device Reset Timers

PIC18F6310/6410/8310/8410 devices incorporate
three separate on-chip timers that help regulate the
Power-on Reset process. Their main function is to
ensure that the device clock is stable before code is
executed. These timers are:

* Power-up Timer (PWRT)
» Oscillator Start-up Timer (OST)
e PLL Lock Time-out

451 POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT) of the
PIC18F6310/6410/8310/8410 devices is an 11-bit
counter which uses the INTRC source as the clock
input. This yields an approximate time interval of
2048 x 32 us = 65.6 ms. While the PWRT is counting,
the device is held in Reset.

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

The PWRT is enabled by clearing the PWRTEN
configuration bit.

452  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 is
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.

453 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 separate 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.

454 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:

1. After the POR pulse has cleared, PWRT
time-out is invoked (if enabled).

2. Then, the OST is activated.

The total time-out will vary based on oscillator
configuration and the status of the PWRT. Figure 4-3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also apply
to devices operating in XT or LP modes. For devices in
RC mode and with the PWRT disabled, on the other
hand, there will be no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire.
Bringing 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: TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-up® and Brown-out Exit from

Configuration PWRTEN = 0 PWRTEN = 1 Power Managed Mode

HSPLL 66 msH) + 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 msd) — —
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 PLL to lock.
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FIGURE 4-3:

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

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT. !

< TOST—>

|

FIGURE 4-4:

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

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

F

TPWRT

'« TOST—»i

FIGURE 4-5:

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

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

TPWRT

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

VDD oV A
MCLR _
INTERNAL POR g |

-

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

PLL TIME-OUT ‘

INTERNAL RESET ‘

Note: TosT = 1024 clock cycles.
TPLL = 2 ms max. First three stages of the PWRT timer.
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4.6 Reset State of Registers

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.

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 4-3.
These bits are used in software to determine the nature

of the Reset.

Table 4-4 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets and WDT wake-ups.

TABLE 4-3: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
Condition Program RCON Register STKPTR Register
Counter | soREN | RI | TO | PD |POR|BOR | STKFUL | STKUNF
Power-on Reset 0000h 1 1 0 0 0
RESET Instruction 0000h u@ 0 u u u u u u
Brown-out Reset 0000h u®@ 1 1 1 u 0 u u
MCLR Reset during Power 0000h u®@ u 1 u u u u u
Managed Run Modes
MCLR Reset during Power 0000h u® u 1 0 u u u u
Managed Idle Modes and Sleep
WDT Time-out during Full Power |  0000h u® u 0 u u u u u
or Power Managed Run Modes
MCLR Reset during Full Power 0000h u®@ u u u u u u u
Execution
Stack Full Reset (STVREN = 1) 0000h u® u
Stack Underflow Reset 0000h u®@ u 1
(STVREN = 1)
Stack Underflow Error (not an 0000h u® u u u u u u 1
actual Reset, STVREN = 0)
WDT Time-out during Power PC+2 u® u 0 0 u u u u
Managed Idle or Sleep Modes
Interrupt Exit from Power pC + 2@ u®@ u u 0 u u u u
Managed Modes

Legend:
Note 1:

u = unchanged

interrupt vector (008h or 0018h).

2. Reset state is ‘1’ for POR and unchanged for all other Resets when software BOR is enabled
(BOREN1:BORENO configuration bits = 01 and SBOREN = 1). Otherwise, the Reset state is ‘0’.

When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
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TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS
MCLR Resets
Register AppIiF:abIe Power-on Reset, WDT Reset. Wake-up via WDT
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets

TOSU 6X10 | 8X10 ---0 0000 ---0 0000 ---0 uuuu®
TOSH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu®
TOSL 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuul®
STKPTR 6X10 | 8X10 uu-0 0000 00-0 0000 uu-u uuuul®
PCLATU 6X10 | 8X10 ---0 0000 ---0 0000 ---u uuuu
PCLATH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
PCL 6X10 | 8X10 0000 0000 0000 0000 PC + 20
TBLPTRU 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
TBLPTRH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TBLPTRL 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TABLAT 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
PRODH 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
INTCON 6X10 | 8X10 0000 000x 0000 000u uuuu uuuu®
INTCON2 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu®
INTCON3 6X10 | 8X10 1100 0000 1100 0000 uuuu uuuu®
INDFO 6X10 | 8X10 N/A N/A N/A
POSTINCO 6X10 | 8X10 N/A N/A N/A
POSTDECO 6X10 | 8X10 N/A N/A N/A
PREINCO 6X10 | 8X10 N/A N/A N/A
PLUSWO 6X10 | 8X10 N/A N/A N/A
FSROH 6X10 | 8X10 ---- XXXX ---- uuuu ---- uuuu
FSROL 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
WREG 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
INDF1 6X10 | 8X10 N/A N/A N/A
POSTINC1 6X10 | 8X10 N/A N/A N/A
POSTDEC1 6X10 | 8X10 N/A N/A N/A
PREINC1 6X10 | 8X10 N/A N/A N/A
PLUSW1 6X10 | 8X10 N/A N/A N/A
FSR1H 6X10 | 8X10 ---- XXXX ---- uuuu ---- uuuu
FSR1L 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
BSR 6X10 | 8X10 ---- 0000 ---- 0000 ---- 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 4-3 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’.
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TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MResets
Register Applif:able Power-on Reset, WDT Reset. Wake-up via WDT
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets
INDF2 6X10 | 8X10 N/A N/A N/A
POSTINC2 6X10 | 8X10 N/A N/A N/A
POSTDEC2 6X10 | 8X10 N/A N/A N/A
PREINC2 6X10 | 8X10 N/A N/A N/A
PLUSW2 6X10 | 8X10 N/A N/A N/A
FSR2H 6X10 | 8X10 ---- XXXX ---- uuuu ---- uuuu
FSR2L 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
STATUS 6X10 | 8X10 ---X XXXX ---u uuuu ---u uuuu
TMROH 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TMROL 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
TOCON 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
OSCCON 6X10 | 8X10 0100 g000 0100 00g0 uuuu uugu
HLVDCON 6X10 | 8X10 --00 0101 --00 0101 --uu uuuu
WDTCON 6X10 [ 8X10| ---- --- o | ---= --- o | ---= --- u
RCON® 6X10 | 8X10 0g-1 1190 0g-g ggquu ug-u ggquu
TMR1H 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
TMR1L 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON 6X10 | 8X10 0000 0000 uluu uuuu uuuu uuuu
TMR2 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
PR2 6X10 | 8X10 1111 1111 1111 1111 1111 1111
T2CON 6X10 | 8X10 -000 0000 -000 0000 -uuu uuuu
SSPBUF 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
SSPADD 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
SSPCONL1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
SSPCON2 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
ADRESH 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
ADCONO 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
ADCON1 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
ADCON2 6X10 | 8X10 0-00 0000 0-00 0000 u-uu uuuu
Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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

Note 1:

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

2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

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

4: See Table 4-3 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’.
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TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
m Resets
Register Applif:able Power-on Reset, WDT Reset. Wake-up via WDT
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets

CCPR1H 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCPR1L 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCP1CON 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
CCPR2H 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCPR2L 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCP2CON 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
CCPR3H 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCPR3L 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
CCP3CON 6X10 | 8X10 --00 0000 --00 0000 --uu uuuu
CVRCON 6X10 | 8X10 000- 0000 000- 0000 uuu- uuuu
CMCON 6X10 | 8X10 0000 0111 0000 0111 uuuu uuuu
TMR3H 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L 6X10 | 8X10 XXXX KXXX uuuu uuuu uuuu uuuu
T3CON 6X10 | 8X10 0000 0000 uuuu uuuu uuuu uuuu
PSPCON 6X10 | 8X10 0000 ---- 0000 ---- uuuu ----
SPBRG1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
RCREG1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TXREG1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TXSTAL 6X10 | 8X10 0000 0010 0000 0010 uuuu uuuu
RCSTA1 6X10 | 8X10 0000 000x 0000 000x uuuu uuuu
IPR3 6X10 | 8X10 --11 ---1 --11 ---1 --uu ---u
PIR3 6X10 | 8X10 --00 ---0 --00 ---0 --uu ---u@®
PIE3 6X10 | 8X10 --00 ---0 --00 ---0 --uu ---u
IPR2 6X10 | 8X10 11-- 1111 11-- 1111 uu-- uuuu
PIR2 6X10 | 8X10 00-- 0000 00-- 0000 uu-- uuuu®
PIE2 6X10 | 8X10 00-- 0000 00-- 0000 uu-- uuuu
IPR1 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
PIR1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu®
PIE1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
MEMCON 6X10 | 8X10 0-00 --00 0-00 --00 u-uu --uu
OSCTUNE 6X10 | 8X10 00-0 0000 00-0 0000 uu-u uuuu
TRISJ 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISH 6X10 | 8X10 1111 1111 1111 1111 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 4-3 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’.
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TABLE 4-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
m Resets
Register Applif:able Power-on Reset, WDT Reset. Wake-up via WDT
Devices Brown-out Reset RESET Instruction or Interrupt
Stack Resets

TRISG 6X10 | 8X10 ---1 1111 ---1 1111 ---u uuuu
TRISF 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISE 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISD 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISC 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISB 6X10 | 8X10 1111 1111 1111 1111 uuuu uuuu
TRISA®) 6X10 | 8X10 1111 11110 1111 11110 uuuu uuuu®
LATJ 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATH 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATG 6X10 | 8X10 ---X XXXX ---u uuuu ---u uuuu
LATF 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATE 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATD 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
LATC 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATB 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
LATA®) 6X10 | 8X10 xxxx xxxx®) wuuu uuuu® wuuu wuuu®
PORTJ 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTH 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTG 6X10 | 8X10 - -XX XXXX --uu uuuu --uu uuuu
PORTF 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTE 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTD 6X10 | 8X10 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTB 6X10 | 8X10 XXXX XKXXX uuuu uuuu uuuu uuuu
PORTA®) 6X10 | 8X10 xx0x 0000 wuou 0000®) wuuu uwuuu®
SPBRGH1 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
BAUDCON1 6X10 | 8X10 01-0 0-00 01-0 0-00 uu-u u-uu
SPBRG2 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
RCREG2 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TXREG2 6X10 | 8X10 0000 0000 0000 0000 uuuu uuuu
TXSTA2 6X10 | 8X10 0000 0010 0000 0010 uuuu uuuu
RCSTA2 6X10 | 8X10 0000 000x 0000 000x uuuu uuuu
Legend: wu =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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

Note 1:

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

2. When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt

vector (0008h or 0018h).

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

4: See Table 4-3 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’.
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5.0 MEMORY ORGANIZATION

There are two types of memory in PIC18 Flash
Microcontroller devices:

* Program Memory
¢ Data RAM
As Harvard architecture devices, the data and program

memories use separate busses; this allows for
concurrent access of the two memory spaces.

Additional detailed information on the operation of the
Flash program memory is provided in Section 6.0
“Program Memory”.

5.1 Program Memory Organization

PIC18 microcontrollers implement a 21-bit program
counter, which is capable of addressing a 2-Mbyte
program memory space. Accessing a location between
the upper boundary of the physically implemented
memory and the 2-Mbyte address will return all ‘0’s (a
NOP instruction).

The PIC18F6310 and PIC18F8310 each have
8 Kbytes of Flash memory and can store up to 4,096
single-word instructions. The PIC18F6410 and
PIC18F8410 each have 16 Kbytes of Flash memory
and can store up to 8,192 single-word instructions.

PIC18 devices have two interrupt vectors. The Reset
vector address is at 0000h and the interrupt vector
addresses are at 0008h and 0018h.

The program memory maps for the
PIC18F6310/6410/8310/8410 devices are shown in
Figure 5-1.

FIGURE 5-1: PROGRAM MEMORY MAP AND STACK FOR PIC18F6310/6410/8310/8410 DEVICES
PIC18FX310 PIC18FX410
PC<20:.0> | PC<20:0> |
CALL, RCALL, RETURN 21 CALL, RCALL, RETURN 21

RETFIE, RETLW

Stack Level 1

Stack Level 31

Reset Vector 0000h
High Priority Interrupt Vector | 0008h
Low Priority Interrupt Vector |0018h
On-Chip
Program Memory
1FFFh
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Reset Vector 0000h

High Priority Interrupt Vector | 0008h
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511 PIC18F8310/8410 PROGRAM
MEMORY MODES

In addition to available on-chip FLASH program
memory, 80-pin devices in this family can also address
up to 2 Mbytes of external program memory through an
external memory interface. There are four distinct
operating modes available to the controllers:

« Microprocessor (MP)

« Microprocessor with Boot Block (MPBB)

« Extended Microcontroller (EMC)

« Microcontroller (MC)

The program memory mode is determined by setting
the two Least Significant bits of the CONFIG3L config-
uration byte, as shown in Register 5-1. (See also

Section 23.1 “Configuration Bits” for additional
details on the device configuration bits.)

The program memory modes operate as follows:

« The Microcontroller Mode accesses only on-chip
Flash memory. Attempts to read above the physical
limit of the on-chip Flash (3FFFh) causes a read of
all ‘0’s (aNOP instruction). The Microcontroller mode
is also the only operating mode available to
PIC18F6310 and PIC18F6410 devices.

REGISTER 5-1:
R/P-1 R/P-1 U-0

e The Extended Microcontroller Mode allows
access to both internal and external program
memories as a single block. The device can
access its entire on-chip Flash memory; above
this, the device accesses external program
memory up to the 2-Mbyte program space limit.
As with Boot Block mode, execution automatically
switches between the two memories as required.

* The Microprocessor Mode permits access only
to external program memory; the contents of the
on-chip Flash memory is ignored. The 21-bit
program counter permits access to the entire
2-Mbyte linear program memory space.

« The Microprocessor with Boot Block Mode
accesses on-chip Flash memory from addresses
000000h to 0007FFh. Above this, external program
memory is accessed all the way up to the 2-Mbyte
limit. Program execution automatically switches
between the two memories as required.

In all modes, the microcontroller has complete access
to data RAM.

Figure 5-2 compares the memory maps of the different
program memory modes. The differences between
on-chip and external memory access limitations are
more fully explained in Table 5-1.

CONFIG3L: CONFIGURATION BYTE REGISTER 3 LOW

U-0 u-0 U-0 R/P-1 R/P-1

WAIT BW —

— — — PM1 PMO

bit 7

bit 0

bit 7 WAIT: External Bus Data Wait Enable bit

1 = Wait selections unavailable, device will not wait
0 = Wait programmed by WAIT1 and WAITO bits of MEMCOM register (MEMCOM<5:4>)

bit 6 BW: External Bus Data Width Select bit

1 = 16-bit external bus data width
0 = 8-bit external bus data width

bit 5-2 Unimplemented: Read as ‘0’

bit 1-0 PM1:PMO: Processor Data Memory Mode Select bits

11 = Microcontroller mode
10 = Microprocessor mode®

01 = Microcontroller with Boot Block mode®

00 = Extended Microcontroller mode®

Note 1: This mode is available only on PIC18F8410 devices.

Legend:
R = Readable bit
-n = Value after erase

P = Programmable bit U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set

‘0’ = Bit is cleared X = Bit is unknown
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FIGURE 5-2: MEMORY MAPS FOR PIC18FX310/X410 PROGRAM MEMORY MODES
Microcontroller Mode® Extended Microcontroller Mode®
000000h 000000h
On-Chip On-Chip
Program Program
Memory Memory
(Top of Memory) (Top of Memory)
(Top of Memory) + 1 (Top of Memory) + 1
Reads
‘0's External
Program
Memory
1FFFFFh 1FFFFFh
On-Chip External On-Chip
Flash Memory Flash
Microprocessor Mode® Microprocessor with Boot Block Mode@
On-Chip
Program
Memory
000000h - 000000h
L 0007FFh
PR TEL 000800h
Memory (No
N
ac(cecs)s) access)
(Top of Memory) + 1
External External
Program Program
Memory Memory
1FFFFFh 1FFFFFh
External On-Chip External On-Chip
Memory Flash Memory Flash

Legend: (Top of Memory) represents upper boundary of on-chip program memory space (1FFFh for PIC18FX310, 3FFFh
for PIC18FX410). Shaded areas represent unimplemented or inaccessible areas, depending on the mode.
Note 1: This mode is the only available mode on 64-pin devices and the default on 80-pin devices.
2: These modes are only available on 80-pin devices.

TABLE 5-1: MEMORY ACCESS FOR PIC18F8310/8410 PROGRAM MEMORY MODES

Internal Program Memory External Program Memory
Operating
Mode Execution Table Read Table Write Execution Table Read Table Write
From From To From From To
Microcontroller Yes Yes Yes No Access No Access No Access
Extended Yes Yes Yes Yes Yes Yes
Microcontroller
Microprocessor No Access No Access No Access Yes Yes Yes
Microprocessor Yes Yes Yes Yes Yes Yes
w/ Boot Block
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51.2 PROGRAM COUNTER

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is contained in three separate 8-bit registers. 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; it is not directly readable or writable.
Updates to the PCH register are performed through the
PCLATH register. The upper byte is called PCU. This
register contains the PC<20:16> bits; it is also not
directly readable or writable. Updates to the PCU
register are performed through the PCLATU register.

The contents of PCLATH and PCLATU are transferred
to the program counter by any operation that writes
PCL. Similarly, the upper two bytes of the program
counter are transferred to PCLATH and PCLATU by an
operation that reads PCL. This is useful for computed
offsets to the PC (see Section 5.1.5.1 “Computed
GOTO”).

The PC addresses bytes in the program memory. To
prevent the PC from becoming misaligned with word
instructions, the Least Significant bit 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.

513 RETURN ADDRESS STACK

The return address stack allows any combination of up
to 31 program calls and interrupts to occur. The PC is
pushed onto the stack when a CALL or RCALL instruc-
tion 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.

FIGURE 5-3:

The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer register, STKPTR. 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 Special File Registers. Data can also be
pushed to or popped from the stack using these
registers.

A CALL type instruction causes a push onto the stack;
the Stack Pointer is first incremented and the location
pointed to by the Stack Pointer is written with the
contents of the PC (already pointing to the instruction
following the CALL). A RETURN type instruction causes
a pop from the stack; the contents of the location
pointed to by the STKPTR are transferred to the PC
and then the Stack Pointer is decremented.

The Stack Pointer is initialized to ‘00000’ after all
Resets. There is no RAM associated with the location
corresponding to a Stack Pointer value of ‘00000’; this
is only a Reset value. Status bits indicate if the stack is
full, has overflowed or has underflowed.

5131

Only the top of the return address stack (TOS) is
readable and writable. A set of three registers,
TOSU:TOSH: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:TOSL registers. These values can be
placed on a user defined software stack. At return time,
the software can return these values to
TOSU:TOSH:TOSL and do a return.

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

Top-of-Stack Access

RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

Top-of-Stack Registers

Return Address Stack <20:0>

Stack Pointer

11111

TOSU TOSH TOSL

11110 STKPTR<4:0>

[ 00h [ 1Ah | 34h |

11101

Y

\ J -

00011

Top-of-Stack

001A34h

00010

000D58h

00001

00000
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5.1.3.2 Return Stack Pointer (STKPTR)

The STKPTR register (Register 5-2) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bit. 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. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System for return stack maintenance.

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

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack
Overflow Reset Enable) configuration bit. (Refer to
Section 23.1 “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 sets the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software, or until 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.

5.1.3.3 PUSH and POP Instructions

Since the Top-of-Stack 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 feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by
decrementing the Stack Pointer. The previous value
pushed onto the stack then becomes the TOS value.

REGISTER 5-2: 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 | STKUNF — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
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:SPO0: Stack Pointer Location bits

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

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented
‘0’ = Bit is cleared

C = Clearable only bit
X = Bit is unknown
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5.1.34 Stack Full and Underflow Resets

Device Resets on stack overflow and stack underflow
conditions are enabled by setting the STVREN bit in
Configuration Register 4L. When STVREN is set, a full
or underflow condition will set the appropriate STKFUL
or STKUNF bit and then cause a device Reset. When
STVREN is cleared, a full or underflow condition will set
the appropriate STKFUL or STKUNF bit, but not cause
a device Reset. The STKFUL or STKUNF bits are
cleared by the user software or a Power-on Reset.

514 FAST REGISTER STACK

A fast register stack is provided for the Status, WREG
and BSR registers to provide a “fast return” option for
interrupts. This stack is only one level deep and is
neither readable nor writable. It is loaded with the
current value of the corresponding register when the
processor vectors for an interrupt. All interrupt sources
will push values into the stack registers. 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.

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 interrupt occurs
while servicing a low priority interrupt, the stack register
values stored by the low priority interrupt will be
overwritten. In these cases, users must save the key
registers in software during a low priority interrupt.

If interrupt priority is not used, all interrupts may use the
fast register stack for returns from interrupt. If no
interrupts are used, the fast register stack can be used
to restore the Status, WREG and BSR registers at the
end of a subroutine call. To use the fast register stack
for a subroutine call, a CALL label, FAST instruction
must be executed to save the Status, WREG and BSR
registers to the fast register stack. A RETURN, FAST
instruction is then executed to restore these registers
from the fast register stack.

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

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

515 LOOK-UP TABLES IN
PROGRAM MEMORY

There may be programming situations that require the
creation of data structures, or look-up tables, in
program memory. For PIC18 devices, look-up tables
can be implemented in two ways:

e Computed GOTO
* Table Reads

5.15.1 Computed GOTO

A computed GOTO is accomplished by adding an offset
to the program counter. An example is shown in
Example 5-2.

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW nn instructions. The
W register is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next
instruction executed will be one of the RETLW nn
instructions that returns the value ‘nn’ to the calling
function.

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

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

EXAMPLE 5-2: COMPUTED GOTO USING

AN OFFSET VALUE

MOVF OFFSET, W
CALL TABLE
ORG nn0Oh
TABLE ADDWF PCL
RETLW nnh
RETLW nnh
RETLW nnh

5.1.5.2 Table Reads

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

Look-up table data may be stored two bytes per
program word while programming. The Table Pointer
(TBLPTR) register specifies the byte address and the
Table Latch (TABLAT) register contains the data that is
read from the program memory. Data is transferred
from program memory one byte at a time.

Table read operation is discussed further in
Section 6.1 “Table Reads and Table Writes”.
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5.2 PIC18 Instruction Cycle

521 CLOCKING SCHEME

The microcontroller clock input, whether from an
internal or external source, is internally divided by four
to generate four non-overlapping quadrature clocks
(Q1, Q2, Q3 and Q4). Internally, the program counter is
incremented on every Q1; the instruction is fetched
from the program memory and latched into the instruc-
tion register during Q4. The instruction is decoded and
executed during the following Q1 through Q4. The
clocks and instruction execution flow are shown in
Figure 5-4.

522 INSTRUCTION FLOW/PIPELINING

An “Instruction Cycle” consists of four Q cycles, Q1
through Q4. The instruction fetch and execute are pipe-
lined in such a manner that a fetch takes one instruc-
tion cycle, while the decode and execute take 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.qg.,
GOTO), then two cycles are required to complete the
instruction (Example 5-3).

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).

FIGURE 5-4: CLOCK/INSTRUCTION CYCLE
I Q1 | Q2 | Q3 | Q4 I Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 |
osCit |/ 7/ / /L s/ /L
QL )/ J \ y \ |
Q2 | 7/ \ | | || Intemal
Q3 —\ | —\ | e W <)
Q4 I\ | | |
PC | PC K PC+2 X PC+4 |

Execute INST (PC — 2)

OSC2/CLKO et o
(RC mode)

[ Fetch INST (PC)

Execute INST (PC) |

Fetch INST (PC + 2)

Execute INST (PC + 2)

Fetch INST (PC + 4)

EXAMPLE 5-3: INSTRUCTION PIPELINE FLOW
TcyO Tcyl Tcy2 Tcy3 Tcy4 Tcy5
1. MOVLW 55h Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. BRA SUB_1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NoP)
5. Instruction @ address SUB 1 Fetch SUB_1| Execute SUB_1

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

MEMORY

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSb = 0). To maintain alignment
with instruction boundaries, the PC increments in steps
of 2 and the LSb will always read ‘0’ (see Section 5.1.2
“Program Counter”).

Figure 5-5 shows an example of how instruction words
are stored in the program memory.

The cALL and GOTO instructions have the absolute
program memory address embedded into the instruc-
tion. 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 0006h, is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner. The
offset value stored in a branch instruction represents the
number of single-word instructions that the PC will be
offset by. Section 24.0 “Instruction Set Summary”
provides further details of the instruction set.

FIGURE 5-5: INSTRUCTIONS IN PROGRAM MEMORY
Word Address
LSB=1 LSB =0 J
Program Memory 000000h
Byte Locations — 000002h
000004h
000006h
Instruction 1:  MovLw 055h OFh 55h 000008h
Instruction 2:  goTO 0006h EFh 03h 00000AN
FOh 00h 00000Ch
Instruction 3:  MOVFF 123h, 456h Cilh 23h 00000Eh
F4h 56h 000010h
000012h
000014h
524 TWO-WORD INSTRUCTIONS and used by the instruction sequence. If the first word

The standard PIC18 instruction set has four two-word
instructions: CALL, MOVFF, GOTO and LSFR. In all
cases, the second word of the instructions always has
‘1111’ as its four Most Significant bits; the other 12 bits
are literal data, usually a data memory address.

The use of ‘1111’ in the 4 MSbs of an instruction
specifies a special form of NOP. If the instruction is
executed in proper sequence — immediately after the
first word — the data in the second word is accessed

is skipped for some reason and the second word is
executed by itself, a NOP is executed instead. This is
necessary for cases when the two-word instruction is
preceded by a conditional instruction that changes the
PC. Example 5-4 shows how this works.

Note:  See Section 5.5 “Program Memory and
the Extended Instruction Set” for
information on two-word instructions in the

extended instruction set.

EXAMPLE 5-4: TWO-WORD INSTRUCTIONS

CASE 1:

Object Code Source Code
0110 0110 0000 0O0O0O TSTFSZ REG1 ; 1s RAM location 0?
1100 0001 0010 0011 MOVFF REG1l, REG2 ; No, skip this word
1111 0100 0101 0110 ; Execute this word as a NOP
0010 0100 0000 00O0O ADDWF REG3 ; continue code

CASE 2:

Object Code Source Code
0110 0110 0000 00O0O TSTFSZ REG1 ; is RAM location 07?
1100 0001 0010 0011 MOVFF REG1, REG2 ; Yes, execute this word
1111 0100 0101 0110 ; 2nd word of instruction
0010 0100 0000 0OOO ADDWF REG3 ; continue code
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5.3 Data Memory Organization

Note:  The operation of some aspects of data
memory are changed when the PIC18
extended instruction set is enabled. See
Section 5.6 “Data Memory and the
Extended Instruction Set” for more
information.

The data memory in PIC18 devices is implemented as
static RAM. Each register in the data memory has a
12-bit address, allowing up to 4096 bytes of data
memory. The memory space is divided into as many as
16 banks that contain 256 bytes each.
PIC18F6310/6410/8310/8410 devices implement only
3 complete banks, for a total of 768 bytes. Figure 5-6
shows the data memory organization for the devices.

The data memory contains Special Function Registers
(SFRs) and General Purpose Registers (GPRs). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratchpad operations in the user’s
application. Any read of an unimplemented location will
read as ‘0’s.

The instruction set and architecture allow operations
across all banks. The entire data memory may be
accessed by Direct, Indirect or Indexed Addressing
modes. Addressing modes are discussed later in this
section.

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle, PIC18
devices implement an Access Bank. This is a 256-byte
memory space that provides fast access to SFRs and
the lower portion of GPR Bank 0 without using the
BSR. Section 5.3.2 “Access Bank” provides a
detailed description of the Access RAM.

531 BANK SELECT REGISTER

Large areas of data memory require an efficient
addressing scheme to make rapid access to any
address possible. Ideally, this means that an entire
address does not need to be provided for each read or
write operation. For PIC18 devices, this is accom-
plished with a RAM banking scheme. This divides the
memory space intol6 contiguous banks of 256 bytes.
Depending on the instruction, each location can be
addressed directly by its full 12-bit address, or an 8-bit
low-order address and a 4-bit bank pointer.

Most instructions in the PIC18 instruction set make use
of the bank pointer, known as the Bank Select Register
(BSR). This SFR holds the 4 Most Significant bits of a
location’s address; the instruction itself includes the
8 Least Significant bits. Only the four lower bits of the
BSR are implemented (BSR3:BSRO0). The upper four
bits are unused; they will always read ‘0’ and cannot be
written to. The BSR can be loaded directly by using the
MOVLB instruction.

The value of the BSR indicates the bank in data
memory; the 8 bits in the instruction show the location
in the bank and can be thought of as an offset from the
bank’s lower boundary. The relationship between the
BSR’s value and the bank division in data memory is
shown in Figure 5-7.

Since up to 16 registers may share the same low-order
address, the user must always be careful to ensure that
the proper bank is selected before performing a data
read or write. For example, writing what should be
program data to an 8-bit address of F9h while the BSR
is OFh will end up resetting the program counter.

While any bank can be selected, only those banks that
are actually implemented can be read or written to.
Writes to unimplemented banks are ignored, while
reads from unimplemented banks will return ‘0’s. Even
so, the Status register will still be affected as if the
operation was successful. The data memory map in
Figure 5-6 indicates which banks are implemented.

In the core PIC18 instruction set, only the MOVFF
instruction fully specifies the 12-bit address of the
source and target registers. This instruction ignores the
BSR completely when it executes. All other instructions
include only the low-order address as an operand and
must use either the BSR or the Access Bank to locate
their target registers.
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FIGURE 5-6: DATA MEMORY MAP FOR PIC18F6310/6410/8310/8410 DEVICES
BSR<3:0> Data Memory Map When a = 0: o
The BSR is ignored and the
00h A Y 000h Access Bank is used.
— ccess )
=o0000 - e AT
Bank 0 gggﬁ The first 128 bytes are
GPR general purpose RAM
FFh OFFh (from Bank 0).
=0001 00h 100h The second 128 bytes are
—
Bank 1 GPR Special Function Registers
FFh 1FFh (from Bank 15).
=0010 00h 200h
———» Bank 2 GPR When a=1:
FFh 2FFh The BSR specifies the bank
00h 300h used by the instruction.
- 0011 Bank 3
Access Bank
00h
Access RAM Low
to Unused —  |AcCCesSRAVLOW 5Fh
Read as 00h Access RAM High| 60h
(SFRs) FEh
1110 Bank 14
FFh EFFh
=1111 00h Unused FOOh
" » Bank1s [ — — — — 7 F3Fh
SER F40h
FFh FFFh
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FIGURE 5-7: USE OF THE BANK SELECT REGISTER (DIRECT ADDRESSING)
7 BSRW o  000h Data Memory ooh 7 From Opcode® 0
[ofofofofofo]a]e] Bank 0 BEEENANN
FFh
100h
Bank 1 00h
Bank Select® " FFh RE
200h 00h
Bank 2
300h FFh <
00h
Bank 3
through NN
A Bank 13 M
FFh
EOOh 00h
Bank 14 FEh
FOOh 00h
Bank 15
FFFh FFh
Note 1: The Access RAM bit of the instruction can be used to force an override of the selected bank (BSR<3:0>)
to the registers of the Access Bank.
2.  The MOVFF instruction embeds the entire 12-bit address in the instruction.

53.2 ACCESS BANK

While the use of the BSR with an embedded 8-bit
address allows users to address the entire range of
data memory, it also means that the user must always
ensure that the correct bank is selected. Otherwise,
data may be read from or written to the wrong location.
This can be disastrous if a GPR is the intended target
of an operation but an SFR is written to instead.
Verifying and/or changing the BSR for each read or
write to data memory can become very inefficient.

To streamline access for the most commonly used data
memory locations, the data memory is configured with
an Access Bank, which allows users to access a
mapped block of memory without specifying a BSR.
The Access Bank consists of the first 96 bytes of
memory (00h-5Fh) in Bank 0 and the last 160 bytes of
memory (60h-FFh) in Block 15. The lower half is known
as the “Access RAM” and is composed of GPRs. This
upper half is where the device’s SFRs are mapped.
These two areas are mapped contiguously in the
Access Bank and can be addressed in a linear fashion
by an 8-bit address (Figure 5-6).

The Access Bank is used by core PIC18 instructions
that include the Access RAM bit (the ‘a’ parameter in
the instruction). When ‘a’ is equal to ‘1’, the instruction
uses the BSR and the 8-bit address included in the
opcode for the data memory address. When ‘a’ is ‘0,
however, the instruction is forced to use the Access
Bank address map; the current value of the BSR is
ignored entirely.

Using this “forced” addressing allows the instruction to
operate on a data address in a single cycle without
updating the BSR first. For 8-bit addresses of 80h and
above, this means that users can evaluate and operate
on SFRs more efficiently. The Access RAM below 60h
is a good place for data values that the user might need
to access rapidly, such as immediate computational
results or common program variables. Access RAM
also allows for faster and more code efficient context
saving and switching of variables.

The mapping of the Access Bank is slightly different
when the extended instruction set is enabled (XINST
configuration bit = 1). This is discussed in more detail
in Section 5.6.3 “Mapping the Access Bank in
Indexed Literal Offset Mode”.

5.3.3 GENERAL PURPOSE
REGISTER FILE

PIC18 devices may have banked memory in the GPR
area. This is data RAM, which is available for use by all
instructions. GPRs start at the bottom of Bank 0
(address 000h) and grow upwards towards the bottom
of the SFR area. GPRs are not initialized by a
Power-on Reset and are unchanged on all other
Resets.
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534 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and peripheral modules for controlling
the desired operation of the device. These registers are
implemented as static RAM. SFRs start at the top of
data memory (FFFh) and extend downward to occupy
more than the top half of Bank 15 (F60h to FFFh). A list
of these registers is given in Table 5-2 and Table 5-3.

The SFRs can be classified into two sets: those
associated with the “core” device functionality (ALU,
Resets and interrupts) and those related to the
peripheral functions. The Reset and interrupt registers
are described in their respective chapters, while the
ALU'’s Status register is described later in this section.
Registers related to the operation of the peripheral
features are described in the chapter for that
peripheral.

The SFRs are typically distributed among the
peripherals whose functions they control. Unused SFR
locations are unimplemented and read as ‘0’s.

SPECIAL FUNCTION REGISTER MAP FOR PIC18F6310/6410/8310/8410 DEVICES

TABLE 5-2:

Address Name Address Name Address
FFFh TOSU FDFh| INDF2® FBFh
FFEh TOSH FDEh | POSTINC2() FBEh
FFDh TOSL FDDh | POSTDEC2Y |  FBDh
FFCh| STKPTR FDCh| PREINC2(M FBCh
FFBh| PCLATU FDBh| PLUSW2( FBBh
FFAh| PCLATH FDAh FSR2H FBAh
FF9h PCL FD9h FSR2L FBYh
FF8h| TBLPTRU FD8h| STATUS FB8h
FF7h| TBLPTRH FD7h| TMROH FB7h
FF6h| TBLPTRL FD6h TMROL FB6h
FF5h|  TABLAT FD5h| TOCON FB5h
FF4h| PRODH FD4h —@ FB4h
FF3h| PRODL FD3h| OSCCON FB3h
FF2h| INTCON FD2h| HLVDCON FB2h
FFlh| INTCON2 FD1h| WDTCON FB1h
FFOh| INTCON3 FDOh RCON FBOh
FEFh| INDFO® FCFh| TMRI1H FAFh
FEEh | POSTINCO® FCEh TMRIL FAEh
FEDh | POSTDECO®W | FCDh| T1CON FADh
FECh| PREINCO® FCCh TMR2 FACh
FEBh| PLUSWO® FCBh PR2 FABh
FEAh FSROH FCAh| T2CON FAAh
FE9h FSROL FCOh| SSPBUF FA9h
FE8h WREG FC8h| SSPADD FA8h
FE7h| INDF1® FC7h| SSPSTAT FA7h
FE6h | POSTINC1® FC6h| SSPCON1 FA6h
FE5h | POSTDEC1I® FC5h| SSPCON2 FA5h
FE4h| PREINC1® FC4h| ADRESH FA4h
FE3h| PLUSW1® FC3h| ADRESL FA3h
FE2h FSR1H FC2h| ADCONO FA2h
FE1h FSRIL FClh| ADCON1 FAlh
FEOh BSR FCOh| ADCON2 FAOh

Note 1: This is not a physical register.

2:
3:

Unimplemented registers are read as ‘0’.

This register is not available on 64-pin devices.

Name Address Name Address Name
CCPR1H F9Fh IPR1 F7Fh| SPBRGH1
CCPRI1L F9Eh PIR1 F7Eh | BAUDCON1
CCP1CON F9Dh PIE1 F7Dh —@
CCPR2H F9Ch| MEMCON®) F7Ch —@
CCPR2L F9Bh| OSCTUNE F7Bh —@
CCP2CON F9Ah| TRISI®) F7Ah —@
CCPR3H Fooh| TRISH® F79h —@
CCPR3L Fosh TRISG F78h —@
CCP3CON F97h TRISF F77h —@
—@ F96h TRISE F76h —@
CVRCON F95h TRISD F75h —@
CMCON F94h TRISC F74h —@
TMR3H Fo3h TRISB F73h —@
TMR3L F92h TRISA F72h —@
T3CON F91h LATI® F71h —@
PSPCON Fooh| LATH® F70h —@
SPBRG1 F8Fh LATG F6Fh| SPBRG2
RCREG1 F8Eh LATF F6Eh| RCREG?2
TXREG1 F8Dh LATE F6Dh| TXREG2
TXSTAL F8Ch LATD F6Ch| TXSTA2
RCSTAL F8Bh LATC F6Bh| RCSTA2
—@ F8Ah LATB F6Ah —@
—@ F89h LATA F69h —@
—@ F8sh| PORTJ® F68h —@
—@ F87h| PORTH® F67h —@
—@ F8e6h| PORTG F66h —@
IPR3 F85h| PORTF F65h —@
PIR3 F84h| PORTE F64h —@
PIE3 F83h| PORTD F63h —@
IPR2 F82h| PORTC F62h —@
PIR2 F8lh| PORTB F61h —@
PIE2 F8oh| PORTA F60h —@
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TABLE 5-3: REGISTER FILE SUMMARY (PIC18F6310/6410/8310/8410)

File Name |  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O P\gges(g}e oaegzgz:
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000| 57,64
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000| 57,64
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000| 57,64
STKPTR STKFUL®) | STKUNF® — Return Stack Pointer 00-0 0000| 57,65
PCLATU — — — Holding Register for PC<20:16> ---0 0000| 57,64
PCLATH Holding Register for PC<15:8> 0000 0000| 57,64
PCL PC Low Byte (PC<7:0>) 0000 0000| 57,64
TBLPTRU — | — ] bitzr [Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) __00 0000| 57,88
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000| 57,88
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000| 57,88
TABLAT Program Memory Table Latch 0000 0000| 57,88
PRODH Product Register High Byte xxxx xxxx| 57,99
PRODL Product Register Low Byte xxxx xxxx| 57,99
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x| 57,103
INTCON2 RBPU INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 TMROIP INT3IP RBIP 1111 1111| 57,104
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF  |1100 0000| 57,105
INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) N/A 57,79
POSTINCO |Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A 57, 80
POSTDECO |Uses contents of FSRO to address data memory — value of FSRO post-decremented (not a physical register) N/A 57, 80
PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) N/A 57, 80
PLUSWO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register), N/A 57, 80

value of FSRO offset by W
FSROH — — — — Indirect Data Memory Address Pointer 0 High ---- xxxx| 57,79
FSROL Indirect Data Memory Address Pointer O Low Byte xxxx xxxx| 57,79
WREG Working Register XXXX XXXX 57
INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) N/A 57,79
POSTINC1 |Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A 57, 80
POSTDEC1 |Uses contents of FSR1 to address data memory — value of FSR1 post-decremented (not a physical register) N/A 57, 80
PREINC1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) N/A 57, 80
PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register), N/A 57, 80

value of FSR1 offset by W
FSR1H — | — | — | — |Indirect Data Memory Address Pointer 1 High ---- xxxx| 57,79
FSR1L Indirect Data Memory Address Pointer 1 Low Byte xxxx xxxx| 57,79
BSR — | — | — | — |Bank Select Register ---- 0000| 57,69
INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) N/A 58, 79
POSTINC2 |Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A 58, 80
POSTDEC2 |Uses contents of FSR2 to address data memory — value of FSR2 post-decremented (not a physical register) N/A 58, 80
PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) N/A 58, 80
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register), N/A 58, 80

value of FSR2 offset by W
FSR2H — | — | — | — |Indirect Data Memory Address Pointer 2 High ---- xxxx| 58,79
FSR2L Indirect Data Memory Address Pointer 2 Low Byte xxxx xxxx| 58,79
STATUS — | — 1 = 1T ~ ] ov z DC C  |---x xoxx| 58,77
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition. Shaded locations are unimplemented, read as ‘0’.
Note 1: The SBOREN bit is only available when the BOREN1:BORENO configuration bits = 01; otherwise it is disabled and reads as ‘'0’. See

2:
3:

Section 4.4 “Brown-out Reset (BOR)”".
These registers and/or bits are not implemented on 64-pin devices, read as ‘0’.

The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in

INTOSC Modes”.

The RGS5 bit is only available when Master Clear is disabled (MCLRE configuration bit = 0); otherwise, RG5 reads as ‘0’. This bit is

read-only.

RAG6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.

When disabled, these bits read as ‘0’.
STKFUL and STKUNF bits are cleared by user software or by a POR.
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TABLE 5-3: REGISTER FILE SUMMARY (PIC18F6310/6410/8310/8410) (CONTINUED)

File Name |  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BItO | pon BOR O'ﬁe;gg;
TMROH TimerO Register High Byte 0000 0000| 58,145
TMROL TimerO Register Low Byte xxxx xxxx| 58,145
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 1111 1111 58, 143
OSCCON IDLEN IRCF2 IRCF1 IRCFO OSTS IOFS SCS1 SCSO0 0100 go000| 36,58
HLVDCON VDIRMAG — IRVST HLVDEN HLVDL3 HLVDL2 HLVDL1 HLVDLO |[0-00 0101| 58, 265
WDTCON — — — — — — — SWDTEN |---- --- 0| 58,280
RCON IPEN SBOREN® = RI TO PD POR BOR 0g-1 11g0| 50,58,

115
TMR1H Timerl Register High Byte xxxx xxxx| 58,151
TMR1L Timerl Register Low Byte 0000 0000| 58,151
T1CON RD16 | TIRUN | Tickpsi | Tickpso | Ti0scen | TISYNC | TMRics | TMR1ON [0000 oooo| 58,147
TMR2 Timer2 Register 1111 1111| 58,154
PR2 Timer2 Period Register -000 0000| 58,154
T2CON — | r20utess | T20utPs2 | T20UTPS1 | T20UTPSO | TMR20N | T2CKPS1 | T2CKPSO [-000 0000| 58,153
SSPBUF SSP Receive Buffer/Transmit Register 0000 0000| 58,170,
178
SSPADD SSP Address Register in I2C™ Slave Mode. SSP Baud Rate Reload Register in 12C Master Mode. 0000 0000| 58,178
SSPSTAT SMP CKE DIA P S RIW UA BF 0000 0000| 58, 170,
179
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000| 58,171,
180
SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000| 58,181
ADRESH A/D Result Register High Byte xxxx xxxx| 58,254
ADRESL A/D Result Register Low Byte 0000 0000| 58,254
ADCONO — — CHS3 CHS2 CHS1 CHSO GO/DONE ADON --00 0000| 58,245
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO --00 ggaqg| 58, 246
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0 0-00 0000| 58,247
CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx| 59,160
CCPR1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx| 59,160
CCP1CON — | — ] pbcier | pcieo | ccpims | ccpimz | ccpimi | ccpimo |--oo oooo| 59,159
CCPR2H Capture/Compare/PWM Register 2 High Byte xxxx xxxx| 59,160
CCPR2L Capture/Compare/PWM Register 2 Low Byte 0000 0000| 59, 160
CCP2CON — | — ] bceer | pceo | ccpams | ccpamz | ccpemi | ccpamo |--o0 oooo 59,159
CCPR3H Capture/Compare/PWM Register 3 High Byte xxxx xxxx| 59,160
CCPR3L Capture/Compare/PWM Register 3 Low Byte 0000 0000| 59, 160
CCP3CON — — DC3B1 DC3B0O CCP3M3 CCP3M2 CCP3M1 CCP3MO |--00 o0000| 59,159
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 0000 0000| 59,261
CMCON C20UT C10uT C2INV CI1INV CIS CM2 CM1 CMO 0000 0111| 59,255
TMR3H Timer3 Register High Byte 0000 0000| 59,157
TMR3L Timer3 Register Low Byte 0000 0000| 59,157
T3CON RD16 T3CCP2 T3CKPS1 T3CKPSO T3CCP1 T3SYNC TMR3CS TMR3ON |0000 0000| 59,155
PSPCON IBF OBF IBOV PSPMODE — — — — 0000 ----| 59,141
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition. Shaded locations are unimplemented, read as ‘0’.

Note 1: The SBOREN bit is only available when the BOREN1:BORENO configuration bits = 01; otherwise it is disabled and reads as ‘0’. See

Section 4.4 “Brown-out Reset (BOR)”".

2:  These registers and/or bits are not implemented on 64-pin devices, read as ‘0’.

3:  The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in
INTOSC Modes”.

4:  The RGS5 bit is only available when Master Clear is disabled (MCLRE configuration bit = 0); otherwise, RG5 reads as ‘0’. This bit is
read-only.

5:  RAB/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.
When disabled, these bits read as ‘0'.

6:  STKFUL and STKUNF bits are cleared by user software or by a POR.
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TABLE 5-3: REGISTER FILE SUMMARY (PIC18F6310/6410/8310/8410) (CONTINUED)

File Name |  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BItO | pon BOR o'ﬁe;gg;
SPBRG1 EUSART1 Baud Rate Generator 0000 0000| 59,213
RCREG1 EUSART1 Receive Register 0000 0000| 59,220
TXREG1 EUSART1 Transmit Register xxxx xxxx| 59,218
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D xxxx xxxx| 59,210
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 0000| 59,211
IPR3 — — RC2IP TX2IP — — — CCP3IP [--00 ---1| 59,114
PIR3 — — RC2IF TX2IF — — — CCP3IF --00 ---1| 59,108
PIE3 — — RC2IE TX2IE — — — CCP3IE |[--00 ---1| 59,111
IPR2 OSCFIP CMIP — — BCLIP HLVDIP TMR3IP CCP2IP |11-- 1111 59,113
PIR2 OSCFIF CMIF — — BCLIF HLVDIF TMRSIF CCP2IF 00-- 0000| 59,107
PIE2 OSCFIE CMIE — — BCLIE HLVDIE TMRSIE CCP2IE |00-- 0000| 59,110
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP TMR2IP TMR1IP 1111 1111 59,112
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF TMR2IF TMR1IF [0000 0000| 59, 106
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE TMR2IE TMR1IE |o0000 0000 59,109
MEMCON®@ |  EBDIS — WAIT1 WAITO — — WM1 WMO  |0-00 --00| 59,89
OSCTUNE INTSRC PLLEN® — TUN4 TUN3 TUN2 TUN1 TUNO 00-0 0000| 33,59
TRISI®@ Data Direction Control Register for PORTJ 1111 1111]| 59,139
TRISH® Data Direction Control Register for PORTH 1111 1111]| 59,137
TRISG — — — Data Direction Control Register for PORTG ---1 1111 60,135
TRISF Data Direction Control Register for PORTF 1111 1111 60,133
TRISE Data Direction Control Register for PORTE 1111 1111 60,131
TRISD Data Direction Control Register for PORTD 1111 1111| 60,128
TRISC Data Direction Control Register for PORTC 1111 1111 60,125
TRISB Data Direction Control Register for PORTB 1111 1111 60,122
TRISA TRISA7®) | TRISA6(®) | Data Direction Control Register for PORTA 1111 1111 60, 119
LATI® Read PORTJ Data Latch, Write PORTJ Data Latch xxxx xxxx| 60,139
LATH® Read PORTH Data Latch, Write PORTH Data Latch xxxx xxxx| 60,137
LATG — I = 1T = Read PORTG Data Latch, Write PORTG Data Latch ~_x xxxx| 60,135
LATF Read PORTF Data Latch, Write PORTF Data Latch xxxx xxxx| 60,133
LATE Read PORTE Data Latch, Write PORTE Data Latch xxxx xxxx| 60,131
LATD Read PORTD Data Latch, Write PORTD Data Latch xxxx xxxx| 60,128
LATC Read PORTC Data Latch, Write PORTC Data Latch xxxx xxxx| 60,125
LATB Read PORTB Data Latch, Write PORTB Data Latch xxxx xxxx| 60,122
LATA LATA7®) | LATAE®) |Read PORTA Data Latch, Write PORTA Data Latch xxxx xxxx| 60,119
PORTJ® Read PORTJ pins, Write PORTJ Data Latch xxxx xxxx| 60,139
PORTH®@  |Read PORTH pins, Write PORTH Data Latch xxxx xxxx| 60,137
PORTG = | = | RG5®  |Read PORTG pins <4:0>, Write PORTG Data Latch <4:0> --xx xxxx| 60,135
PORTF Read PORTF pins, Write PORTF Data Latch xxxx xxxx| 60,133
PORTE Read PORTE pins, Write PORTE Data Latch xxxx xxxx| 60,131
PORTD Read PORTD pins, Write PORTD Data Latch xxxx xxxx| 60,128
PORTC Read PORTC pins, Write PORTC Data Latch xxxx xxxx| 60,125
PORTB Read PORTB pins, Write PORTB Data Latch xxxx xxxx| 60,122
PORTA RA7®) RA6()  |Read PORTA pins, Write PORTA Data Latch xx0x 0000| 60,119
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition. Shaded locations are unimplemented, read as ‘0’.
Note 1: The SBOREN bit is only available when the BOREN1:BORENO configuration bits = 01; otherwise it is disabled and reads as ‘0’. See

Section 4.4 “Brown-out Reset (BOR)”".

2:  These registers and/or bits are not implemented on 64-pin devices, read as ‘0’.

3:  The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in
INTOSC Modes”.

4: -rrehaedicr:li)/ bit is only available when Master Clear is disabled (MCLRE configuration bit = 0); otherwise, RG5 reads as ‘0’. This bit is

5:  RAB/RAT and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.
When disabled, these bits read as ‘0’.

6:  STKFUL and STKUNF bits are cleared by user software or by a POR.
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TABLE 5-3: REGISTER FILE SUMMARY (PIC18F6310/6410/8310/8410) (CONTINUED)

File Name |  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 BItO | pon BOR o'ﬁe;gg;
SPBRGH1 |EUSART1 Baud Rate Generator High Byte 0000 0000| 60,213
BAUDCON1 | ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 01-0 0-00| 60,212
SPBRG2 AUSART2 Baud Rate Generator 0000 0000| 60,234
RCREG2 AUSART2 Receive Register 0000 0000| 60,238
TXREG2 AUSART2 Transmit Register xxxx xxxx| 60,236
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010| 60,232
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x| 60,233
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition. Shaded locations are unimplemented, read as ‘0’.

Note 1: The SBOREN bit is only available when the BOREN1:BORENO configuration bits = 01; otherwise it is disabled and reads as ‘0’. See

Section 4.4 “Brown-out Reset (BOR)".

2:  These registers and/or bits are not implemented on 64-pin devices, read as ‘0’.

3:  The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 2.6.4 “PLL in
INTOSC Modes”.

4:  The RGS5 bit is only available when Master Clear is disabled (MCLRE configuration bit = 0); otherwise, RG5 reads as ‘0. This bit is
read-only.

5:  RAB/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes.
When disabled, these bits read as ‘0'.

6:  STKFUL and STKUNF bits are cleared by user software or by a POR.
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535 STATUS REGISTER

The Status register, shown in Register 5-3, contains the
arithmetic status of the ALU. As with any other SFR, it
can be the operand for any instruction.

If the Status register is the destination for an instruction
that affects the Z, DC, C, OV or N bits, the results of the
instruction are not written; instead, the status is
updated according to the instruction performed. There-
fore, the result of an instruction with the Status register
as its destination may be different than intended. As an
example, CLRF STATUS, will set the Z bit and leave the
remaining Status bits unchanged (‘000u uluu’).

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWF instructions are used to alter the Status
register, because these instructions do not affect the Z,
C, DC, OV or N hits in the Status register.

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 24-2 and
Table 24-3.

Note: The C and DC bits operate as a borrow and

digit borrow bit, respectively, in subtraction.

REGISTER 5-3: STATUS REGISTER
uU-0 uU-0 uU-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov z DC C
bit 7 bit 0

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

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

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

bit 3 QV: Overflow bit

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

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

0 = No overflow occurred
bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero

bit 1 DC: Digit carry/borrow bit

For ADDWF, ADDLW, SUBLW and SUBWF instructions:

1 = A carry-out from the 4th low-order bit of the result occurred
0 = No carry-out from the 4th low-order bit of the result

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

bit 0 C: Carry/borrow bit

For ADDWF, ADDLW, SUBLW and SUBWF instructions:

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred

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

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

W = Writable bit
‘1’ = Bitis set

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

X = Bit is unknown

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 77




PIC18F6310/6410/8310/8410

5.4 Data Addressing Modes

Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction set is
enabled. See Section 5.6 “Data Memory
and the Extended Instruction Set” for
more information.

While the program memory can be addressed in only
one way — through the program counter — information
in the data memory space can be addressed in several
ways. For most instructions, the addressing mode is
fixed. Other instructions may use up to three modes,
depending on which operands are used and whether or
not the extended instruction set is enabled.

The addressing modes are:

 Inherent
 Literal
« Direct
« Indirect

An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST configuration bit = 1). Its operation is
discussed in greater detail in Section 5.6.1 “Indexed
Addressing with Literal Offset”.

54.1 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any
argument at all; they either perform an operation that
globally affects the device, or they operate implicitly on
one register. This addressing mode is known as
Inherent Addressing. Examples include SLEEP, RESET
and DAW.

Other instructions work in a similar way but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode, because they
require some literal value as an argument. Examples
include ADDLW and MOVLW, which respectively, add or
move a literal value to the W register. Other examples
include caLL and GOTO, which include a 20-bit
program memory address.

54.2 DIRECT ADDRESSING

Direct addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and
byte-oriented instructions use some version of direct
addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies either a register address in
one of the banks of data RAM (Section 5.3.3 “General

Purpose Register File”), or a location in the Access
Bank (Section 5.3.2 “Access Bank”) as the data
source for the instruction.

The Access RAM bit ‘a’ determines how the address is
interpreted. When ‘a’ is ‘1", the contents of the BSR
(Section 5.3.1 “Bank Select Register”) are used with
the address to determine the complete 12-bit address
of the register. When ‘a’is ‘0’, the address is interpreted
as being a register in the Access Bank. Addressing that
uses the Access RAM is sometimes also known as
Direct Forced Addressing mode.

A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
opcodes. In these cases, the BSR is ignored entirely.

The destination of the operation’s results is determined
by the destination bit ‘d’. When ‘d’ is ‘1’, the results are
stored back in the source register, overwriting its origi-
nal contents. When ‘d’ is ‘0’, the results are stored in
the W register. Instructions without the ‘d’ argument
have a destination that is implicit in the instruction; their
destination is either the target register being operated
on, or the W register.

543 INDIRECT ADDRESSING

Indirect addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
Special File Registers, they can also be directly manip-
ulated under program control. This makes FSRs very
useful in implementing data structures, such as tables
and arrays in data memory.

The registers for indirect addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code using
loops, such as the example of clearing an entire RAM
bank in Example 5-5. It also enables users to perform
indexed addressing and other Stack Pointer operations
for program memory in data memory.
EXAMPLE 5-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING
LFSR FSRO, 100h ;
NEXT CLRF POSTINCO ; Clear INDF
; register then
; inc pointer

BTFSS FSROH, 1 ; All done with

; Bankl?
BRA NEXT ; NO, clear next
CONTINUE ; YES, continue
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5.4.3.1 FSR Registers and the

INDF Operand

At the core of indirect addressing are three sets of
registers: FSRO, FSR1 and FSR2. Each represents a
pair of 8-bit registers, FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used, so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect addressing is accomplished with a set of
Indirect File Operands, INDFO through INDF2. These
can be thought of as “virtual’ registers: they are

FIGURE 5-8: INDIRECT ADDRESSING

mapped in the SFR space but are not physically imple-
mented. Reading or writing to a particular INDF register
actually accesses its corresponding FSR register pair.
A read from INDF1, for example, reads the data at the
address indicated by FSR1H:FSRI1L. Instructions that
use the INDF registers as operands actually use the
contents of their corresponding FSR as a pointer to the
instruction’s target. The INDF operand is just a
convenient way of using the pointer.

Because indirect addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and the Access RAM bit have no
effect on determining the target address.

Using an instruction with one of the
indirect addressing registers as the
operand....

ADDWF,

...uses the 12-bit address stored in
the FSR pair associated with that

. 7
register....

0

INDF1,

FSR1H:FSRI1L

[l [2[a]] [2]s]o]o[a[a]o]o]

N

..to determine the data memory
location to be used in that operation.

In this case, the FSR1 pair contains
FCCh. This means the contents of
location FCCh will be added to that
of the W register and stored back in
FCCh.

000h
1 Bank O
100h
Bank 1
200h
Bank 2
300h
! 0 Bank 3
u through NN
J A Bank 13 “
EOOh
Bank 14
FOOh
> Bank 15
FFFh
Data Memory
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5.4.3.2 FSR Registers and POSTINC,
POSTDEC, PREINC and PLUSW

In addition to the INDF operand, each FSR register pair
also has four additional indirect operands. Like INDF,
these are “virtual” registers that cannot be indirectly
read or written to. Accessing these registers actually
accesses the associated FSR register pair, but also
performs a specific action on its stored value. They are:

» POSTDEC: accesses the FSR value, then
automatically decrements it by ‘1’ afterwards

* POSTINC: accesses the FSR value, then
automatically increments it by ‘1’ afterwards

* PREINC: increments the FSR value by ‘1’, then
uses it in the operation

* PLUSW: adds the signed value of the W register
(range of -127 to 128) to that of the FSR and uses
the new value in the operation.

In this context, accessing an INDF register uses the
value in the FSR registers without changing them.
Similarly, accessing a PLUSW register gives the FSR
value offset by the value in the W register; neither value
is actually changed in the operation. Accessing the
other virtual registers changes the value of the FSR
registers.

Operations on the FSRs with POSTDEC, POSTINC
and PREINC affect the entire register pair; that is,
rollovers of the FSRnL register from FFh to 00h carry
over to the FSRnH register. On the other hand, results
of these operations do not change the value of any
flags in the Status register (e.g., Z, N, OV, etc.).

The PLUSW register can be used to implement a form
of indexed addressing in the data memory space. By
manipulating the value in the W register, users can
reach addresses that are fixed offsets from pointer
addresses. In some applications, this can be used to
implement some powerful program control structure,
such as software stacks, inside of data memory.

5.4.3.3 Operations by FSRs on FSRs

Indirect addressing operations that target other FSRs
or virtual registers represent special cases. For exam-
ple, using an FSR to point to one of the virtual registers
will not result in successful operations. As a specific
case, assume that FSROH:FSROL contains FE7h, the
address of INDF1. Attempts to read the value of the
INDF1, using INDFO as an operand, will return 00h.
Attempts to write to INDF1, using INDFO as the
operand, will result in a NOP.

On the other hand, using the virtual registers to write to
an FSR pair may not occur as planned. In these cases,
the value will be written to the FSR pair, but without any
incrementing or decrementing. Thus, writing to INDF2
or POSTDEC2 will write the same value to the
FSR2H:FSR2L.

Since the FSRs are physical registers mapped in the
SFR space, they can be manipulated through all direct
operations. Users should proceed cautiously when
working on these registers, particularly if their code
uses indirect addressing.

Similarly, operations by indirect addressing are gener-
ally permitted on all other SFRs. Users should exercise
the appropriate caution that they do not inadvertently
change settings that might affect the operation of the
device.
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55 Program Memory and the
Extended Instruction Set

The operation of program memory is unaffected by the
use of the extended instruction set.

Enabling the extended instruction set adds five
additional two-word commands to the existing PIC18
instruction set: ADDFSR, CALLW, MOVSF, MOVSS and
SUBFSR. These instructions are executed as described
in Section 5.2.4 “Two-Word Instructions”.

5.6 Data Memory and the Extended
Instruction Set

Enabling the PIC18 extended instruction set (XINST
configuration bit = 1) significantly changes certain
aspects of data memory and its addressing. Specifi-
cally, the use of the Access Bank for many of the core
PIC18 instructions is different; this is due to the
introduction of a new addressing mode for the data
memory space. This mode also alters the behavior of
indirect addressing using FSR2 and its associated
operands.

What does not change is just as important. The size of
the data memory space is unchanged, as well as its
linear addressing. The SFR map remains the same.
Core PIC18 instructions can still operate in both Direct
and Indirect Addressing mode; inherent and literal
instructions do not change at all. Indirect addressing
with FSRO and FSR1 also remain unchanged.

56.1 INDEXED ADDRESSING WITH
LITERAL OFFSET

Enabling the PIC18 extended instruction set changes
the behavior of indirect addressing using the FSR2
register pair and its associated file operands. Under the
proper conditions, instructions that use the Access
Bank — that is, most bit-oriented and byte-oriented
instructions — can invoke a form of indexed addressing
using an offset specified in the instruction. This special
addressing mode is known as Indexed Addressing with
Literal Offset, or Indexed Literal Offset mode.

When using the extended instruction set, this
addressing mode requires the following:

e The use of the Access Bank is forced (‘a’ = 0);
and

e The file address argument is less than or equal to
5Fh.

Under these conditions, the file address of the
instruction is not interpreted as the lower byte of an
address (used with the BSR in direct addressing), or as
an 8-bit address in the Access Bank. Instead, the value
is interpreted as an offset value to an address pointer
specified by FSR2. The offset and the contents of
FSR2 are added to obtain the target address of the
operation.

5.6.2 INSTRUCTIONS AFFECTED BY
INDEXED LITERAL OFFSET MODE

Any of the core PIC18 instructions that can use direct
addressing are potentially affected by the Indexed
Literal Offset Addressing mode. This includes all
byte-oriented and bit-oriented instructions, or almost
one-half of the standard PIC18 instruction set. Instruc-
tions that only use Inherent or Literal Addressing
modes are unaffected.

Additionally, byte-oriented and bit-oriented instructions
are not affected if they use the Access Bank (Access
RAM bitis ‘1%), or include a file address of 60h or above.
Instructions meeting these criteria will continue to
execute as before. A comparison of the different possi-
ble addressing modes when the extended instruction
set is enabled is shown in Figure 5-9.

Those who desire to use byte-oriented or bit-oriented
instructions in the Indexed Literal Offset mode should
note the changes to assembler syntax for this mode.
This is described in more detail in Section 24.2.1
“Extended Instruction Syntax”.
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FIGURE 5-9: COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND
BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

EXAMPLE INSTRUCTION: ADDWF, £, d, a (Opcode: 0010 0lda ffff ffff)

When a =0 and f > 60h: 000h
The instruction executes in 060h
Direct Forced mode. ‘f' is Bank 0 }
interpreted as a location in the 100h
Access RAM between 060h 00h
and FFFh. This is the same as Bank 1
. -~ through 60h
locations F60h to FFFh <~ Bank14 N )
(Bank 15) of data memory. Va"(f’o'?f’},”ge
Locations below 060h are not FFh
available in this addressing Fooh Access RAM
mode. Bank 15
FAOh[ — — — — — — — 1
SFRs
FFFh
Data Memory
When a = 0 and f < 5Fh: 000h
The instruction executes in Bank 0
Indexed Literal Offset mode. ‘f 060h
is interpreted as an offset to the
address value in FSR2. The 100h |001001da |ffffffff|
two are added together to Bank 1
obtain the address of the target J through S
“ Bank 14 M

register for the instruction. The
address can be anywhere in | FsReH | FsRaL |
the data memory space.

FOOh
Note that in this mode, the Bank 15
correct syntax is now: FAOh| — — — — — — — |
ADDWF [k], d SFRs
where ‘K’ is the same as ‘f". FFFh

Data Memory
BSR

When a = 1 (all values of f): 000h

The instruction executes in Bank 0

Direct mode (also known as
Direct Long mode). ‘f is 100h D
interpreted as a location in

one of the 16 banks of the data Bank 1 [001001da |frefeeef |
through

060h ¢

memory space. The bank is N
designated by the Bank Select T Bankud e
Register (BSR). The address
can be in any implemented Fooh
bank in the data memory Bank 15
space. F40h}| — — — — — — — |
SFRs
FFFh

Data Memory
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5.6.3 MAPPING THE ACCESS BANK IN
INDEXED LITERAL OFFSET MODE

The use of Indexed Literal Offset Addressing mode
effectively changes how the lower part of Access RAM
(00h to 5Fh) is mapped. Rather than containing just the
contents of the bottom part of Bank 0, this mode maps
the contents from Bank 0 and a user defined “window”
that can be located anywhere in the data memory
space. The value of FSR2 establishes the lower bound-
ary of the addresses mapped into the window, while the
upper boundary is defined by FSR2 plus 95 (5Fh).
Addresses in the Access RAM above 5Fh are mapped
as previously described (see Section 5.3.2 “Access
Bank”). An example of Access Bank remapping in this
addressing mode is shown in Figure 5-10.

FIGURE 5-10:
OFFSET ADDRESSING

Remapping of the Access Bank applies only to opera-
tions using the Indexed Literal Offset mode. Operations
that use the BSR (Access RAM bit is ‘1") will continue
to use direct addressing as before. Any indirect or
indexed operation that explicitly uses any of the indirect
file operands (including FSR2) will continue to operate
as standard indirect addressing. Any instruction that
uses the Access Bank, but includes a register address
of greater than 05Fh, will use direct addressing and the
normal Access Bank map.

5.6.4 BSR IN INDEXED LITERAL
OFFSET MODE

Although the Access Bank is remapped when the
extended instruction set is enabled, the operation of the
BSR remains unchanged. Direct addressing, using the
BSR to select the data memory bank, operates in the
same manner as previously described.

REMAPPING THE ACCESS BANK WITH INDEXED LITERAL

Example Situation:

}\

)

000h
ADDWF £, d, a Not Accessible ‘
FSR2H:FSR2L = 120h 05Fh
Locations in the region Bank O
from the FSR2 pointer 100h
(120h) to the pointer plus 120 — — — —"4
05Fh (17Fh) are mapped  17pp, Window
to the bottom of the [0 00T
Bank 1
Access RAM (000h-05Fh). 200h
Special File Registers at
F60h through FFFh are
A U
mapped to 60h through A Bank 2 —
FFh, as usual. through
Bank 0 addresses below Bank 14
5Fh are not available in
this mode. They can still
be addressed by using the FOOh
BSR. Bank 15
F6Oh |- — —
SFRs
FFFh

Data Memory

00h
{ Bank 1 “Window”
_______ 5Fh
60h
SFRs
FFh

Access Bank
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NOTES:
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6.0 PROGRAM MEMORY

For PIC18FX310/X410 devices, the on-chip program
memory is implemented as read-only memory. It is
readable over the entire VDD range during normal
operation; it cannot be written to or erased. Reads from
program memory are executed one byte at a time.

PIC18F8410 devices also implement the ability to read,
write to and execute code from external memory
devices using the external memory interface. In this
implementation, external memory is used as all or part
of the program memory space. The operation of the
physical interface is discussed in Section 7.0 “ External
Memory Interface”.

In all devices, a value written to the program memory
space does not need to be a valid instruction.
Executing a program memory location that forms an
invalid instruction results in a NOP.

6.1 Table Reads and Table Writes

To read and write to the program memory space, there
are two operations that allow the processor to move
bytes between the program memory space and the
data RAM: table read (TBLRD) and table write (TBLWT).

FIGURE 6-1:

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

Table read operations retrieve data from program
memory and places it into the data RAM space. Table
write operations place data from the data memory
space on the external data bus. The actual process of
writing the data to the particular memory device is
determined by the requirements of the device itself.
Figure 6-1 shows the table operations as they relate to
program memory and data RAM.

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

Note:  Although it cannot be used in PIC18F6310
devices in normal operation, the TBLWT
instruction is still implemented in the
instruction set. Executing the instruction
takes two instruction cycles, but effectively
results in a NOP.

The TBLWT instruction is available in

programming modes and is used during

In-Circuit Serial Programming (ICSP).

TABLE READ AND TABLE WRITE OPERATIONS

Instruction: TBLRD*

Table Pointer(%
TBLPTRU TBLPTRH; TBLPTRL

Instruction: TBLWT*

Table Pointer(®
TBLPTRU TBLPTRH TBLPTRL

Note 1:

Program Memory Space

Data Memory Space

Table Latch (8-bit)

N

ﬂ_)

Program Memory Space

Data Memory Space

Table Latch (8-bit)®

;Y_)

Table Pointer register points to a byte in the program memory space.
2: Data is actually written to the memory location by the memory write algorithm. See Section 6.4
“Writing to Program Memory Space (PIC18F8310/8410 only)” for more information.
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6.2 Control Registers

Two control registers are used in conjunction with the
TBLRD and TBLWT instructions: the TABLAT register
and the TBLPTR register set.

6.2.1 TABLAT — TABLE LATCH REGISTER

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

6.2.2 TBLPTR — TABLE POINTER
REGISTER

The Table Pointer register (TBLPTR) addresses a byte
within the program memory. It is comprised of three
SFR registers: Table Pointer Upper Byte, Table Pointer
High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). Only the lower six bits
of TBLPTRU are used with TBLPTRH and TBLPTRL to
form a 22-bit wide pointer.

The contents of TBLPTR indicate a location in program
memory space. The low-order 21 bits allow the device
to address the full 2 Mbytes of program memory space.
The 22nd bit allows access to the configuration space,
including the device ID, user ID locations and the
configuration bits.

The TBLPTR register set is updated when executing a
TBLRD or TBLWT operation in one of four ways, based
on the instruction’s arguments. These are detailed in
Table 6-1. These operations on the TBLPTR only affect
the low-order 21 bits.

When a TBLRD or TBLWT is executed, all 22 bits of the
TBLPTR determine which address in the program
memory space is to be read or written to.

FIGURE 6-2:

TABLE 6-1: TABLE POINTER
OPERATIONS WITH TBLRD
AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer
TBLRD* | 18| PTR is not modified
TBLWT*

TBLRD*+ | TBLPTR is incremented after the
TBLWT*+ |read/write

TBLRD*- | TBLPTR is decremented after the
TBLWT*- | read/write

TBLRD+* | TBLPTR is incremented before the
TBLWT+* |read/write

6.3 Reading the Flash Program
Memory

The TBLRD instruction is used to retrieve data from the
program memory space and places it into data RAM.
Table reads from program memory are performed one
byte at a time.

TBLPTR points to a byte address in program space.
Executing TBLRD places the byte pointed to into
TABLAT.

The internal program memory is typically organized by
words. The Least Significant bit of the address selects
between the high and low bytes of the word. Figure 6-2
shows the interface between the internal program
memory and the TABLAT.

A typical method for reading data from program memory
is shown in Example 6-1.

READS FROM PROGRAM MEMORY

(Even Byte Address)

Program Memory Space

(Odd Byte Address)

Instruction Register
(IR)

FETCH

TBLPTR = xxxxx1 TBLPTR = xxxxx0

TABLAT
Read Register

TBLRD
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EXAMPLE 6-1: READING A FLASH PROGRAM MEMORY WORD

MOVLW CODE_ADDR_UPPER
MOVWF TBLPTRU
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL

READ WORD
TBLRD*+
MOVF TABLAT, W
MOVWF WORD_EVEN
TBLRD*+
MOVFEW TABLAT, W
MOVF WORD_ODD

; Load TBLPTR with the base
; address of the word

; read into TABLAT and increment
; get data

; read into TABLAT and increment
; get data

6.4 Writing to Program Memory Space
(PIC18F8310/8410 only)

The table write operation outputs the contents of the
TBLPTR and TABLAT registers to the external address
and data busses of the external memory interface.
Depending on the program memory mode selected, the
operation may target any byte address in the device’s
memory space. What happens to this data depends
largely on the external memory device being used.

For PIC18 devices with Enhanced Flash memory, a
single algorithm is used for writing to the on-chip
program array. In the case of external devices, however,
the algorithm is determined by the type of memory
device and its requirements. In some cases, a specific
instruction sequence must be sent before data can be
written or erased. Address and data demultiplexing,
chip select operation and write time requirements must
all be considered in creating the appropriate code.

The connection of the data and address busses to the
memory device are dictated by the interface being
used, the data bus width and the target device. When
using a 16-bit data path, the algorithm must take into
account the width of the target memory.

Another important consideration is the write time
requirement of the target device. If this is longer than
the time that a TBLWT operation makes data available
on the interface, the algorithm must be adjusted to
lengthen this time. It may be possible, for example, to
buy enough time by increasing the length of the wait
state on table operations.

In all cases, it is important to remember that instruc-
tions in the program memory space are word-aligned,
with the Least Significant bit always being written to an
even-numbered address (LSb = 0). If data is being
stored in the program memory space, word alignment
of the data is not required.

A complete overview of interface algorithms is beyond
the scope of this data sheet. The best place for timing
and instruction sequence requirements is the data
sheet of the memory device in question. For additional
information on algorithm design for the external

memory interface, refer to Microchip application note
ANB869, “External Memory Interfacing Techniques for
the PIC18F8XXX” (DS00869).

6.4.1 WRITE VERIFY

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

6.4.2 UNEXPECTED TERMINATION OF
WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and repro-
grammed if needed. If the application writes to external
memory on a frequent basis, it may be necessary to
implement an error trapping routine to handle these
unplanned events.

6.5 Erasing External Memory
(PIC18F8310/8410 only)

Erasure is implemented in different ways on different
devices. In many cases, it is possible to erase all or part
of the memory by issuing a specific command. In some
devices, it may be necessary to write ‘0’s to the locations
to be erased. For specific information, consult the
external memory device’s data sheet for clarification.

6.6 Writing and Erasing On-Chip
Program Memory (ICSP Mode)

While the on-chip program memory is read-only in
normal operating mode, it can be written to and erased
as a function of In-Circuit Serial Programming (ICSP). In
this mode, the TBLWT operation is used in all devices to
write to blocks of 64 bytes (32 words) at one time. Write
blocks are boundary-aligned with the code protection
blocks. Special commands are used to erase one or
more code blocks of the program memory, or the entire
device.
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The TBLWT operation on write blocks is somewhat
different than the word write operations for
PIC18F8310/8410 devices described here. A more
complete description of block write operations is
provided in the Microchip document “Programming
Specifications for PIC18FX410/X490 Flash MCUs”
(DS39624).

6.7 Flash Program Operation During
Code Protection

See Section 23.5 “Program Verification and Code
Protection” for details on code protection of Flash
program memory.

TABLE 6-2: REGISTERS ASSOCIATED WITH FLASH PROGRAM MEMORY
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Valueson
Page
TBLPTRU — — bit 21  [Program Memory Table Pointer Upper Byte 57
(TBLPTR<20:16>)
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 57
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 57
TABLAT Program Memory Table Latch 57
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used during Flash/EEPROM access.
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7.0 EXTERNAL MEMORY
INTERFACE

Note: The external memory interface is not
implemented on PIC18F6310 and
PIC18F6410 (64-pin) devices.

The external memory interface allows the device to
access external memory devices (such as Flash,
EPROM, SRAM, etc.) as program or data memory. It is
implemented with 28 pins, multiplexed across four 1/0
ports. Three ports (PORTD, PORTE and PORTH) are
multiplexed with the address/data bus for a total of 20
available lines, while PORTJ is multiplexed with the
bus control signals. A list of the pins and their functions
is provided in Table 7-1.

As implemented here, the interface is similar to that
introduced on PIC18F8X20 microcontrollers. The most
notable difference is that the interface on
PIC18F8310/8410 devices supports both 16-bit and
Multiplexed 8-bit Data Width modes; it does not support
the 8-bit Demultiplexed mode. The bus width mode is
set by the BW configuration bit when the device is
programmed and cannot be changed in software.

The operation of the interface is controlled by the
MEMCON register (Register 7-1). Clearing the EBDIS
bit (MEMCON<7>) enables the interface and disables
the 1/0O functions of the ports, as well as any other mul-
tiplexed functions. Setting the bit disables the interface
and enables the ports.

For a more complete discussion of the operating
modes that use the external memory interface, refer to
Section 7.1 “Program Memory Modes and the
External Memory Interface”.

REGISTER 7-1: MEMCON: MEMORY CONTROL REGISTER
R/W-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0
EBDIS — WAIT1 WAITO — — WM1 WMO
bit7 bit0
bit 7 EBDIS: External Bus Disable bit
1 = External system bus disabled, all external bus drivers are mapped as /O ports
0 = External system bus enabled, I/O ports are disabled
bit 6 Unimplemented: Read as ‘0’

bit 5-4 WAIT1:WAITO: Table Reads and Writes Bus Cycle Wait Count bits

11 = Table reads and writes will wait 0 Tcy
10 = Table reads and writes will wait 1 Tcy
01 = Table reads and writes will wait 2 Tcy
00 = Table reads and writes will wait 3 Tcy

bit 3-2 Unimplemented: Read as ‘0’

bit 1-0 WM1:WMO: TBLWRT Operation with 16-bit Bus Width bits
1x = Word Write mode: TABLATO and TABLAT1 word output, WRH active when TABLAT1

is written

01 = Byte Select mode: TABLAT data copied on both MSB and LSB, WRH and (UB or LB)

will activate

00 = Byte Write mode: TABLAT data copied on both MSB and LSB, WRH or WRL will activate

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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TABLE 7-1: PIC18F8310/8410 EXTERNAL BUS — I/O PORT FUNCTIONS

Name Port Bit Function
RDO/ADO/PSPO PORTD 0 |Input/Output or System Bus Address bit 0 or Data bit 0 or Parallel Slave Port bit 0
RD1/AD1/PSP1 PORTD 1 |Input/Output or System Bus Address bit 1 or Data bit 1 or Parallel Slave Port bit 1
RD2/AD2/PSP2 PORTD 2 |Input/Output or System Bus Address bit 2 or Data bit 2 or Parallel Slave Port bit 2
RD3/AD3/PSP3 PORTD 3 |Input/Output or System Bus Address bit 3 or Data bit 3 or Parallel Slave Port bit 3
RD4/AD4/PSP4 PORTD 4 |Input/Output or System Bus Address bit 4 or Data bit 4 or Parallel Slave Port bit 4
RD5/AD5/PSP5 PORTD 5 |Input/Output or System Bus Address bit 5 or Data bit 5 or Parallel Slave Port bit 5
RD6/AD6/PSP6 PORTD 6 |Input/Output or System Bus Address bit 6 or Data bit 6 or Parallel Slave Port bit 6
RD7/AD7/PSP7 PORTD 7 |Input/Output or System Bus Address bit 7 or Data bit 7 or Parallel Slave Port bit 7
REO/ADS/RD PORTE 0 |Input/Output or System Bus Address bit 8 or Data bit 8 or Parallel Slave Port Read Control pin
RE1/AD9/WR PORTE 1 |Input/Output or System Bus Address bit 9 or Data bit 9 or Parallel Slave Port Write Control pin
RE2/AD10/CS PORTE 2 |Input/Output or System Bus Address bit 10 or Data bit 10 or Parallel Slave Port Chip Select pin
RE3/AD11 PORTE 3 |Input/Output or System Bus Address bit 11 or Data bit 11
RE4/AD12 PORTE 4 |Input/Output or System Bus Address bit 12 or Data bit 12
RES5/AD13 PORTE 5 |Input/Output or System Bus Address bit 13 or Data bit 13
RE6/AD14 PORTE 6 |Input/Output or System Bus Address bit 14 or Data bit 14
RE7/cCP2W)/AD15 | PORTE 7 |Input/Output or Capture 2 Input/Compare 2 Output/PWM 2 Output pin or System Bus

Address bit 15 or Data bit 15

RHO/AD16 PORTH 0 |Input/Output or System Bus Address bit 16
RH1/AD17 PORTH 1 |Input/Output or System Bus Address bit 17
RH2/AD18 PORTH 2 |Input/Output or System Bus Address bit 18
RH3/AD19 PORTH 3 |Input/Output or System Bus Address bit 19
RJO/ALE PORTJ 0 |Input/Output or System Bus Address Latch Enable (ALE) Control pin
RJ1/OE PORTJ 1 |Input/Output or System Bus Output Enable (ﬁ) Control pin
RJ2/WRL PORTJ 2 |Input/Output or System Bus Write Low (m) Control pin
RJ3/WRH PORTJ 3 |Input/Output or System Bus Write High (W) Control pin
RJ4/BAO PORTJ 4 |Input/Output or System Bus Byte Address bit 0
RJ5/CE PORTJ 5 |Input/Output or System Bus Chip Enable (E) Control pin
RJ6/LB PORTJ 6 |Input/Output or System Bus Lower Byte Enable (ﬁ) Control pin
RJ7/UB PORTJ 7 |Input/Output or System Bus Upper Byte Enable (ﬁ) Control pin
Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared (all devices in Microcontroller mode).

7.1 Program Memory Modes and the
External Memory Interface

As previously noted, PIC18F8310/8410 devices are
capable of operating in any one of four program mem-
ory modes, using combinations of on-chip and external
program memory. The functions of the multiplexed port
pins depends on the program memory mode selected,
as well as the setting of the EBDIS bit.

In Microcontroller mode, the bus is not active and the
pins have their port functions only. Writes to the
MEMCOM register are not permitted.

In Microprocessor mode, the external bus is always
active and the port pins have only the external bus
function.

In Microprocessor with Boot Block or Extended
Microcontroller mode, the external program memory
bus shares 1/O port functions on the pins. When the
device is fetching or doing table read/table write

operations on the external program memory space, the
pins will have the external bus function. If the device is
fetching and accessing internal program memory
locations only, the EBDIS control bit will change the
pins from external memory to I/O port functions. When
EBDIS = 0, the pins function as the external bus. When
EBDIS = 1, the pins function as 1/O ports.

If the device fetches or accesses external memory while
EBDIS = 1, the pins will switch to external bus. If the
EBDIS bit is set by a program executing from external
memory, the action of setting the bit will be delayed until
the program branches into the internal memory. At that
time, the pins will change from external bus to 1/O ports.

When the device is executing out of internal memory
(EBDIS = 0) in Microprocessor with Boot Block mode or
Extended Microcontroller mode, the control signals will
NOT be active. They will go to a state where the
AD<15:0> and A<19:16> are tri-state; the CE, OE, WRH,
WRL, UB and LB signals are ‘1’; ALE and BAO are ‘0’.
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7.2 16-Bit Mode

In 16-bit mode, the external memory interface can be
connected to external memories in three different
configurations:

« 16-bit Byte Write
 16-bit Word Write
« 16-bit Byte Select

The configuration to be used is determined by the
WM1:WMO bits in the MEMCON register
(MEMCONK<1:0>). These three different configurations
allow the designer maximum flexibility in using both
8-bit and 16-bit devices with 16-bit data.

For all 16-bit modes, the Address Latch Enable (ALE)
pin indicates that the address bits, A<15:0>, are avail-
able on the external memory interface bus. Following the
address latch, the Output Enable signal (OE) will enable
both bytes of program memory at once to form a 16-bit
instruction word. The Chip Enable signal (CE) is active

at any time that the microcontroller accesses external
memory, whether reading or writing; it is inactive
(asserted high) whenever the device is in Sleep mode.

In Byte Select mode, JEDEC standard Flash memories
will require BAO for the byte address line and one I/O line
to select between Byte and Word mode. The other 16-bit
modes do not need BAO. JEDEC standard static RAM
memories will use the UB or LB signals for byte selection.

7.2.1 16-BIT BYTE WRITE MODE

Figure 7-1 shows an example of 16-bit Byte Write
mode for PIC18F8310/8410 devices. This mode is
used for two separate 8-bit memories connected for
16-bit operation. This generally includes basic EPROM
and Flash devices. It allows table writes to byte-wide
external memories.

During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD15:ADO bus. The appropriate WRH or WRL control
line is strobed on the LSb of the TBLPTR.

FIGURE 7-1: 16-BIT BYTE WRITE MODE EXAMPLE
PIC18F8410
(MSB) (LSB)
. A<19:0>
AD<7:0> 373 A<x:0> > A<x:0>
D<15:8> D<7:0>
D<7:0> D<7:0>
CE CE
AD<15:8> 373 .> OE WR®W OE WR®W
ALE
A<19:16> P
CE
OE
WRH
WRL
Address Bus —
Data Bus —
Control Lines -
Note 1: This signal only applies to table writes. See Section 6.1 “ Table Reads and Table Writes”.
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7.2.2 16-BIT WORD WRITE MODE

Figure 7-2 shows an example of 16-bit Word Write
mode for PIC18F6410 devices. This mode is used for
word-wide memories, which includes some of the
EPROM and Flash type memories. This mode allows
opcode fetches and table reads from all forms of 16-bit
memory and table writes to any type of word-wide
external memories. This method makes a distinction
between TBLWT cycles to even or odd addresses.

During a TBLWT cycle to an even address
(TBLPTR<0> = 0), the TABLAT data is transferred to a
holding latch and the external address data bus is
tri-stated for the data portion of the bus cycle. No write
signals are activated.

During a TBLWT cycle to an odd address
(TBLPTR<0> = 1), the TABLAT data is presented on
the upper byte of the AD15:ADO0 bus. The contents of
the holding latch are presented on the lower byte of the
AD15:ADO bus.

The WRH signal is strobed for each write cycle; the
WRL pin is unused. The signal on the BAO pin indicates
the LSb of TBLPTR, but it is left unconnected. Instead,
the UB and LB signals are active to select both bytes.
The obvious limitation to this method is that the table
write must be done in pairs on a specific word boundary
to correctly write a word location.

FIGURE 7-2: 16-BIT WORD WRITE MODE EXAMPLE
PIC18F8410
AD<7:0> 373 A<20:1> p| A<x0>  JEDEC Word
— EPROM Memory
D<15:0>
P D<15:0>
AD<15:8 —> CE OE WR®
< 0>
373
ALE
A<19:16>
CE
OE
WRH
Address Bus

Note 1: This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.

Data Bus
Control Lines
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7.2.3 16-BIT BYTE SELECT MODE

Figure 7-3 shows an example of 16-bit Byte Select
mode. This mode allows table write operations to
word-wide external memories with byte selection
capability. This generally includes both word-wide
Flash and SRAM devices.

During a TBLWT cycle, the TABLAT data is presented
on the upper and lower byte of the AD15:ADO bus. The
WRH signal is strobed for each write cycle; the WRL
pin is not used. The BAO or UB/LB signals are used to
select the byte to be written, based on the Least
Significant bit of the TBLPTR register.

Flash and SRAM devices use different control signal
combinations to implement Byte Select mode. JEDEC
standard Flash memories require that a controller I/O
port pin be connected to the memory’s BYTE/WORD
pin to provide the select signal. They also use the BAO
signal from the controller as a byte address. JEDEC
standard static RAM memories, on the other hand, use
the UB or LB signals to select the byte.

FIGURE 7-3: 16-BIT BYTE SELECT MODE EXAMPLE
PIC18F8410 I{ D>
A<20:1>
AD<7:0> |¢ P 373 P A<x:1> JEDEC Word
> FLASH Memory
D<15:0>
D<15:0> |l
2 —_—
AD<15:8> | > 1381 CE
~N 373 = A0
ALE BYTE/WORD OE WR®
A<19:16> >
OE
WRH
WRL A<20:1> p A<x1>  JEDEC Word
BAO SRAM Memory
110 D<15:0>
LS CE D<15:0> | ==l
LB LB
uB UB OE WR®
Address Bus —
Data Bus —
Control Lines
Note 1: This signal only applies to table writes. See Section 6.1 “Table Reads and Table Writes”.
2:  Demultiplexing is only required when multiple memory devices are accessed.
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7.2.4 16-BIT MODE TIMING

The presentation of control signals on the external
memory bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 7-4 through Figure 7-6.

FIGURE 7-4: EXTERNAL MEMORY BUS TIMING FOR TBLRD (MICROPROCESSOR MODE)
Apparent Q ‘ Ql | Q2 ‘ Q3 ‘ Q4 Q1 | Q2 ‘ Q3 ‘ Q4 ‘ Q4 | Q4 | Q4 | Q4 !
ActualQ | Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 I
(- Do | : |
A<19:16> | ! O:Oh I>< och IC
! o I : I
AD<15:0> AI—< 3AABh X OE55h I>—< CF33h >< 9256h I>7
| — i , |
Bao LV ! |
: I —\ I
ALE :—/—I\ | : ; :
oF T . AV | /
[ C | I |
WRH 1'i . l | | ' | ‘q’
WRL ‘1’| I | EX
E 0’ | I I I I I I ‘0
| I I B 1 Tey Wait a
Memory I= OpcodIe Fetch =I= Table Read =I
Cycle ! MOVLW 55h ! of 92h !
from 007556h from 199E67h
IEiterﬁﬁIlgﬂ TBLRD Cycle 1 TBLRD Cycle 2
FIGURE 7-5: EXTERNAL MEMORY BUS TIMING FOR TBLRD (EXTENDED
MICROCONTROLLER MODE)
I
Ql | Q2 ‘ Q3 ‘ Q4| Q1] Q2 ‘ Q3 ‘ Q4 | Q1 | Q2 | Q3| Q4 | Q1 | Q2| Q3| Q4 |
I
A<19:16> — I I< och D |
I I | | I
AD<15:0> — i : <CF33h>—< 9256h D |
— | I | | |
CE
| | o —/ |
ALE —| I |/ \ | |
— I I I I
OE
| | | — |
Memory | Opcode Fetch I Opcode Fetch | TBLRD 92h | Opcode Fetch |
Cycle | TBLRD * | MOVLW 55h | from 199E67h | ADDLW 55h |
| from 000100h | from 000102h from 000104h
. | | |
Igigglﬁ::gg INST(PC -2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
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FIGURE 7-6:

EXTERNAL MEMORY BUS TIMING FOR SLEEP (MICROPROCESSOR MODE)

A<19:16>

AD<15:0>

CE

ALE

OE

Memory
Cycle

Instruction
Execution

Q1| 02| oa| oa| Q1|02 |03 |oa | Q1 - veoo -
|
J 00h l’>< 00h b
—‘—<3AAAr>—< 0003h |>—<3AABI~>—< OES55h :>
I/

|
Opcode Fetch |
i

SLEEP
from 007554h

INST(PC - 2)

Opcode Fetch
MOVLW 55h
from 007556h

SLEEP

i
|
A U A W
|
|

Sleep Mode, Bus Inactive
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7.3 8-Bit Mode

The external memory interface implemented in
PIC18F6410 devices operates only in Multiplexed 8-bit
mode; data shares the 8 Least Significant bits of the
address bus.

Figure 7-1 shows an example of 8-bit Multiplexed
mode for PIC18F8310/8410 devices. This mode is
used for a single 8-bit memory connected for 16-bit
operation. The instructions will be fetched as two 8-bit
bytes on a shared data/address bus. The two bytes are
sequentially fetched within one instruction cycle (Tcy).
Therefore, the designer must choose external memory
devices according to timing calculations based on 1/2
Tcy (2 times the instruction rate). For proper memory
speed selection, glue logic propagation delay times
must be considered along with setup and hold times.

The Address Latch Enable (ALE) pin indicates that the
address bits A<15:0> are available on the external
memory interface bus. The Output Enable signal (OE)
will enable one byte of program memory for a portion of
the instruction cycle, then BAO will change and the
second byte will be enabled to form the 16-bit instruc-
tion word. The Least Significant bit of the address, BAO,
must be connected to the memory devices in this
mode. The Chip Enable signal (CE) is active at any
time that the microcontroller accesses external
memory, whether reading or writing; it is inactive
(asserted high) whenever the device is in Sleep mode.

This generally includes basic EPROM and Flash devices.
It allows table writes to byte-wide external memories.

During a TBLWT instruction cycle, the TABLAT data is
presented on the upper and lower bytes of the
AD15:AD0 bus. The appropriate level of the BAO
control line is strobed on the LSb of the TBLPTR.

FIGURE 7-7: 8-BIT MULTIPLEXED MODE EXAMPLE
D<7:0>
PIC18F8410
. A<19:0>
AD<7:0> 373 P A<x:1>
ALE D<15:8> AO
==)| D<7:0>
AD<15:8> > —
CE
A<19:16> P OE  WR®
BAO
CE
OE
WRL
Address Bus —
Data Bus —
Control Lines
Note 1: This signal only applies to table writes. See Section 6.1 “ Table Reads and Table Writes”.
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7.3.1 8-BIT MODE TIMING

The presentation of control signals on the external
memory bus is different for the various operating
modes. Typical signal timing diagrams are shown in
Figure 7-4 through Figure 7-6.

FIGURE 7-8: EXTERNAL MEMORY BUS TIMING FOR TBLRD (MICROPROCESSOR MODE)
Apparent Q ‘ Q1 ‘ ‘ Q4 Ql | Q2 ‘ Q3 ‘ Q4 ‘ Q4 Q4 Q4 Q4 i
ActualQ | Q1 Q4 Q1 | Q2 Q3 1 Q4 Q1 Q2 Q3 Q4 |
[ oo I :
. T | i
A<19:16> ! ' '00h .0Ch
:% p—— |>< : PC
AD<15:8> ﬂ—< © |3Ah >—< \CFh Df
o | '
AD<7:0> |—:< ABh X OEh>< 55h H 33h >< 92h >7
' : |
BAO | - I/ \ :/ . |'\_
| ' '
ALE 4/ N\ | L/ \ I |
[ ! | 1 X i
OE : . |\ Iy \ |—
IR | | |
WRL ‘1| . ; | : BT
CE 0l . L | : o
| : I " 1 Tcy Wait |
Memory |= Opcode Fetch =|= Table Read =|
Cycle | MOVLW 55h ! of 92h !
from 007556h from 199E67h
Instruction
Execution TBLRD Cycle 1 TBLRD Cycle 2
FIGURE 7-9: EXTERNAL MEMORY BUS TIMING FOR TBLRD (EXTENDED
MICROCONTROLLER MODE)
I
‘ Q1| Q2| Q3| Q4| Q1| Q2| Q3 |Q4 | Q1 |Q2|Q3| Q4| Ql|Q2|Q3| Q4 |
I
A<19:16> — | |< och & |
| | | \ |
AD<15:8> ] I I\ e y I
AD<7:0> —] | | <33h >—< 92h |> i
| I I I I
CE
| | B —/ |
ALE ! | |/ \ I I
_ | I I I
OF | | | |
Memory | Opcode Fetch | Opcode Fetch | TBLRD 92h | Opcode Fetch |
Cycle | TBLRD * I MOVLW 55h | from 199E67h | ADDLW 55h |
) from 000100h from 000102h from 000104h
'Eitéﬁﬁﬂgﬂ INST(PC - 2) TBLRD Cycle 1 TBLRD Cycle 2 MOVLW
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FIGURE 7-10: EXTERNAL MEMORY BUS TIMING FOR SLEEP (MICROPROCESSOR MODE)
‘ Q1| Q2| Q3| Q4| Q1| Q2 | Q3 |Q4 ‘ QL ~--mmm e >
| | |

A<19:16> | 00h b< 00h D
l |
AD<15:8> 4‘_< 3Ah |>< 3Ah |>

AD<7:0> —:—< AAh >—< 00h ><03h :>—< ABh >—< OEh>< 55h :>

S U A W

I
| |
| |/
! |
| |
I |

Memory

Opcode Fetch Opcode Fetch Sleep Mode, Bus Inactive
Cycle - >
SLEEP MOVLW 55h
from 007554h from 007556h
Instruction INST(PC - 2) SLEEP
Execution
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8.0 8x 8 HARDWARE MULTIPLIER

8.1

All PIC18 devices include an 8 x 8 hardware multiplier as
part of the ALU. The multiplier performs an unsigned
operation and yields a 16-bit result that is stored in the
product register pair PRODH:PRODL. The multiplier's
operation does not affect any flags in the Status register.

Introduction

Making multiplication a hardware operation allows it to
be completed in a single instruction cycle. This has the
advantages of higher computational throughput and
reduced code size for multiplication algorithms and
allows the PIC18 devices to be used in many applica-
tions previously reserved for digital signal processors.
A comparison of various hardware and software
multiply operations, along with the savings in memory
and execution time, is shown in Table 8-1.

8.2

Example 8-1 shows the instruction sequence for an
8 x 8 unsigned multiplication. Only one instruction is
required when one of the arguments is already loaded
in the WREG register.

Example 8-2 shows the sequence to do an 8 x 8 signed
multiplication. To account for the sign bits of the
arguments, each argument’s Most Significant bit (MSb)
is tested and the appropriate subtractions are done.

Operation

EXAMPLE 8-1: 8 x 8 UNSIGNED
MULTIPLY ROUTINE
MOVF ARG1l, W ;
MULWF ARG2 ; ARGl * ARG2 ->
; PRODH:PRODL
EXAMPLE 8-2: 8 x 8 SIGNED MULTIPLY
ROUTINE
MOVF ARGl, W
MULWF ARG2 ; ARGl * ARG2 ->
; PRODH:PRODL
BTFSC ARG2, SB ; Test Sign Bit
SUBWF PRODH, F ; PRODH = PRODH
; - ARGl
MOVF ARG2, W
BTFSC ARG1l, SB ; Test Sign Bit
SUBWF PRODH, F ; PRODH = PRODH
- ARG2

TABLE 8-1: PERFORMANCE COMPARISON FOR VARIOUS MULTIPLY OPERATIONS
Program Cveles Time
Routine Multiply Method Memory y
(Words) (Max) @40MHz | @ 10 MHz | @ 4 MHz
8 x 8 unsigned Without hardware multiply 13 69 6.9 us 27.6 us 69 us
Hardware multiply 1 1 100 ns 400 ns 1lus
. Without hardware multiply 33 91 9.1us 36.4 us 91 us
8 x 8 signed -
Hardware multiply 6 6 600 ns 2.4 us 6 us
) Without hardware multiply 21 242 24.2 us 96.8 us 242 us
16 x 16 unsigned -
Hardware multiply 28 28 2.8us 11.2 us 28 us
. Without hardware multiply 52 254 25.4 us 102.6 us 254 us
16 x 16 signed -
Hardware multiply 35 40 4.0 us 16.0 us 40 us
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Example 8-3 shows the sequence to do a 16 x 16 EQUATION 8-2: 16 x 16 SIGNED

unsigned multiplication. Equation 8-1 shows the MULTIPLICATION

algorithm that is used. The 32-bit result is stored in four ALGORITHM

registers (RES3:RESO). RES3:RESO= ARGIH:ARGIL « ARG2H:ARG2L

= (ARG1H ¢ ARG2H o 219) +

EQUATION 8-1: 16 x 16 UNSIGNED EARGlH e ARGZL o 28))+
MULTIPLICATION (ARGIL s ARG2H e 29) +
ALGORITHM (ARGIL e ARG2L) +

RES3:RESO = ARGI1H:ARGIL ¢ ARG2H:ARG2L (-1 o ARG2H<7> ¢ ARGIH:ARGIL o 216) +
= (ARGIH ¢ ARG2H e 219) + (-1 ARGIH<7> ¢ ARG2H:ARG2L o 216)

(ARG1H ¢ ARG2L » 28) +
(ARGIL o ARG2H e 28) +

(ARGIL » ARG2L) EXAMPLE 8-4: 16 x 16 SIGNED

MULTIPLY ROUTINE

MOVF ARG1L, W
MULWF  ARG2L ; ARG1L * ARG2L ->
EXAMPLE 8-3: 16 x 16 UNSIGNED - PRODH: PRODL
MULTIPLY ROUTINE MOVFF PRODH, RES1 ;
MOVF ARGIL, W MOVFF  PRODL, RESO ;
MULWF  ARG2L ; ARG1L * ARG2L-> i
; PRODH:PRODL MOVF ARG1H, W
MOVFF PRODH, RES1 ; MULWF  ARG2H ; ARG1H * ARG2H ->
MOVFF  PRODL, RESO ; ; PRODH:PRODL
; MOVFF PRODH, RES3 ;
MOVF ARG1H, W MOVFF  PRODL, RES2 ;
MULWF  ARG2H ; ARG1H * ARG2H-> i
; PRODH:PRODL MOVF ARG1L, W
MOVFF PRODH, RES3 ; MULWF  ARG2H ; ARG1L * ARG2H ->
MOVFF  PRODL, RES2 ; ; PRODH:PRODL
; MOVF PRODL, W ;
MOVF ARG1L, W ADDWF RES1, F ; Add cross
MULWF  ARG2H ; ARG1L * ARG2H-> MOVF PRODH, W ; products
; PRODH:PRODL ADDWFC RES2, F ;
MOVF PRODL, W ; CLRF WREG ;
ADDWF RES1, F ; Add cross ADDWFC RES3, F ;
MOVF PRODH, W ; products H
ADDWFC RES2, F ; MOVF ARG1H, W ;
CLRF WREG ; MULWF  ARG2L ; ARG1H * ARG2L ->
ADDWFC RES3, F ; ; PRODH:PRODL
; MOVF PRODL, W ;
MOVF ARG1H, W ; ADDWF RES1, F ; Add cross
MULWF  ARG2L ; ARG1H * ARG2L-> MOVF PRODH, W ; products
; PRODH:PRODL ADDWFC RES2, F ;
MOVF PRODL, W ; CLRF WREG ;
ADDWF RES1, F ; Add cross ADDWFC RES3, F ;
MOVF PRODH, W ; products i
ADDWFC RES2, F ; BTFSS ARG2H, 7 ; ARG2H:ARG2L neg?
CLRF WREG ; BRA SIGN ARG1 ; no, check ARGl
ADDWFC RES3, F ; MOVF ARG1L, W ;
SUBWF  RES2 ;
Example 8-4 shows the sequence to do a 16 x 16 MOVF ~ ARGIH, W i
signed multiply. Equation 8-2 shows the algorithm SUBWFB RES3
used. The 32-bit result is stored in four registers éIGN ARGL
(RES3:RESO0). To account for the sign k_)ltg of the BTFSS  ARGLH, 7 , ARGIH:ARGIL neg?
arguments, the MSb for eac_h argument pair is tested BRA CONT CODE : no, done
and the appropriate subtractions are done. MOVF ARG2L, W .
SUBWF  RES2 ;
MOVF ARG2H, W ;
SUBWFB RES3
CONT_CODE
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9.0 INTERRUPTS

The PIC18F6310/6410/8310/8410 devices have
multiple interrupt sources and an interrupt priority fea-
ture that allows most interrupt sources to be assigned
a high priority level or a low priority level. The high
priority interrupt vector is at 0008h and the low priority
interrupt vector is at 0018h. High priority interrupt
events will interrupt any low priority interrupts that may
be in progress.

There are ten registers which are used to control
interrupt operation. These registers are:

« RCON

* INTCON

* INTCON2

* INTCON3

* PIR1, PIR2, PIR3
* PIE1, PIE2, PIE3
* IPR1, IPR2, IPR3

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

« Flag bit to indicate that an interrupt event
occurred

< Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

 Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address 0008h or 0018h,
depending on the priority bit setting. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PICmicro® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<T7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
0008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bitis cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High priority interrupt sources can interrupt a low
priority interrupt. Low priority interrupts are not
processed while high priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bits must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to modify
any of the interrupt control registers while
any interrupt is enabled. Doing so may

cause erratic microcontroller behavior.

© 2004 Microchip Technology Inc.
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FIGURE 9-1:

PIC18F6310/6410/8310/8410 INTERRUPT LOGIC

PIR1<7:0>
PIE1<7:0>
IPR1<7:0>

PIR2<7:6, 3:0>
PIE2<7:6, 3:.0>
IPR2<7:6, 3:0>

PIR3<5:4, 0>
PIE3<5:4, 0>
IPR3<5:4, 0>

T High Priority Interrupt Generation

l Low Priority Interrupt Generation

PIR1<7:0>
PIE1<7:0>
IPR1<7:0>

PIR2<7:6, 3:0>
PIE2<7:6, 3:0>

1

TMROIF
TMROIE
TMROIP
RBIF
RBIE
RBIP
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INT2IF
INT2IE
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INT3IF
INT3IE
INT3IP

1

1

EiD,

IPEN
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1
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IPR2<7:6, 3:0>
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PIE3<5:4, 0>
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TMROIE

TMROIP

RBIF
RBIE
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INT1IF
INT1IE
INT1IP
INT2IF
INT2IE
INT2IP
INT3IF
INT3IE
INT3IP

Wake-up if in
Idle or Sleep modes
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Interrupt to CPU
Vector to Location
0008h

’_[}»

GIEH/GIE

Interrupt to CPU
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9.1 INTCON Registers Note: Interrupt flag bits are set when an interrupt

The INTCON registers are readable and writable condition occurs, regardless of the state of

registers which contain various enable, priority and flag ?ts corresponding _enable bit or the global
bits. interrupt enable bit. User software should

ensure the appropriate interrupt flag bits
are clear prior to enabling an interrupt.
This feature allows for software polling.

REGISTER 9-1: INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF
bit 7 bit 0

bit 7 GIE/GIEH: Global Interrupt Enable bit

When IPEN = 0:
1 = Enables all unmasked interrupts
0 = Disables all interrupts

When IPEN = 1:
1 = Enables all high priority interrupts
0 = Disables all interrupts
bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN = 0:
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

When IPEN = 1:
1 = Enables all low priority peripheral interrupts
0 = Disables all low priority peripheral interrupts

bit 5 TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt

bit 4 INTOIE: INTO External Interrupt Enable bit

1 = Enables the INTO external interrupt
0 = Disables the INTO external interrupt

bit 3 RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt

bit 2 TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTOIF: INTO External Interrupt Flag bit

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

bit 0 RBIF: RB Port Change Interrupt Flag bit
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

Note: A mismatch condition will continue to set this bit. Reading PORTB will end the
mismatch condition and allow the bit to be cleared.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

RBPU INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 | TMROIP INT3IP RBIP

bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values

INTEDGO: External Interrupt O Edge Select bit

1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG1: External Interrupt 1 Edge Select bit

1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDGZ2: External Interrupt 2 Edge Select bit

1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG3: External Interrupt 3 Edge Select bit

1 = Interrupt on rising edge

0 = Interrupt on falling edge

TMROIP: TMRO Overflow Interrupt Priority bit

1 = High priority

0 = Low priority

INT3IP: INT3 External Interrupt Priority bit

1 = High priority

0 = Low priority

RBIP: RB Port Change Interrupt Priority bit

1 = High priority

0 = Low priority

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
Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state

of its corresponding enable bit or the global interrupt enable bit. User software should
ensure the appropriate interrupt flag bits are clear prior to enabling an interrupt. This

feature allows for software polling.
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REGISTER 9-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCONS3: INTERRUPT CONTROL REGISTER 3
R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INTL1IF

bit 7 bit 0

INT2IP: INT2 External Interrupt Priority bit
1 = High priority
0 = Low priority
INTLIP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
INT3IE: INT3 External Interrupt Enable bit

1 = Enables the INT3 external interrupt
0 = Disables the INT3 external interrupt

INT2IE: INT2 External Interrupt Enable bit

1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt

INTLIE: INT1 External Interrupt Enable bit

1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt

INT3IF: INT3 External Interrupt Flag bit

1 = The INT3 external interrupt occurred (must be cleared in software)
0 = The INT3 external interrupt did not occur

INT2IF: INT2 External Interrupt Flag bit

1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur

INTLIF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

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
Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state

of its corresponding enable bit or the global interrupt enable bit. User software
should ensure the appropriate interrupt flag bits are clear prior to enabling an
interrupt. This feature allows for software polling.
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9.2 PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are three Peripheral Interrupt
Request (Flag) registers (PIR1, PIR2, PIR3).

REGISTER 9-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

condition occurs, regardless of the state
of its corresponding enable bit or the
Global Interrupt Enable bit, GIE
(INTCON<T7>).

2: User software should ensure the
appropriate interrupt flag bits are cleared
prior to enabling an interrupt and after
servicing that interrupt.

PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIF ADIF RC1IF | TX1IF | SSPIF | CCP1IF | TMR2IF | TMRL1IF
bit 7 bit 0

PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit

1 = Aread or a write operation has taken place (must be cleared in software)

0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit

1 = An A/D conversion completed (must be cleared in software)

0 = The A/D conversion is not complete

RCL1IF: EUSART Receive Interrupt Flag bit

1 = The EUSART receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The EUSART receive buffer is empty

TX1IF: EUSART Transmit Interrupt Flag bit

1 = The EUSART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The EUSART transmit buffer is full

SSPIF: Master Synchronous Serial Port Interrupt Flag bit

1 = The transmission/reception is complete (must be cleared in software)

0 = Waiting to transmit/receive

CCPL1IF: CCPL1 Interrupt Flag bit

Capture mode:

1 = A TMR1/TMR3 register capture occurred (must be cleared in software)
0 = No TMR1/TMR3 register capture occurred

Compare mode:

1 = A TMR1/TMR3 register compare match occurred (must be cleared in software)
0 = No TMR1/TMR3 register compare match occurred

PWM mode:

Unused in this mode.

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

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

0 = No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-5:

bit 7

bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

RW-0  RW-0 U-0 U-0 RW-0  RW-O0 RW-0  RW-
OSCFIF | CMIF — | — | BcuF | HDIF | TMR3IF | ccpaiF
bit 7 bit 0

OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating

CMIF: Comparator Interrupt Flag bit

1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed

Unimplemented: Read as ‘0’

BCLIF: Bus Collision Interrupt Flag bit

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

0 = No bus collision occurred

HLVDIF: High/Low-Voltage Detect Interrupt Flag bit

1 = A low-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low-Voltage Detect trip point
TMR3IF: TMR3 Overflow Interrupt Flag bit

1 = TMR3 register overflowed (must be cleared in software)

0 = TMR3 register did not overflow

CCP2IF: CCP2 Interrupt Flag bit

Capture mode:
1 = A TMR1/TMR3 register capture occurred (must be cleared in software)

0 = No TMR1/TMRS register capture occurred

Compare mode:

1 = A TMR1/TMR3 register compare match occurred (must be cleared in software)
0 = No TMR1/TMR3 register compare match occurred

PWM mode:

Unused in this mode.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-6:

bit 7-6
bit 5

bit 4

bit 3-1
bit 0

PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3

U-0 U-0 R-0 R-0 U-0 U-0 U-0 RIW-0
— — RC2F | Tx2F | — [ — — CCP3IF
bit 7 bit 0

Unimplemented: Read as ‘0’

RC2IF: AUSART Receive Interrupt Flag bit

1 = The AUSART receive buffer, RCREG, is full (cleared when RCREG is read)

0 = The AUSART receive buffer is empty

TX2IF: AUSART Transmit Interrupt Flag bit

1 = The AUSART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The AUSART transmit buffer is full

Unimplemented: Read as ‘0’

CCP3IF: CCP3 Interrupt Flag bit

Capture mode:
1 = A TMR1/TMR3 register capture occurred (must be cleared in software)

0 = No TMR1/TMRS register capture occurred

Compare mode:

1 = A TMR1/TMR3 register compare match occurred (must be cleared in software)
0 = No TMR1/TMRS register compare match occurred

PWM mode:

Unused in this mode.

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

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2, PIE3). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.

REGISTER 9-7: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE
bit 7 bit 0

bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

bit 5 RC1IE: EUSART Receive Interrupt Enable bit

1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt

bit 4 TX1IE: EUSART Transmit Interrupt Enable bit

1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt

bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

bit 2 CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-8: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
R/W-0 R/W-0 uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE
bit 7 bit 0

bit 7 OSCFIE: Oscillator Fail Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5-4 Unimplemented: Read as ‘0’
bit 3 BCLIE: Bus Collision Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 2 HLVDIE: High/Low-Voltage Detect Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 1 TMRS3IE: TMR3 Overflow Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 0 CCP2IE: CCP2 Interrupt Enable bit

1 = Enabled
0 = Disabled

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 9-9: PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

uU-0 uU-0 R-0 R-0 uU-0 u-0 u-0 R/W-0
— — RC2IE TX2IE — — — CCP3IE
bit 7 bit 0

bit 7-6  Unimplemented: Read as ‘0’
bit 5 RC2IE: AUSART Receive Interrupt Enable bit

1 = Enabled
0 = Disabled
bit 4 TX2IE: AUSART Transmit Interrupt Enable bit
1 = Enabled
0 = Disabled

bit 3-1 Unimplemented: Read as ‘0’
bit 0 CCP3IE: CCP3 Interrupt Enable bit

1 = Enabled

0 = Disabled

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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9.4 IPR Registers

The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Priority registers (IPR1, IPR2, IPR3). Using
the priority bits requires that the Interrupt Priority
Enable (IPEN) bit be set.

REGISTER 9-10: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP

bit 7 bit 0
bit 7 PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RC1IP: EUSART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TX1IP: EUSART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-11:

bit 7

bit 6

bit 5-4
bit 3

bit 2

bit 1

bit 0

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1 R/W-1 u-0 u-0 R/W-1

R/W-1

R/W-1 R/W-1

OSCFIP CMIP — — BCLIP

HLVDIP

TMR3IP | CCP2IP

bit 7

OSCFIP: Oscillator Fail Interrupt Priority bit
1 = High priority

0 = Low priority

CMIP: Comparator Interrupt Priority bit

1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

BCLIP: Bus Collision Interrupt Priority bit

1 = High priority

0 = Low priority

HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority

0 = Low priority

TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

CCP2IP: CCP2 Interrupt Priority bit

1 = High priority

0 = Low priority

bit 0

Legend:

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

X = Bit is unknown
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REGISTER 9-12:

bit 7-6
bit 5

bit 4

bit 3-1
bit 0

IPR3: PERIPHERAL INTERRUPT PRIORITY REGISTER 3

uU-0 uU-0 R-0 R-0 uU-0 u-0 u-0 R/W-1
— — RC2IP TX2IP — — — CCP3IP
bit 7 bit 0

Unimplemented: Read as ‘0’

RC2IP: AUSART Receive Priority Flag bit
1 = High priority

0 = Low priority

TX2IP: AUSART Transmit Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

CCP3IP: CCP3 Interrupt Priority bit

1 = High priority

0 = Low priority

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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9.5 RCON Register

The RCON register contains bits used to determine the
cause of the last Reset or wake-up from Idle or Sleep
modes. RCON also contains the bit that enables
interrupt priorities (IPEN).

REGISTER 9-13: RCON REGISTER

R/W-0 R/W-1 u-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN SBOREN = RI TO PD POR BOR
bit 7 bit 0

bit 7 IPEN: Interrupt Priority Enable bit

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

bit 6 SBOREN: Software BOR Enable bit

For details of bit operation and Reset state, see Register 4-1.
bit 5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-1.
bit 3 TO: Watchdog Timer Time-out Flag bit

For details of bit operation, see Register 4-1.
bit 2 PD: Power-Down Detection Flag bit

For details of bit operation, see Register 4-1.
bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 4-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 4-1.

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

External interrupts on the RBO/INTO, RB1/INT1, RB2/
INT2 and RB3/INT3 pins are edge-triggered. If the
corresponding INTEDGXx bit in the INTCON2 register is
set (= 1), the interrupt is triggered by a rising edge; if
the bit is clear, the trigger is on the falling edge. When
a valid edge appears on the RBX/INTx pin, the
corresponding flag bit, INTxF, is set. This interrupt can
be disabled by clearing the corresponding enable bit,
INTXE. Flag bit, INTxF, must be cleared in software in
the Interrupt Service Routine before re-enabling the
interrupt.

All external interrupts (INTO, INT1, INT2 and INT3) can
wake-up the processor from the power managed
modes if bit INTXE was set prior to going into power
managed modes. If the Global Interrupt Enable bit,
GIE, is set, the processor will branch to the interrupt
vector following wake-up.

Interrupt priority for INT1, INT2 and INT3 is determined
by the value contained in the interrupt priority bits,
INT1IP (INTCON3<6>), INT2IP (INTCON3<7>) and
INT3IP (INTCON2<1>). There is no priority bit
associated with INTO. It is always a high priority
interrupt source.

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL register
pair (FFFFh — 0000h) will set TMROIF. The interrupt can
be enabled/disabled by setting/clearing enable bit,
TMROIE (INTCON<5>). Interrupt priority for TimerO is
determined by the value contained in the interrupt prior-
ity bit, TMROIP (INTCON2<2>). See Section 11.0
“Timer0 Module” for further details on the TimerO
module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, Status and BSR
registers are saved on the fast return stack. If a fast
return from interrupt is not used (see Section 5.3
“Data Memory Organization”), the user may need to
save the WREG, Status and BSR registers on entry to
the Interrupt Service Routine. Depending on the user’s
application, other registers may also need to be saved.
Example 9-1 saves and restores the WREG, Status
and BSR registers during an Interrupt Service Routine.

EXAMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOVWF W_TEMP ; W_TEMP is in virtual bank

MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR_TMEP located anywhere

; USER ISR CODE

7

MOVFF BSR_TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS_TEMP, STATUS ; Restore STATUS
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10.0 1/0 PORTS

Depending on the device selected and features
enabled, there are up to nine ports available. Some
pins of the 1/O ports are multiplexed with an alternate
function from the peripheral features on the device. In
general, when a peripheral is enabled, that pin may not
be used as a general purpose I/O pin.

Each port has three registers for its operation. These

registers are:

« TRIS register (data direction register)

« Port register (reads the levels on the pins of the
device)

» LAT register (output latch)

The Data Latch (LAT register) is useful for

read-modify-write operations on the value that the 1/0
pins are driving.

A simplified model of a generic I/O port, without the
interfaces to other peripherals, is shown in Figure 10-1.

FIGURE 10-1: GENERIC I/O PORT
OPERATION
RD LAT ;]
Data
Bus D Q ;; Ez
WR LAT 1/0 pin®
or Port CK_\_
Data Latch

Py

[
B

WR TRIS

TRIS Latch Input
[::]Buﬁer

g
RD TRIS o~

///1 Q D

EN
RD Port {>O —‘

Note 1: I/O pins have diode protection to VbD and Vss.

10.1 PORTA, TRISA and
LATA Registers

PORTA is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it, will write to the port latch.

The Data Latch register (LATA) is also memory
mapped. Read-modify-write operations on the LATA
register read and write the latched output value for
PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. Pins RA6
and RA7 are multiplexed with the main oscillator pins;
they are enabled as oscillator or I/O pins by the selec-
tion of the main oscillator in the configuration register
(see Section 23.1 “Configuration Bits” for details).
When they are not used as port pins, RA6 and RA7 and
their associated TRIS and LAT bits are read as ‘0.

The other PORTA pins are multiplexed with the analog
VREF+ and VREF- inputs. The operation of pins
RA5:RA0 as A/D converter inputs is selected by
clearing or setting the PCFG3:PCFGO control bits in the
ADCONLI register.

Note: On a Power-on Reset, RA5 and RA3:RAO
are configured as analog inputs and read
as ‘0’. RA4 is configured as a digital input.

The RA4/TOCKI pin is a Schmitt Trigger input and an
open-drain output. All other PORTA pins have TTL
input levels and full CMOS output drivers.

The TRISA register controls the direction of the PORTA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1:  INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
clearing output
data latches
Alternate method

to clear output
data latches
Configure A/D

for digital inputs
Configure comparators
for digital input
Value used to

CLRF LATA

MOVLW 07h
MOVWF ADCON1
MOVWF 07h
MOVWF CMCON
MOVLW 0CFh
initialize data
direction

Set RA<3:0> as inputs
RA<5:4> as outputs

MOVWF TRISA
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TABLE 10-1: PORTA FUNCTIONS
Pin Name Function S::E:ﬁg /0 Tl)ige Description
RAO/ANO RAO 0 (0] DIG |LATA<O> data output; not affected by analog input.
1 | TTL |PORTA<O> data input; disabled when analog input enabled.
ANO 1 | ANA |A/D input channel 0. Default input configuration on POR; does not
affect digital output.
RA1/AN1 RA1 0 (0] DIG |LATA<1> data output; not affected by analog input.
1 | TTL |PORTA<1> data input; disabled when analog input enabled.
AN1 1 | ANA |A/D input channel 1. Default input configuration on POR; does not
affect digital output.
RA2/AN2/VREF- RA2 0 (0] DIG |LATA<2> data output; not affected by analog input. Disabled when
CVREF output enabled.
1 | TTL |[PORTA<2> data input. Disabled when analog functions enabled;
disabled when CVREF output enabled.
AN2 1 | ANA |A/D input channel 2. Default input configuration on POR; not affected
by analog output.
VREF- 1 | ANA |Comparator voltage reference low input and A/D voltage reference low
input.
RA3/AN3/VREF+ RA3 0 O DIG |LATA<3> data output; not affected by analog input.
1 | TTL |PORTA<3> data input; disabled when analog input enabled.
AN3 1 | ANA |A/D input channel 3. Default input configuration on POR.
VREF+ 1 | ANA |Comparator voltage reference high input and A/D voltage reference
high input.
RA4/TOCKI RA4 0 (0] DIG |LATA<4> data output
1 | ST PORTA<4> data input; default configuration on POR.
TOCKI b'q | ST TimerO clock input.
RAS5/AN4/HLVDIN RA5 0 O DIG |LATA<5> data output; not affected by analog input.
1 | TTL |PORTA<5> data input; disabled when analog input enabled.
AN4 1 | ANA |A/D input channel 4. Default configuration on POR.
HLVDIN 1 | ANA |High/Low-Voltage Detect external trip point input.
OSC2/CLKO/RAG| OSC2 x o ANA |Main oscillator feedback output connection (XT, HS and LP modes).
CLKO b'q (0] DIG |System cycle clock output (Fosc/4) in all oscillator modes except
RCIO, INTIO2 and ECIO.
RA6 0 (0] DIG |LATA<6> data output. Enabled in RCIO, INTIO2 and ECIO modes only.
1 | TTL [PORTA<6> data input. Enabled in RCIO, INTIO2 and ECIO modes
only.
OSC1/CLKI/RA7 0OSC1 x | ANA [Main oscillator input connection.
CLKI X | ANA |Main clock input connection.
RA7 0 (0] DIG |LATA<7> data output. Disabled in external oscillator modes.
1 | TTL |PORTA<7> data input. Disabled in external oscillator modes.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST= Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
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TABLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTA RA7TM | Rae® RA5 RA4 RA3 RA2 RAL RAO 60
LATA LATA7(D) | LATA6M) |LATA Data Output Register 60
TRISA TRISA7D | TRISA6() | PORTA Data Direction Register 60
ADCON1 - - VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 58

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTA.

Note 1: RA7:RA6 and their associated latch and data direction bits are enabled as 1/O pins based on oscillator
configuration; otherwise, they are read as ‘0.
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10.2 PORTB, TRISB and
LATB Registers

PORTB is an 8-hit wide, bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

EXAMPLE 10-2:  INITIALIZING PORTB

CLRF PORTB ; Initialize PORTB by
; clearing output
; data latches

CLRF LATB ; Alternate method
; to clear output
; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction

MOVWE TRISB ; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is
performed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are
disabled on a Power-on Reset.

Four of the PORTB pins (RB7:RB4) have an
interrupt-on-change feature. Only pins configured as
inputs can cause this interrupt to occur (i.e., any
RB7:RB4 pin configured as an output is excluded from
the interrupt-on-change comparison). The input pins (of
RB7:RB4) are compared with the old value latched on
the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are ORed together to generate the RB Port
Change Interrupt with Flag bit, RBIF (INTCON<0>).

This interrupt can wake the device from power
managed modes. The user, in the Interrupt Service
Routine, can clear the interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF (ANY), PORTB instruction). This will
end the mismatch condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

For 80-pin devices, RB3 can be configured as the
alternate peripheral pin for the CCP2 module by
clearing the CCP2MX configuration bit. This applies
only when the device is in one of the operating modes
other than the default Microcontroller mode. If the
device is in Microcontroller mode, the alternate
assignment for CCP2 is RE7. As with other CCP2 con-
figurations, the user must ensure that the TRISB<3> bit
is set appropriately for the intended operation.
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TABLE 10-3: PORTB FUNCTIONS
Pin Name Function S-Ie-zﬁilﬁg /0 Tl)ige Description
RBO/INTO RBO 0 o DIG |LATB<O> data output.
1 | TTL | PORTB<0> data input; weak pull-up when RBPU bit is cleared.
INTO 1 | ST External Interrupt O input.
RB1/INT1 RB1 0 o DIG |LATB<1> data output.
1 | TTL | PORTB<1> data input; weak pull-up when RBPU bit is cleared.
INT1 1 | ST External Interrupt 1 input.
RB2/INT2 RB2 0 (0] DIG |LATB<2> data output.
1 | TTL | PORTB<2> data input; weak pull-up when RBPU bit is cleared.
INT2 1 | ST External Interrupt 2 input.
RB3/INT3/ RB3 0 o DIG |LATB<3> data output.
cch2 1 | TTL |PORTB<3> data input; weak pull-up when RBPU bit is cleared.
INT3 1 | ST External Interrupt 3 input.
ccp2® 0 (0] DIG | CCP2 compare output and CCP2 PWM output; takes priority over port
data.
1 | ST CCP2 capture input.
RB4/KBIO RB4 0 o DIG |LATB<4> data output.
1 | TTL | PORTB<4> data input; weak pull-up when RBPU bit is cleared.
KBIO 1 | TTL | Interrupt on pin change.
RB5/KBI1 RB5 0 (0] DIG |LATB<5> data output
1 | TTL | PORTB<5> data input; weak pull-up when RBPU bit is cleared.
KBI1 1 | TTL | Interrupt on pin change.
RB6/KBI2/PGC RB6 0 o DIG |LATB<6> data output
1 | TTL |PORTB<6> data input; weak pull-up when RBPU bit is cleared.
KBI2 1 | TTL | Interrupt on pin change.
PGC X | ST Serial execution (ICSP™) clock input for ICSP and ICD operation(z).
RB7/KBI3/PGD RB7 0 o DIG |LATB<7> data output.
1 | TTL |PORTB<7> data input; weak pull-up when RBPU bit is cleared.
KBI3 1 | TTL | Interrupt on pin change.
PGD X (0] DIG | Serial execution data output for ICSP and ICD operation(z).
X | ST Serial execution data input for ICSP and ICD operation(z).

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for CCP2 when the CCP2MX configuration bit is cleared (Microprocessor, Extended
Microcontroller and Microcontroller with Boot Block modes, 80-pin devices only). Default assignment is RC1.
2: Al other pin functions are disabled when ICSP or ICD operations are enabled.
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TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 60
LATB LATB Data Output Register 60
TRISB PORTB Data Direction Register 60
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
INTCON2 RBPU INTEDGO |INTEDG1 |INTEDG2 | INTEDG3| TMROIP | INT3IP RBIP 57
INTCON3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF 57

Legend: Shaded cells are not used by PORTB.
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10.3 PORTC, TRISC and
LATC Registers

PORTC is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISC. Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register read and write the latched output value for
PORTC.

PORTC is multiplexed with several peripheral functions
(Table 10-5). The pins have Schmitt Trigger input
buffers. RC1 is normally configured by configuration bit
CCP2MX as the default peripheral pin of the CCP2
module (default/erased state, CCP2MX = 1).

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,
while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 10-3:  INITIALIZING PORTC

CLRF PORTC ; Initialize PORTC by
; clearing output
; data latches
CLRF LATC ; Alternate method
; to clear output
; data latches
MOVLW 0CFh ; Value used to
; initialize data

; direction

MOVWF TRISC ; Set RC<3:0> as inputs
; RC<5:4> as outputs
; RC<7:6> as inputs

© 2004 Microchip Technology Inc.
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TABLE 10-5: PORTC FUNCTIONS

Pin Name Function S::Eilﬁg 1/0 Tl)ige Description
RCO/T10SO/T13CKI RCO 0 (0] DIG |LATC<O0> data output.
| ST PORTC<0> data input.
T10SO X (0] ANA | Timerl oscillator output; enabled when Timerl oscillator enabled.
Disables digital I/0O.
T13CKI 1 | ST Timerl/Timer3 counter input.
RC1/T10SI/CCP2 RC1 0 (0] DIG |LATC<1> data output.
1 | ST PORTC<1> data input.
T10SI x | ANA | Timerl oscillator input; enabled when Timerl oscillator enabled.
Disables digital I/O.
ccp2® 0 (@] DIG |CCP2 compare output and CCP2 PWM output; takes priority over port
data.
1 | ST CCP2 capture input
RC2/CCP1 RC2 0 (0] DIG |[LATC<2> data output.
1 | ST PORTC<2> data input.
CCP1 0 o DIG [CCP1 compare output and CCP1 PWM output; takes priority over port
data.
1 | ST CCP1 capture input.
RC3/SCK/SCL RC3 0 (0] DIG |[LATC<3> data output.
1 | ST PORTC<3> data input.
SCK 0 (0] DIG |SPI™ clock output (MSSP module); takes priority over port data.
1 | ST SPI clock input (MSSP module).
SCL 0 (@] DIG |[I2C™ clock output (MSSP module); takes priority over port data.
1 | ST 12C clock input (MSSP module); input type depends on module setting.
RC4/SDI/SDA RC4 0 (0] DIG |[LATC<4> data output.
1 | ST PORTC<4> data input.
SDI 1 | ST SPI data input (MSSP module).
SDA 1 (0] DIG |IC data output (MSSP module); takes priority over port data.
1 | ST I°C data input (MSSP module); input type depends on module setting.
RC5/SDO RC5 0 (0] DIG [LATC<5> data output.
1 | ST PORTC<5> data input.
SDO 0 (0] DIG |SPI data output (MSSP module); takes priority over port data.
RC6/TX1/CK1 RC6 0 (0] DIG |LATC<6> data output.
1 | ST PORTC<6> data input.
TX1 1 (@] DIG |Synchronous serial data output (EUSART module); takes priority over
port data.
CK1 1 (0] DIG |Synchronous serial data input (EUSART module). User must
configure as an input.
1 | ST Synchronous serial clock input (EUSART module).
RC7/RX1/DT1 RC7 0 (0] DIG |LATC<7> data output.
1 | ST PORTC<7> data input.
RX1 1 | ST [Asynchronous serial receive data input (EUSART module)
DT1 1 (0] DIG |Synchronous serial data output (EUSART module); takes priority over
port data.
1 | ST Synchronous serial data input (EUSART module). User must

configure as an input.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Note 1. Default assignment for CCP2 when CCP2MX configuration bit is set.
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TABLE 10-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO 60
LATC LATC Data Output Register 60
TRISC PORTC Data Direction Register 60

Legend: Shaded cells are not used by PORTC.
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10.4 PORTD, TRISD and
LATD Registers

PORTD is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATD) is also memory
mapped. Read-modify-write operations on the LATD
register read and write the latched output value for
PORTD.

All pins on PORTD are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

In 80-pin devices, PORTD is multiplexed with the
system bus as part of the external memory interface.
I/O port and other functions are only available when the
interface is disabled by setting the EBDIS bhit
(MEMCON<7>). When the interface is enabled,
PORTD is the low-order byte of the multiplexed
address/data bus (AD7:ADQ). The TRISD bits are also
overridden.

PORTD can also be configured to function as an 8-bit
wide parallel microprocessor port by setting the
PSPMODE control bit (PSPCON<4>). In this mode,
parallel port data takes priority over other digital I/0 (but
not the external memory interface). When the parallel
port is active, the input buffers are TTL. For more
information, refer to Section 10.10 “Parallel Slave
Port”.

EXAMPLE 10-4:  INITIALIZING PORTD

CLRF PORTD ; Initialize PORTD by
; clearing output
; data latches
CLRF LATD ; Alternate method
; to clear output
; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWF TRISD ; Set RD<3:0> as inputs

; RD<5:4> as outputs
; RD<7:6> as inputs
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TABLE 10-7: PORTD FUNCTIONS

Pin Name Function SIJtR;iI:g /O Tl)i(r?e Description
RDO/ADO/PSPO RDO 0 o DIG |LATD<O0> data output.
1 | ST PORTD<0> data input.
ADO®@ X (0] DIG External memory interface, address/data bit 0 output(l).
X | TTL | External memory interface, data bit O input(l).
PSPO X (0] DIG PSP read data output (LATD<0>); takes priority over port data.
X | TTL | PSP write data input.
RD1/AD1/PSP1 RD1 0 (0] DIG |LATD<1> data output.
1 | ST PORTD<1> data input.
AD1@ X (0] DIG External memory interface, address/data bit 1 output(l).
X | TTL | External memory interface, data bit 1 input(l).
PSP1 X (0] DIG PSP read data output (LATD<1>); takes priority over port data.
X | TTL | PSP write data input.
RD2/AD2/PSP2 RD2 0 (0] DIG |LATD<2> data output.
1 | ST PORTD<2> data input.
AD2 X (0] DIG External memory interface, address/data bit 2 output(l).
X | TTL | External memory interface, data bit 2 input(l).
PSP2 X (0] DIG PSP read data output (LATD<2>); takes priority over port data.
X | TTL | PSP write data input.
RD3/AD3/PSP3 RD3 0 (0] DIG |LATD<3> data output.
1 | ST PORTD<3> data input.
AD3@ X (0] DIG External memory interface, address/data bit 3 output(l).
X | TTL | External memory interface, data bit 3 input(l).
PSP3 X (0] DIG PSP read data output (LATD<3>); takes priority over port data.
X | TTL | PSP write data input.
RD4/AD4/PSP4 RD4 0 (0] DIG |LATD<4> data output.
1 | ST PORTD<4> data input.
AD4® X (0] DIG External memory interface, address/data bit 4 output(l).
X | TTL | External memory interface, data bit 4 input(l).
PSP4 X (0] DIG PSP read data output (LATD<4>); takes priority over port data.
X | TTL | PSP write data input.
RD5/AD5/PSP5 RD5 0 (0] DIG |LATD<5> data output.
1 | ST PORTD<5> data input.
AD5@ X (0] DIG External memory interface, address/data bit 5 output(l).
X | TTL | External memory interface, data bit 5 input(l).
PSP5 X (0] DIG PSP read data output (LATD<5>); takes priority over port data.
X | TTL | PSP write data input.
RD6/AD6/PSP6 RD6 0 (0] DIG |LATD<6> data output.
1 | ST PORTD<6> data input.
AD6@ X (0] DIG-3 | External memory interface, address/data bit 6 output(l).
X | TTL | External memory interface, data bit 6 input(l).
PSP6 X (0] DIG PSP read data output (LATD<6>); takes priority over port data.
X | TTL | PSP write data input.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: External memory interface I/O takes priority over all other digital and PSP 1/O.
2: Implemented on 80-pin devices only.
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TABLE 10-7: PORTD FUNCTIONS (CONTINUED)

Pin Name Function S-Ie-zﬁilﬁg 110 leige Description
RD7/AD7/PSP7 RD7 0 o DIG |LATD<7> data output.
1 | ST PORTD<7> data input.
AD7@ X (0] DIG External memory interface, address/data bit 7 output(l).
X | TTL | External memory interface, data bit 7 input(l).
PSP7 X (0] DIG PSP read data output (LATD<7>); takes priority over port data.
X | TTL | PSP write data input.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: External memory interface I/O takes priority over all other digital and PSP 1/O.
2. Implemented on 80-pin devices only.

TABLE 10-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 60
LATD LATD Data Output Register 60
TRISD PORTD Data Direction Register 60
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10.5 PORTE, TRISE and
LATE Registers

PORTE is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISE. Setting
a TRISE bit (= 1) will make the corresponding PORTE
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISE bit (= 0)
will make the corresponding PORTE pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATE) is also memory
mapped. Read-modify-write operations on the LATE
register read and write the latched output value for
PORTE.

All pins on PORTE are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

When the device is operating in Microcontroller mode,
pin RE7 can be configured as the alternate peripheral
pin for the CCP2 module. This is done by clearing the
CCP2MX configuration bit.

In 80-pin devices, PORTE is multiplexed with the
system bus as part of the external memory interface.
I/O port and other functions are only available when the
interface is disabled by setting the EBDIS bhit
(MEMCONK<7>). When the interface is enabled (80-pin
devices only), PORTE is the high-order byte of the
multiplexed address/data bus (AD15:AD8). The TRISE
bits are also overridden.

When the Parallel Slave Port is active on PORTD, three
of the PORTE pins (REO/AD8/RD, RE1/AD9/WR and
RE2/AD10/CS) are configured as digital control inputs
for the port. The control functions are summarized in
Table 10-9. The reconfiguration occurs automatically
when the PSPMODE control bit (PSPCON<4>) is set.
Users must still make certain the the corresponding
TRISE bits are set to configure these pins as digital
inputs.

EXAMPLE 10-5:  INITIALIZING PORTE
CLRF  PORTE

; Initialize PORTE by
; clearing output
; data latches
CLRF LATE ; Alternate method
; to clear output
; data latches
i
i

MOVLW 03h ; Value used to

; initialize data

; direction

; Set RE<1:0> as inputs

; RE<7:2> as outputs

MOVWF TRISE

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 129



PIC18F6310/6410/8310/8410

TABLE 10-9: PORTE FUNCTIONS

Pin Name Function S::Eilﬁg 110 Tl)ige Description
REO/ADS/RD REO 0 o) DIG |LATE<O> data output.
1 | ST PORTE<0> data input.
AD8®) x o) DIG |External memory interface, address/data bit 8 output®.
x | TTL |External memory interface, data bit 8 input(z).
RD 1 | TTL |Parallel Slave Port read enable control input.
RE1/AD9/WR RE1 0 o) DIG |LATE<1> data output.
1 | ST PORTE<1> data input.
AD9®) x o) DIG |External memory interface, address/data bit 9 output®.
x [ TTL |External memory interface, data bit 9 input®.
WR 1 | TTL |Parallel Slave Port write enable control input.
RE2/AD10/CS RE2 0 o DIG |LATE<2> data output.
1 | ST PORTE<2> data input.
AD10®) b'q (0] DIG |External memory interface, address/data bit 10 output(z).
X | TTL |External memory interface, data bit 10 input(z).
cs 1 | TTL |Parallel Slave Port chip select control input.
RE3/AD11 RE3 0 o DIG |LATE<3> data output.
1 | ST PORTE<3> data input.
AD11® b'q (0] DIG |External memory interface, address/data bit 11 output(z).
b'q | TTL |External memory interface, data bit 11 input(z).
RE4/AD12 RE4 0 (0] DIG |LATE<4> data output.
1 | ST PORTE<4> data input.
AD12® x o) DIG |External memory interface, address/data bit 12 output®.
x [ TTL |External memory interface, data bit 12 input@.
RE5/AD13 RES 0 (0] DIG |LATE<5> data output.
1 | ST PORTE<5> data input.
AD13®) b'q (0] DIG |External memory interface, address/data bit 13 output(z).
x | TTL |External memory interface, data bit 13 input(z).
RE6/AD14 RE6 0 o DIG |LATE<6> data output.
1 | ST PORTE<6> data input.
AD14®) b'q (0] DIG |External memory interface, address/data bit 14 output(z).
X | TTL |External memory interface, data bit 14 input(z).
RE7/CCP2/AD15 RE7 0 (0] DIG |LATE<7> data output.
1 | ST PORTE<7> data input.
ccp2® 0 (0] DIG |CCP2 compare output and CCP2 PWM output; takes priority over port
data.
1 | ST |CCP2 capture input.
AD15® x o) DIG |External memory interface, address/data bit 15 output®.
X | TTL |External memory interface, data bit 15 input(z).

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared (all devices in Microcontroller mode).
2:  External memory interface 1/O takes priority over all other digital and PSP 1/O.
3:  Implemented on 80-pin devices only.
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TABLE 10-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
PORTE RE7 RE6 RE5 RE4 RE3 RE2 RE1 REO 60
LATE LATE Data Output Register 60
TRISE PORTE Data Direction bits 60

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTE.
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10.6 PORTF, LATF and TRISF Registers

PORTF is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISF. Setting a
TRISF bit (= 1) will make the corresponding PORTF pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISF bit (= 0) will
make the corresponding PORTF pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATF) is also memory
mapped. Read-modify-write operations on the LATF
register read and write the latched output value for
PORTF.

All pins on PORTF are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

PORTF is multiplexed with several analog peripheral
functions, including the A/D converter and comparator
inputs, as well as the comparator outputs. Pins RF2
through RF6 may be used as comparator inputs or
outputs by setting the appropriate bits in the CMCON
register. To use RF3:RF6 as digital inputs, it is also
necessary to turn off the comparators.

Note 1:

On a Power-on Reset, the RF6:RFO pins
are configured as inputs and read as ‘0’.

To configure PORTF as digital I/O, turn off
comparators and set ADCONL1 value.

EXAMPLE 10-6:

INITIALIZING PORTF

CLRF

CLRF

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW

MOVWF

PORTF

LATF

0x07
CMCON
OxOF
ADCON1
O0xCF

TRISF

; Initialize PORTF by
; clearing output

; data latches

; Alternate method

; to clear output

; data latches

; Turn off comparators

; Set PORTF as digital I/O
; Value used to

; initialize data

; direction

; Set RF3:RF0 as inputs

; RF5:RF4 as outputs

; RF7:RF6 as inputs

Note: On a Power-on Reset, RA5 and RA3:RAO0

are configured as analog inputs and read

as ‘0’. RA4 is configured as a digital input.
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TABLE 10-11: PORTF FUNCTIONS

Pin Name Function SZﬁ:ﬁg /0 Tl)ige Description
RFO/ANS RFO 0 (0] DIG |LATF<0> data output; not affected by analog input.
1 | ST PORTF<0> data input; disabled when analog input enabled.
AN5 1 | ANA |A/D input channel 5. Default configuration on POR.
RF1/AN6/C20UT RF1 0 (0] DIG |LATF<1> data output; not affected by analog input.
1 | ST |PORTF<1> data input; disabled when analog input enabled.
AN6 1 | ANA |A/D input channel 6. Default configuration on POR.
C20UT 0 (0] DIG |Comparator 2 output; takes priority over port data.
RF2/AN7/C1OUT RF2 0 (0] DIG |LATF<2> data output; not affected by analog input.
1 | ST PORTF<2> data input; disabled when analog input enabled.
AN7 1 | ANA |A/D input channel 7. Default configuration on POR.
C1louT 0 (0] TTL |Comparator 1 output; takes priority over port data.
RF3/AN8 RF3 0 (0] DIG |LATF<3> data output; not affected by analog input.
1 | ST PORTF<3> data input; disabled when analog input enabled.
AN8 1 | ANA |A/D input channel 8 and Comparator C2+ input. Default input
configuration on POR; not affected by analog output.
RF4/AN9 RF4 0 (0] DIG |LATF<4> data output; not affected by analog input.
1 | ST PORTF<4> data input; disabled when analog input enabled.
AN9 1 | ANA |A/D input channel 9 and Comparator C2- input. Default input
configuration on POR; does not affect digital output.
RF5/AN10/CVREF RF5 0 (0] DIG |LATF<5> data output; not affected by analog input. Disabled when
CVREF output enabled.
1 | ST PORTF<5> data input; disabled when analog input enabled. Disabled
when CVREF output enabled
AN10 1 | ANA |A/D input channel 10 and Comparator C1+ input. Default input
configuration on POR.
CVREF x (0] ANA |Comparator voltage reference output. Enabling this feature disables
digital I/0.
RF6/AN11 RF6 0 O DIG |LATF<6> data output; not affected by analog input.
1 | ST |PORTF<6> data input; disabled when analog input enabled.
AN11 1 | ANA |A/D input channel 11 and Comparator C1- input. Default input
configuration on POR; does not affect digital output.
RF7/SS RF7 0 o DIG |LATF<7> data output.
1 | ST PORTF<7> data input.
ssS 1 | TTL [Slave select input for SSP (MSSP module).

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 10-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

Name Bit 7 Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bito | Resetvalues

on Page
TRISF PORTF Data Direction Control Register 60
PORTF Read PORTF pin/Write PORTF Data Latch 60
LATF Read PORTF Data Latch/Write PORTF Data Latch 60
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGO 58
CMCON C20UT | C1OUT | C2INV | C1lINV CIs CM2 CM1 CMO 59
CVRCON CVREN | CVROE | CVRR | CVRSS | CVR3 CVR2 CVR1 CVRO 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTF.
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10.7 PORTG, TRISG and
LATG Registers

PORTG is a 6-bhit wide, bidirectional port. The corre-
sponding data direction register is TRISG. Setting a
TRISG bit (= 1) will make the corresponding PORTG
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISG bit (= 0)
will make the corresponding PORTG pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATG) is also memory
mapped. Read-modify-write operations on the LATG
register, read and write the latched output value for
PORTG.

PORTG is multiplexed with USART functions
(Table 10-13). PORTG pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTG pin. Some
peripherals override the TRIS bit to make a pin an
output, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the
corresponding peripheral section for the correct TRIS
bit settings. The pin override value is not loaded into
the TRIS register. This allows read-modify-write of the
TRIS register without concern due to peripheral
overrides.

The sixth pin of PORTG (RG5/MCLR/VPP) is an input
only pin. Its operation is controlled by the MCLRE
configuration bit. When selected as a port pin
(MCLRE = 0), it functions as a digital input only pin; as
such, it does not have TRIS or LAT bits associated with
its operation. Otherwise, it functions as the device's
Master Clear input. In either configuration, RG5 also
functions as the programming voltage input during
programming.

Note: On a Power-on Reset, RG5 is enabled as
a digital input only if Master Clear
functionality is disabled. All other 5 pins
are configured as digital inputs.

EXAMPLE 10-7:  INITIALIZING PORTG

CLRF PORTG ; Initialize PORTG by
; clearing output
; data latches
CLRF LATG ; Alternate method
; to clear output
; data latches

MOVLW 0x04 ; Value used to
; initialize data
; direction
MOVWF TRISG ; Set RG1l:RGO as outputs

; RG2 as input
; RG4:RG3 as inputs
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TABLE 10-13: PORTG FUNCTIONS

Pin Name Function S-Ie-zﬁilﬁg /0 Tl)ige Description
RGO/CCP3 RGO 0 (0] DIG LATG<0> data output.
1 | ST PORTG<0> data input.
CCP3 0 (0] DIG | CCP3 compare and PWM output; takes priority over port data.
1 | ST CCP3 capture input.
RG1/TX2/CK2 R21 0 o DIG |LATG<1> data output.
1 | ST PORTG<1> data input.
TX2 1 (0] DIG | Synchronous serial data output (AUSART module); takes priority over
port data.
CK2 1 (0] DIG | Synchronous serial data input (AUSART module). User must
configure as an input.
1 | ST Synchronous serial clock input (AUSART module).
RG2/RX2/DT2 RG2 0 o DIG |LATG<2> data output.
1 | ST PORTG<2> data input.
RX2 1 | ST Asynchronous serial receive data input (AUSART module).
DT2 1 (0] DIG | Synchronous serial data output (AUSART module); takes priority over
port data.
1 | ST Synchronous serial data input (AUSART module). User must
configure as an input.
RG3 RG3 0 (0] DIG LATG<3> data output.
1 | ST PORTG<3> data input.
RG4 RG4 0 (0] DIG LATG<4> data output.
1 | ST PORTG<4> data input.
RG5/MCLR/VPP |  RG5 —@ I ST |PORTG<5> data input; enabled when MCLRE configuration bit is
clear.
MCLR — | ST External Master Clear input; enabled when MCLRE configuration bit is
set.
Vpp — | ANA | High-voltage detection; used for ICSP™ mode entry detection. Always
available, regardless of pin mode.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).
Note 1. RG5 does not have a corresponding TRISG bit.

TABLE 10-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Valueson
Page
PORTG — — RG5(1) | Read PORTG pin/Write PORTG Data Latch 60
LATG — — — LATG Data Output Register 60
TRISG — — — Data Direction Control Register for PORTG 60

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PORTG.
Note 1: RGS5 is available as an input only when MCLR is disabled.
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10.8 PORTH, LATH and
TRISH Registers

Note: PORTH is available only on
PIC18F8310/8410 devices.

PORTH is an 8-bit wide, bidirectional I/0 port. The cor-
responding data direction register is TRISH. Setting a
TRISH bit (= 1) will make the corresponding PORTH
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISH bit (= 0)
will make the corresponding PORTH pin an output (i.e.,
put the contents of the output latch on the selected pin).

The Data Latch register (LATH) is also memory
mapped. Read-modify-write operations on the LATH
register, read and write the latched output value for
PORTH.

All pins on PORTH are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

Note: On a Power-on Reset, these pins are

configured as digital inputs.

When the external memory interface is enabled, four of
the PORTH pins function as the high-order address
lines for the interface. The address output from the
interface takes priority over other digital 1/0. The
corresponding TRISH bits are also overridden.

EXAMPLE 10-8:
CLRF  PORTH

INITIALIZING PORTH

; Initialize PORTH by
; clearing output
; data latches
CLRF LATH ; Alternate method
; to clear output
; data latches
; Value used to
; initialize data
; direction
MOVWF TRISH ; Set RH3:RHO as inputs
; RH5:RH4 as outputs
; RH7:RH6 as inputs

MOVLW 0CFh
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TABLE 10-15: PORTH FUNCTIONS

Pin Name Function S-Ie-zﬁilﬁg /0 Tl)ige Description
RHO/AD16 RHO 0 (0] DIG LATH<0> data output.
| ST PORTH<0> data input.
AD16 X (0] DIG External memory interface, address line 16. Takes priority over port
data.
RH1/AD17 RH1 0 (0] DIG LATH<1> data output.
| ST PORTH<1> data input.
AD17 X (0] DIG | External memory interface, address line 17. Takes priority over port
data.
RH2/AD18 RH2 0 (0] DIG LATH<2> data output.
1 | ST PORTH<2> data input.
AD18 x (0] DIG | External memory interface, address line 18. Takes priority over port
data.
RH3/AD19 RH3 0 ) DIG |LATH<3> data output.
1 | ST PORTH<3> data input.
AD19 X (0] DIG | External memory interface, address line 19. Takes priority over port
data.
RH4 RH4 0 ) DIG |LATH<4> data output.
1 | ST PORTH<4> data input.
RH5 RH5 0 (0] DIG LATH<5> data output.
1 | ST PORTH<5> data input.
RH6 RH6 0 (0] DIG LATH<6> data output.
1 | ST PORTH<6> data input.
RH7 RH7 0 ) DIG |LATH<7> data output.
1 | ST PORTH<7> data input.

Legend: PWR =Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 10-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit2 | Bit1 | Bitg | ResetValues
on Page
TRISH PORTH Data Direction Control Register 59
PORTH Read PORTH pin/Write PORTH Data Latch 60
LATH Read PORTH Data Latch/Write PORTH Data Latch 60
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10.9 PORTJ, TRISJ and
LATJ Registers

Note: PORTJ is available only on
PIC18F8310/8410 devices.

PORTJ is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISJ. Setting a
TRISJ bit (= 1) will make the corresponding PORTJ pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISJ bit (= 0) will
make the corresponding PORTJ pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATJ) is also memory
mapped. Read-modify-write operations on the LATJ
register, read and write the latched output value for
PORTJ.

All pins on PORTJ are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

When the external memory interface is enabled, all of
the PORTJ pins function as control outputs for the
interface. This occurs automatically when the interface
is enabled by clearing the EBDIS control
(MEMCONK<7>). The TRISJ bits are also overridden.

EXAMPLE 10-9:

INITIALIZING PORTJ

CLRF PORTJ

CLRF LATJ

MOVLW OxCF

MOVWF TRISJ

; Initialize PORTG by
; clearing output

; data latches

; Alternate method

; to clear output

; data latches

; Value used to

; initialize data

; direction

; Set RJ3:RJ0 as inputs
; RJO5:RJ4 as output

; RO7:RJ6 as inputs

DS39635A-page 138

Preliminary

© 2004 Microchip Technology Inc.




PIC

18F6310/6410/8310/8410

TABLE 10-17: PORTJ FUNCTIONS

Pin Name Function SZE::Q /0 Tl)fge Description
RJO/ALE RJO 0 (0] DIG LATJ<0> data output.
1 | ST PORTJ<0> data input.
ALE X (0] DIG | External memory interface address latch enable control output; takes
priority over digital 1/0.
RJ1/OE RJ1 0 o DIG |LATJ<1> data output.
1 | ST PORTJ<1> data input.
OE X (0] DIG External memory interface output enable control output; takes priority
over digital 1/0.
RJ2/WRL RJ2 0 o] DIG |LATJ<2> data output.
1 | ST PORTJ<2> data input.
WRL X (0] DIG | External memory bus write low byte control; takes priority over digital
1/0.
RJ3/WRH RJ3 0 o] DIG |LATJ<3> data output.
1 | ST PORTJ<3> data input.
WRH X (0] DIG External memory interface write high byte control output; takes priority
over digital 1/0.
RJ4/BAO RJ4 0 o DIG |LATJ<4> data output.
| ST PORTJ<4> data input.
BAO X (0] DIG External memory interface byte address 0 control output; takes priority
over digital 1/0.
RJ5/CE RJ5 0 o] DIG |LATJ<5> data output.
1 | ST PORTJ<5> data input.
CE x (0] DIG | External memory interface chip enable control output; takes priority
over digital 1/0.
RJ6/LB RJ6 0 o DIG |LATJ<6> data output.
1 | ST PORTJ<6> data input.
LB X (0] DIG External memory interface lower byte enable control output; takes
priority over digital 1/O.
RJ7/UB RJ7 0 o) DIG |LATJ<7> data output.
1 | ST PORTJ<7> data input.
UB x (0] DIG | External memory interface upper byte enable control output; takes
priority over digital 1/0.

Legend: PWR = Power Supply, O = Output, | = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input,
TTL = TTL Buffer Input, x = Don't care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 10-18: SUMMARY OF REGISTERS ASSOCIATED WITH PORTJ

Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bito | Resetvalues
on Page
PORTJ Read PORTJ pin/Write PORTJ Data Latch 60
LATJ LATJ Data Output Register 60
TRISJ Data Direction Control Register for PORTJ 59
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10.10 Parallel Slave Port

PORTD can also function as an 8-bit wide Parallel
Slave Port, or microprocessor port, when control bit
PSPMODE (PSPCON<4>) is set. It is asynchronously
readable and writable by the external world through RD
control input pin, REO/RD and WR control input pin,
RE1/WR.

Note: For PIC18F8310/8410 devices, the Parallel
Slave Port is available only in
Microcontroller mode.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin REO/RD to be the RD
input, RE1/WR to be the WR input and RE2/CS to be
the CS (Chip Select) input. For this functionality, the
corresponding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set).

A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits are both set
when the write ends.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit is set. If the user writes new data
to PORTD to set OBF, the data is immediately read out;
however, the OBF bit is not set.

When either the CS or RD lines are detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP; when this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.

The timing for the control signals in Write and Read
modes is shown in Figure 10-3 and Figure 10-4,
respectively.

FIGURE 10-2: PORTD AND PORTE

BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)

r—-——------ - - = A

I Data Bus '\ I

D Q »

| 5 | %

I \é¥R LATD CK—\_ | pin

| |PORTD Data Latch TTL I

I Q b |

I |

| |RDPORTD EN — |

| TRIS Latch |

I A I

: RD LATD\FJ :

L — — — — — — | - — — — 41

One bit of PORTD

 SetinterruptFlag 7

 PSPIF (PIR1<7>) (&

Note: I/O pin has protection diodes to VDD and Vss.
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REGISTER 10-1:

PSPCON: PARALLEL SLAVE PORT CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0
IBF OBF IBOV | PSPMODE — — — —
bit 7 bit 0
bit 7 IBF: Input Buffer Full Status bit
1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received
bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 = The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit
1 = Parallel Slave Port mode
0 = General Purpose I/0 mode
bit 3-0 Unimplemented: Read as ‘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
FIGURE 10-3: PARALLEL SLAVE PORT WRITE WAVEFORMS
+ Q1 | Q@ [ Q| Q[ @[ e [ Q| Q|| ™
cs o\ : /
WR ANV |
° \

PORTD<7:0> —

IBF

OBF

PSPIF
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FIGURE 10-4: PARALLEL SLAVE PORT READ WAVEFORMS

Q [ @ [ @ | 4 Q1 | 0 | 0 | o4+ 0 | Q | Q3 | Q4
cs 0\ 5 : : /

WR ' : '

PORTD<7:0> ! \ >
1BF ! \ : ‘
OBF \ !

TABLE 10-19: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

PORTD PORTD Data Latch when written; Port pins when read 60
LATD LATD Data Output bits 60
TRISD PORTD Data Direction bits 60
PORTE PORTE Data Latch when written; Port pins when read 60
LATE LATE Data Output bits 60
TRISE PORTE Data Direction bits 60
PSPCON IBF OBF IBOV | PSPMODE — — — — 59
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RCL1IF TX1IF SSPIF | CCP1lIF | TMR2IF | TMRL1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCP1IE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
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11.0 TIMERO MODULE The TOCON register (Register 11-1) controls all
aspects of the module’s operation, including the
The Timer0 module incorporates the following features: prescale selection. It is both readable and writable.
* Software selectable operation as a timer or A simplified block diagram of the Timer0 module in
counter in both 8-bit or 16-bit modes 8-bit mode is shown in Figure 11-1. Figure 11-2
* Readable and writable registers shows a simplified block diagram of the TimerO
« Dedicated 8-bit software programmable prescaler module in 16-bit mode.

» Selectable clock source (internal or external)
« Edge select for external clock
« Interrupt-on-overflow

REGISTER 11-1: TOCON: TIMERO CONTROL REGISTER
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON | TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO
bit 7 bit 0

bit 7 TMROON: Timer0 On/Off Control bit
1 = Enables Timer0
0 = Stops Timer0
bit 6 TO8BIT: Timer0 8-bit/16-bit Control bit
1 = TimerO is configured as an 8-bit timer/counter
0 = TimerO is configured as a 16-bit timer/counter
bit 5 TOCS: Timer0O Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Timer0O Prescaler Assignment bit

1 = TImerO prescaler is not assigned. Timer0 clock input bypasses prescaler.
0 = TimerO0 prescaler is assigned. Timer0 clock input comes from prescaler output.

bit 2-0 TOPS2:TOPSO: Timer0 Prescaler Select bits

111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 =1:64 Prescale value
100 = 1:32 Prescale value
011 =1:16 Prescale value
010=1:8 Prescale value
001 =1:4 Prescale value
000=1:2 Prescale value

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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11.1  Timer0 Operation

TimerO can operate as either a timer or a counter; the
mode is selected by clearing the TOCS bit (TOCON<5>).
In Timer mode (TOCS = 0), the module increments on
every clock by default, unless a different prescaler value
is selected (see Section 11.3 “Prescaler”). If the TMRO
register is written to, the increment is inhibited for the fol-
lowing two instruction cycles. The user can work around
this by writing an adjusted value to the TMRO register.

The Counter mode is selected by setting the TOCS bit
(= 1). In Counter mode, Timer0Q increments either on
every rising or falling edge of pin RA4/TOCKI. The
incrementing edge is determined by the TimerO Source
Edge Select bit, TOSE (TOCON<4>); clearing this bit
selects the rising edge. Restrictions on the external
clock input are discussed below.

An external clock source can be used to drive TimerO;
however, it must meet certain requirements to ensure
that the external clock can be synchronized with the

internal phase clock (Tosc). There is a delay between
synchronization and the onset of incrementing the
timer/counter.

11.2 TimerO Reads and Writes in
16-Bit Mode

TMROH is not the actual high byte of Timer0 in 16-bit
mode; it is actually a buffered version of the real high
byte of TimerO, which is not directly readable nor
writable (refer to Figure 11-2). TMROH is updated with
the contents of the high byte of Timer0 during a read of
TMROL. This provides the ability to read all 16 bits of
Timer0, without having to verify that the read of the high
and low byte were valid, due to a rollover between
successive reads of the high and low byte.

Similarly, a write to the high byte of TimerO must also
take place through the TMROH Buffer register. The high
byte is updated with the contents of TMROH when a
write occurs to TMROL. This allows all 16 bits of TimerO
to be updated at once.

FIGURE 11-1: TIMERO BLOCK DIAGRAM (8-BIT MODE)
Fosc/4 0
Sync with Set
1 I)r/1ternal ——»| TMROL TMROIF
TOCKI pin Programmable Clocks on Overflow
Prescaler
TOSE A (2 Tcy Delay) 8
Tocs 3
TOPS2:TOPSO 8
< > Internal Data Bus
PSA
Note: Upon Reset, TimerQ is enabled in 8-bit mode with clock input from TOCKI maximum prescale.

FIGURE 11-2:

TIMERO BLOCK DIAGRAM (16-BIT MODE)

Foscl/4 0

1
TOCKI pin :
TOSE
TOCS ’ 3
TOPS2:TOPSO

PSA

Sync with Set
Internal —>| TMROL H;Ig—:]'\I’/IIRB?/te TMSO”:
Clocks N 8 on Overflow

(2 Tcy Delay)

Note: Upon Reset, TimerO0 is enabled in 8-bit mode with clock input from TOCKI maximum prescale.

’j \ \ /—Read TMROL

Write TMROL

>Interna| Data Bus

< /
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11.3 Prescaler

An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not directly readable or writable;
its value is set by the PSA and TOPS2:TOPSO bits
(TOCON<3:0>), which determine the prescaler
assignment and prescale ratio.

Clearing the PSA bit assigns the prescaler to the
Timer0 module. When it is assigned, prescale values
from 1:2 through 1:256 in power-of-2 increments are
selectable.

When assigned to the Timer0O module, all instructions
writing to the TMRO register (e.g., CLRF TMR0O, MOVWF
TMRO, BSF TMRO, etc.) clear the prescaler count.

Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.

11.3.1 SWITCHING PRESCALER
ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution.

11.4  TimerO Interrupt

The TMRO interrupt is generated when the TMRO
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMROIF flag bit. The interrupt can be masked by
clearing the TMROIE bit (INTCON<5>). Before re-
enabling the interrupt, the TMROIF bit must be cleared
in software by the Interrupt Service Routine.

Since TimerO is shut down in Sleep mode, the TMRO
interrupt cannot awaken the processor from Sleep.

TABLE 11-1: REGISTERS ASSOCIATED WITH TIMERO

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
TMROL TimerO Module Low Byte Register 58
TMROH TimerO Module High Byte Register 58
INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 58
TRISA PORTA Data Direction Register 60

Legend: Shaded cells are not used by TimerO.
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NOTES:
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12.0 TIMER1 MODULE

The Timerl timer/counter module incorporates these
features:

« Software selectable operation as a 16-bit timer or
counter

« Readable and writable 8-bit registers (TMR1H
and TMR1L)

« Selectable clock source (internal or external) with
device clock or Timerl oscillator internal options

« Interrupt-on-overflow
* Reset on CCP special event trigger
» Device clock status flag (TLIRUN)

A simplified block diagram of the Timerl module is
shown in Figure 12-1. A block diagram of the module’s
operation in Read/Write mode is shown in Figure 12-2.

The module incorporates its own low-power oscillator
to provide an additional clocking option. The Timerl
oscillator can also be used as a low-power clock source
for the microcontroller in power managed operation.

Timerl can also be used to provide Real-Time Clock
(RTC) functionality to applications with only a minimal
addition of external components and code overhead.

Timerl is controlled through the T1CON Control
register (Register 12-1). It also contains the Timerl
Oscillator Enable bit (TLOSCEN). Timerl can be
enabled or disabled by setting or clearing control bit,
TMR1ON (T1CON<0>).

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER

R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 T1IRUN | TICKPS1 | TICKPSO | TIOSCEN | TISYNC | TMR1CS | TMR1ON
bit 7 bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of TImerl in one 16-bit operation
0 = Enables register read/write of Timerl in two 8-bit operations

bit 6 T1RUN: Timerl System Clock Status bit

1 = Device clock is derived from Timerl oscillator
0 = Device clock is derived from another source

bit 5-4 T1CKPS1:T1CKPSO: Timerl Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 3 T1OSCEN: Timerl Oscillator Enable bit

1 = Timerl oscillator is enabled
0 = Timerl oscillator is shut off

The oscillator inverter and feedback resistor are turned off to eliminate power drain.
bit 2 T1SYNC: Timerl External Clock Input Synchronization Select bit

When TMRICS = 1.

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMRICS = 0:

This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.

bit 1 TMRI1CS: Timerl Clock Source Select bit

1 = External clock from pin RC0O/T10SO/T13CKI (on the rising edge)

0 = Internal clock (Fosc/4)
bit 0 TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown
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12.1 Timerl Operation

Timerl can operate in one of these modes:

o Timer

* Synchronous Counter

« Asynchronous Counter

The operating mode is determined by the clock select

bit, TMR1CS (T1CON<1>). When TMR1CS is cleared
(= 0), Timerl increments on every internal instruction

cycle (Fosc/4). When the bit is set, Timerl increments
on every rising edge of the Timerl external clock input
or the Timerl oscillator, if enabled.

When Timerl is enabled, the RC1/T10SI| and RCO/
T10SO/T13CKI pins become inputs. This means the
values of TRISC<1:0> are ignored and the pins are
read as ‘0.

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
Timerl Oscillator
Tttt On/Off 1
T10SO/T13CKI IE —e P '|> -
\ I Prescaler Synchronize
: ' Fosc/4 1,2, 4,8 4 Detect 0
, Internal
T108! : Clock )
""""" Sleep Input )
T10SCEN® TMRICS Timerl
T1CKPS1:T1CKPSO On/off
T1SYNC
TMR1ON
+ Set
Clear TMR1 =I TMRIL ‘ High Byte TMRIIF
(CCP Special Event Trigger) on Overflow
Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

FIGURE 12-2: TIMER1 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)
Timer1 Oscillator
: . 1
T10SO/T13CKI IE —e P ,|> -
I I Prescaler Synchronize
! ' Foscl4 1,2, 4,8 4 Detect 0
. Internal
T108I : Clock )
"""" Sleep Input )
T10SCEN® TMRICS Timerl
T1CKPS1:T1CKPS0 On/off
T1SYNC
TMR10ON
v Set
Clear TMR1 =I TMRIL ‘ High Bvte TMRIIF
(CCP Special Event Trigger) 8 on Overflow
K LRead TMR1L
] Write TMR1L
8
8 \/
TMR1H
8
/8
< :> Internal Data Bus

Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.
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12.2 Timerl 16-Bit Read/Write Mode

Timerl can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit
(TLCON<T7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timerl. A read
from TMRL1L will load the contents of the high byte of
Timerl into the Timerl high byte buffer. This provides
the user with the ability to accurately read all 16 bits of
Timerl without having to determine whether a read of
the high byte, followed by a read of the low byte, has
become invalid due to a rollover between reads.

A write to the high byte of Timerl must also take place
through the TMR1H Buffer register. The Timerl high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits to both the high and low bytes of Timer1 at once.

The high byte of Timerl is not directly readable or
writable in this mode. All reads and writes must take
place through the Timerl High Byte Buffer register.
Writes to TMR1H do not clear the Timerl prescaler.
The prescaler is only cleared on writes to TMR1L.

12.3 Timerl Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins T10SI (input) and T10SO (amplifier
output). It is enabled by setting the Timerl Oscillator
Enable bit, TIOSCEN (T1CON<3>). The oscillator is a
low-power circuit rated for 32 kHz crystals. It will
continue to run during all power managed modes. The
circuit for a typical LP oscillator is shown in Figure 12-3.
Table 12-1 shows the capacitor selection for the Timerl
oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timerl oscillator.
FIGURE 12-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR

C1
33 pF PIC18FXXXX

—e—— X T10SI

— XTAL
— 32.768 kHz

f——— X} T10S0
c2
33 pF

Note: See the Notes with Table 12-1 for additional
information about capacitor selection.

TABLE 12-1: CAPACITOR SELECTION FOR
THE TIMER OSCILLATOR

Osc Type Freq C1 Cc2

LP 32 kHz 27 pF 27 pF

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

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

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

4: Capacitor values are for design guidance

only.

12.31 USING TIMER1 AS A CLOCK
SOURCE

The Timerl oscillator is also available as a clock source
in power managed modes. By setting the clock select
bits, SCS1:SCS0 (OSCCON<1:0>), to ‘01’, the device
switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additional details are available in Section 3.0
“Power Managed Modes”.

Whenever the Timerl oscillator is providing the clock
source, the Timerl system clock status flag, TLIRUN
(TLCON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timerl oscillator fails while providing the clock, polling
the TIRUN bit will indicate whether the clock is being
provided by the Timerl oscillator or another source.

12.3.2 LOW-POWER TIMER1 OPTION

The Timerl oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT10SC configuration bit is set, the Timerl
oscillator operates in a low-power mode. When
LPT10OSC is not set, Timerl operates at a higher power
level. Power consumption for a particular mode is rela-
tively constant, regardless of the device's operating
mode. The default Timerl configuration is the higher
power mode.

As the Low-Power Timerl mode tends to be more
sensitive to interference, high noise environments may
cause some oscillator instability. The low-power option
is therefore best suited for low noise applications where
power conservation is an important design
consideration.
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12.3.3 TIMER1 OSCILLATOR LAYOUT
CONSIDERATIONS

The Timerl oscillator circuit draws very little power
during operation. Due to the low-power nature of the
oscillator, it may also be sensitive to rapidly changing
signals in close proximity.

The oscillator circuit, shown in Figure 12-3, should be
located as close as possible to the microcontroller.
There should be no circuits passing within the oscillator
circuit boundaries other than Vss or VDD.

If a high-speed circuit must be located near the oscilla-
tor (such as the CCP1 pin in Output Compare or PWM
mode, or the primary oscillator using the OSC2 pin), a
grounded guard ring around the oscillator circuit, as
shown in Figure 12-4, may be helpful when used on a
single sided PCB, or in addition to a ground plane.

FIGURE 12-4: OSCILLATOR CIRCUIT

WITH GROUNDED
GUARD RING

O vop
(. Vss

——O j§ osct
—4—) J§ osc2

O jf Reo
H—O B rc1

O Rec2

Note: Not drawn to scale.

12.4  Timerl Interrupt

The TMRL1 register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
Timerl interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit, TMRL1IF
(PIR1<0>). This interrupt can be enabled or disabled
by setting or clearing the Timerl Interrupt Enable bit,
TMRLIE (PIE1<0>).

12.5 Resetting Timerl Using the CCP
Special Event Trigger

If CCP1 or CCP2 is configured in Compare mode to
generate a special event trigger (CCP1M3:CCP1MO or
CCP2M3:CCP2MO0 = 1011), this signal will reset
Timerl. The trigger from CCP2 will also start an A/D
conversion if the A/D module is enabled (see
Section 15.3.4 “Special Event Triggers” for more
information.).

The module must be configured as either a timer or a
synchronous counter to take advantage of this feature.
When used this way, the CCPRH:CCPRL register pair
effectively becomes a period register for Timer1l.

If Timerl is running in Asynchronous Counter mode,
this Reset operation may not work.

In the event that a write to Timerl coincides with a
special event trigger, the write operation will take
precedence.

Note:  The special event triggers from the CCP2
module will not set the TMRL1IF interrupt

flag bit (PIR1<0>).

12.6 Using Timerl as a
Real-Time Clock

Adding an external LP oscillator to Timerl (such as the
one described in Section 12.3 “Timerl Oscillator”,
above), gives users the option to include RTC function-
ality to their applications. This is accomplished with an
inexpensive watch crystal to provide an accurate time
base and several lines of application code to calculate
the time. When operating in Sleep mode and using a
battery or supercapacitor as a power source, it can
completely eliminate the need for a separate RTC
device and battery backup.

The application code routine, RTCisr, shown in
Example 12-1, demonstrates a simple method to
increment a counter at one-second intervals using an
Interrupt Service Routine. Incrementing the TMR1 reg-
ister pair to overflow triggers the interrupt and calls the
routine, which increments the seconds counter by one;
additional counters for minutes and hours are
incremented as the previous counter overflow.

Since the register pair is 16 bits wide, counting up to
overflow the register directly from a 32.768 kHz clock
would take 2 seconds. To force the overflow at the
required one-second intervals, it is necessary to
preload it; the simplest method is to set the Most Sig-
nificant bit of TMR1H with a BSF instruction. Note that
the TMRLL register is never preloaded or altered; doing
so may introduce cumulative error over many cycles.

For this method to be accurate, Timerl must operate in
Asynchronous mode and the Timerl overflow interrupt
must be enabled (PIE1<0> = 1), as shown in the
routine RTCinit. The Timerl oscillator must also be
enabled and running at all times.
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EXAMPLE 12-1:

IMPLEMENTING A REAL-TIME CLOCK USING A TIMER1 INTERRUPT SERVICE

RTCinit

MOVLW  80h ; Preload TMR1 register pair

MOVWF TMR1H ; for 1 second overflow

CLRF TMR1L

MOVLW b’00001111" ; Configure for external clock,

MOVWF T10SC ; Asynchronous operation, external oscillator

CLRF secs ; Initialize timekeeping registers

CLRF mins H

MOVLW .12

MOVWF  hours

BSF PIE1l, TMR1IE ; Enable Timerl interrupt

RETURN
RTCisr

BSF TMR1H, 7 ; Preload for 1 sec overflow

BCF PIR1, TMR1IF ; Clear interrupt flag

INCF secs, F ; Increment seconds

MOVLW .59 ; 60 seconds elapsed?

CPFSGT secs

RETURN ; No, done

CLRF secs ; Clear seconds

INCF mins, F ; Increment minutes

MOVLW .59 ; 60 minutes elapsed?

CPFSGT mins

RETURN ; No, done

CLRF mins ; clear minutes

INCF hours, F ; Increment hours

MOVLW .23 ; 24 hours elapsed?

CPFSGT hours

RETURN ; No, done

MOVLW .01 ; Reset hours to 1

MOVWF  hours

RETURN ; Done
TABLE 12-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCPlIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
TMRI1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 58
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 58
T1CON RD16 T1IRUN | T1CKPS1 | T1CKPSO |T1OSCEN| T1SYNC | TMR1CS | TMR1ON 58
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timerl module.
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13.0 TIMERZ MODULE

The Timer2 timer module incorporates the following
features:

 8-hit timer and period registers (TMR2 and PR2,
respectively)

« Readable and writable (both registers)

» Software programmable prescaler (1:1, 1:4 and
1:16)

» Software programmable postscaler (1:1 through
1:16)

* Interrupt on TMR2-to-PR2 match

» Optional use as the shift clock for the MSSP
module

The module is controlled through the T2CON register
(Register 13-1), which enables or disables the timer
and configures the prescaler and postscaler. Timer2
can be shut off by clearing control bit, TMR20ON
(T2CON<2>), to minimize power consumption.

A simplified block diagram of the module is shown in
Figure 13-1.

13.1 Timer2 Operation

In normal operation, TMR2 is incremented from 00h on
each clock (Fosc/4). A 2-bit counter/prescaler on the
clock input gives direct input, divide-by-4 and divide-by-16
prescale options; these are selected by the prescaler
control bits, T2CKPS1:T2CKPSO0 (T2CON<1:0>). The
value of TMR2 is compared to that of the period regis-
ter, PR2, on each clock cycle. When the two values
match, the comparator generates a match signal as the
timer output. This signal also resets the value of TMR2
to 00h on the next cycle and drives the output counter/
postscaler (see Section 13.2 “Timer2 Interrupt”).

The TMR2 and PR2 registers are both directly readable

and writable. The TMR2 register is cleared on any

device Reset, while the PR2 register initializes at FFh.

Both the prescaler and postscaler counters are cleared

on the following events:

« awrite to the TMR2 register

« awrite to the T2CON register

» any device Reset (Power-on Reset, MCLR Reset,
Watchdog Timer Reset, or Brown-out Reset)

TMR2 is not cleared when T2CON is written.

REGISTER 13-1: T2CON: TIMER2 CONTROL REGISTER

U-0 R/W-0 R/W-0

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

‘ — ‘TZOUTPSS T20UTPS2 | T20UTPS1 | T20UTPSO0 | TMR20ON | T2CKPS1 | T2CKPSO0

bit 7

bit 7 Unimplemented: Read as ‘0’

bit 0

bit 6-3 T20UTPS3:T20UTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR2ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

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

W = Writable bit
‘1’ = Bit is set

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

X = Bit is unknown
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13.2 Timer2 Interrupt

Timer2 also can generate an optional device interrupt.
The Timer2 output signal (TMR2-to-PR2 match) pro-
vides the input for the 4-bit output counter/postscaler.
This counter generates the TMR2 match interrupt flag
which is latched in TMR2IF (PIR1<1>). The interrupt is
enabled by setting the TMR2 Match Interrupt Enable
bit, TMR2IE (PIE1<1>).

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T2Z0UTPS3:T20UTPSO0 (T2CON<6:3>).

13.3 TMR2 Output

The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode.

Timer2 can be optionally used as the shift clock source
for the MSSP module operating in SPI mode. Addi-
tional information is provided in Section 16.0 “Master
Synchronous Serial Port (MSSP) Module”.

FIGURE 13-1: TIMER2 BLOCK DIAGRAM
4 1:1t0 1:16
T20UTPS3:T20UTPSO - T ———— » SetTMR2IF
Postscaler
2
T2CKPS1:T2CKPS0 ——<— 1 » TMR2 Output
(to PWM or MSSP)
Y A TVMR2/PR2
11 14 116 Y Reset Match
Fosc/4 ————— .P;es-c’ale-r —{ TMR2 )::>| Comparator }<}:| PR2 |
Internal Data Bus < >
TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON| GIE/GIEH | PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1lIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
TMR2 |Timer2 Module Register 58
T2CON — T20UTPS3|T20UTPS2|T20UTPS1| T20UTPS0| TMR20ON | T2CKPS1 | T2CKPS0 58
PR2 Timer2 Period Register 58
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.
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14.0 TIMER3 MODULE A simplified block diagram of the Timer3 module is

shown in Figure 14-1. A block diagram of the module’s

The Timer3 timer/counter module incorporates these operation in Read/Write mode is shown in Figure 14-2.

features: The Timer3 module is controlled through the T3CON

+ Software selectable operation as a 16-bit timer or register (Register 14-1). It also selects the clock source

counter options for the CCP modules (see Section 15.1.1

« Readable and writable 8-bit registers (TMR3H “CCP Modules and Timer Resources” for more
and TMR3L) information).

« Selectable clock source (internal or external), with
device clock or Timerl oscillator internal options

« Interrupt-on-overflow
* Module Reset on CCP special event trigger

REGISTER 14-1: T3CON: TIMER3 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 | T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON
bit 7 bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
bit 6,3 T3CCP2:T3CCCP1: Timer3 and Timerl to CCPx Enable bits
11 = Timer3 is the clock source for compare/capture of all CCP modules
10 = Timer3 is the clock source for compare/capture of CCP3,
Timerl is the clock source for compare/capture of CCP1 and CCP2
01 = Timer3 is the clock source for compare/capture of CCP2 and CCP3,
Timerl is the clock source for compare/capture of CCP1
00 = Timerl is the clock source for compare/capture of all CCP modules
bit 5-4 T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timerl/Timer3.)
When TMR3CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMR3CS = o:
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the
first falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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14.1 Timer3 Operation

Timer3 can operate in one of three modes:

e Timer

« Synchronous counter

« Asynchronous counter

The operating mode is determined by the clock select

bit, TMR3CS (T3CON<1>). When TMR3CS is cleared
(= 0), Timer3 increments on every internal instruction

FIGURE 14-1: TIMER3 BLOCK DIAGRAM

cycle (Fosc/4). When the bit is set, Timer3 increments
on every rising edge of the Timerl external clock input
or the Timerl oscillator, if enabled.

As with Timerl, the RC1/T10SI and RCO0/T10SO/
T13CKI pins become inputs when the Timerl oscillator
is enabled. This means the values of TRISC<1:0> are
ignored and the pins are read as ‘0’

Timerl Oscillator

1
T10SO/T13CKI .
Prescaler Synchronize
Foscia 1,2,4,8 4 Detect 0
108! Clock ) |
________ Sleep Input )
T10sCEN® —— TMR3CS Timer3
T3CKPS1:T3CKPS0 on/off
T3SYNC
TMR3ON

CCP1/CCP2 Special Event Trigger Clear TMR3 + TVMR3 Set
TCCPx ‘ TMR3L | High Byte }—> TMR3IF

Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

on Overflow

FIGURE 14-2:

TIMER3 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)

Timer1 Oscillator

________ — Timer1 clock input
' \ 1
T10SO/T13CKI N
Prescaler Synchronize
Fosc/4 1,2,4,8 £ Detect 0
Internal
T108I Clock 5 |
"""" Sleep Input )
T10SCEN®) TMR3CS Timer3
T3CKPS1:T3CKPSO On/Off
T3SYNC
TMR3ON

CCP1/CCP2 Special Event Trigger Clear TMR3 TVMR3
TCCPx | TMRSL | High Byte TMR3IF
N\

Note 1: When enable bit, TLOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

Set

8 on Overflow

’7_& K;LRead TMR3L

Write TMR3L

8
8 \/
TMR3H

< > Internal Data Bus

DS39635A-page 156

Preliminary

© 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

14.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 14-2). When the RD16 control bit
(T3CON<T7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timerl without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

14.3 Using the Timerl Oscillator as the
Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timerl oscillator is enabled by
setting the TLOSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timerl oscillator is described in Section 12.0
“Timerl Module”.

14.4  Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

145 Resetting Timer3 Using the CCP
Special Event Trigger

If either the CCP1 or CCP2 modules is configured to
generate a special event trigger in Compare mode
(CCP1M3:CCP1MO0 or CCP2M3:CCP2MO0 = 1011), this
signal will reset Timer3. The trigger of CCP2 will also
start an A/D conversion if the A/D module is enabled
(see Section 15.3.4“Special Event Triggers” for more
information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPR2H:CCPR2L register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
special event trigger from a CCP module, the write will
take precedence.

Note:  The special event triggers from the CCP2
module will not set the TMR3IF interrupt

flag bit (PIR1<0>).

TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 57
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 59
PIE2 OSCFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE 59
IPR2 OSCFIP CMIP — — BCLIP HLVDIP | TMR3IP | CCP2IP 59
TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Register 59
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register 59
T1CON RD16 TIRUN |T1CKPS1|T1CKPS0|T10SCEN| T1ISYNC | TMRICS | TMR1ON 58
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
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15.0 CAPTURE/COMPARE/PWM Each CCP module contains a 16-bit register which can
operate as a 16-bit Capture register, a 16-bit Compare

(CCP) MODULES register or a PWM Master/Slave Duty Cycle register.

PIC18F6310/6410/8310/8410 devices have three CCP For the sake of clarity, all CCP module operation in the

(Capture/Compare/PWM) modules, labelled CCP1, following sections is described with respect to CCP2,

CCP2 and CCP3. All modules implement standard but are equally applicable to CCP1 and CCP3.

Capture, Compare and Pulse-Width Modulation (PWM)

modes.

REGISTER 15-1: CCPXCON: CCP1/CCP2/CCP3 CONTROL REGISTER

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCxB1 DCxBO CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO
bit 7 bit 0

bit 7-6  Unimplemented: Read as ‘0’
bit 5-4 DCxB1:DCxBO0: PWM Duty Cycle bit 1 and bit 0 for CCP Module x

Capture mode:
Unused.

Compare mode:

Unused.

PWM mode:

These bits are the two Least Significant bits (bit 1 and bit 0) of the 10-bit PWM Duty Cycle
register. The eight Most Significant bits (DCx9:DCx2) of the PWM Duty Cycle are found in
CCPRXxL.

bit 3-0 CCPxM3:CCPxMO0: CCP Module x Mode Select bits

0000 = Capture/Compare/PWM disabled (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPxIF bit is set)

0011 = Reserved

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode: initialize CCP pin low; on compare match, force CCP pin high
(CCPIF bit is set)

1001 = Compare mode: initialize CCP pin high; on compare match, force CCP pin low
(CCPIF bit is set)

1010 = Compare mode: generate software interrupt on compare match (CCPIF bit is set,
CCP pin reflects I/O state)

1011 = Compare mode: trigger special event, reset timer, start A/D conversion on
CCP2 match (CCPIF bit is set)1:2)

11xx = PWM mode

Note 1: The special event trigger on CCP1 will reset the timer but not start an A/D
conversion on a CCP1 match.

2: For CCP3, the special event trigger is not available. This mode functions the same
as Compare Generate Interrupt mode (CCP3M3:CCP3M0 =1010).

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

Each Capture/Compare/PWM module is associated
with a control register (generically, CCPxCON) and a
data register (CCPRx). The data register, in turn, is
comprised of two 8-bit registers: CCPRxL (low byte)
and CCPRxH (high byte). All registers are both
readable and writable.

15.1.1 CCP MODULES AND TIMER

RESOURCES

The CCP modules utilize Timers 1, 2 or 3, depending
on the mode selected. Timerl and Timer3 are available
to modules in Capture or Compare modes, while
Timer2 is available for modules in PWM mode.
TABLE 15-1: CCP MODE - TIMER
RESOURCE

CCP Mode Timer Resource

Timerl or Timer3
Timerl or Timer3
Timer2

Capture
Compare
PWM

The assignment of a particular timer to a module is
determined by the Timer-to-CCP enable bits in the
T3CON register (Register 14-1). All three modules may
be active at any given time and may share the same

FIGURE 15-1:

timer resource if they are configured to operate in the
same mode (Capture/Compare or PWM) at the same
time.

Depending on the configuration selected, up to three
timers may be active at once, with modules in the same
configuration (Capture/Compare or PWM) sharing
timer resources. The possible configurations are
shown in Figure 15-1.

15.1.2 CCP2 PIN ASSIGNMENT

The CCP2MX configuration bit determines if CCP2 is
multiplexed to its default or alternate assignment. By
default, CCP2 is assigned to RC1 (CCP2MX = 1). If
CCP2MX is cleared, CCP2 is multiplexed with either
RE7 or RB3 (RE?7 is the only alternative assignment for
64-pin devices).

For any device in Microcontroller mode, the alternate
CCP2 assignment is RE7. For 80-pin devices in
Microcprocessor, Extended Microcontroller or Microcon-
troller with Boot Block mode, the alternate assignment is
RB3. Note that RE7 is the only alternative assignment for
64-pin devices.

Changing the pin assignment of CCP2 does not auto-
matically change any requirements for configuring the
port pin. Users must always verify that the appropriate
TRIS register is configured correctly for CCP2
operation, regardless of where it is located.

CCP AND TIMER INTERCONNECT CONFIGURATIONS

T3CCP2:TCCP1 =00 T3CCP2:TCCP1 =01

T3CCP2:TCCP1 =10 T3CCP2:TCCP1 =11

tMR1 || TMR3 | | tvr1 ][ TMRs

| Rt [ T™Rs | | vrr || Tvrs |

Y. Y

CCP3

r al
| |
| |
| |
| |

JN

Timerl is used for all
Capture and Compare
operations for all three
CCP modules. Timer2
is used for PWM oper-
ations for all three CCP
modules. Timer3 is not
used.

All modules may share
Timerl and Timer2
resources as common
time bases.

| TMR2

| TMR2

Timerl is used for
Capture and Compare
operations for CCP1
and Timer 3 is used for
CCP2 and CCP3.

All  three  modules
share Timer2 as a
common time base for
PWM operation.

Timerl is used for
Capture and Compare
operations for CCP1
and CCP2. Timer 3 is
used for CCP3.

All  three  modules
share Timer2 as a
common time base for
PWM operation.

Timer3 is used for all
Capture and Compare
operations for all three
CCP modules. Timer2
is used for PWM oper-
ations for all three CCP
modules. Timerl is not
used.

All modules may share
Timer2 and Timer3
resources as common
time bases.
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15.2

In Capture mode, the CCPR2H:CCPR2L register pair
captures the 16-bit value of the TMR1 or TMRS3
registers when an event occurs on the CCP2 pin (RC1
or RE7, depending on device configuration). An event
is defined as one of the following:

Capture Mode

« every falling edge

« every rising edge

 every 4th rising edge

« every 16th rising edge

The event is selected by the mode select bits,
CCP2M3:CCP2M0 (CCP2CON<3:0>). When a cap-
ture is made, the interrupt request flag bit, CCP2IF
(PIR2<1>), is set; it must be cleared in software. If
another capture occurs before the value in register
CCPR2 s read, the old captured value is overwritten by
the new captured value.

15.2.1 CCP PIN CONFIGURATION

In Capture mode, the appropriate CCPx pin should be
configured as an input by setting the corresponding
TRIS direction bit.

Note: If RC1/CCP2 or RE7/CCP2 is configured
as an output, a write to the port can cause

a capture condition.
15.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timerl and/or Timer3) must be running in Timer mode
or Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may notwork. The
timer to be used with each CCP module is selected in the
T3CON register (see Section 15.1.1 “CCP Modules
and Timer Resources”).

FIGURE 15-2: CAPTURE MODE OPERATION BLOCK DIAGRAM
| T™RsH | TMRaL |
Set CCPLIF
T3CCP2
CCP1 pin Enable
Prescaler jand_*_ | CCPR1H | CCPR1L |
E i +1,4,16 Edge Detect
T3ccr2 Enable
. | T™R1H | TMRIL |
CCP1CON<3:0> — % Set CCP2IF
Q1:Q4 —5—
CCP2CON<3:0> —3+
: | TMRsH | TMR3L |
T3CCP1 TMR3
CCP2 pin Enable
I.Drfs;:alfé _rand_*_ | CCPR2H | CCPR2L |
Ei A Edge Detect
TMR1
T3ccPl Enable
| TMR1H | TMRIL |
A Set CCP3IF
QLQ4 ———
CCP3CON<3:0>
TacCP1 | TMRsH | TMR3L |
T3CCP2
TMR3
CCP3 pin
I.Drfs;:alfé Fand t | CCPR3H | CCPR3L |
Ei T4 Edge Detect
Enable
T3CCP2
Lboosits | TMRiH | TMRIL |
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15.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP2IE (PIE2<1>) clear to avoid false interrupts and
should clear the flag bit, CCP2IF, following any such
change in operating mode.

15.2.4 CCP PRESCALER

There are four prescaler settings in Capture mode; they
are specified as part of the operating mode selected by
the mode select bits (CCP2M3:CCP2M0). Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. This
means that any Reset will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 15-1 shows the
recommended method for switching between capture
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 15-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP2CON ; Turn CCP module off
MOVLW NEW_CAPT_PS ; Load WREG with the
; new prescaler mode
; value and CCP ON
MOVWF CCP2CON ; Load CCP2CON with
; this wvalue

15.3 Compare Mode

In Compare mode, the 16-bit CCPR2 register value is
constantly compared against either the TMR1 or TMR3
register pair value. When a match occurs, the CCP2
pin can be:

« driven high

* driven low

* toggled (high-to-low or low-to-high)

« remain unchanged (that is, reflects the state of the
1/0 latch)

The action on the pin is based on the value of the mode
select hits (CCP2M3:CCP2M0). At the same time, the
interrupt flag bit, CCP2IF, is set.

15.3.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

Note:  Clearing the CCP2CON register will force
the RC1 or RE7 compare output latch
(depending on device configuration) to the
default low level. This is not the PORTC or
PORTE I/O data latch.

15.3.2 TIMER1/TIMER3 MODE SELECTION

Timerl and/or Timer3 must be running in Timer mode,
or Synchronized Counter mode, if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

15.3.3 SOFTWARE INTERRUPT MODE

When the Generate Software Interrupt mode is chosen
(CCP2M3:CCP2MO = 1010), the CCP2 pin is not
affected. Only a CCP interrupt is generated if enabled
and the CCP2IE bit is set.

15.3.4 SPECIAL EVENT TRIGGERS

CCP1 and CCP2 are both equipped with a special
event trigger. This is an internal hardware signal,
generated in Compare mode, to trigger actions by other
modules. The special event trigger is enabled by
selecting the Compare Special Event Trigger mode
(CCP2M3:CCP2M0O = 1011).

For either CCP module, the special event trigger resets
the timer register pair for whichever timer resource is
currently assigned as the module’s time base. This
allows the CCPRXx registers to serve as a programmable
period register for either timer.

The special event trigger for CCP2 can also start an
A/D conversion. In order to do this, the A/D converter
must already be enabled.

Note:  The special event trigger of CCP1 only
resets Timerl/Timer3 and cannot start an
A/D conversion even when the A/D
converter is enabled.

CCP3 is not equipped with a special event trigger.
Selecting the Compare Special Event Trigger mode for
this device (CCP3M3:CCP3MO0 = 1011) is functionally
the same as selecting the Generate Software Interrupt
mode (CCP3M3:CCP3M0 =1010).
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FIGURE 15-3:

COMPARE MODE OPERATION BLOCK DIAGRAM

| TMRIH | TMRIL |t

T3CCP2

-fF

T3CCP1

Special Event Trigger
(Timerl/Timer3 Reset)

Set CCP1IF

Compare
Comparator }Wti:hLI—‘

CCPRlH CCPRIL |

CCP1 pin

Output
Logic

3

CCP1CON<3:0>

TRIS
Output Enable

Special Event Trigger
(Timer1/Timer3 Reset, A/D Trigger)

|

Set CCP2IF CCP2 pin
| TMRsH | TwRAL | ~
| Comparator M Output Q @
Match Logic R
4% TRIS
| CCPR2H CCPR2L | CCP2CON<3:0> Output Enable
T T3CCP1
T3CCP2
Set CCP3IF .
_} 0 CCP3 pin
= >—1X
Comparator M Output Q
Match Logic
> R
ﬁ TRIS
4 Output Enable
| ccpra | ceprat | copat
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TABLE 15-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
RCON IPEN | SBOREN — RI TO PD POR BOR 58
PIR1 PSPIF ADIF RCL1IF TX1IF SSPIF CCPlIF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 59
PIE2 OSCFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE 59
IPR2 OSCFIP CMIP — — BCLIP HLVDIP | TMR3IP | CCP2IP 59
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
TRISB PORTB Data Direction Register 60
TRISC PORTC Data Direction Register 60
TRISE PORTE Data Direction Register 60
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register 58
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register 58
T1CON RD16 | TIRUN |T1CKPS1|T1CKPSO|T10SCEN| TISYNC | TMRICS | TMRION | 58
TMR3H Timer3 Register High Byte 59
TMR3L Timer3 Register Low Byte 59
T3CON RD16 | T3CCP2 | T3CKPS1|T3CKPSO0| T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 59
CCPRI1L Capture/Compare/PWM Register 1 (LSB) 59
CCPR1H Capture/Compare/PWM Register 1 (MSB) 59
CCP1CON — — | bciB1 | DC1BO | CCP1M3 | CCP1M2 | CCP1ML | CCPIMO | 59
CCPR2L Capture/Compare/PWM Register 2 (LSB) 59
CCPR2H Capture/Compare/PWM Register 2 (MSB) 59
CCP2CON — — | bceB1 | DC2BO | ccPam3 | ccPamz | ccpami | ccPamo | 59
CCPR3L Capture/Compare/PWM Register 3 (LSB) 59
CCPR3H Capture/Compare/PWM Register 3 (MSB) 59
CCP3CON — — | bcsB1 | DC3BO | cCcP3M3 | ccP3m2 | ccP3ML | cCP3Mo | 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by Capture/Compare, Timerl or Timer3.
Note 1. These bits are unimplemented on 64-pin devices; always maintain these bits clear.
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154 PWM Mode

In Pulse-Width Modulation (PWM) mode, the CCP2 pin
produces up to a 10-bit resolution PWM output. Since
the CCP2 pin is multiplexed with a PORTC or PORTE
data latch, the appropriate TRIS bit must be cleared to
make the CCP2 pin an output.

Note:  Clearing the CCP2CON register will force
the RC1 or RE7 output latch (depending
on device configuration) to the default low
level. This is not the PORTC or PORTE
I/O data latch.

Figure 15-4 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 15.4.3
“Setup for Pwm Operation”.

FIGURE 15-4: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers '/ CCP1CON<5:4>

| CCPRIL ‘

|CCPR1H (Slave). ‘
| Comparator i R Q
RC2/CCP1
| TMR2 ‘ (Note 1)‘
—|S
Comparator TRISC<2>
Clear Timer,
4 CCP1 pin and
PR2 latch D.C.

Note 1: The 8-bit TMR2 value is concatenated with the 2-bit
internal Q clock, or 2 bits of the prescaler, to create the
10-bit time base.

A PWM output (Figure 15-5) has a time base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 15-5:
Period

PWM OUTPUT

:<—>
Duty Cycle

TMR2 = PR2

Tl\/iRZ = Duty Cycle

TMR2 = PR2

1541 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:

EQUATION 15-1:

PWM Period = (PR2)+1]+4+TosCe
(TMR2 Prescale Value)

PWM frequency is defined as 1/[PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:
* TMR2 is cleared
e The CCP2 pin is set (exception: if PWM duty
cycle = 0%, the CCP2 pin will not be set)
e The PWM duty cycle is latched from CCPR2L into
CCPR2H

Note:  The Timer2 postscalers (see Section 13.0
“Timer2 Module”) are not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than

the PWM output.
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15.4.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPR2L register and to the CCP2CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR2L contains
the eight MSbs and the CCP2CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR2L:CCP2CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

EQUATION 15-2:

PWM Duty Cycle = (CCPR2L:CCP2CON<5:4>) «
Tosc * (TMR2 Prescale Value)

CCPR2L and CCP2CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR2H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR2H is a read-only register.

The CCPR2H register and a 2-bit internal latch are
used to double-buffer the PWM duty cycle. This
double-buffering is essential for glitchless PWM
operation.

When the CCPR2H and 2-bit latch match TMR2,
concatenated with an internal 2-bit Q clock or 2 bits of
the TMR2 prescaler, the CCP2 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

EQUATION 15-3:

Iog( Fosc)
PWM Resolution (max) = —FPWM bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP2 pin will not be
cleared.

15.4.3 SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Set the PWM period by writing to the PR2
register.

2. Set the PWM duty cycle by writing to the
CCPR2L register and CCP2CON<5:4> hits.

3. Make the CCP2 pin an output by clearing the
appropriate TRIS bit.

4. Set the TMR2 prescale value, then enable
Timer2 by writing to T2CON.

5. Configure the CCP2 module for PWM operation.

TABLE 15-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 14 12 10 8 7 6.58
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TABLE 15-4: REGISTERS ASSOCIATED WITH PWM AND TIMER2
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF | RBIF 57
RCON IPEN | SBOREN — RI TO PD POR BOR 58
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF | CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCP1IE | TMR2IE | TMRI1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 59
TRISB PORTB Data Direction Register 60
TRISC PORTC Data Direction Register 60
TRISE PORTE Data Direction Register 60
TMR2 Timer2 Module Register 58
PR2 Timer2 Module Period Register 58
T2CON —  |T20UTPS3|T20UTPS2| T20UTPS1|T20UTPSO| TMR2ON |T2CKPS1|T2CKPSO| 58
CCPRI1L |Capture/Compare/PWM Register 1 (LSB) 59
CCPR1H |Capture/Compare/PWM Register 1 (MSB) 59
CCPICON| — — | pciB1l | pciBo | ccpim3 | ccPim2 [ ccpimi | ccPiMo| 59
CCPR2L |Capture/Compare/PWM Register 2 (LSB) 59
CCPR2H |Capture/Compare/PWM Register 2 (MSB) 59
CCP2CON| — — | bc2B1 | pc2Bo | ccpam3 | ccpamz2 [ ccpami [ ccPeMo| 59
CCPR3L |Capture/Compare/PWM Register 3 (LSB) 59
CCPR3H |Capture/Compare/PWM Register3 (MSB) 59
CCP3CON| — — | bc3B1 | Dc3Bo | ccpams | ccpam2 [ ccpami [ ccPaMo| 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by PWM or Timer2.
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NOTES:
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16.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

16.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMS, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
» Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (12C)

- Full Master mode

- Slave mode (with general address call)
The I12C interface supports the following modes in
hardware:
* Master mode
¢ Multi-Master mode
» Slave mode

16.2 Control Registers

The MSSP module has three associated registers.
These include a status register (SSPSTAT) and two
control registers (SSPCON1 and SSPCON2). The use
of these registers and their individual configuration bits
differ significantly depending on whether the MSSP
module is operated in SPI or 12C mode.

Additional details are provided under the individual
sections.

16.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPl are supported. To accomplish
communication, typically three pins are used:

« Serial Data Out (SDO) — RC5/SDO

« Serial Data In (SDI) — RC4/SDI/SDA

« Serial Clock (SCK) — RC3/SCK/SCL

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) — RF7/SS

Figure 16-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 16-1: MSSP BLOCK DIAGRAM
(SPI™ MODE)
< Internal
Data Bus
Read %E% Write
| SSPBUF reg |
RC4/SDI/SDA Zﬁ J ’

| SSPSRreg  |—

RC5/SDO bit 0 Shift

|E P Clock
?J

RF7/SS SS Control
Enable

Edge
Select

Clock Select

SSPM3:SSPMO

RC3/SCK/ SMP:CZKE 4 (TMRZ Outgut,
SCL * 2
St

Select Prescaler | Tosc

4,16, 64

Data to TX/RX in SSPSR
TRIS bit
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16.3.1 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

¢ MSSP Control Register 1 (SSPCON1)

* MSSP Status Register (SSPSTAT)

 Serial Receive/Transmit Buffer Register (SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCONL1 and SSPSTAT are the control and status

registers in SPI mode operation. The SSPCON1

register is readable and writable. The lower 6 bits of

the SSPSTAT are read-only. The upper 2 bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 16-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE)

RW-0  RW-0 R0 R-0 R-0 R-0 R-0 R-0
smP CKE DIA P | s | rw UA BF
bit 7 bit 0

bit 7 SMP: Sample bit
SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode.

bit 6 CKE: SPI Clock Edge Select hit

When CKP = 0:

1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK

When CKP =1:

1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit5  D/A: Data/Address bit
Used in 12C mode only.
bit 4 P: Stop bit

Used in I1°C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is

cleared.
bit 3 S: Start bit
Used in 1°C mode only.

bit 2 R/W: Read/Write bit Information

Used in 12C mode only.
bit 1 UA: Update Address bit
Used in 1°C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bitis unknown
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REGISTER 16-2: SSPCON1: MSSP CONTROL REGISTER 1 (SPI MODE)

RWO RWO RW-O RWO RWO0 RWO RWO RW-O
wcoL | ssPov | SSPEN | CKP | SSPM3 | ssPM2 | SsPM1 | SSPMO
bit 7 bit 0

bit 7 WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)

0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = Anew byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow (must be
cleared in software).

0 = No overflow

Note: In Master mode, the overflow bit is not set, since each new reception (and
transmission) is initiated by writing to the SSPBUF register.

bit 5 SSPEN: Synchronous Serial Port Enable bit
1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables serial port and configures these pins as I/O port pins
Note:  When enabled, these pins must be properly configured as input or output.

bit 4 CKP: Clock Polarity Select bit

1 = Idle state for clock is a high level
0 = Idle state for clock is a low level

bit 3-0 SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0101 = SPI Slave mode, clock = SCK pin, g pin control disabled, SS can be used as /O pin
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled

0011 = SPI Master mode, clock = TMR2 output/2

0010 = SPI Master mode, clock = Fosc/64

0001 = SPI Master mode, clock = Fosc/16

0000 = SPI Master mode, clock = Fosc/4

Note: Bit combinations not specifically listed here are either reserved or implemented in
12C mode only.

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

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

« Master mode (SCK is the clock output)

« Slave mode (SCK is the clock input)

» Clock Polarity (Idle state of SCK)

« Data Input Sample Phase (middle or end of data
output time)

» Clock Edge (output data on rising/falling edge of
SCK)

» Clock Rate (Master mode only)

« Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive shift register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then, the Buffer Full detect bit, BF
(SSPSTAT<0>) and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before

EXAMPLE 16-1:

reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored and the write collision detect bit, WCOL
(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the follow-
ing write(s) to the SSPBUF register completed
successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<0>), indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit is cleared. This data may be irrelevant if the
SPl is only a transmitter. Generally, the MSSP interrupt
is used to determine when the transmission/reception
has completed. The SSPBUF must be read and/or
written. If the interrupt method is not going to be used,
then software polling can be done to ensure that a write
collision does not occur. Example 16-1 shows the
loading of the SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP Status register (SSPSTAT)
indicates the various status conditions.

LOADING THE SSPBUF (SSPSR) REGISTER

LOOP BTFSS SSPSTAT, BF
BRA LOOP ;No
MOVF SSPBUF, W

MOVWF RXDATA

MOVWF SSPBUF

;Has data been received (transmit complete)?

;WREG reg = contents of SSPBUF
;Save in user RAM, if data is meaningful

MOVF TXDATA, W ;W reg = contents of TXDATA
;New data to xmit
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16.3.3 ENABLING SPI I/O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bhit, reinitialize the
SSPCON registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

» SDI is automatically controlled by the SPI module
* SDO must have TRISC<5> bit cleared

e SCK (Master mode) must have TRISC<3> bit
cleared

e SCK (Slave mode) must have TRISC<3> bit set
« SS must have TRISF<7> bit set

Any serial port function that is not desired may be

overridden by programming the corresponding Data

Direction (TRIS) register to the opposite value.

FIGURE 16-2:

16.3.4 TYPICAL CONNECTION

Figure 16-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

« Master sends data — Slave sends dummy data
* Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

SPI™ MASTER/SLAVE CONNECTION

SPI Master SSPM3:SSPMO0 = 00xxb

I I I I
I I I I
I I I I
| SDO | | SDI |
| | T |
I I I I
: Serial Input Buffer : : Serial Input Buffer :
' (SSPBUF) | ' (SSPBUF) |
I I I I
I I I I
I I I I
I I I I
: Shift Register Sl : < : Sbo Shift Register :
| (SSPSR) | | (SSPSR) |
I I I I
| MSh LSb | | MShb LSb |
: : Serial Clock : :
| SCK | ' sck |
| PROCESSOR 1 | | PROCESSOR 2 |
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16.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 16-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately
programming the CKP bit (SSPCON1<4>). This then,
would give waveforms for SPlI communication as
shown in Figure 16-3, Figure 16-5 and Figure 16-6,
where the MSB is transmitted first. In Master mode, the
SPI clock rate (bit rate) is user programmable to be one
of the following:

« Foscl/4 (or Tcy)

« Fosc/16 (or 4 « Tcy)
» Fosc/64 (or 16 « Tcy)
« Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 16-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

FIGURE 16-3: SPI™ MODE WAVEFORM (MASTER MODE)
Write to ¢
SSPBUF
SCK
(CKP = 0
CKE = 0) T
SCK |
(CKP=1 |
CKE=0) | | 4 Clock
SCK | Modes
(CKP = 0
CKE = 1) :
SCK 5
(CKP=1 |
e | | | | | | | | |
SDO D bit7 X bit6 X bits X bitd X bit3 | X bit2 X bit1, X bito,
(CKE - O) 1 T T T T T T T T
|

(CKE = 1) I

(SMP = 0) I bit7 | I I

SDO bit 7 bit6 X bit5 =>< bit 4 =>< bitsi bit25>< bit1!>< bit0I><
I I I I I I [ 1

PR I S S A A N N

(SMP = 0) ! | | |

(SMP = 1) | bit 7 bit 0
| t

Input

nput -t 1 t t 1t 1

(SMP = 1) \

SSPIF %Z

SSPSR to

SSPBUF

L Next Q4 Cycle
after Q24
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16.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in Sleep mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from Sleep.

16.3.7 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSPCON1<3:0> = 04h). The pin must not be driven
low for the SS pin to function as an input. The data latch
must be high. When the SS pin is low, transmission and
reception are enabled and the SDO pin is driven. When

FIGURE 16-4:

the SS pin goes high, the SDO pin is no longer driven,
even if in the middle of a transmitted byte and becomes
a floating output. External pull-up/pull-down resistors
may be desirable, depending on the application.

Note 1: When the SPI s in Slave mode with SS pin
control enabled (SSPCON<3:0> = 0100),
the SPI module will reset if the SS pin is set
to VDD.

2: Ifthe SPlis used in Slave mode with CKE
set, then the SS pin control must be

enabled.

When the SPI module resets, the bit counter is forced
to ‘0’. This can be done by either forcing the SS pin to
a high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function)
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

=

J

SCK .
(CKP =0 . L
CKE = 0) ! \ \ . . . . .
SCK i : _
(CKP=1 ; .
CKE = 0) . ) ) , : . . _SS_ .
Write to : : : : :
SSPBUF ; i . . . | | | . !

1 S 1 !
SDO g |>< bit 0 : X
- : < o< OO0~
SUP=0) TR : | L obit7 | : | :
Input l : l l . . . l !
Sample . . T ' T ' . , T , T ) ((T , T i ?
(SMP=0) l l l . . . T :
SSPIF 1 1 : 1 1 1 1 : %
Interrupt C
Flag 7 Next Q4 Cycle
SSPSR to ¢ after Q20
SSPBUF SJ
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FIGURE 16-5: SPI™ MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

Optional

SCK
(CKP =0
CKE = 0)

SCK
(CKP =1
CKE = 0)

Write to '
SSPBUF ' i

Sbo //W bit 7 >< bit 6 >< bit 5 >< bit 4 >< bit 3 >< bit 2 >< bt

SDI
(SMP = 0)

Input
Sample
(SMP =0)

SSPIF
Interrupt

Flag : : : : : : | | : F_ Next Q4 Cycle

SSPSR to after Q24
SSPBUF

FIGURE 16-6: SPI™ MODE WAVEFORM (SLAVE MODE WITH CKE = 1)

Not Optional !

SCK
(CKP =0
CKE = 1)

SCK
(CKP =1
CKE = 1)

Write to .
SSPBUF ¢ ;

SDO " bit7 ><bit6:><bit5><bit4><bit35><bit2><bit1n>< bitom

SDI T ! ' | 1 ' | 1 T T
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16.3.8 SLEEP OPERATION

In SPI Master mode, module clocks may be operating
at a different speed than when in Full Power mode; in
the case of the Sleep mode, all clocks are halted.

In most power managed modes, a clock is provided to
the peripherals. That clock should be from the primary
clock source, the secondary clock (Timerl oscillator at
32.768 kHz) or the INTOSC source. See Section 2.7
“Clock Sources and Oscillator Switching” for
additional information.

In most cases, the speed that the master clocks SPI
data is not important; however, this should be
evaluated for each system.

If MSSP interrupts are enabled, they can wake the con-
troller from Sleep mode, or one of the Idle modes, when
the master completes sending data. If an exit from
Sleep or Idle mode is not desired, MSSP interrupts
should be disabled.

If the Sleep mode is selected, all module clocks are
halted and the transmission/reception will remain in
that state until the devices wakes. After the device
returns to Run mode, the module will resume
transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power managed
mode and data to be shifted into the SPI Transmit/
Receive Shift register. When all 8 bits have been
received, the MSSP interrupt flag bit will be set and if
enabled, will wake the device.

16.3.9 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

16.3.10 BUS MODE COMPATIBILITY

Table 16-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits.

TABLE 16-1: SPI™ BUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also an SMP bit which controls when the data
is sampled.

TABLE 16-2: REGISTERS ASSOCIATED WITH SPI™ OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RCL1IF TX1IF SSPIF CCP1IF | TMR2IF | TMRL1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCPlIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
TRISC PORTC Data Direction Register 60
TRISF PORTF Data Direction Register 60
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 58
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO 58
SSPSTAT SMP CKE D/IA P s RIW UA BF 58
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the MSSP in SPI mode.
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16.4 12C Mode

The MSSP module in 12C mode fully implements all
master and slave functions (including general call
support) and provides interrupts on Start and Stop bits
in hardware to determine a free bus (multi-master
function). The MSSP module implements the standard
mode specifications as well as 7-bit and 10-hit
addressing.

Two pins are used for data transfer:

 Serial clock (SCL) — RC3/SCK/SCL
« Serial data (SDA) — RC4/SDI/SDA

The user must configure these pins as inputs through
the TRISC<4:3> bits.

FIGURE 16-7: MSSP BLOCK DIAGRAM

(I’C™ MODE)

< Internal
Data Bus
Read Write

RC3/SCK/SCL ~ ‘ SSPBUF reg ‘
@ L Shit
Clock
@ <I——r SSPSR reg
RC4/ MSb Ls;—‘
S|

Match Detect Addr Match

SSPADD reg

Start and Set, Reset

Stop bit Detect [ S, P bits
(SSPSTAT reg)

16.4.1 REGISTERS

The MSSP module has six registers for 12C operation.
These are:

* MSSP Control Register 1 (SSPCON1)

* MSSP Control Register 2 (SSPCON2)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer Register
(SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON1, SSPCON2 and SSPSTAT are the control
and status registers in 1’C mode operation. The
SSPCON1 and SSPCON2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read-only.
The upper 2 bits of the SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to, or read from.

SSPADD register holds the slave device address
when the SSP is configured in I2C Slave mode. When
the SSP is configured in Master mode, the lower 7 bits
of SSPADD act as the Baud Rate Generator reload
value.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.
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REGISTER 16-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: MSSP STATUS REGISTER (1°C MODE)

RW-0  RW-0 RO R-0 R-0 R-0 R-0 R-0
smP CKE pA | P® | s® [rw®d| ua BF
bit 7 bit 0

SMP: Slew Rate Control bit

In Master or Slave mode:

1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High-Speed mode (400 kHz)
CKE: SMBus Select bit

In Master or Slave mode:

1 = Enable SMBus specific inputs

0 = Disable SMBus specific inputs

D/A: Data/Address bit

In Master mode:

Reserved.

In Slave mode:

1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
P: Stop bit®

1 = Indicates that a Stop bit has been detected last

0 = Stop bit was not detected last

S: Start bit(t)

1 = Indicates that a Start bit has been detected last

0 = Start bit was not detected last

R/W: Read/Write bit Information (12C mode only)

In Slave mode:(®

1 =Read

0 = Write

In Master mode:©®)

1 = Transmit is in progress

0 = Transmit is not in progress

UA: Update Address bit (10-bit Slave mode only)

1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty

In Receive mode:

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and Stop bits), SSPBUF is empty

Note 1: This bit is cleared on Reset and when SSPEN is cleared.

2. This bit holds the R/W bit information following the last address match. This bit is only

valid from the address match to the next Start bit, Stop bit or not ACK bit.

3: ORIing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is

in ldle mode.
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 16-4:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER 1 (I2C MODE)

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

wcoL | sspov |ssPEN® | ckP | ssPm3® | sspm2® | ssPm1@ | sspmo®

bit 7 bit 0

WCOL: Write Collision Detect bit

In Master Transmit mode:

1 = A write to the SSPBUF register was attempted while the I2C conditions were not valid for
a transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be
cleared in software)

0 = No collision

In Receive mode (Master or Slave modes):
This is a “don’t care” bit.

SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must be
cleared in software)

0 = No overflow

In Transmit mode:
This is a “don’t care” bit in Transmit mode.

SSPEN: Synchronous Serial Port Enable bit(1)
1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

CKP: SCK Release Control bit

In Slave mode:
1 = Releases clock
0 = Holds clock low (clock stretch), used to ensure data setup time

In Master mode:
Unused in this mode.

SSPM3:SSPMO: Synchronous Serial Port Mode Select bits(@

1111 = IC Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = IC Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I°C Firmware Controlled Master mode (Slave Idle)

1000 = I°C Master mode, clock = Fosc/(4 * (SSPADD + 1))

0111 = I°C Slave mode, 10-bit address

0110 = I°C Slave mode, 7-bit address

Note 1: When enabled, the SDA and SCL pins must be properly configured as input or

output.
2: Bit combinations not specifically listed here are either reserved or implemented in
SPI mode only.
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

DS39635A-page 180

Prelimin ary © 2004 Microchip Technology Inc.




PIC18F6310/6410/8310/8410

REGISTER 16-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER 2 (I2C MODE)

RWO RW-0  RWO RWO RWO RWO0 RWO RMWO0
GCEN | ACKSTAT | ACKDT® | ACKEN® | RCEN® | PEN® | RSEN® | SEN®)
bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR
0 = General call address disabled

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)®)

1 = Not Acknowledge

0 = Acknowledge

ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)(z)

1 = Initiate Acknowledge sequence on SDA and SCL pins and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence Idle

RCEN: Receive Enable bit (Master mode onIy)(Z)

1 = Enables Receive mode for I12C

0 = Receive Idle

PEN: Stop Condition Enable bit (Master mode only)®

1 = Initiate Stop condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Stop condition Idle

RSEN: Repeated Start Condition Enable bit (Master mode only)(z)

1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Repeated Start condition Idle

SEN: Start Condition Enable/Stretch Enable bit(?)

In Master mode:

1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware.

0 = Start condition Idle

In Slave mode:

1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled)

0 = Clock stretching is disabled

Note 1: Value that will be transmitted when the user initiates an Acknowledge sequence at
the end of a receive.

2: If the I2C module is not in the Idle mode, this bit may not be set (no spooling) and
the SSPBUF may not be written (or writes to the SSPBUF are disabled).

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

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON<5>).

The SSPCONL1 register allows control of the 12C
operation. Four mode selection bits (SSPCON<3:0>)
allow one of the following 12C modes to be selected:

« I12C Master mode, clock = (Fosc/4) x (SSPADD + 1)
« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address) with Start and
Stop bit interrupts enabled

« 12C Slave mode (10-bit address) with Start and
Stop bit interrupts enabled

« 12C Firmware Controlled Master mode, slave is
Idle

Selection of any 12C mode with the SSPEN bit set,
forces the SCL and SDA pins to be open-drain,
provided these pins are programmed to inputs by
setting the appropriate TRISC bits. To ensure proper
operation of the module, pull-up resistors must be
provided externally to the SCL and SDA pins.

16.4.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The MSSP module
will override the input state with the output data when
required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
Start and Stop bits

When an address is matched, or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
load the SSPBUF register with the received value
currently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

e The Buffer Full bit, BF (SSPSTAT<0>), was set
before the transfer was received.

« The overflow bit, SSPOV (SSPCON<6>), was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
I2C specification, as well as the requirement of the
MSSP module, are shown in timing parameter #100
and parameter #101.

16.4.3.1  Addressing

Once the MSSP module has been enabled, it waits for
a Start condition to occur. Following the Start condition,
the 8 bits are shifted into the SSPSR register. Allincom-
ing bits are sampled with the rising edge of the clock
(SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match and the BF
and SSPQV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The Buffer Full bit, BF, is set.

An ACK pulse is generated.

4. MSSP Interrupt Flag bit, SSPIF (PIR1<3>), is
set (interrupt is generated, if enabled) on the
falling edge of the ninth SCL pulse.

w

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write so
the slave device will receive the second address byte.
For a 10-bit address, the first byte would equal ‘11110
A9 A8 0, where ‘A9’ and ‘A8’ are the two MSbs of the
address. The sequence of events for 10-bit address is as
follows, with steps 7 through 9 for the slave-transmitter:

1. Receive first (high) byte of address (bits SSPIF,
BF and UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of address (bits
SSPIF, BF and UA are set).

5. Update the SSPADD register with the first (high)
byte of address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated Start condition.

8. Receive first (high) byte of address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears hit BF) and
clear flag bit SSPIF.
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16.4.3.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON1<6>) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

If SEN is enabled (SSPCON2<0> = 1), RC3/SCK/SCL
will be held low (clock stretch) following each data
transfer. The clock must be released by setting bit
CKP (SSPCON<4>). See Section 16.4.4 “Clock
Stretching” for more detail.

16.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low regardless of SEN (see Section 16.4.4 “Clock
Stretching” for more detail). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data. The
transmit data must be loaded into the SSPBUF register
which also loads the SSPSR register. Then, pin RC3/
SCK/SCL should be enabled by setting bit CKP
(SSPCON1<4>). The 8 data bits are shifted out on the
falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 16-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is
complete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPSTAT regis-
ter) and the slave monitors for another occurrence of
the Start bit. If the SDA line was low (ACK), the next
transmit data must be loaded into the SSPBUF register.
Again, pin RC3/SCK/SCL must be enabled by setting
bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.
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FIGURE 16-8: I°C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 7-BIT ADDRESS)
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I°C™ SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 16-9:
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I2C™ SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 16-10:
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I°C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 16-11:
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16.4.4 CLOCK STRETCHING

Both 7 and 10-bit Slave modes implement automatic
clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

16.4.4.1 Clock Stretching for 7-bit Slave
Receive Mode (SEN = 1)

In 7-bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPCONL1 register is
automatically cleared, forcing the SCL output to be
held low. The CKP being cleared to ‘0’ will assert the
SCL line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCL line low, the user has time to service the ISR
and read the contents of the SSPBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 16-13).

16.4.4.3  Clock Stretching for 7-bit Slave
Transmit Mode

7-bit Slave Transmit mode implements clock stretching
by clearing the CKP bit after the falling edge of the ninth
clock, if the BF bit is clear. This occurs regardless of the
state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 16-9).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge of
the ninth clock, the CKP bit will not be
cleared and clock stretching will not occur.

2: The CKP bit can be set in software

Note 1. If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow

condition.

16.4.4.2 Clock Stretching for 10-bit Slave
Receive Mode (SEN = 1)

In 10-bit Slave Receive mode during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0’. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs and if
the user hasn’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a
data sequence, not an address sequence.

regardless of the state of the BF bit.

16.4.4.4  Clock Stretching for 10-bit Slave
Transmit Mode

In 10-bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-bit Slave
Receive mode. The first two addresses are followed
by a third address sequence which contains the high-
order bits of the 10-bit address and the R/W bit set to
‘1’. After the third address sequence is performed, the
UA bit is not set, the module is now configured in
Transmit mode and clock stretching is controlled by
the BF flag as in 7-bit Slave Transmit mode (see
Figure 16-11).
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16.4.45  Clock Synchronization and

the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0’. However, setting the CKP bit will not assert the

already asserted the SCL line. The SCL output will
remain low until the CKP bit is set and all other
devices on the 12C bus have deasserted SCL. This
ensures that a write to the CKP bit will not violate the

SCL output low until the SCL output is already sam- r;}ml:rrr;u;%_lgl)gh time - requirement for SCL  (see
pled low. Therefore, the CKP bit will not assert the 9 '
SCL line until an external 12C master device has
FIGURE 16-12: CLOCK SYNCHRONIZATION TIMING
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I°C™ SLAVE MODE TIMING WITH SEN = 1 (RECEPTION, 7-BIT ADDRESS)

FIGURE 16-13:
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I2C™ SLAVE MODE TIMING SEN = 1 (RECEPTION, 10-BIT ADDRESS)

FIGURE 16-14:
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16.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 12C bus is such that
the first byte after the Start condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address which
can address all devices. When this address is used, all
devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the 1°’c protocol. It
consists of all ‘0’s with R/W = 0.

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
set). Following a Start bit detect, 8 bits are shifted into
the SSPSR and the address is compared against the
SSPADD. It is also compared to the general call
address and fixed in hardware.

FIGURE 16-15:

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit) and on the falling edge of the ninth bit (ACK bit), the
SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set and the slave will begin receiving data after the
Acknowledge (Figure 16-15).

SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)

General Call Address

RW = 0 Receiving Data ACK

Address is compared to General Call Address
l after ACK, set interrupt

SDA T\

SCL

SSPIF

/ACK/ D7) b6 X D5X 04 X D34 D2 X 01X DO)

BF (SSPSTAT<0>)

SSPOV (SSPCON1<6>)

I —— Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)
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16.4.6 MASTER MODE Note:  The MSSP module, when configured in
Master mode is enabled by setting and clearing the I2C Master mode, does not allow queueing
appropriate SSPM bits in SSPCONL1 and by setting the of events. For instance, the user is not
SSPEN bit. In Master mode, the SCL and SDA lines allowed to initiate a Start condition and
are manipulated by the MSSP hardware. immediately write the SSPBUF register to

initiate transmission before the Start condi-
tion is complete. In this case, the SSPBUF
will not be written to and the WCOL bit will
be set, indicating that a write to the
SSPBUF did not occur.

Master mode of operation is supported by interrupt
generation on the detection of the Start and Stop con-
ditions. The Stop (P) and Start (S) bits are cleared from
a Reset or when the MSSP module is disabled. Control
of the 12C bus may be taken when the P bit is set or the

bus is Idle, with both the S and P bits clear. The following events will cause SSP Interrupt Flag bit,
In Firmware Controlled Master mode, user code SSPIF, to be set (SSP interrupt, if enabled):
conducts all 12C bus operations based on Start and « Start condition
Stop bit conditions. « Stop condition
Once Master mode is enabled, the user has six « Data transfer byte transmitted/received
options. » Acknowledge transmit
1. Assert a Start condition on SDA and SCL. « Repeated Start
2. Assert a Repeated Start condition on SDA and
SCL.

3. Write to the SSPBUF register initiating
transmission of data/address.

4. Configure the 1’c port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a Stop condition on SDA and SCL.

FIGURE 16-16: MSSP BLOCK DIAGRAM (I2CTM MASTER MODE)

< Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Read Write ‘
| sseeuF | Baud
Rate
‘ ’ Generator
SDA Shift —
& i l/\ SDA In Clock . 2
= SSPSR 3|5
a|o
MShb LSb |5
Q 8 3
Qo
- g L S =4
w Start bit, Stop bit, 46_4 = 3] %
g Acknowledge S Sle
= =| O
g Generate x 2o
[5} < |5
SCL & o <2
¢ > ° |
= 3]
| 1
[ ~
1 Start bit Detect
- Stop bit Detect
SCL In Write Collision Detect —» Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCON?2)
end of XMIT/RCV
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16.4.6.1  I1°C Master Mode Operation

The master device generates all of the serial clock
pulses and the Start and Stop conditions. A transfer is
ended with a Stop condition or with a Repeated Start
condition. Since the Repeated Start condition is also
the beginning of the next serial transfer, the 12C bus will
not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic ‘0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. Start and Stop
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted
contains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic ‘1'. Thus, the first byte transmitted is a 7-bit slave
address, followed by a ‘1’ to indicate the receive bit.
Serial data is received via SDA, while SCL outputs the
serial clock. Serial data is received 8 bits at a time. After
each byte is received, an Acknowledge bit is transmit-
ted. Start and Stop conditions indicate the beginning
and end of transmission.

The Baud Rate Generator used for the SPI mode oper-
ation is used to set the SCL clock frequency for either
100 kHz, 400 kHz or 1 MHz 12C operation. See
Section 16.4.7 “Baud Rate” for more detail.

A typical transmit sequence would go as follows:

1. The user generates a Start condition by setting
the Start Enable bit, SEN (SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCONZ2 register (SSPCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with 8 bits of data.

8. Data is shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
SSPCONZ2 register (SSPCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a Stop condition by setting
the Stop Enable bit, PEN (SSPCON2<2>).

12. Interrupt is generated once the Stop condition is
complete.
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16.4.7 BAUD RATE

In 12C Master mode, the Baud Rate Generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 16-17). When a write occurs
to SSPBUF, the Baud Rate Generator will automatically
begin counting. The BRG counts down to ‘0’ and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In 12C Master mode, the BRG is
reloaded automatically.

FIGURE 16-17:

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 16-3 demonstrates clock rates based on
instruction cycles and the BRG value loaded into
SSPADD.

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM3:SSPMO jl>|

SSPADD<6:0>

SSPM3:SSPM0 =) Reload

ScCL — Control

Reload
P

CLKO <—| BRG Down Counter [=——Fosc/4

TABLE 16-3:  I1°C™ CLOCK RATE W/BRG

Foy Fov*2 BRG Value 2 RO”OVF;CSLOf BRG)
10 MHz 20 MHz 19h 400 kHz®
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz 8 MHz 0Ah 400 kHz®
4 MHz 8 MHz 0Dh 308 kHz
4 MHz 8 MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz®
1 MHz 2 MHz 0Ah 100 kHz
1 MHz 2 MHz 00h 1 MHz®

Note 1: The I2C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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Preliminary

DS39635A-page 195



PIC18F6310/6410/8310/8410

16.4.7.1 Clock Arbitration

Clock arbitration occurs when the master, during any
receive, transmit or Repeated Start/Stop condition,
deasserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the Baud
Rate Generator (BRG) is suspended from counting
until the SCL pin is actually sampled high. When the

SCL pin is sampled high, the Baud Rate Generator is
reloaded with the contents of SSPADD<6:0> and
begins counting. This ensures that the SCL high time
will always be at least one BRG rollover count in the
event that the clock is held low by an external device
(Figure 16-18).

FIGURE 16-18: BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION
SDA DX >< DX -1
SCL deasserted but slave holds SCL allowed to transition high
SCL low (clock arbitration) | I_
scL "

BRG decrements on
Q2 and Q4 cycles

Value

I
BRG

! l !
BRG ; 03h >< 02h >< 01h >< 00h (hold off) ;>< 03h >< 02h
| |

SCL is sampled high, reload takes
place and BRG starts its count —’_‘

Reload
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I2C MASTER MODE START
CONDITION TIMING

To initiate a Start condition, the user sets the Start
Enable bit, SEN (SSPCON2<0>). If the SDA and SCL
pins are sampled high, the Baud Rate Generator is
reloaded with the contents of SSPADD<6:0> and starts
its count. If SCL and SDA are both sampled high when
the Baud Rate Generator times out (TBRG), the SDA
pin is driven low. The action of the SDA being driven
low while SCL is high is the Start condition and causes
the S bit (SSPSTAT<3>) to be set. Following this, the
Baud Rate Generator is reloaded with the contents of
SSPADD<6:0> and resumes its count. When the Baud
Rate Generator times out (TBRG), the SEN bit
(SSPCON2<0>) will be automatically cleared by hard-
ware, the Baud Rate Generator is suspended, leaving
the SDA line held low and the Start condition is
complete.

16.4.8

FIGURE 16-19: FIRST START BIT TIMING

Note: If, at the beginning of the Start condition,
the SDA and SCL pins are already sam-
pled low, or if during the Start condition, the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs,
the Bus Collision Interrupt Flag, BCLIF, is
set, the Start condition is aborted and the

I2C module is reset into its Idle state.

16.4.8.1  WCOL Status Flag

If the user writes the SSPBUF when a Start sequence
is in progress, the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the Start

condition is complete.

Write to SEN bit occurs here
SDA =1,

SCL=1

l

Set S bit (SSPSTAT<3>)

At completion of Start bit,
hardware clears SEN bit
l and sets SSPIF bit

k= TBRG —}+-TBRG —, Write to SSPBUF occurs here
N l 1st bit X 2ndbit
SDA . o
' [ [+ TBRG |
SCL e_o__. " |TereY
S
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16.4.9 I2C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 12C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is sam-
pled low, the Baud Rate Generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one Baud Rate
Generator count (TBRG). When the Baud Rate Genera-
tor times out, if SDA is sampled high, the SCL pin will
be deasserted (brought high). When SCL is sampled
high, the Baud Rate Generator is reloaded with the
contents of SSPADD<6:0> and begins counting. SDA
and SCL must be sampled high for one TBRG. This
action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.

FIGURE 16-20:

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start

condition occurs if:

e SDA is sampled low when SCL goes
from low-to-high.

¢ SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first 8 bits are transmitted and an ACK is received,
the user may then transmit an additional eight bits of
address (10-bit mode) or 8 bits of data (7-bit mode).

16.4.9.1  WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCONZ2 is disabled until the Repeated
Start condition is complete.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA

Falling edge of ninth clock,
end of Xmit

occurs here. 22':\_: - At completion of Start bit,
SDA =1, =1 hardware clears RSEN bit
SCL (no change). l and sets SSPIF
1
RG

l-TBRG-*+TBRG —::|<—T
|
|

l lTBRG

Set S (SSPSTAT<3>)

1st bit X

Write to SSPBUF occurs here

1
|
T
|

[
f«TBRG

I
Sr = Repeated Start
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16.4.10 1°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address, or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the Buffer Full flag bit, BF and allow the Baud Rate
Generator to begin counting and start the next trans-
mission. Each bit of address/data will be shifted out
onto the SDA pin after the falling edge of SCL is
asserted (see data hold time specification parameter
#106). SCL is held low for one Baud Rate Generator
rollover count (TBRG). Data should be valid before SCL
is released high (see data setup time specification
parameter #107). When the SCL pin is released high, it
is held that way for TBRG. The data on the SDA pin
must remain stable for that duration and some hold
time after the next falling edge of SCL. After the eighth
bit is shifted out (the falling edge of the eighth clock),
the BF flag is cleared and the master releases SDA.
This allows the slave device being addressed to
respond with an ACK bit during the ninth bit time if an
address match occurred, or if data was received
properly. The status of ACK is written into the ACKDT
bit on the falling edge of the ninth clock. If the master
receives an Acknowledge, the Acknowledge Status bit,
ACKSTAT, is cleared. If not, the bit is set. After the ninth
clock, the SSPIF bit is set and the master clock (Baud
Rate Generator) is suspended until the next data byte
is loaded into the SSPBUF, leaving SCL low and SDA
unchanged (Figure 16-21).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL until all
7 address bits and the R/W bit are completed. On the
falling edge of the eighth clock, the master will deassert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the Baud Rate Generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

16.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

16.4.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.

16.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT hit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0) and is set when the slave does not Acknowl-
edge (ACK =1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.

16.4.11 1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
Receive Enable bit, RCEN (SSPCON2<3>).

Note: The MSSP module must be in an Idle state
before the RCEN bit is set or the RCEN bit
will be disregarded.

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes (high-to-low/
low-to-high) and data is shifted into the SSPSR. After
the falling edge of the eighth clock, the receive enable
flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, the SSPIF flag bit is set and the Baud Rate
Generator is suspended from counting, holding SCL
low. The MSSP is now in Idle state awaiting the next
command. When the buffer is read by the CPU, the BF
flag bit is automatically cleared. The user can then
send an Acknowledge bit at the end of reception by set-
ting the Acknowledge Sequence Enable bit, ACKEN
(SSPCON2<4>).

16.4.11.1  BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

16.4.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

16.4.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).

© 2004 Microchip Technology Inc.
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1°C™ MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 16-21:
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1°C™ MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 16-22:
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16.4.12 ACKNOWLEDGE SEQUENCE 16.4.13 STOP CONDITION TIMING

TIMING A Stop bit is asserted on the SDA pin at the end of a
An Acknowledge sequence is enabled by setting the receive/transmit by setting the Stop Sequence Enable
Acknowledge Sequence Enable bit, ACKEN bit, PEN (SSPCON2<2>). At the end of a receive/
(SSPCON2<4>). When this bit is set, the SCL pin is transmit, the SCL line is held low after the falling edge
pulled low and the contents of the Acknowledge data bit of the ninth clock. When the PEN bit is set, the master
are presented on the SDA pin. If the user wishes to gen- will assert the SDA line low. When the SDA line is sam-
erate an Acknowledge, then the ACKDT bit should be pled low, the Baud Rate Generator is reloaded and
cleared. If not, the user should set the ACKDT bit before counts down to ‘0’. When the Baud Rate Generator
starting an Acknowledge sequence. The Baud Rate times out, the SCL pin will be brought high and one
Generator then counts for one rollover period (TBRG) TBRG (Baud Rate Generator rollover count) later, the
and the SCL pin is deasserted (pulled high). When the SDA pin will be deasserted. When the SDA pin is sam-
SCL pin is sampled high (clock arbitration), the Baud pled high while SCL is high, the P bit (SSPSTAT<4>) is
Rate Generator counts for TBRG. The SCL pin is then set. A TBRG later, the PEN bit is cleared and the SSPIF
pulled low. Following this, the ACKEN bit is automatically bit is set (Figure 16-24).
cleared, the Baud Rate Generator is turned off and the
MSSP module then goes into Idie mode (Figure 16-23). 16.4.13.1 WCOL Status Flag

If the user writes the SSPBUF when a Stop sequence

16.4.12.1 WCOL Status Flag is in progress, then the WCOL bit is set and the
If the user writes the SSPBUF when an Acknowledge contents of the buffer are unchanged (the write doesn’t
sequence is in progress, then WCOL is set and the occur).
contents of the buffer are unchanged (the write doesn’t
occur).

FIGURE 16-23: ACKNOWLEDGE SEQUENCE WAVEFORM
Acknowledge sequence starts here, _l l_ ACKEN automatically cleared

write to SSPCON2
ACKEN =1, ACKDT =0

f+—TBRG —+—TBRG —|

SDA >< DO \ ACK |

| 1 T_
Cleared in
gfe ,teigf,'eF atthe end_T Cleared in software
software Set SSPIF at the end

of Acknowledge sequence
Note: TBRG = one Baud Rate Generator period.

FIGURE 16-24: STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPCON2, SCL =1 for TBRG, followed by SDA = 1 for TBRG
set PEN after SDA sampled high. P bit (SSPSTAT<4>) is set.
Falling edge of PEN bit (SSPCON2<2>) is cleared by
9th clock l -5 hardware and the SSPIF bit is set
TBRG
SCL \ <—+ | |
| I
SDA ACK | / |
L P v
+—TBRG —F—TBRG —1—TBRG —

SCL brought high after TBRG

SDA asserted low before rising edge of clock
to setup Stop condition

Note: TBRG = one Baud Rate Generator period.
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16.4.14 SLEEP OPERATION

While in Sleep mode, the 12C module can receive
addresses or data and when an address match or
complete byte transfer occurs, wake the processor
from Sleep (if the MSSP interrupt is enabled).

16.4.15 EFFECT OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

16.4.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the Start and Stop conditions allows the
determination of when the bus is free. The Stop (P) and
Start (S) bits are cleared from a Reset or when the
MSSP module is disabled. Control of the 12C bus may
be taken when the P bit (SSPSTAT<4>) is set, or the
bus is Idle, with both the S and P bits clear. When the
bus is busy, enabling the SSP interrupt will generate
the interrupt when the Stop condition occurs.

In multi-master operation, the SDA line must be
monitored for arbitration to see if the signal level is the
expected output level. This check is performed in
hardware with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
« Address Transfer

Data Transfer

A Start Condition

A Repeated Start Condition

An Acknowledge Condition

16.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION AND BUS

ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a ‘1’ on SDA, by letting SDA float high and
another master asserts a ‘0’. When the SCL pin floats
high, data should be stable. If the expected data on
SDAis a ‘1" and the data sampled on the SDA pin = 0,
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF and reset the
1’c port to its Idle state (Figure 16-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are deasserted and the
SSPBUF can be written to. When the user services the
bus collision Interrupt Service Routine and if the 1’c
bus is free, the user can resume communication by
asserting a Start condition.

If a Start, Repeated Start, Stop or Acknowledge condi-
tion was in progress when the bus collision occurred, the
condition is aborted, the SDA and SCL lines are deas-
serted and the respective control bits in the SSPCON2
register are cleared. When the user services the bus
collision Interrupt Service Routine and if the 12C bus is
free, the user can resume communication by asserting a
Start condition.

The master will continue to monitor the SDA and SCL
pins. If a Stop condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit regardless of where the
transmitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of Start and Stop conditions allows the deter-
mination of when the bus is free. Control of the 1°C bus
can be taken when the P bit is set in the SSPSTAT
register, or the bus is Idle and the S and P bits are

cleared.
FIGURE 16-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
) Sample SDA. While SCL is high,
Data changes SDA line pulled low data doesn’t match what is driven
while SCL =0 by another source by the master.
l SDA released J Bus collision has occurred.
bymaster ] v v
SDA \ / \

BCLIF

sct —\—/—\—/

Set bus collision
I interrupt (BCLIF)
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16.4.17.1 Bus Collision During a Start
Condition

During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 16-26).

b) SCL is sampled low before SDA is asserted low
(Figure 16-27).

During a Start condition, both the SDA and the SCL

pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
» the Start condition is aborted,
» the BCLIF flag is set and
» the MSSP module is reset to its Idle state

(Figure 16-26).
The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded from SSPADD<6:0>
and counts down to ‘0’. If the SCL pin is sampled low
while SDA is high, a bus collision occurs because it is
assumed that another master is attempting to drive a
data ‘1’ during the Start condition.

FIGURE 16-26:

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 16-28). If, however, a ‘1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to ‘0’ and during this time, if the SCL pins
are sampled as ‘0’, a bus collision does not occur. At
the end of the BRG count, the SCL pin is asserted low.

The reason that bus collision is not a factor
during a Start condition is that no two bus
masters can assert a Start condition at the
exact same time. Therefore, one master
will always assert SDA before the other.
This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address follow-
ing the Start condition. If the address is the
same, arbitration must be allowed to
continue into the data portion, Repeated

Note:

Start or Stop conditions.

BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL =1.

S bit and SSPIF set because

SDA goes low before the SEN bit is set.

SDA \ N

+ SEN cleared automatically because of bus collision.

SSP module reset into Idle state.

t_ SSPIF and BCLIF are
cleared in software

SCL .
Set SEN, enable Start -3 :
condition if SDA=1,SCL=1 |

SEN |

|
SDA sampled low before
Start condition. Set BCLIF. v
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
|
|
S
SSPIF

SSPIF and BCLIF are
cleared in software
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FIGURE 16-27: BUS COLLISION DURING A START CONDITION (SCL = 0)

SDA=0,SCL=1

— TBRG —¢— TBRG —

SDA N

scL Set SEN, enable Start N
sequence if SDA=1,SCL=1 >

T— SCL = 0 before SDA = 0,

SEN bus collision occurs. Set BCLIF.

SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.

BCLIF | -

T_ Interrupt cleared

in software
s 0" 0"
SSPIF O ‘o’

FIGURE 16-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION

SDA=0,SCL=1
lSetS iSet SSPIF
ﬂ_|<—TBRG —|

| N |

SDA  SDA pulled low by other mlaster. | I |

Reset BRG and assert SDA. | I |
|

I
. I
. I
RPN
I 1
! I
I
I

Less than TBRG —*

h
1 SCL pulled low after BRG

SEN | time-out
Set SEN, enable START
sequence if SDA=1,SCL=1

BCLIF ] | I

| |
| |
| |

S |

I
I
SSPIF

4
SDA=0,SCL =1, Interrupts cleared
set SSPIF — in software
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16.4.17.2 Bus Collision During a Repeated
Start Condition

During a Repeated Start condition, a bus collision
occurs if:

a) A low level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data ‘1’.

When the user deasserts SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD<6:0> and
counts down to ‘0’. The SCL pin is then deasserted and
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘0’, Figure 16-29).
If SDA is sampled high, the BRG is reloaded and begins
counting. If SDA goes from high-to-low before the BRG
times out, no bus collision occurs because no two
masters can assert SDA at exactly the same time.

If SCL goes from high-to-low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition
(see Figure 16-30).

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is
complete.

FIGURE 16-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF
Cleared in software
S ‘0’
SSPIF "
FIGURE 16-30: BUS COLLISION DURING A REPEATED START CONDITION (CASE 2)
i i TBRG i
SDA /e e el
scL / ‘
SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. |
Interrupt cleared
in software
RSEN |
s o
SSPIF
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16.4.17.3 Bus Collision During a Stop
Condition

Bus collision occurs during a Stop condition if:

a) After the SDA pin has been deasserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) Afterthe SCL pin is deasserted, SCL is sampled
low before SDA goes high.

The Stop condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the Baud Rate Generator is loaded with SSPADD<6:0>
and counts down to ‘0’. After the BRG times out, SDA
is sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive a data ‘0’ (Figure 16-31). If the SCL pin is
sampled low before SDA is allowed to float high, a bus
collision occurs. This is another case of another master
attempting to drive a data ‘0’ (Figure 16-32).

FIGURE 16-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| TBRG TBRG TBRG ‘ SDA sampled
low after TBRG,
"""""""" set BCLIF

SDA

!

SDA asserted low
SCL
PEN 4 L
BCLIF
P ‘0’
SSPIF 0

FIGURE 16-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)

| TBRG TBRG ‘ TBRG |

SDA
T Assert SDA SCL goes low before SDA goes high,
set BCLIF

v
PEN 4 \_
BCLIF
P ‘0’
SSPIF 0
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TABLE 16-4: REGISTERS ASSOCIATED WITH I2C™ OPERATION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
TRISC PORTC Data Direction Register 60
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 58
SSPADD Synchronous Serial Port Receive Buffer/Transmit Register 58
SSPCON1 WCOL SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO 58
SSPCON2 GCEN | ACKSTAT | ACKDT | ACKEN RCEN PEN RSEN SEN 58
SSPSTAT SMP CKE D/A P s RIW UA BF 58
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the MSSP in SPI™ mode.
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17.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

PIC18F6310/6410/8310/8410 devices have three
serial /0O modules: the MSSP module, discussed in the
previous chapter and two Universal Synchronous
Asynchronous Receiver Transmitter (USART) mod-
ules. (Generically, the USART is also known as a Serial
Communications Interface or SCI.) The USART can be
configured as a full-duplex asynchronous system that
can communicate with peripheral devices, such as
CRT terminals and personal computers. It can also be
configured as a half-duplex synchronous system that
can communicate with peripheral devices, such as A/D
or D/A integrated circuits, serial EEPROMSs, etc.

There are two distinct implementations of the USART
module in these devices: the Enhanced USART
(EUSART), discussed here and the Addressable
USART, discussed in the next chapter. For this device
family, USARTL1 always refers to the EUSART, while
USART?2 is always the AUSART.

The EUSART and AUSART modules implement the
same core features for serial communications; their
basic operation is essentially the same. The EUSART
module provides additional features, including auto-
matic baud rate detection and calibration, automatic
wake-up on Sync Break reception and 12-bit Break
character transmit. These features make it ideally
suited for use in Local Interconnect Network bus (LIN
bus) systems.

The EUSART can be configured in the following
modes:
« Asynchronous (full-duplex) with:

- Auto-wake-up on character reception

- Auto-baud calibration

- 12-bit Break character transmission

» Synchronous — Master (half-duplex) with
selectable clock polarity

« Synchronous — Slave (half-duplex) with selectable
clock polarity

The pins of the Enhanced USART are multiplexed with
PORTC. In order to configure RC6/TX1/CK1 and
RC7/RX1/DT1 as a USART:

 bit SPEN (RCSTA1<7>) must be set (= 1)

 bit TRISC<7> must be set (= 1)

 bit TRISC<6> must be set (= 1)

Note: The USART control will automatically
reconfigure the pin from input to output as
needed.

The operation of the Enhanced USART module is
controlled through three registers:

« Transmit Status and Control Register 1 (TXSTA1)

* Receive Status and Control Register 1 (RCSTA1)

« Baud Rate Control Register 1 (BAUDCON1)

The registers are described in Register 17-1,
Register 17-2 and Register 17-3.

© 2004 Microchip Technology Inc.
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REGISTER 17-1: TXSTAL: EUSART TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0

bit 7 CSRC: Clock Source Select bit

Asynchronous mode:
Don't care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit5  TXEN: Transmit Enable bit(®)
1 = Transmit enabled
0 = Transmit disabled
Note 1: SREN/CREN overrides TXEN in Sync mode.

bit 4 SYNC: AUSART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 SENDB: Send Break Character bit
Asynchronous mode:

1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed

Synchronous mode:
Don't care.

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode:
1 = High speed
0 = Low speed

Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit

1= TSR empty
0 = TSR full

bit 0 TX9D: 9th bit of Transmit Data
Can be address/data bit or a parity bit.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 17-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTAL: EUSART RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit O

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable hit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 =1):

1 = Enables address detection, enables interrupt and loads the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 9-bit (RX9 = 0):

Don't care.

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receiving next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 17-3: BAUDCON1: BAUD RATE CONTROL REGISTER 1

R/W-0 R-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0
bit 7 ABDOVF: Auto-Baud Acquisition Rollover Status bit

1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode
(must be cleared in software)
0 = No BRG rollover has occurred
bit 6 RCIDL: Receive Operation Idle Status bit
1 = Receive operation is Idle
0 = Receive operation is active
bit 5 Unimplemented: Read as ‘0’
bit 4 SCKP: Synchronous Clock Polarity Select bit

Asynchronous mode:
Unused in this mode.

Synchronous mode:
1 = Idle state for clock (CK) is a high level
0 = Idle state for clock (CK) is a low level
bit 3 BRG16: 16-bit Baud Rate Register Enable bit
1 = 16-bit Baud Rate Generator — SPBRGH1 and SPBRGL1
0 = 8-bit Baud Rate Generator — SPBRG1 only (Compatible mode), SPBRGH1 value ignored
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bhit
Asynchronous mode:
1 = EUSART will continue to sample the RX pin — interrupt generated on falling edge; bit
cleared in hardware on following rising edge
0 = RX pin not monitored or rising edge detected
Synchronous mode:
Unused in this mode.
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Enable baud rate measurement on the next character. Requires reception of a Sync field
(55h); cleared in hardware upon completion.
0 = Baud rate measurement disabled or completed

Synchronous mode:
Unused in this mode.

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

(BRG)

The BRG is a dedicated, 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCON1<3>)
selects 16-bit mode.

The SPBRGH1:SPBRG1 register pair controls the
period of a free running timer. In Asynchronous mode,
bits BRGH (TXSTA1<2>) and BRG16 (BAUDCON1<3>)
also control the baud rate. In Synchronous mode, BRGH
is ignored. Table 17-1 shows the formula for computa-
tion of the baud rate for different EUSART modes that
only apply in Master mode (internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGH1:SPBRGL1 registers can
be calculated using the formulas in Table 17-1. From
this, the error in baud rate can be determined. An
example calculation is shown in Example 17-1. Typical
baud rates and error values for the various
Asynchronous modes are shown in Table 17-2. It may

be advantageous to use the high baud rate (BRGH = 1)
or the 16-bit BRG to reduce the baud rate error, or
achieve a slow baud rate for a fast oscillator frequency.

Writing a new value to the SPBRGH1:SPBRG1
registers causes the BRG timer to be reset (or cleared).
This ensures the BRG does not wait for a timer
overflow before outputting the new baud rate.

17.11 OPERATION IN POWER MANAGED

MODES

The device clock is used to generate the desired baud
rate. When one of the power managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRG1 register pair.

17.1.2 SAMPLING

The data on the RX1 pin is sampled three times by a
majority detect circuit to determine if a high or a low
level is present at the RX1 pin.

TABLE 17-1: BAUD RATE FORMULAS
Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH
0 0 0 8-bit/Asynchronous Fosc/[64 (n + 1)]
0 0 1 8-bit/Asynchronous
- Fosc/[16 (n + 1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 b'e 8-bit/Synchronous Fosc/[4 (n + 1)]
1 1 X 16-bit/Synchronous
Legend: x =Don't care, n = Value of SPBRGH1:SPBRGL1 register pair

EXAMPLE 17-1:

CALCULATING BAUD RATE ERROR

Desired Baud Rate =

For adevice with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:
Fosc/(64 ([SPBRGH1:SPBRG1] + 1))

Solving for SPBRGH1:SPBRG1:
X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042] =25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 09615
Error = (Caculated Baud Rate — Desired Baud Rate)/Desired Baud Rate
= (9615 —9600)/9600 = 0.16%
TABLE 17-2: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR
Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1l Bito | Reset values
on Page
TXSTAL CSRC TX9 TXEN | SYNC | SENDB | BRGH TRMT TX9D 59
RCSTAl SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D 59
BAUDCON1 | ABDOVF | RCIDL — SCKP | BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register, High Byte 60
SPBRG1 Baud Rate Generator Register, Low Byte 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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TABLE 17-3: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC = 0, BRGH = 0,BRG16 = 0
BR’/i?E Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual o SPBRG | Actual o SPBRG | Actual o SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — 1.221 1.73 255 1.202 0.16 129 1201 -0.16 103
2.4 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64 2403 -0.16 51
9.6 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15 9615 -0.16 12
19.2 19.531 1.73 31 19.531 1.73 15 19.531 1.73 — — —
57.6 56.818 -1.36 10 62.500 8.51 52.083  -9.58 — — —
115.2 |125.000 8.51 4 104.167 -9.58 2 78.125 -32.18 — — —
SYNC =0, BRGH = 0, BRG16 = 0
BR’/i?E Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.16 207 300 -0.16 103 300 -0.16 51
1.2 1.202 0.16 51 1201 -0.16 25 1201 -0.16 12
2.4 2.404 0.16 25 2403 -0.16 12 — — —
9.6 8.929 -6.99 6 — — — — — —
19.2 20.833 8.51 2 — — — — — —
57.6 62.500 8.51 0 — — — — — —
115.2 | 62.500 -45.75 0 — — — — — —
SYNC =0, BRGH =1,BRG16 =0
BR’/i?E Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — — — — — — — — — —
2.4 — — — — — — 2.441 1.73 255 2403 -0.16 207
9.6 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64 9615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19230 -0.16 25
57.6 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55555 3.55 8
115.2 | 113.636 -1.36 21 113.636 -1.36 10 125.000 8.1 4 — — —
SYNC =0, BRGH =1, BRG16 = 0
i/ZLT’E Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual o SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — 300 -0.16 207
1.2 1.202 0.16 207 1201 -0.16 103 1201 -0.16 51
2.4 2.404 0.16 103 2403 -0.16 51 2403 -0.16 25
9.6 9.615 0.16 25 9615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 — — — — — —
115.2 |125.000 8.51 — — — — — —
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TABLE 17-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH=0,BRG16=1
';’/*#E FOSC = 40.000 MHz FOSC = 20.000 MHz Fosc = 10.000 MHz FosC = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1201 -0.16 415
2.4 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2403 -0.16 207
9.6 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19230 -0.16 25
576 | 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55555  3.55 8
115.2 | 113.636 -1.36 21 113.636 -1.36 10 125.000 851 4 — — —
SYNC =0,BRGH =0,BRG16=1
BR/XE Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual o SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.04 832 300 -0.16 415 300 -0.16 207
1.2 1.202 0.16 207 1201 -0.16 103 1201 -0.16 51
2.4 2.404 0.16 103 2403 -0.16 51 2403 -0.16 25
9.6 9.615 0.16 25 9615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 — — — — — —
115.2 | 125.000 8.51 1 — — — — — —
SYNC =0,BRGH=1,BRG16 =1 0r SYNC=1,BRG16=1
i’;ﬁg FOSC = 40.000 MHz FOSC = 20.000 MHz Fosc = 10.000 MHz FosC = 8.000 MHz
(K) Actual o SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.00 33332 0.300 0.00 16665 0.300 0.00 8332 300 -0.01 6665
1.2 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1200 -0.04 1665
2.4 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2400 -0.04 832
9.6 9.606 0.06 1040 9.596 -0.03 520 9.615 0.16 259 9615 -0.16 207
19.2 19.193  -0.03 520 19.231 0.16 259 19.231 0.16 129 19230 -0.16 103
57.6 57.803 0.35 172 57.471 -0.22 86 58.140 0.94 42 57142 0.79 34
115.2 | 114.943 -0.22 86 116.279 0.94 42 113.636 -1.36 21 117647  -2.12 16
SYNC =0,BRGH=1,BRG16=10r SYNC=1,BRG16=1
BR/XE Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
e ewor e | Rae o yave | R pnor v
0.3 0.300 0.01 3332 300 -0.04 1665 300 -0.04 832
1.2 1.200 0.04 832 1201 -0.16 415 1201 -0.16 207
2.4 2.404 0.16 415 2403 -0.16 207 2403 -0.16 103
9.6 9.615 0.16 103 9615 -0.16 51 9615 -0.16 25
19.2 19.231 0.16 51 19230 -0.16 25 19230 -0.16 12
57.6 58.824 2.12 16 55555 3.55 8 — — —
115.2 111.111 -3.55 8 — — — — — —

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 215




PIC18F6310/6410/8310/8410

17.1.3 AUTO-BAUD RATE DETECT

The Enhanced USART module supports the automatic
detection and calibration of baud rate. This feature is
active only in Asynchronous mode and while the WUE
bit is clear.

The automatic baud rate measurement sequence
(Figure 17-1) begins whenever a Start bit is received
and the ABDEN bhit is set. The calculation is
self-averaging.

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RX1 signal, the RX1 signal is timing the BRG.
In ABD mode, the internal Baud Rate Generator is
used as a counter to time the bit period of the incoming
serial byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detect must receive a byte with the value, 55h (ASCII
“U”, which is also the LIN bus Sync character), in order
to calculate the proper bit rate. The measurement is
taken over both a low and a high bit time in order to
minimize any effects caused by asymmetry of the
incoming signal. After a Start bit, the SPBRG1 begins
counting up, using the preselected clock source on the
first rising edge of RX1. After eight bits on the RX1 pin
or the fifth rising edge, an accumulated value totalling
the proper BRG period is left in the
SPBRGH1:SPBRG1 register pair. Once the 5th edge is
seen (this should correspond to the Stop bit), the
ABDEN bit is automatically cleared.

If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status bit
(BAUDCON1<7>). Itis set in hardware by BRG rollovers
and can be set or cleared by the user in software. ABD
mode remains active after rollover events and the
ABDEN bit remains set (Figure 17-2).

While calibrating the baud rate period, the BRG
registers are clocked at 1/8th the preconfigured clock
rate. Note that the BRG clock will be configured by the
BRG16 and BRGH bits. Independent of the BRG16 bit
setting, both the SPBRG1 and SPBRGH1 will be used
as a 16-bit counter. This allows the user to verify that
no carry occurred for 8-bit modes by checking for 00h
in the SPBRGH1 register. Refer to Table 17-4 for
counter clock rates to the BRG.

While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RC1IF interrupt is set
once the fifth rising edge on RX1 is detected. The value
in the RCREGL1 needs to be read to clear the RC1IF
interrupt. The contents of RCREG1 should be
discarded.

Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character.

2: Itis up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator frequency
and EUSART baud rates are not possible
due to bit error rates. Overall system timing
and communication baud rates must be
taken into consideration when using the
Auto-Baud Rate Detection feature.

TABLE 17-4: BRG COUNTER CLOCK

RATES
BRG16 | BRGH BRG Counter Clock
0 0 Fosc/512
0 1 Fosc/128
1 0 Fosc/128
1 1 Fosc/32

Note: During the ABD sequence, SPBRG1 and
SPBRGH1 are both used as a 16-bit
counter, independent of the BRG16 setting.

17.1.3.1 ABD and EUSART Transmission

Since the BRG clock is reversed during ABD acquisi-
tion, the EUSART transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREG1 cannot be written to. Users should also
ensure that ABDEN does not become set during a
transmit sequence. Failing to do this may result in
unpredictable EUSART operation.
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FIGURE 17-1: AUTOMATIC BAUD RATE CALCULATION
BrRevae _ oooh _ {____oooon Y O OO O O T oo
: : Edge #1 s Edge #2 's Edge #3 Edge #4 ,—IEdge #5
RX1 pin | Start [Biro | Bitl [ Btz | Bit3 [ Bit4 | Bit5 [ Bite |_Bit7 [ Stop BNt

BRG Clock

Set by User—\ : ! /:— Auto-Cleared
ABDEN bit \ '

RCLIF bit : ;
(Interrupt) \

RCREG1

Read !

SPBRG1 : © XXXXh )( ' 1Ch

SPBRGH1 XXXXh X 00h

Note: The ABD sequence requires the EUSART module to be configured in Asynchronous mode and WUE = o.

FIGURE 17-2: BRG OVERFLOW SEQUENCE

BRG Clock ES
ABDEN bit /

RX1 pin \_ st [ Bito | ¢
J

ABDOVF bit

BRG Value [ 000 00001 O O O O ™
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17.2 EUSART Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTA1<4>). In this mode, the
EUSART uses standard Non-Return-to-Zero (NRZ) for-
mat (one Start bit, eight or nine data bits and one Stop bit).
The most common data format is 8 bits. An on-chip dedi-
cated 8-bit/16-bit Baud Rate Generator can be used to
derive standard baud rate frequencies from the oscillator.

The EUSART transmits and receives the LSb first. The
EUSART'’s transmitter and receiver are functionally
independent, but use the same data format and baud
rate. The Baud Rate Generator produces a clock, either
x16 or x64 of the bit shift rate depending on the BRGH
and BRG16 bits (TXSTA1<2> and BAUDCON1<3>).
Parity is not supported by the hardware but can be
implemented in software and stored as the 9th data bit.

When operating in Asynchronous mode, the EUSART
module consists of the following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter

e Asynchronous Receiver

« Auto-Wake-up on Sync Break Character
» 12-bit Break Character Transmit

» Auto-Baud Rate Detection

17.2.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 17-3. The heart of the transmitter is the Transmit
(Serial) Shift register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREGL1. The TXREGLI register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREGL1 register (if available).

FIGURE 17-3:

Once the TXREGL1 register transfers the data to the
TSR register (occurs in one Tcy), the TXREGL1 register
is empty and the TX1IF flag bit (PIR1<4>) is set. This
interrupt can be enabled or disabled by setting or clear-
ing the interrupt enable bit, TX1IE (PIE1<4>). TX1IF
will be set regardless of the state of TX1IE; it cannot be
cleared in software. TX1IF is also not cleared immedi-
ately upon loading TXREG1, but becomes valid in the
second instruction cycle following the load instruction.
Polling TX1IF immediately following a load of TXREG1
will return invalid results.

While TX1IF indicates the status of the TXREGL1 regis-
ter, another bit, TRMT (TXSTA1<1>), shows the status
of the TSR register. TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit so the user has to poll this bit in order to
determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TX1IF is set when enable bit
TXEN is set.

To set up an Asynchronous Transmission:

1. Initialize the SPBRGH1:SPBRGL1 registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

2. Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, set enable bit TX1IE.

If 9-bit transmission is desired, set transmit bit

TX9; can be used as address/data bit.

5. Enable the transmission by setting bit TXEN,
which will also set bit TX1IF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Load data to the TXREGL1 register (starts
transmission).

8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

»w

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG1 Register

Pin Buffer
and Control

Interrupt

Baud Rate Generator

TX1 pin
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FIGURE 17-4: ASYNCHRONOUS TRANSMISSION
Write to TXREG1 I ¢
BRG Output World !
(Shift C|0F(;k) 1 1 : ! I ] I 55_1 I ] I
TX1 (pin) TN Start bit bito > bt X §§ X bt7B  sopbit |
) Co Word 1 : '
TX1IF bit | ! '
(Transmit Buffer - <«1Tcy C :
Reg. Empty Flag) |_| D) ;
. Wordl — !
(Tran-srn'ii'\t/ghbig Transmit Shift Reg !
Reg. Empty Flag)
] C
JJ
FIGURE 17-5: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG1 1 1 ccC
Word 1 Word 2 )
BRG Output . '
(Shift Clodk) — Li—T L1 BN e § G ' ' '
TX1 (pin) : Starthit < bito bit1 X_ (¢ X bit7/8 /stopbit \Sartbit < hito
TXUF bit __ 1T6Y = = | . word 1 | Word 2
(Interrupt Reg. Flag) L L cC
T - = 1Tcy JJ
Wordl — Word2 —*
TRMT bit Transmit Shift Reg. ; ;
(Transmit Shift 9 Transmit Shift Reg.
Reg. Empty Flag) 55

Note: This timing diagram shows two consecutive transmissions.

TABLE 17-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMRI1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCP1lIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
RCSTA1L SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREG1 EUSART Transmit Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONL1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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17.2.2

EUSART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 17-6.
The data is received on the RX1 pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,

whereas the main receive serial shifter operates at the 1
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.
To set up an Asynchronous Reception: 2.
1. Initialize the SPBRGH1:SPBRGL1 registers for
the appropriate baud rate. Set or clear the 3.
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.
2. Enable the asynchronous serial port by clearing 4.
bit SYNC and setting bit SPEN. 5.
3. Ifinterrupts are desired, set enable bit RC1IE. 6.
4. If 9-bit reception is desired, set bit RX9. 7.
5. Enable the reception by setting bit CREN.
6. Flag bit RC1IF will be set when reception is
complete and an interrupt will be generated if 8.
enable bit RC1IE was set.
7. Read the RCSTAL register to get the 9th bit (if
enabled) and determine if any error occurred 9.
during reception.
8. Read the 8-bit received data by reading the 10.
RCREGL1 register. 11.
9. If any error occurred, clear the error by clearing
enable bit CREN.
10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.
FIGURE 17-6: EUSART RECEIVE BLOCK DIAGRAM

17.2.3

SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

Initialize the SPBRGH1:SPBRGL1 registers for
the appropriate baud rate. Set or clear the
BRGH and BRG16 bits, as required, to achieve
the desired baud rate.

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If interrupts are required, set the RCEN bit and
select the desired priority level with the RC1IP
bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.
Enable reception by setting the CREN bit.

The RC1IF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RC1IE and GIE bits are set.

Read the RCSTAL register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

Read RCREG1 to determine if the device is
being addressed.

If any error occurred, clear the CREN bit.

If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

x64 Baud Rate CLK

CREN

+ 64
BRG16 SPBRGH1| SPBRG1l| i— or
+16
________________ or
Baud Rate Generator +4
Pin Buffer Data
and Control Recovery
RX1
SPEN
Interrupt

MSb RSR Register LSb
X Stop 7 LY 1 0 | Start
RX9

RX9D RCREG1 Register
FIFO
8
RC1IF Data Bus
RC1IE
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FIGURE 17-7: ASYNCHRONOUS RECEPTION
. Start Start Start
R Y Y ETEY S it bi ' ' '
bit 9<blt_7/8/ sg?tp\ bit_4 bito Y N Yoit 778 Sit;i)tp\ bit /ngmt 7/8 : Siop
Rev Shift Reg C I C n (« :
Rcv Buffer ReE> ) ) D)) )) \
I T \éVgerElel \IévgerEzG lT I
RCREG1 ! !
CC : C CC 10N
Eﬁggr%cgg ) X D) D) : )
' CC Qe 5
RC1IF C ; _
(Interrupt Flag) pD) I ) ) )
OERR bit ()C) C)C) C)() T
CREN bit s . S |3_

Note: This timing diagram shows three words appearing on the RX1 input. The RCREG1 (Receive Buffer) is read after the third word causing
the OERR (Overrun) bit to be set.

TABLE 17-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF | CCP1lIF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCP1lIE | TMR2IE | TMRI1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 59
RCSTAL SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREG1 EUSART Receive Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONL1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
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17.2.4 AUTO-WAKE-UP ON SYNC BREAK
CHARACTER

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper byte reception cannot be per-
formed. The auto-wake-up feature allows the controller
to wake-up, due to activity on the RX1/DT1 line while
the EUSART is operating in Asynchronous mode.

The auto-wake-up feature is enabled by setting the
WUE bit (BAUDCON<1>). Once set, the typical receive
sequence on RX1/DT1 is disabled and the EUSART
remains in an Idle state, monitoring for a wake-up event
independent of the CPU mode. A wake-up event
consists of a high-to-low transition on the RX1/DT1
line. (This coincides with the start of a Sync Break or a
Wake-up Signal character for the LIN protocol.)

Following a wake-up event, the module generates an
RCL1IF interrupt. The interrupt is generated synchro-
nously to the Q clocks in normal operating modes
(Figure 17-8) and asynchronously, if the device is in
Sleep mode (Figure 17-9). The interrupt condition is
cleared by reading the RCREGL1 register.

The WUE bit is automatically cleared once a
low-to-high transition is observed on the RX1 line fol-
lowing the wake-up event. At this point, the EUSART
module is in Idle mode and returns to normal operation.
This signals to the user that the Sync Break event is
over.

17.2.4.1 Special Considerations Using
Auto-Wake-up

Since auto-wake-up functions by sensing rising edge
transitions on RX1/DT1, information with any state
changes before the Stop bit may signal a false
end-of-character and cause data or framing errors.
Therefore, to work properly, the initial character in the
transmission must be all ‘0’s. This can be 00h (8 bytes)
for standard RS-232 devices, or 000h (12 bhits) for LIN
bus.

Oscillator start-up time must also be considered,
especially in applications using oscillators with longer
start-up intervals (i.e., XT or HS mode). The Sync
Break (or Wake-up Signal) character must be of suffi-
cient length and be followed by a sufficient interval to
allow enough time for the selected oscillator to start
and provide proper initialization of the EUSART.

17.2.4.2 Special Considerations Using
the WUE Bit

The timing of WUE and RC1IF events may cause some
confusion when it comes to determining the validity of
received data. As noted, setting the WUE bit places the
EUSART in an Idle mode. The wake-up event causes
a receive interrupt by setting the RC1IF bit. The WUE
bit is cleared after this when a rising edge is seen on
RX1/DT1. The interrupt condition is then cleared by
reading the RCREG1 register. Ordinarily, the data in
RCREG1 will be dummy data and should be discarded.

The fact that the WUE bit has been cleared (or is still
set) and the RC1IF flag is set should not be used as an
indicator of the integrity of the data in RCREG1. Users
should consider implementing a parallel method in
firmware to verify received data integrity.

To assure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process. If
a receive operation is not occurring, the WUE bit may
then be set just prior to entering the Sleep mode.
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FIGURE 17-8: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING NORMAL OPERATION
1Q1 Q2| Q3] Q4,Q1| Q2] Q3] 4,01 Q2| Q3 Q4,01|Q2|Q3|Q4, Q1 Q2| Q3]Q4,01|Q2|Q3|Q4,Q1(Q2| Q3 Q4,Q1| Q2| Q3]Q4,21]Q2|Q3]Q4, Q1| Q2 Q3|Q4,
osci | / j / / j / ‘ : . :
' Bit set by user . o C X . . ' . — Auto-Cleared
WUE bit : ‘s g L ! : - : } : I
RXL/DTL Line | : f s \‘: : Ve : :
RCLIF ] ] ] ] ) : " : N !
! ' ! ' ! ' Cleared due to user read of RCREG1 —" '
Note: The EUSART remains in Idle while the WUE bit is set.
FIGURE 17-9: AUTO-WAKE-UP BIT (WUE) TIMINGS DURING SLEEP
1Q1|Q2|03]04,01|02Q3]Q4,1/Q2| Q3] Q4, Q 1Q2|Q3|@4Q1Q2|Q3]Q4,01] Q2 Q3|Q4,01|Q2|Q3|Q4, Q1| Q2| Q3]Q4,
osci U\ VUV UY SN W I W AU W A O W Y U WO AR W
. Bitsetbyuser —_ , . L ' . — Auto-Cleared .
WUE bit ; ; ! I l D ' /’\ ; !
RX1/DT1 Line | : : ; \* ; m'fﬂbte 1 ; ;
RCIIF . ' f ' l — ! _/ ;
SLEEP Command Executed ? Sleep Ends T Cleared due to user read of RCREG1
Note 1: If the wake-up event requires long oscillator warm-up time, the auto-clear of the WUE bit can occur while the stposc signal is still active.
This sequence should not depend on the presence of Q clocks.
2:  The EUSART remains in Idle while the WUE bit is set.
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17.2.5 BREAK CHARACTER SEQUENCE

The Enhanced USART module has the capability of
sending the special Break character sequences that are
required by the LIN bus standard. The Break character
transmit consists of a Start bit, followed by twelve ‘0’ bits
and a Stop bit. The Frame Break character is sent
whenever the SENDB and TXEN bits (TXSTA<3> and
TXSTA<5>) are set while the Transmit Shift register is
loaded with data. Note that the value of data written to
TXREGL1 will be ignored and all ‘0’s will be transmitted.

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

Note that the data value written to the TXREGL1 for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 17-10 for the timing of the Break
character sequence.

17.25.1 Break and Sync Transmit Sequence

The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN bus master.
1. Configure the EUSART for the desired mode.

2. Set the TXEN and SENDB bits to set up the
Break character.

3. Load the TXREG1 with a dummy character to
initiate transmission (the value is ignored).

4. Write ‘55h’ to TXREG1 to load the Sync
character into the transmit FIFO buffer.

5. After the Break has been sent, the SENDB bit is
reset by hardware. The Sync character now
transmits in the preconfigured mode.

When the TXREG1 becomes empty, as indicated by the
TX1IF, the next data byte can be written to TXREGL1.

17.2.6 RECEIVING A BREAK CHARACTER

The Enhanced USART module can receive a Break
character in two ways.

The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling
location (13 bits for Break versus Start bit and 8 data
bits for typical data).

The second method uses the auto-wake-up feature
described in Section 17.2.4 “ Auto-Wake-up on Sync
Break Character’. By enabling this feature, the
EUSART will sample the next two transitions on
RX1/DT1, cause an RCL1IF interrupt and receive the
next data byte followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
once the TX1IF interrupt is observed.

FIGURE 17-10: SEND BREAK CHARACTER SEQUENCE
Write to TXREG1 M (C
Dummy Write J)
BRG Output :
(Shift Clogl) [ I . I I | I I I 5 5_I I I I I I [
TX1 (pin) : E Start bit bit 0 bit 1 J(J( bit 11 Stop bit
X — Break > E\
TXLIF bit l :
(Transmit Buffer |_| )f)f T
Reg. Empty Flag) !
TRMT bit . l
(Transmit Shift -] (C
Reg. Empty Flag) . PP) \
! SENDB sampled here Auto-Cleared .
SENDB :y/_ s _\
(Transmit Shift i ))

Reg. Empty Flag)
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17.3 EUSART Synchronous

Master Mode

The Synchronous Master mode is entered by setting
the CSRC bit (TXSTA<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission
and reception do not occur at the same time). When
transmitting data, the reception is inhibited and vice
versa. Synchronous mode is entered by setting bit
SYNC (TXSTA<4>). In addition, enable bit, SPEN
(RCSTA1<7>), is set in order to configure the TX1 and
RX1 pins to CK1 (clock) and DT1 (data) lines,

respectively.

The Master mode indicates that the processor trans-
mits the master clock on the CK1 line. Clock polarity is
selected with the SCKP bit (BAUDCON<4>); setting
SCKP sets the Idle state on CK1 as high, while clearing

Once the TXREGL1 register transfers the data to the
TSR register (occurs in one TcYCLE), the TXREGL1 is
empty and the TX1IF flag bit (PIR1<4>) is set. The
interrupt can be enabled or disabled by setting or clear-
ing the interrupt enable bit, TX1IE (PIE1<4>). TX1IF is
set regardless of the state of enable bit TX1IE; it cannot
be cleared in software. It will reset only when new data
is loaded into the TXREGLI register.

While flag bit TX1IF indicates the status of the TXREG1
register, another bit, TRMT (TXSTA<1>), shows the
status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit so the user has to poll this bit in order to deter-
mine if the TSR register is empty. The TSR is not
mapped in data memory so it is not available to the user.

To set up a Synchronous Master Transmission:

the bit sets the Idle state as low. This option is provided 1. Initialize the SPBRGH1:SPBRGL1 registers for

to support Microwire devices with this module.

the appropriate baud rate. Set or clear the
BRG16 bit, as required, to achieve the desired

17.3.1 EUSART SYNCHRONOUS MASTER baud rate.
TRANSMISSION

The EUSART transmitter block diagram is shown in
Figure 17-3. The heart of the transmitter is the Transmit
(Serial) Shift register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREGL1. The TXREGLI register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREGL1 (if available).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TX1IE.

If 9-bit transmission is desired, set bit TX9.

Enable the transmission by setting bit TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREGL1 register.

8. Ifusing interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are

set.

S

FIGURE 17-11: SYNCHRONOUS TRANSMISSION

! ! ! I : | | : I
Qo2 Q3|Q4IQ1|Q2 |QS|Q4in|Q2|Q3|Q4IQ1|Q2 kg Q4:Ql|Q2|Q3|Q4| |Q3|Q4: Q1|Q2|Q3|Q4:Q1|QZ|Q3|Q4: Q1|Q2|Q3|Q4IQ1|Q2|Q3|Q4|Q1|Q2|Q3|Q4iQ1| o Q3|Q4I
RC7/RX1/DT1 X X ' X ! ! ! ' ! '
pin X B0 > BT X Btz X § X hit7 X Bt X Bl X P D G A
' - + Word 1— s - Word 2 ' s - '
RCgDACKLpin o N s Y s NS o R e S e N v Y i N '
(SCKP =0) : : : : : : : l : !
RC6/TX1/CK1 pin ! ! ! ! ! ! ! ! ! '
(SCKP=1) : : NP WU s N AN N e U R e S S A
Write to I ! ] ! )( )( . . : . g4 . !
TXREGL Reg Write Word 1! Write Word 2 ! ' ' ' ' )J ' '
TXAFbt | e . . : (¢ ;
(Interrupt Flag) ! . ! . )( 5 . . , ! \ ,
TRMT bit ! ' ' ' (C : : : : (¢ : :
l l : l 27 I I ' ' ’7 ' '
TXENbIt L : : I : ¢ : : ! : (¢ : E
- b)) . pp; . .

Note: Sync Master mode, SPBRG1 = 0, continuous transmission of two 8-bit words.
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FIGURE 17-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX1/DT1 pin X bito X pit1 Xbit23§ X bite X bit7

RC6/TXL/CK1 pin 4/_\_/—\_/_\5%/—\

TXRE\évlrithég j g g '
TX1IF bit : (¢
ST )) |

TRMT bit 4‘ )(g

g4

TXEN bit ))

TABLE 17-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF | CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCP1lIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 59
RCSTAL SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREG1 EUSART Transmit Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONL1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
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17.3.2 EUSART SYNCHRONOUS 3. Ensure bits CREN and SREN are clear.
MASTER RECEPTION 4. If interrupts are desired, set enable bit RC1IE.

Once Synchronous mode is selected, reception is 5. If9-bit reception is desired, set bit RX9.

enabled by setting either the Single Receive Enable bit, 6. If a single reception is required, set bit SREN.

SREN (RCSTA1<5>), or the Continuous Receive For continuous reception, set bit CREN.

Enable bit, CREN (RCSTA1<4>). Data is sampled on 7. Interrupt flag bit RC1IF will be set when reception

the RX1 pin on the falling edge of the clock. is complete and an interrupt will be generated if

If enable bit SREN is set, only a single word is received. the enable bit RC1IE was set.

If enable bit CREN is set, the reception is continuous 8. Read the RCSTAL register to get the 9th bit (if

until CREN is cleared. If both bits are set, then CREN enqbled) and_ determine if any error occurred

takes precedence. during reception.

To set up a Synchronous Master Reception: 9. Read the 8-bit received data by reading the

RCREGL1 register.
10. If any error occurred, clear the error by clearing
bit CREN.

11. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

1. Initialize the SPBRGH1:SPBRGL1 registers for the
appropriate baud rate. Set or clear the BRG16 bit,
as required, to achieve the desired baud rate.

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

FIGURE 17-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

@223|Q4|Q1] @2|@3|e4 Q1] @2|3|@4|Q1|@2|@3|e4| Q1] @2| Q3| 4| Q1| @2 Q3| @4e1|@2|Q3e4 [e1e2| Qs Q4le1|2|es| o4le1] Q2|3 |R4|e1|@2|es| 04|

RC7/RX1/D[')I'"ZE : hit0 ><

bit1 > bit2 . bit 3 * bit 4 ‘it 5 bits X . bit7

RC6/TX1/CK1 pin ' [ [ 1 ] [ [ ] ]
(SCKP =0) T ! ! ! ' !

RC6/TX1/CK1 pin . . . . . , . .
(SCKP = 1) . A e O e A s IR s LI s O e IO NP

Write to ' . ' . . . . ' ' :
SREN bit . ; . . . . ; ; ;
SREN bit ' ' '

CREN bit ‘0’

RC1IF bit
(Interrupt)

Read . ' : ' ' ' ' . .
RCREG1 : . : : : : ) .

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 17-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Reset

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

on Page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCPlIF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
RCSTAl SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREG1 EUSART Receive Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCON1| ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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17.4 EUSART Synchronous Slave Mode To set up a Synchronous Slave Transmission:

1. Enable the synchronous slave serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

Clear bits CREN and SREN.

If interrupts are desired, set enable bit TX1IE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting enable bit

1741  EUSART SYNCHRONOUS SLAVE TXEN. o o
TRANSMIT 6. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

Synchronous Slave mode is entered by clearing bit
CSRC (TXSTA<7>). This mode differs from the
Synchronous Master mode in that the shift clock is
supplied externally at the CK1 pin (instead of being
supplied internally in Master mode). This allows the
device to transfer or receive data while in any
low-power mode.

a bk wn

The operation of the Synchronous Master and Slave 7. Start transmission by loading data to the
modes are identical except in the case of the Sleep ' TXREG1x register

de. L '
mode 8. Ifusing interrupts, ensure that the GIE and PEIE
If two words are written to the TXREG1 and then the bits in the INTCON register (INTCON<7:6>) are
SLEEP instruction is executed, the following will occur: set.

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG1
register.

¢) Flag bit TX1IF will not be set.

d) When the first word has been shifted out of TSR,
the TXREGL1 register will transfer the second
word to the TSR and flag bit TX1IF will now be set.

e) If enable bit TX1IE is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

TABLE 17-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCP1IE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
TXREG1 EUSART Transmit Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONL1 | ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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17.4.2 EUSART SYNCHRONOUS SLAVE

RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of Sleep or any
Idle mode and bit SREN, which is a “don’t care” in
Slave mode.

If receive is enabled by setting the CREN bit prior to
entering Sleep or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREGL1 register; if the RC1IE enable bit is set, the

To set up a Synchronous Slave Reception:

1.

a bk wn

Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, set enable bit RC1IE.
If 9-bit reception is desired, set bit RX9.
To enable reception, set enable bit CREN.

Flag bit RC1IF will be set when reception is
complete. An interrupt will be generated if
enable bit RC1IE was set.

Read the RCSTAL register to get the 9th bit (if

interrupt generated will wake the chip from the
low-power mode. If the global interrupt is enabled, the
program will branch to the interrupt vector.

enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREGL register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 17-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF | CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE | CCPlIE | TMR2IE | TMR1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP | CCP1IP | TMR2IP | TMR1IP 59
RCSTA1L SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 59
RCREG1 EUSART Receive Register 59
TXSTAL CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 59
BAUDCONL1 | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 60
SPBRGH1 |Baud Rate Generator Register High Byte 60
SPBRG1 Baud Rate Generator Register Low Byte 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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NOTES:
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18.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (AUSART)

The Addressable Universal Synchronous Asynchro-
nous Receiver Transmitter (AUSART) module is very
similar in function to the Enhanced USART module,
discussed in the previous chapter. It is provided as an
additional channel for serial communication with
external devices, for those situations that do not require
auto-baud detection or LIN bus support.

The AUSART can be configured in the following
modes:

» Asynchronous (full-duplex)

« Synchronous — Master (half-duplex)

« Synchronous — Slave (half-duplex)

The pins of the AUSART module are multiplexed with

the functions of PORTG (RG1/TX2/CK2 and

RG2/RX2/DT2, respectively). In order to configure

these pins as an AUSART:

 bit SPEN (RCSTA2<7>) must be set (= 1)

¢ bit TRISG<2> must be set (= 1)

 bit TRISG<1> must be cleared (= 0) for Asynchro-
nous and Synchronous Master modes

 bit TRISG<1> must be set (= 1) for Synchronous
Slave mode

Note: The USART control will automatically
reconfigure the pin from input to output as

needed.

The operation of the Addressable USART module is
controlled through two registers, TXSTA2 and
RXSTA2. These are detailed in Register 18-1 and
Register 18-2 respectively.

© 2004 Microchip Technology Inc.
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REGISTER 18-1:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

TXSTA2: AUSART TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 uU-0

R/W-0 R-1 R/W-0

CSRC TX9 TXEN® | SYNC —

BRGH TRMT TX9D

bit 7

CSRC: Clock Source Select bit

Asynchronous mode:
Don't care.

Synchronous mode:

1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)

TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit(1)

1 = Transmit enabled
0 = Transmit disabled

Note 1: SREN/CREN overrides TXEN in Sync mode.

SYNC: AUSART Mode Select bit

1 = Synchronous mode
0 = Asynchronous mode

Unimplemented: Read as ‘0’

BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode.

TRMT: Transmit Shift Register Status bit
1= TSR empty

0 = TSR full

TX9D: 9th bit of Transmit Data

Can be address/data bit or a parity bit.

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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REGISTER 18-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA2: AUSART RECEIVE STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit O

SPEN: Serial Port Enable bit

1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Serial port disabled (held in Reset)

RX9: 9-bit Receive Enable bit

1 = Selects 9-bit reception

0 = Selects 8-bit reception

SREN: Single Receive Enable bit

Asynchronous mode:

Don't care.

Synchronous mode — Master:

1 = Enables single receive

0 = Disables single receive

This bit is cleared after reception is complete.

Synchronous mode — Slave:

Don't care.

CREN: Continuous Receive Enable bit

Asynchronous mode:

1 = Enables receiver

0 = Disables receiver

Synchronous mode:

1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)

0 = Disables continuous receive

ADDEN: Address Detect Enable bit

Asynchronous mode 9-bit (RX9 =1):

1 = Enables address detection, enables interrupt and loads the receive buffer when RSR<8>
is set

0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit

Asynchronous mode 9-bit (RX9 = 0):

Don't care.

FERR: Framing Error bit

1 = Framing error (can be updated by reading RCREG register and receiving next valid byte)

0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of Received Data

This can be address/data bit or a parity bit and must be calculated by user firmware.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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18.1 AUSART Baud Rate Generator
(BRG)

The BRG is a dedicated 8-bit generator that supports
both the Asynchronous and Synchronous modes of the
AUSART.

The SPBRG2 register controls the period of a free
running timer. In Asynchronous mode, bit BRGH
(TXSTA<2>) also controls the baud rate. In Synchro-
nous mode, BRGH is ignored. Table 18-1 shows the
formula for computation of the baud rate for different
AUSART modes, which only apply in Master mode
(internally generated clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG2 register can be calcu-
lated using the formulas in Table 18-1. From this, the
error in baud rate can be determined. An example
calculation is shown in Example 18-1. Typical baud
rates and error values for the various Asynchronous
modes are shown in Table 18-2. It may be advanta-
geous to use the high baud rate (BRGH = 1) to reduce
the baud rate error, or achieve a slow baud rate for a
fast oscillator frequency.

TABLE 18-1: BAUD RATE FORMULAS

Writing a new value to the SPBRG2 register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before outputting
the new baud rate.

18.1.1 OPERATION IN POWER MANAGED
MODES

The device clock is used to generate the desired baud
rate. When one of the power managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRG2 register.

18.1.2 SAMPLING

The data on the RX2 pin is sampled three times by a
majority detect circuit to determine if a high or a low
level is present at the RX2 pin.

Configuration Bits
BRG/AUSART Mode Baud Rate Formula
SYNC BRGH
0 0 Asynchronous Fosc/[64 (n + 1)]
0 1 Asynchronous Fosc/[16 (n + 1)]
1 X Synchronous Fosc/[4 (n + 1)]

Legend: x =Don't care, n = Value of SPBRG2 register

EXAMPLE 18-1: CALCULATING BAUD RATE ERROR

Desired Baud Rate
Solving for SPBRG2:
X

Fosc/(64 ([SPBRGZ] + 1))

((16000000/9600)/64) — 1
[25.042] = 25
16000000/(64 (25 + 1))
9615

Calculated Baud Rate

Error

(9615 — 9600)/9600 = 0.16%

For adevice with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, BRGH = 0:

((Fosc/Desired Baud Rate)/64) — 1

(Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate

TABLE 18-2: REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 |Valueson
Page
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 60
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
SPBRG2 Baud Rate Generator Register 60

Legend: Shaded cells are not used by the BRG.
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TABLE 18-3: BAUD RATES FOR ASYNCHRONOUS MODES
BRGH =0
Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
BAUD | Actual % SPBRG | Actual o SPBRG | Actual 0 SPBRG | Actual o SPBRG
e I e I I G
0.3 — — — — — — — — — — — —
1.2 — — — 1.221 1.73 255 1.202 0.16 129 1201 -0.16 103
2.4 2.441 1.73 255 2.404 0.16 129 2.404 0.16 64 2403 -0.16 51
9.6 9.615 0.16 64 9.766 1.73 31 9.766 1.73 15 9615 -0.16 12
19.2 19.531 1.73 31 19.531 1.73 15 19.531 1.73 — — —
57.6 56.818 -1.36 10 62.500 8.51 52.083  -9.58 — — —
115.2 |125.000 8.51 4 104.167 -9.58 2 78.125 -32.18 — — —
BRGH =0
Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
BAUD | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
RATE Rate Error value Rate Error value Rate Error value
(K) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0.300 0.16 207 300 -0.16 103 300 -0.16 51
1.2 1.202 0.16 51 1201 -0.16 25 1201 -0.16 12
2.4 2.404 0.16 25 2403 -0.16 12 — — —
9.6 8.929 -6.99 6 — — — — — —
19.2 20.833 8.51 2 — — — — — —
57.6 62.500 8.51 0 — — — — — —
115.2 | 62.500 -45.75 0 — — — — — —
BRGH=1
BR’/i?E Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — — — — — — —
1.2 — — — — — — — — — — — —
2.4 — — — — — — 2.441 1.73 255 2403 -0.16 207
9.6 9.766 1.73 255 9.615 0.16 129 9.615 0.16 64 9615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19230 -0.16 25
57.6 58.140 0.94 42 56.818  -1.36 21 56.818 -1.36 10 55555 3.55 8
115.2 | 113.636 -1.36 21 113.636 -1.36 10 125.000 851 4 — — —
BRGH=1
i’ZLT’E Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual % SPBRG | Actual o SPBRG
Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 — — — — — — 300 -0.16 207
1.2 1.202 0.16 207 1201 -0.16 103 1201 -0.16 51
2.4 2.404 0.16 103 2403 -0.16 51 2403 -0.16 25
9.6 9.615 0.16 25 9615 -0.16 12 — — —
19.2 19.231 0.16 12 — — — — — —
57.6 62.500 8.51 — — — — — —
115.2 |125.000 8.51 1 — — — — — —
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18.2 AUSART Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTA2<4>). In this mode, the
AUSART uses standard Non-Return-to-Zero (NRZ) for-
mat (one Start bit, eight or nine data bits and one Stop
bit). The most common data format is 8 bits. An on-chip
dedicated 8-bit Baud Rate Generator can be used to
derive standard baud rate frequencies from the
oscillator.

The AUSART transmits and receives the LSb first. The
AUSART’s transmitter and receiver are functionally
independent but use the same data format and baud
rate. The Baud Rate Generator produces a clock,
either x16 or x64 of the bit shift rate, depending on the
BRGH bit (TXSTA2<2>). Parity is not supported by the
hardware but can be implemented in software and
stored as the 9th data bit.

When operating in Asynchronous mode, the AUSART
module consists of the following important elements:

* Baud Rate Generator

e Sampling Circuit

e Asynchronous Transmitter
e Asynchronous Receiver

18.2.1 AUSART ASYNCHRONOUS

TRANSMITTER

The AUSART transmitter block diagram is shown in
Figure 18-1. The heart of the transmitter is the Transmit
(Serial) Shift register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG2. The TXREG2 register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREG2 register (if available).

Once the TXREG2 register transfers the data to the
TSR register (occurs in one Tcy), the TXREG2 register
is empty and the TX2IF flag bit (PIR3<4>) is set. This

interrupt can be enabled or disabled by setting or
clearing the interrupt enable bit, TX2IE (PIE3<4>).
TX2IF will be set regardless of the state of TX2IE; it
cannot be cleared in software. TX2IF is also not
cleared immediately upon loading TXREG2, but
becomes valid in the second instruction cycle following
the load instruction. Polling TX2IF immediately
following a load of TXREG2 will return invalid results.

While TX2IF indicates the status of the TXREG2 regis-
ter, another bit, TRMT (TXSTA2<1>), shows the status
of the TSR register. TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit so the user has to poll this bit in order to
determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data

memory so it is not available to the user.

2: Flag bit TX2IF is set when enable bit
TXEN is set.

To set up an Asynchronous Transmission:

1. Initialize the SPBRG2 register for the appropriate
baud rate. Set or clear the BRGH bit, as required,
to achieve the desired baud rate.

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

3. Ifinterrupts are desired, set enable bit TX2IE.

4. If 9-bit transmission is desired, set transmit bit
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit TXEN,
which will also set bit TX2IF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Load data to the TXREG2 register (starts
transmission).

8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 18-1:

AUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG2 Register |

Pin Buffer
and Control
TX2 pin
|TRMT | | SPEN |

TX9

TX9D

Baud Rate Generator
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FIGURE 18-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG2 Il ¢
Word 1
BRG Output

| I 1 I 5 5_1 I ] [

(Shift Clock) — '

TX2 (pin) TN Startbit < Bito_ > bit1 X S o8B sopbit

) Word 1 . '
TX2IF bit : '
(Transmit Buffer - <1Tcy C ,
Reg. Empty Flag) |_| BP) ;
. Wordl — !
(Tran-srnﬁi'\t/ghbig Transmit Shift Reg !
Reg. Empty Flag) —| cc
JJ
FIGURE 18-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG2 1 1 Id=
Word 1 Word 2 )
BRG Output X ;
(Shift Clock) — L [ ' ' 3¢ ' '
TX2 (pin) T NStarthit <Bit0 X biti X (¢ X bit7/8 stopbit \Statbit < hito
Tx2Fbit ___1TCY = = | . word 1 : Word 2
(Interrupt Reg. Flag) T|_| L cC
- = 1Tcy )
Word1l —— —
TRMT bit Transmit Shift Reg. \p:ggdsriit Shift Reg.

(Transmit Shift
Reg. Empty Flag)

N
“n

Note: This timing diagram shows two consecutive transmissions.

TABLE 18-4: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
TXREG2 AUSART Transmit Register 60
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 60
SPBRG2 Baud Rate Generator Register 60
Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
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18.2.2 AUSART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 18-4.
The data is received on the RX2 pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,

whereas the main receive serial shifter operates at the 1
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.
To set up an Asynchronous Reception: 2.
1. Initialize the SPBRG2 register for the appropriate

baud rate. Set or clear the BRGH bit, as required, 3.

to achieve the desired baud rate.
2. Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN. 4.
3. Ifinterrupts are desired, set enable bit RC2IE. 5.
4. If 9-bit reception is desired, set bit RX9. 6.
5. Enable the reception by setting bit CREN. 7.
6. Flag bit RC2IF will be set when reception is

complete and an interrupt will be generated if

enable bit RC2IE was set. 8.
7. Read the RCSTA2 register to get the 9th bit (if

enabled) and determine if any error occurred

during reception. 9.
8. Read the 8-bit received data by reading the

RCREG?2 register. 10.
9. If any error occurred, clear the error by clearing 11.

enable bit CREN.
10. If using interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are

set.
FIGURE 18-4: AUSART RECEIVE BLOCK DIAGRAM

18.2.3 SETTING UP 9-BIT MODE WITH

ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

Initialize the SPBRG2 register for the appropriate
baud rate. Set or clear the BRGH and BRG16
bits, as required, to achieve the desired baud
rate.

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If interrupts are required, set the RCEN bit and
select the desired priority level with the RC2IP
bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.
Enable reception by setting the CREN bit.

The RC2IF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RC2IE and GIE bits are set.

Read the RCSTA2 register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

Read RCREG2 to determine if the device is
being addressed.

If any error occurred, clear the CREN bit.

If the device has been addressed, clear the
ADDEN bhit to allow all received data into the
receive buffer and interrupt the CPU.

CREN

x64 Baud Rate CLK

! +64
SPBRG2 ; or
! +16

Baud Rate Generator +4

Pin Buffer Data
and Control Recovery

RX2
SPEN

Interrupt

7 LI Y 1 0 Start

RX9D RCREG2 Regjister
FIFO
8
e
RC2IF Data Bus
RC2IE
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FIGURE 18-5: ASYNCHRONOUS RECEPTION
. Start Start Start
RX2 p " N " A . N H N
o0 A\ e e ST g\ (o S\ WS N S
Rev Shift Reg C M C n (C :
Rcv Buffer Reg ™ D) ) D) D) \
IT \éVgerElGZ \F/Qv((:)EiEZGZT I
Read R 5 :
ool « « (G
RCREG2 ; : ')
. C C '
RC2IF C .
(Interrupt Flag) pD) I )) ) !
OERR bit s S S [
CREN CC C C 3
D) ) JJ [

Note: This timing diagram shows three words appearing on the RX2 input. The RCREG2 (Receive Buffer) is read after the third word
causing the OERR (Overrun) bit to be set.

TABLE 18-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
RCREG2 AUSART Receive Register 60
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 60
SPBRG2 Baud Rate Generator Register 60

Legend: — =unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
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18.3 AUSART Synchronous Once the TXREG2 register transfers the data to the

Master Mode TSR register (occurs in one TcYCLE), the TXREG?2 is

empty and the TX2IF flag bit (PIR3<4>) is set. The

The Synchronous Master mode is entered by setting interrupt can be enabled or disabled by setting or clear-

the CSRC bit (TXSTA2<7>). In this mode, the data is ing the interrupt enable bit TX2IE (PIE3<4>). TX2IF is

transmitted in a half-duplex manner (i.e., transmission set regardless of the state of enable bit TX2IE; it cannot

and reception do not occur at the same time). When be cleared in software. It will reset only when new data
transmitting data, the reception is inhibited and vice is loaded into the TXREG2 register.

versa. Synchronous mode is entered by setting bit
SYNC (TXSTA2<4>). In addition, enable bit SPEN
(RCSTA2<7>) is set in order to configure the TX2 and
RX2 pins to CK2 (clock) and DT2 (data) lines,
respectively.

While flag bit TX2IF indicates the status of the TXREG2
register, another bit, TRMT (TXSTA2<1>), shows the
status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit so the user has to poll this bit in order to deter-

The Master mode indicates that the processor transmits mine if the TSR register is empty. The TSR is not

the master clock on the CK2 line. mapped in data memory so it is not available to the user.

18.3.1 AUSART SYNCHRONOUS MASTER To set up a Synchronous Master Transmission:
TRANSMISSION 1. [Initialize the SPBRG2 register for the appropriate

baud rate.

The AUSART transmitter block diagram is shown in )
2. Enable the synchronous master serial port by

Figure 18-1. The heart of the transmitter is the Transmit ) ’
(Serial) Shift register (TSR). The Shift register obtains setting bits SYNC, SPEN and CSRC.

its data from the Read/Write Transmit Buffer register, 3. [Ifinterrupts are desired, set enable bit TX2IE.
TXREG2. The TXREG2 register is loaded with data in 4. If 9-bit transmission is desired, set bit TX9.
software. The TSR register is not loaded until the last 5. Enable the transmission by setting bit TXEN.
bit has been trans_rr!itted from the previous_load. AS 6. If 9-bit transmission is selected, the ninth bit
soon as the last bit is transmitted, the TSR is loaded should be loaded in bit TX9D.

with new data from the TXREG2 (if available). 7. Start transmission by loading data to the

TXREG2 register.

8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

FIGURE 18-6: SYNCHRONOUS TRANSMISSION

Q1|Q2| Q3|Q4iQ1|Q2 |Q:«:|Q4EQ1|Q2|Q3|Q4EQ]1Q2 |Q3| Q4§Q1|Q2|Q3|Q4| |Q3|Q4i Q1|Q2|Q3|Q4!Q1|QZ|Q3|QA! Q1|Q2|Q3|Q4EQ1|Q2|Q3|Q4|Q1|Q2|Q3|Q4EQ1| Q2| Q3|Q4|
RX2/DT2 pin X ot X bt X btz X (§ X I bit7 X I bit0 X : bit1 X ><:S DC:I bit 7 :
. - . Word1 - Word 2 X -,
TX2ICK2 pin N e B o O o O o G B e B e, B, B { G e
Write to l_; X ] : (C : : E X ‘e E E
TXREGZ Reg Write Word 1: Write Word 2 ! 2 ' ' l ! R ' l
bi , . : : : : : (¢ . :
ar)%ll!;up? Flag) I L l . )( )( A X : JJ X !
TRMT bit : : : : % : : ! : cc : !
| T [ | JJ ! ' | : ) ' '
TXENbit Y ' ! : ! (¢ ! ' ! : g4 ! R
D) ; b)) :

Note: Sync Master mode, SPBRG2 = 0, continuous transmission of two 8-bit words.
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FIGURE 18-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)
RX2/DT2 pin X bito X pita X bit2 | Y X bite X bit7
TX2/CK2 pin /_\S g / \ / \ _
Write to :
TXREG2 Reg j ‘C .
; )) .
TX2IF bit : (¢ :
| )) :
TRMT bit 4| e
))
(¢
TXEN bit ))
TABLE 18-6: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
TXREG2 AUSART Transmit Register 60
TXSTA2 CSRC X9 TXEN SYNC — BRGH TRMT TX9D 60
SPBRG2 Baud Rate Generator Register 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
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18.3.2 AUSART SYNCHRONOUS 4. |Ifinterrupts are desired, set enable bit RC2IE.
MASTER RECEPTION 5. If 9-bit reception is desired, set bit RX9.

Once Synchronous mode is selected, reception is 6. If a single reception is required, set bit SREN.

enabled by setting either the Single Receive Enable bit, For continuous reception, set bit CREN.

SREN (RCSTA2<5>), or the Continuous Receive 7. Interrupt flag bit, RC2IF, will be set when

Enable bit, CREN (RCSTA2<4>). Data is sampled on reception is complete and an interrupt will be

the RX2 pin on the falling edge of the clock. generated if the enable bit RC2IE was set.

If enable bit SREN is set, only a single word is received. 8. Read the RCSTAZ register to get the 9th bit (if

If enable bit CREN is set, the reception is continuous enabled) and determine if any error occurred

until CREN is cleared. If both bits are set, then CREN during reception.

takes precedence. 9. Read the 8-bit received data by reading the

RCREG?2 register.
10. If any error occurred, clear the error by clearing
bit CREN.

11. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

To set up a Synchronous Master Reception:
1. Initialize the SPBRG2 register for the appropriate
baud rate.

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

3. Ensure bits CREN and SREN are clear.

FIGURE 18-8: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

efesfos]calezfosfod ol ersfos] ezl eslodfor ozlas]or|aleresforforloz aslot ez caledrleries|ederlezfeslelesfeziosler]

RX2/DT2 pin l tbito > ibits X Thitz > hit3 ‘bit4 > ihit5 "hit 6 L obit7 I

™X2CK2pin ___ |y S s I s IS s I e N s Y N

Write to ' ' ' . ' : : ' :

bit SREN [
SREN bit I Z l f Z I . : N

CREN bit ‘0’ . . I . . . : : : . ‘0,

RC2IF bit I Z ! Z l I : ! ! ]
(Interrupt) T T T ' ii
Read : ! \ ! \ : [ \ \ : :
RCREG2 ! L . : : :

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 18-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Reset

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Values

on Page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
RCREG2 |AUSART Receive Register 60
TXSTA2 | CSRC TX9 TXEN | syne | — BRGH | TRMT | Tx9D 60
SPBRG2 |Baud Rate Generator Register Low Byte 60

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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18.4 AUSART Synchronous Slave Mode To set up a Synchronous Slave Transmission:

Synchronous Slave mode is entered by clearing bit 1. Enable the synchronous slave serial port by
CSRC (TXSTA2<7>). This mode differs from the setting bits SYNC and SPEN and clearing bit
Synchronous Master mode in that the shift clock is CSRC.

supplied externally at the CK2 pin (instead of being Clear bits CREN and SREN.

supplied internally in Master mode). This allows the If interrupts are desired, set enable bit TX2IE.
device to transfer or receive data while in any If 9-bit transmission is desired, set bit TX9.

low-power mode. Enable the transmission by setting enable bit

18.4.1 AUSART SYNCHRONOUS TXEN_' . . .
SLAVE TRANSMIT 6. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

a bk wn

The operation of the Synchronous Master and Slave 7. Start transmission by loading data to the
modes are identical except in the case of the Sleep ' TXREG? register

de. L '
mode 8. Ifusing interrupts, ensure that the GIE and PEIE
If two words are written to the TXREG2 and then the bits in the INTCON register (INTCON<7:6>) are
SLEEP instruction is executed, the following will occur: set.

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG2
register.

c) Flag bit TX2IF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG2 register will transfer the second
word to the TSR and flag bit TX2IF will now be
set.

e) If enable bit TX2IE is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

TABLE 18-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Reset

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

on Page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
TXREG2 AUSART Transmit Register 60
TXSTA2 CSRC TX9 TXEN ‘ SYNC | — BRGH TRMT TX9D 60
SPBRG2 Baud Rate Generator Register Low Byte 60

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
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18.4.2 AUSART SYNCHRONOUS

SLAVE RECEPTION

The operation of the Synchronous Master and Slave
modes is identical except in the case of Sleep, or any
Idle mode and bit SREN, which is a “don’t care” in
Slave mode.

If receive is enabled by setting the CREN bit prior to
entering Sleep, or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREG?2 register; if the RC2IE enable bit is set, the
interrupt generated will wake the chip from low-power
mode. If the global interrupt is enabled, the program will
branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1.

a bk wn

Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, set enable bit RC2IE.

If 9-bit reception is desired, set bit RX9.

To enable reception, set enable bit CREN.

Flag bit RC2IF will be set when reception is
complete. An interrupt will be generated if
enable bit RC2IE was set.

Read the RCSTAZ2 register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

Read the 8-bit received data by reading the
RCREG?2 register.

If any error occurred, clear the error by clearing
bit CREN.

If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR3 — — RC2IF TX2IF — — — CCP3IF 59
PIE3 — — RC2IE TX2IE — — — CCP3IE 59
IPR3 — — RC2IP TX2IP — — — CCP3IP 59
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 60
RCREG2 AUSART Receive Register 60
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 60
SPBRG2 Baud Rate Generator Register Low Byte 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
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19.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has

12 inputs for the PIC18FX310/X410 devices. This

module allows conversion of an analog input signal to
a corresponding 10-bit digital number.

REGISTER 19-1: ADCONO REGISTER

The module has five registers:

« A/D Result High Register (ADRESH)

« A/D Result Low Register (ADRESL)

« A/D Control Register 0 (ADCONO)

« A/D Control Register 1 (ADCON1)

« A/D Control Register 2 (ADCONZ2)

The ADCONO register, shown in Register 19-1,
controls the operation of the A/D module. The
ADCONL1 register, shown in Register 19-2, configures
the functions of the port pins. The ADCONZ2 register,
shown in Register 19-3, configures the A/D clock
source, programmed acquisition time and justification.

U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHS3 CHS2 CHS1 CHSO GO/DONE | ADON
bit 7 bit 0

bit 7-6  Unimplemented: Read as ‘0’

bit 5-2 CHS3:CHSO0: Analog Channel Select bits

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)
0110 = Channel 6 (ANG6)
0111 = Channel 7 (AN7)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Unimplemented®
1101 = Unimplemented®
1110 = Unimplemented®
1111 = Unimplemented®

Note 1: Performing a conversion on unimplemented channels will return a floating input

measurement.

bit 1 GO/DONE: A/D Conversion Status bit

When ADON = 1:
1 = A/D conversion in progress
0= A/D Idle

bit 0 ADON: A/D On bit

1 = A/D converter module is enabled
0 = A/D converter module is disabled

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown

© 2004 Microchip Technology Inc.
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REGISTER 19-2: ADCON1 REGISTER

uU-0 u-0 R/W-0 R/W-0 R/W-q R/W-q R/W-q R/W-q
— — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5 VCFGL1: Voltage Reference Configuration bit (VREF- source):
1 = VREF- (AN2)
0 = AVss

bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source):
1 = VREF+ (AN3)
0 = AVDD

bit 3-0 PCFG3:PCFGO0: A/D Port Configuration Control bits:

perez | 21 S g 2 s e g |22 g 2g
PCFGO | < < < < < < < < < < < <

0000 A A A A A A A A A A A A
0001 A A A A A A A A A A A A
0010 A A A A A A A A A A A A
0011 A A A A A A A A A A A A
0100 D A A A A A A A A A A A
0101 D D A A A A A A A A A A
0110 D D D A A A A A A A A A
0111 D D D D A A A A A A A A
1000 D D D D D A A A A A A A
1001 D D D D D D A A A A A A
1010 D D D D D D D A A A A A
1011 D D D D D D D D A A A A
1100 D D D D D D D D D A A A
1101 D D D D D D D D D D A A
1110 D D D D D D D D D D D A
1111 D D D D D D D D D D D D

A = Analog input D = Digital /O

Legend:

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

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 19-3: ADCON2 REGISTER

RW-0 U-0 RW-0 RW-0 RW-O RWO RW-O0  RW-0

ADFM — | AcQm2 | AcQT1 | AcQTo | ADcs2 | ADcsi | ADCSO

bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’

bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits
111 =20 TAD
110 =16 TAD
101 =12 TAD
100 =8 TAD
011 =6 TAD
010 =4 TAD
001 =2TAD
000 =0 Tap®
bit 2-0 ADCS2:ADCSO0: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)(l)
110 = Fosc/64
101 = Fosc/16
100 = Fosc/4
011 = FRc (clock derived from A/D RC oscillator)(?)
010 = Fosc/32
001 = Fosc/8
000 = Fosc/2

Note 1: If the A/D FRrc clock source is selected, a delay of one Tcy (instruction cycle) is
added before the A/D clock starts. This allows the SLEEP instruction to be executed
before starting a conversion.

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(AVDD and AvVss), or the voltage level on the
RA3/AN3/VREF+ and RA2/AN2/VREF- pins.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To oper-
ate in Sleep, the A/D conversion clock must be derived
from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input or as a digital 1/0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH/ADRESL
registers, the GO/DONE bit (ADCONO register) is
cleared and the A/D Interrupt Flag bit, ADIF, is set. The
block diagram of the A/D module is shown in
Figure 19-1.

FIGURE 19-1: A/D BLOCK DIAGRAM
CHS3:CHSO0
_____ I R
| 1011 . AN11
| \L@ AN10
: \_ 1001 ! @ ANS
! 1000 '
. o N ANS8
: 0111 AN7
! \_ 0110 . @ ANG
I \_ 0101 . @ ANS
: 0100 - ANA
VAIN : © . EZ
10-bit (Input Voltage) : \%»—‘X AN3
Converter ' '
A/D : 0010 .
YU LR DA (P
! 0001 .
VCFGJI:\|/CFGO ' \O T EE AN1
"""" AVDD \o 0000 .
: . . ANO
r— — — | [ o &
VREF+ I L x1
| Reference :o/g T1x
| Voltage VREF- o ' 0x
L— — — 4 T —
AVsSs
Note 1. 1/O pins have diode protection to VDD and Vss.
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The value in the ADRESH:ADRESL registers is not 5.  Wait for A/D conversion to complete, by either:
modified for a Power-on Reset. The ADRESH:ADRESL « Polling for the GO/DONE bit to be cleared
registers will contain unknown data after a Power-on OR
Reset.
After the A/D module has been configured as desired, * Waiting for the A/D_ Interrupt
the selected channel must be acquired before the 6. Read A/D Resultregisters (ADRESH:ADRESL);
conversion is started. The analog input channels must clear bit ADIF, if required.
have their corresponding TRIS bits selected as an 7. For next conversion, go to step 1 or step 2, as
input. To determine acquisition time, see Section 19.1 required. The A/D conversion time per bit is
“A/D Acquisition Requirements”. After this acquisi- defined as TAD. A minimum wait of 3 TAD is
tion time has elapsed, the A/D conversion can be required before the next acquisition starts.
started. An acquisition time can be programmed to
occur between setting the GO/DONE bit and the actual FIGURE 19-2: A/D TRANSFER FUNCTION
start of the conversion.
The following steps should be followed to perform an 3EEh
A/D conversion: :
1. Configure the A/D module: 8FEh ,
« Configure analog pins, voltage reference and 3 : !
digital /O (ADCON1) 3 ! :
« Select A/D input channel (ADCONO) g : !
« Select A/D acquisition time (ADCONZ2) % 003h . : :
« Select A/D conversion clock (ADCON2) 2 st
e Turn on A/D module (ADCONO) ! : ! !
2. Configure A/D interrupt (if desired): 001h ! ' ; :
« Clear ADIF bit : : : : !
+ Set ADIE bit 000h : ' : : !
. [ I o'a Y a n R a n R a a I a0 m o Mo m
* Set GIE bit R R 9999
3. Wait the required acquisition time (if required). P T N é’ 8 5
4. Start conversion: - . g 7S
« Set GO/DONE bit (ADCONO register) Analog Input Voltage
FIGURE 19-3: ANALOG INPUT MODEL
VDD .
Sampling
Switch
________ VT=0.6V
! Rs ! ANX Rc<lk 'SS Rss '
! @ v CPIN i _ ILEAKAGE 1 CHOLD = 25 pF
! ' 5pF ‘ VT =06V +100 nA T P
= ¢ ] vss
Legend: CPIN = input capacitance
\a) = threshold voltage g&
ILEAKAGE l?;rli((i?sejﬁg(r:rt?;rﬁsat the pin due to Voo gg \
Ric = interconnect resistance 2V
SS = sampling switch
CHOLD = sample/hold capacitance (from DAC) 1 2 3 4
Rss = sampling switch resistance Sampling Switch (kQ)
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19.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 19-3. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHoOLD. The sampling
switch (Rss) impedance varies over the device voltage

To calculate the minimum acquisition time,
Equation 19-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 19-3 shows the calculation of the minimum
required acquisition time TacQ. This calculation is
based on the following application system
assumptions:

(VpD). The source impedance affects the offset voltage CHoOLD = 25pF
at the analog input (due to pin leakage current). The Rs = 25kQ
maximum recommended impedance for analog Conversion Error < 1/2LSb
sources is 2.5 kQ. After the analog input channel is VDD = 5V > Rss=2kQ
selected (changed), the channel must be sampled for Temperature = 85°C (system max.)
at least the minimum acquisition time before starting a
conversion.
Note:  When the conversion is started, the

holding capacitor is disconnected from the

input pin.
EQUATION 19-1: ACQUISITION TIME
TAcQ = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

= TAMP+ TcC + TCOFF

EQUATION 19-2: A/D MINIMUM CHARGING TIME
VHOLD =  (VREF— (VREF/2048)) « (1 — el TC/CHOLD(RIC + RsS + Rs))y
or
Tc = -(CHoLD)(RIC + Rss + Rs) In(1/2048)

EQUATION 19-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ =  TAMP+Tc+ TCOFF
TaMP = 0.2us
Tcorr = (Temp-—25°C)(0.02 us/°C)
(50°C — 25°C)(0.02 us/°C)
1.2us
Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.
Tc =  -(CHoLD)(RIC + Rss + Rs) In(1/2047) us
-(25 pF) (1 kQ + 2 kQ + 2.5 kQ) In(0.0004883) LS
5.03 us
TacQ = 02us+5us+12us
6.4 us
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19.2 Selecting and Configuring
Automatic Acquisition Time

The ADCON?2 register allows the user to select an
acquisition time that occurs each time the GO/DONE
bit is set.

When the GO/DONE bit is set, sampling is stopped and
a conversion begins. The user is responsible for ensur-
ing the required acquisition time has passed between
selecting the desired input channel and setting the
GO/DONE bit. This occurs when the ACQT2:ACQTO
bits (ADCON2<5:3>) remain in their Reset state (‘000’)
and is compatible with devices that do not offer
programmable acquisition times.

If desired, the ACQT bits can be set to select a
programmable acquisition time for the A/D module.
When the GO/DONE bit is set, the A/D module contin-
ues to sample the input for the selected acquisition
time, then automatically begins a conversion. Since the
acquisition time is programmed, there may be no need
to wait for an acquisition time between selecting a
channel and setting the GO/DONE bit.

In either case, when the conversion is completed, the
GO/DONE bit is cleared, the ADIF flag is set and the
A/D begins sampling the currently selected channel
again. If an acquisition time is programmed, there is
nothing to indicate if the acquisition time has ended, or
if the conversion has begun.

19.3 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 11 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

e 2 Tosc

e 4 Tosc

e 8 Tosc

» 16 Tosc

» 32 Tosc

» 64 Tosc

« Internal RC Oscillator

For correct A/D conversions, the A/D conversion clock
(TAD) must be as short as possible, but greater than the
minimum TAD (approximately 2 us, see parameter 130
for more information).

Table 19-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

TABLE 19-1: TaAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCS0 PIC18F6X10/8X10 PIC18LF6X10/8X10¢)
2 Tosc 000 1.25 MHz 666 kHz
4 Tosc 100 2.50 MHz 1.33 MHz
8 Tosc 001 5.00 MHz 2.66 MHz
16 Tosc 101 10.0 MHz 5.33 MHz
32 Tosc 010 20.0 MHz 10.65 MHz
64 Tosc 110 40.0 MHz 21.33 MHz
RC® x11 1.00 MHz® 1.00 MHz®

Note 1. The RC source has a typical TAD time of 4 us.
2. The RC source has a typical TAD time of 6 us.

3: For device frequencies above 1 MHz, the device must be in Sleep for the entire conversion or the A/D

accuracy may be out of specification.
4:  Low-power (PIC18LFXXXX) devices only.
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19.4 Operation in Power Managed
Modes

The selection of the automatic acquisition time and A/D
conversion clock is determined in part by the clock
source and frequency while in a power managed mode.

If the A/D is expected to operate while the device is in
a power managed mode, the ACQT2:ACQTO and
ADCS2:ADCSO bits in ADCON2 should be updated in
accordance with the power managed mode clock that
will be used. After the power managed mode is
entered, an A/D acquisition or conversion may be
started. Once an acquisition or conversion is started,
the device should continue to be clocked by the same
power managed mode clock source until the conver-
sion has been completed. If desired, the device may be
placed into the corresponding Power Managed Idle
mode during the conversion.

If the power managed mode clock frequency is less
than 1 MHz, the A/D RC clock source should be
selected.

Operation in the Sleep mode requires the A/D FRC
clock to be selected. If bits ACQT2:ACQTO are set to
‘000’ and a conversion is started, the conversion will be
delayed one instruction cycle to allow execution of the
SLEEP instruction and entry to Sleep mode. The IDLEN
and SCS bhits in the OSCCON register must have
already been cleared prior to starting the conversion.

19.5 Configuring Analog Port Pins

The ADCON1, TRISA and TRISF registers all
configure the A/D port pins. The port pins needed as
analog inputs must have their corresponding TRIS bits
set (input). If the TRIS bit is cleared (output), the digital
output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the Port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an
analog input. Analog levels on a digitally
configured input will be accurately
converted.

2: Analog levels on any pin defined as a
digital input may cause the digital input
buffer to consume current out of the
device’s specification limits.
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19.6 A/D Conversions

Figure 19-4 shows the operation of the A/D converter
after the GO bit has been set and the ACQT2:ACQTO
bits are cleared. A conversion is started after the follow-
ing instruction to allow entry into Sleep mode before the
conversion begins.

Figure 19-5 shows the operation of the A/D converter
after the GO bit has been set and the ACQT2:ACQTO
bits are set to ‘010’ and selecting a 4 TAD acquisition
time before the conversion starts.

Clearing the GO/DONE bit during a conversion will
abort the current conversion. The A/D Result register
pair will NOT be updated with the partially completed
A/D conversion sample. This means the
ADRESH:ADRESL registers will continue to contain
the value of the last completed conversion (or the last
value written to the ADRESH:ADRESL registers).

FIGURE 19-4:

After the A/D conversion is completed or aborted, a
2 Tab wait is required before the next acquisition can be
started. After this wait, acquisition on the selected
channel is automatically started.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

19.7 Discharge

The discharge phase is used to initialize the value of
the capacitor array. The array is discharged before
every sample. This feature helps to optimize the
unity-gain amplifier as the circuit always needs to
charge the capacitor array, rather than
charge/discharge based on previous measure values.

A/D CONVERSION Tab CYCLES (ACQT<2:0> = 000, TACQ = 0)

'I}'cv - TAD TAD1 TAD2 . TAD3 | TAD4  TADS TAD6 . TAD7 | TAD8 . TAD9 ,TADlOITADll TAD1

4 " b9 b8 b7 b6

Conversion starts

Holding capacitor is disconnected from analog input (typically 100 ns)

b4 b3 b2 bl b0 T

Discharge

Set GO hit
On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
FIGURE 19-5: A/D CONVERSION Tap CYCLES (ACQT<2:0> =010, TACQ =4 TAD)

TAD Cycles

~@— TACQT Cycles —>}<
1 2 3 4 |1 2 3 4

6 7 8 9 10 11 Tanl

(Holding capacitor continues
acquiring input)

A b9 b8 b7 b6 b5 b4 b3 b2 bl bO
~@— Automatic —>T T
Acquisition Conversion starts Discharge
Time (Holding capacitor is disconnected)
Set GO bit

On the following cycle:
ADRESH:ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
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19.8 Use of the CCP2 Trigger software overhead (moving ADRESH/ADRESL to the

] ] desired location). The appropriate analog input
An A/D conversion can be started by the “special event channel must be selected and the minimum acquisition
trigger” of the CCPZ_moduIe. This requires that the period is either timed by the user, or an appropriate
CCP2M3:CCP2MO  bits (CCP2CON<3:0>) be pro- Tacq time selected before the “special event trigger”
grammed as ‘1011’ and that the A/D module is enabled sets the GO/DONE bit (starts a conversion).

(ADON bhit is set). When the trigger occurs, the
GO/DONE bit will be set, starting the A/D acquisition
and conversion and the Timer1 (or Timer3) counter will
be reset to zero. Timerl (or Timer3) is reset to auto-
matically repeat the A/D acquisition period with minimal

If the A/D module is not enabled (ADON is cleared), the
“special event trigger” will be ignored by the A/D
module, but will still reset the Timerl (or Timer3)
counter.

TABLE 19-2: REGISTERS ASSOCIATED WITH A/D OPERATION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF 57
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF CCP1IF | TMR2IF | TMR1IF 59
PIE1 PSPIE ADIE RC1IE TX1IE SSPIE CCPlIE | TMR2IE | TMRI1IE 59
IPR1 PSPIP ADIP RC1IP TX1IP SSPIP CCP1IP | TMR2IP | TMR1IP 59
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 59
PIE2 OSCFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE 59
IPR2 OSCFIP CMIP — — BCLIP HLVDIP | TMR3IP | CCP2IP 59
ADRESH | A/D Result Register High Byte 58
ADRESL | A/D Result Register Low Byte 58
ADCONO — — CHS3 CHS2 CHS1 CHSO |GO/DONE| ADON 58
ADCON1 — — VCFG1 VCFGO PCFG3 | PCFG2 | PCFG1 PCFGO 58
ADCON2 ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSO0 58
PORTA RA7( RA6( RA5 RA4 RA3 RA2 RA1 RAO 60
TRISA TRISA7® | TRISA6(Y |PORTA Data Direction Register 60
PORTF Read PORTF pins, Write LATF Latch 60
TRISF PORTF Data Direction Register 60
LATF PORTF Output Data Latch 60

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.
Note 1: These pins may be configured as port pins depending on the oscillator mode selected.
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20.0 COMPARATOR MODULE

The analog comparator module contains two
comparators that can be configured in a variety of
ways. The inputs can be selected from the analog
inputs multiplexed with pins RF3 through RF6, as well
as the on-chip voltage reference (see Section 21.0
“Comparator Voltage Reference Module”). The digi-
tal outputs (normal or inverted) are available at the pin
level and can also be read through the control register.

REGISTER 20-1: CMCON REGISTER

R-0 R-0

R/W-0

The CMCON register (Register 20-1) selects the
comparator input and output configuration. Block
diagrams of the various comparator configurations are
shown in Figure 20-1.

R/W-0 R/W-0 R/W-1 R/W-1 R/W-1

C20UT | C10uT

C2INV

C1INV CIs CM2 CM1 CMO

bit 7

bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:
1 =C2 VIN+ > C2 VIN-
0 =C2 VIN+ < C2 VIN-
When C2INV =1:
1 =C2 VIN+ < C2 VIN-
0 =C2 VIN+ > C2 VIN-

bit 6 C1OUT: Comparator 1 Output bit

When C1INV = 0:
1 =C1VIN+ > C1l VIN-
0 =C1 VIN+ < C1 VIN-
When C1INV =1:
1 =C1VIN+ < C1lVIN-
0 =C1 VIN+ > C1 VIN-

bit 0

bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted
0 = C2 output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 output inverted
0 = C1 output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM2:CM0O =110:
1 = C1 VIN- connects to RF5/AN10
C2 VIN- connects to RF3/AN8
0 = C1 VIN- connects to RF6/AN11
C2 VIN- connects to RF4/AN9
bit 2-0 CM2:CMO0: Comparator Mode bits

Figure 20-1 shows the Comparator modes and the CM2:CMO bit settings.

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

W = Writable bit

‘1’ = Bit is set ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown
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20.1

There are eight modes of operation for the compara-
tors, shown in Figure 20-1. Bits CM2:CMO of the
CMCON register are used to select these modes. The
TRISF register controls the data direction of the
comparator pins for each mode. If the Comparator

Comparator Configuration

FIGURE 20-1:

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Section 26.0 “Electrical Characteristics”.

Note:

Comparator interrupts should be disabled
during a Comparator
otherwise, a false interrupt may occur.

mode change;

COMPARATOR I/O OPERATING MODES

Comparators Reset (POR Default Value)
CM2:CMO0 =000

RF6/AN1L A VIN- |
Off (Read as ‘0’
RFS/AN1O/A Vit | CL (Read as '0’)
CVREF
RF4/AN9 A VN~ | ©
Cc2 Off (Read as ‘'0’)
RF3/ANS _A VINY |

Comparators Off
CM2:CMO0 =111

RF6/AN11 _D VIN-
RF5/AN10/ D [ViN+
CVREF

RF4/AN9 D  lVIN-
RF3/AN8 D [Vin+

C1 Off (Read as ‘0’)

+

" c2 Off (Read as ‘0’)

Two Independent Comparators
CM2:CMO0 =010

Two Independent Comparators with Outputs

CM2:CM0O =011

RF6/AN1L A V- |7 REG/ANTL A V- [>
RF5/AN10/ A i+ |, C1 ciout RFS/AN10/ _A v+ |, Cl ciouT
CVREF CVREF
RF2/AN7/C1OUT*
RF4/AN9 A ViN- | © R -
C20UT RF4/AN9 i
RF3/ANg _A _ vin+ | C2
* RFIJANE A vis|, C2 c20UT
RF1/AN6/C20UT*
Two Common Reference Comparators Two Common Reference Comparators with Outputs
CM2:CMO0 =100 CM2:CMO =101
RF6/AN11 A VN | REG/ANLL vin-
RF5/AN1O/ A g Vit | CL ciout RFSANIO) A gvw+ | Cl c1ouT
CVREF CVREF
RF2/AN7/C1QUT*
RF4/ANg AL ViN- |
RF3/ANS _D VIN+ Cc2 Cc20uUT RF4/AN9 A VIN- [
T + RF3/ANS  p  |vie |, C2 c20UT
RF1/AN6/C20UT*

One Independent Comparator with Output
CM2:CMO = 001

RF6/AN11 A VIN- | ©

RFS5/AN10/ A vine |, C1 Cc10uUT

CVREF

RF2/AN7/C1OUT*

RF4/ANg 2 N |-

RF3/AN8 D [ ViN+ |, c2 Off (Read as ‘07)

Four Inputs Multiplexed to Two Comparators

CM2:CMO0 =110

A
RFG/ANIL =0 g5y N
A - =
RF5/AN10/ £o  CIS=1 | | c1ouT
CVREF +
RF4/AN9 A o
_CIs=0 VIN- |
A o =
RFS/AN8 £ CIS=1 | | c2 c20uUT
—+
CVREF

From VREF Module

A = Analog Input, port reads zeros always

D = Digital Input
* Setting the TRISF<2:1> bits will disable the comparator outputs by configuring the pins as inputs.

CIS (CMCON<3>) is the Comparator Input Switch
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20.2 Comparator Operation

A single comparator is shown in Figure 20-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 20-2 represent
the uncertainty, due to input offsets and response time.

20.3 Comparator Reference

Depending on the comparator operating mode, either
an external or internal voltage reference may be used.
The analog signal present at VIN- is compared to the
signal at VIN+ and the digital output of the comparator
is adjusted accordingly (Figure 20-2).

FIGURE 20-2: SINGLE COMPARATOR
VINtF |4
Output
VIN- — =

20.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same, or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD and can be applied to either
pin of the comparator(s).

20.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference from the com-
parator voltage reference module. This module is
described in more detail in Section 21.0 “Comparator
Voltage Reference Module”.

The internal reference is only available in the mode
where four inputs are multiplexed to two comparators
(CM2:CMO0 = 110). In this mode, the internal voltage
reference is applied to the VIN+ pin of both comparators.

20.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal ref-
erence is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (see Section 26.0
“Electrical Characteristics”).

20.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RF2 and RF1
I/0O pins. When enabled, multiplexors in the output path
of the RF2 and RF1 pins will switch and the output of
each pin will be the unsynchronized output of the
comparator. The uncertainty of each of the
comparators is related to the input offset voltage and
the response time given in the specifications.
Figure 20-3 shows the comparator output block
diagram.

The TRISF bits will still function as an output enable/
disable for the RF2 and RF1 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<5:4>).

Note 1: When reading the Port register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to

consume more current than is specified.

© 2004 Microchip Technology Inc.
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FIGURE 20-3:

COMPARATOR OUTPUT BLOCK DIAGRAM

To RF2 or

<
w
T
Port pins _
= } ] >
-]
=

RF1 pin

CxINV

D Q Bus
Data

Read CMCON —[>c

CMIF

bit
EN CL
From
other

Reset

Comparator

20.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2<6>) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it. Since it is also
possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

Both the CMIE bit (PIE2<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMIF bit will still be set if an interrupt
condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR

registers) interrupt flag may not get set.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.

20.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode, when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the
comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators (CM2:CMO0 = 111) before entering Sleep.
If the device wakes up from Sleep, the contents of the
CMCON register are not affected.

20.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the
Comparator Reset mode (CM2:CMO=000). This
ensures that all potential inputs are analog inputs.
Device current is minimized when analog inputs are
present at Reset time. The comparators are powered
down during the Reset interval.
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20.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 20-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this

range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 20-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT =0.6V RIC
. . AVAVAY P Comparator
l Input
ILEAKAGE
—‘— VT =0.6V +500 nA
—L vss
Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance
Rs = Source Impedance
VA = Analog Voltage
TABLE 20-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
CMCON Cc20uUT ciouT C2INV C1INV CIs CM2 CM1 CMO 59
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO 59
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 59
PIE2 OCSFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE 59
IPR2 OSCFIP CMIP — — BCLIP HLVDIP | TMR3IP | CCP2IP 59
PORTF Read PORTF pins, Write LATF Latch 60
LATF LATF Data Output Register 60
TRISF PORTF Data Direction Register 60
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the comparator module.
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21.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The comparator voltage reference is a 16-tap resistor
ladder network that provides a selectable reference
voltage. Although its primary purpose is to provide a
reference for the analog comparators, it may also be
used independently of them.

A block diagram is of the module shown in Figure 21-1.
The resistor ladder is segmented to provide two ranges
of CVREF values and has a power-down function to
conserve power when the reference is not being used.
The module’s supply reference can be provided from
either device VDD/VSS, or an external voltage
reference.

21.1 Configuring the Comparator
Voltage Reference

The voltage reference module is controlled through the
CVRCON register (Register 21-1). The Comparator
Voltage Reference provides two ranges of output volt-
age, each with 16 distinct levels. The range to be used

REGISTER 21-1: CVRCON REGISTER

is selected by the CVRR bit (CVRCON<5>). The
primary difference between the ranges is the size of the
steps selected by the CVREF selection bits
(CVR3:CVRO0), with one range offering finer resolution.
The equations used to calculate the output of the
Comparator Voltage Reference are as follows:

If CVRR = 1:
CVREF = ((CVR3:CVRO0)/24) x CVRSRC

If CVRR = 0:
CVREF = (CVDD x 1/4) + (((CVR3:CVR0)/32) x
CVRSRC)

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF- that are multiplexed with RA2 and RA3. The
voltage source is selected by the CVRSS bit
(CVRCON<4>).

The settling time of the comparator voltage reference
must be considered when changing the CVREF
output (see Table 26-3 in Section 26.0 “Electrical
Characteristics”).

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN |CVROEW| CVRR CVRSS CVR3 CVR2 CVR1 CVRO
bit 7 bit 0
bit 7 CVREN: Comparator Voltage Reference Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit(H)

1 = CVREF voltage level is also output on the RF5/AN10/CVREF pin
0 = CVREF voltage is disconnected from the RF5/AN10/CVREF pin

Note 1: CVROE overrides the TRISF<5> hit setting if enabled for output; RF5 must also be
configured as an input by setting TRISF<5> to ‘1.

bit 5 CVRR: Comparator VREF Range Selection bit

1 =0.00 CVRSRC to 0.75 CVRsSRC, with CVRSRC/24 step size
0 = 0.25 CVRSRC to 0.75 CVRsSRC, with CVRSRC/32 step size

bit 4 CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source, CVRSRC = (VREF+) — (VREF-)
0 = Comparator reference source, CVRSRC = VDD — VSS

bit 3-0
When CVRR = 1:

CVR3:CVRO: Comparator VRer Value Selection bits (0 < (CVR3:CVRO0) < 15)

CVREF = ((CVR3:CVRO0)/24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = (CVRsSRC/4) + ((CVR3:CVR0)/32) e (CVRSRC)

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2004 Microchip Technology Inc.
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FIGURE 21-1:

VOLTAGE REFERENCE BLOCK DIAGRAM
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21.2 Voltage Reference Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 21-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 26.0 “Electrical Characteristics”.

21.3 Operation During Sleep

When the device wakes up from Sleep through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in Sleep mode, the voltage
reference should be disabled.

21.4 Effects of a Reset

A device Reset disables the voltage reference by
clearing bit CVREN (CVRCON<7>). This Reset also
disconnects the reference from the RA2 pin by clearing
bit CVROE (CVRCON<6>) and selects the high-voltage
range by clearing bit CVRR (CVRCON<5>). The CVR
value select bits are also cleared.

21.5 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
TRISF<5> bit and the CVROE bit are both set.
Enabling the voltage reference output onto the RF5 pin,
with an input signal present, will increase current con-
sumption. Connecting RF5 as a digital output with
CVRSS enabled will also increase current
consumption.

The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage refer-
ence output for external connections to VREF.
Figure 21-2 shows an example buffering technique.
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FIGURE 21-2:

VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE

PIC18FXXXX

CVREF

Module

rRM

Voltage

Output

Impedance

-

Reference

Note 1: R s dependent upon the voltage reference configuration bits, CVRCON<3:0> and CVRCON<5>.

RF5

|
l

—— CVREF Output

TABLE 21-1: REGISTERS ASSOCIATED WITH THE COMPARATOR VOLTAGE REFERENCE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on Page
CVRCON CVREN | CVROE | CVRR | CVRSS CVR3 CVR2 CVR1 CVRO 59
CMCON C20UT | C1OUT | C2INV | CI1INV CIs CM2 CM1 CMO 59
TRISF PORTF Data Direction Register 60
Legend: Shaded cells are not used with the comparator voltage reference.
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22.0 HIGH/LOW-VOLTAGE
DETECT (HLVD)

PIC18F6310/6410/8310/8410 devices have a
High/Low-Voltage Detect module (HLVD). This is a
programmable circuit that allows the user to specify
both a device voltage trip point and the direction of
change from that point. If the device experiences an
excursion past the trip point in that direction, an inter-
rupt flag is set. If the interrupt is enabled, the program
execution will branch to the interrupt vector address
and the software can then respond to the interrupt.

The High/Low-Voltage Detect Control register
(Register 22-1) completely controls the operation of the
HLVD module. This allows the circuitry to be “turned
off” by the user under software control, which
minimizes the current consumption for the device.

The block diagram for the HLVD module is shown in
Figure 22-1.

REGISTER 22-1: HLVDCON: HIGH/LOW-VOLTAGE DETECT CONTROL REGISTER

R/W-0 u-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
VDIRMAG — IRVST | HLVDEN | HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO
bit 7 bit 0

bit 7 VDIRMAG: Voltage Direction Magnitude Select bit

1 = Event occurs when voltage equals or exceeds trip point (HLVDL3:HLDVLO)
0 = Event occurs when voltage equals or falls below trip point (HLVDL3:HLVDLO)

bit 6 Unimplemented: Read as ‘0’

bit 5 IRVST: Internal Reference Voltage Stable Flag bit
1 = Indicates that the voltage detect logic will generate the interrupt flag at the specified voltage

range

0 = Indicates that the voltage detect logic will not generate the interrupt flag at the specified
voltage range and the HLVD interrupt should not be enabled

bit 4 HLVDEN: High/Low-Voltage Detect Power Enable bit

1 = HLVD enabled
0 = HLVD disabled

bit3-0  HLVDL3:HLVDLO: Voltage Detection Limit bits
1111 = External analog input is used (input comes from the HLVDIN pin)

1110 = 4.41V-4.87V
1101 =4.11V-4.55V
1100 = 3.92V-4.34V
1011 =3.72V-4.12V
1010 = 3.53V-3.91V
1001 = 3.43V-3.79V
1000 = 3.24V-3.58V
0111 = 2.95V-3.26V
0110 = 2.75V-3.03V
0101 = 2.64V-2.92V
0100 = 2.43V-2.69V
0011 = 2.35V-2.59V
0010 = 2.16V-2.38V
0001 =1.96V-2.16V
0000 = Reserved

Note:  HLVDL3:HLVDLO modes that result in a trip point below the valid operating voltage

of the device are not tested.

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

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitis cleared X = Bit is unknown
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The module is enabled by setting the HLVDEN bit.
Each time that the HLVD module is enabled, the
circuitry requires some time to stabilize. The IRVST bit
is a read-only bit and is used to indicate when the circuit
is stable. The module can only generate an interrupt
after the circuit is stable and IRVST is set.

The VDIRMAG bit determines the overall operation of
the module. When VDIRMAG is cleared, the module
monitors for drops in VDD below a predetermined set
point. When the bit is set, the module monitors for rises
in VDD above the set point.

22.1

When the HLVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a high or low-voltage

Operation

event, depending on the configuration of the module.
When the supply voltage is equal to the trip point, the
voltage tapped off of the resistor array is equal to the
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal by setting the HLVDIF bit.

The trip point voltage is software programmable to any
one of 16 values. The trip point is selected by
programming the HLVDL3:HLVDLO bits
(HLVDCON<3:0>).

The HLVD module has an additional feature that allows
the user to supply the trip voltage to the module from
an external source. This mode is enabled when bits
HLVDL3:HLVDLO are set to ‘1111’. In this state, the
comparator input is multiplexed from the external input
pin, HLVDIN. This gives users flexibility because it
allows them to configure the High/Low-Voltage Detect
interrupt to occur at any voltage in the valid operating
range.

FIGURE 22-1: HLVD MODULE BLOCK DIAGRAM (WITH EXTERNAL INPUT)
Externally Generated
Trip Point- — — — — — — — - — - — - -
VDD | |
g/ | Vop HLVDL3:HLVDLO [ HLVDCON |
X} | T I Register |
HLVDIN Lo | i: HLVDEN VDIRMAG |
I I
I I
| < |
| . . X Set |
| E R HLVDIF |
I S " D I
[{e]
I - I
I I
§ I I
I I
I I
= I I
I I
I I
HLVDEN —
I 4| I
I = I
I I
| Internal Voltage |
| BOREN ——— Reference |
I I
Lo 1
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22.2 HLVD Setup

The following steps are needed to set up the HLVD
module:

1. Disable the module by clearing the HLVDEN bit
(HLVDCON<4>).

2. Write the value to the HLVDL3:HLVDLO bits that
selects the desired HLVD trip point.

3. Set the VDIRMAG bit to detect high voltage
(VDIRMAG = 1) or low voltage (VDIRMAG = 0).

4, Enable the HLVD module by setting the
HLVDEN bit.

5. Clear the HLVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

6. Enable the HLVD interrupt, if interrupts are
desired, by setting the HLVDIE and GIE bits
(PIE<2> and INTCON<7>). An interrupt will not
be generated until the IRVST bit is set.

22.3 Current Consumption

When the module is enabled, the HLVD comparator
and voltage divider are enabled and will consume static

Depending on the application, the HLVD module does
not need to be operating constantly. To decrease the
current requirements, the HLVD circuitry may only
need to be enabled for short periods where the voltage
is checked. After doing the check, the HLVD module
may be disabled.

22.4 HLVD Start-up Time

The internal reference voltage of the HLVD module,
specified in electrical specification parameter #D423,
may be used by other internal circuitry, such as the
Programmable Brown-out Reset. If the HLVD or other
circuits using the voltage reference are disabled to
lower the device’s current consumption, the reference
voltage circuit will require time to become stable before
a low or high-voltage condition can be reliably
detected. This start-up time, TIRVST, is an interval that
is independent of device clock speed. It is specified in
electrical specification parameter 36 (Table 26-12).

The HLVD interrupt flag is not enabled until TIRvST has
expired and a stable reference voltage is reached. For
this reason, brief excursions beyond the set point may

A | . h bled not be detected during this interval. Refer to
f:urrent. T e toFa curren.t consump.tllon,.w en enapleaq, Figure 22.2 or Figure 22.3.
is specified in electrical specification parameter
#D022B.
FIGURE 22-2: HIGH/LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 0)
CASE 1:
HLVDIF may not be set
VDD /
_______ \f _______V__________' VLVD
HLVDIF I )
———————————
Enable HLVD |
I
|
IRVST ~<— TIVRST —|
HLVDIF cleared in software
Internal Reference is stable
CASE 2:
VDD
—————————— \ —————————————/—————————————— VLVD
HLVDIF | A
Enable HLVD | |
| |
| 1
IRVST ~<— TIVRST |
Internal Reference is stable J
HLVDIF cleared in software
HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
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FIGURE 22-3: HIGH/LOW-VOLTAGE DETECT OPERATION (VDIRMAG = 1)
CASE 1:
HLVDIF may not be set
- Bj_—x ———————— ﬂ ——————————— VLVD
VDD |
|
HLVDIF |
A
Enable HLVD |
|
IRVST '« TIVRST —&]
HLVDIF cleared in software
Internal Reference is stable
CASE 2:
————————————————————————————————————— VLVD
VDD f \
HLVDIF | A
Enable HLVD | I
| |
'« TIVRST _.i
IRVST ;
Internal Reference is stable J
HLVDIF cleared in software
HLVDIF cleared in software,
HLVDIF remains set since HLVD condition still exists
22.5 Applications FIGURE 22-4: TYPICAL LOW-VOLTAGE

In many applications, the ability to detect a drop below
or rise above a particular threshold is desirable. For
example, the HLVD module could be periodically
enabled to detect USB attach or detach. This assumes
the device is powered by a lower voltage source than
the Universal Serial Bus when detached. An attach
would indicate a high-voltage detect from, for example,
3.3V to 5V (the voltage on USB) and vice versa for a
detach. This feature could save a design a few extra
components and an attach signal (input pin).

For general battery applications, Figure 22-4 shows a
possible voltage curve. Over time, the device voltage
decreases. When the device voltage reaches voltage
VA, the HLVD logic generates an interrupt at time TA.
The interrupt could cause the execution of an ISR,
which would allow the application to perform “house-
keeping tasks” and perform a controlled shutdown
before the device voltage exits the valid operating
range at TB. The HLVD thus would give the application
a time window, represented by the difference between
Ta and T, to safely exit.

DETECT APPLICATION

Voltage

Time

Legend: VA =HLVD trip point
VB = Minimum valid device
operating voltage
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22.6 Operation During Sleep 22.7 Effects of a Reset

When enabled, the HLVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the HLVDIF bit will be set and the device will
wake-up from Sleep. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

A device Reset forces all registers to their Reset state.
This forces the HLVD module to be turned off.

TABLE 22-1: REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT MODULE
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
HLVDCON | VDIRMAG — IRVST | HLVDEN | HLVDL3 | HLVDL2 | HLVDL1 | HLVDLO 58
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 57
PIR2 OSCFIF CMIF — — BCLIF HLVDIF | TMR3IF | CCP2IF 59
PIE2 OCSFIE CMIE — — BCLIE HLVDIE | TMR3IE | CCP2IE 59
IPR2 OSCFIP CMIP — — BCLIP HLVDIP | TMR3IP | CCP2IP 59
Legend: — =unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
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23.0 SPECIAL FEATURES OF THE
CPU

PIC18F6310/6410/8310/8410 devices include several
features intended to maximize reliability and minimize
cost through elimination of external components.
These are:
 Oscillator Selection
* Resets:
- Power-on Reset (POR)
- Power-up Timer (PWRT)
Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
 Interrupts
« Watchdog Timer (WDT)
« Fail-Safe Clock Monitor
e Two-Speed Start-up
» Code Protection
 ID Locations
* In-Circuit Serial Programming

The oscillator can be configured for the application
depending on frequency, power, accuracy and cost. All
of the options are discussed in detail in Section 2.0
“Oscillator Configurations”.

A complete discussion of device Resets and interrupts
is available in previous sections of this data sheet.

In addition to their Power-up and Oscillator Start-up Tim-
ers provided for Resets, PIC18F6310/6410/8310/8410
devices have a Watchdog Timer, which is either
permanently enabled via the configuration bits, or
software controlled (if configured as disabled).

The inclusion of an internal RC oscillator also provides
the additional benefits of a Fail-Safe Clock Monitor
(FSCM) and Two-Speed Start-up. FSCM provides for
background monitoring of the peripheral clock and
automatic switchover in the event of its failure.
Two-Speed Start-up enables code to be executed
almost immediately on start-up, while the primary clock
source completes its start-up delays.

All of these features are enabled and configured by
setting the appropriate configuration register bits.

23.1 Configuration Bits

The configuration bits can be programmed (read as
‘0"), or left unprogrammed (read as ‘1’), to select
various device configurations. These bits are mapped
starting at program memory location 300000h.

The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h-3FFFFFh),
which can only be accessed using table reads.

TABLE 23-1: CONFIGURATION BITS AND DEVICE IDs
Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed
Value

300001h |CONFIGIH | IESO | FCMEN = = FOSC3 | FOSC2 | FOSC1 | FOSCO | o00-- 0111
300002h |CONFIG2L = = = BORV1 | BORVO | BOREN1 | BORENO |PWRTEN| ---1 1111
300003h |CONFIG2H = = — | wWDTPS3 | WDTPS2 | WDTPS1 | WDTPSO | WDTEN | ---1 1111
300004h |CONFIG3L | WAIT BW = = = = PM1 PMO 11-- --11
300005h |CONFIG3H | MCLRE | — = = = LPTIO0SC| — CCP2MX | 1--- -0-1
300006h |CONFIG4AL | DEBUG | XINST = = = = = STVREN | 10-- --- 1
300008h |CONFIG5L = = = = = = = CP | - —- 1
30000Ch |CONFIG7L®D| — = = = = = = EBTR | ---- --- 1
3FFFFEh |DEVID1 DEV2 | DEV1 | DEVO | REV4 REV3 REV2 REV1 REVO 11gx xxxx®
3FFFFFh |DEVID2 DEV1O | DEV9 | DEV8 | DEV7 DEV6 DEV5 DEV4 DEV3 0000 qq1q®
Legend: x =unknown, u = unchanged, - = unimplemented, g = value depends on individual device.

Shaded cells are unimplemented, read as ‘0’.
Note 1:

Unimplemented in PIC18F6310/6410 devices; maintain this bit set.

2: See Register 23-9 for DEVID1 values. DEVID registers are read-only and cannot be programmed by the user.
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REGISTER 23-1: CONFIG1H: CONFIGURATIONREGISTER1HIGH (BYTE ADDRESS 300001h)

RP-O  RIP-0 U-0 U-0 RPO RP1 RP1  RP1
IESO | FCMEN — — | Foscs | Fosc2 | Fosci | Fosco |
bit 7 bit 0

bit 7 IESO: Internal/External Oscillator Switchover bit

1 = Oscillator Switchover mode enabled
0 = Oscillator Switchover mode disabled

bit 6 FCMEN: Fail-Safe Clock Monitor Enable bit

1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled
bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 FOSC3:FOSCO: Oscillator Selection bits
11xx = External RC oscillator, CLKO function on RA6
101x = External RC oscillator, CLKO function on RA6
1001 = Internal oscillator block, CLKO function on RA6, port function on RA7
1000 = Internal oscillator block, port function on RA6 and RA7
0111 = External RC oscillator, port function on RA6
0110 = HS oscillator, PLL enabled (clock frequency = 4 x FOSC1)
0101 = EC oscillator, port function on RA6
0100 = EC oscillator, CLKO function on RA6
0011 = External RC oscillator, CLKO function on RA6
0010 = HS oscillator
0001 = XT oscillator
0000 = LP oscillator

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-2: CONFIG2L: CONFIGURATION REGISTER2LOW (BYTE ADDRESS 300002h)

U0 U0 U0 RP1 RP1  RP1 RIP-1 RIP-1
| — | — | — | Borvi|Borvo|Boren1® | BoRENO®W |PWRTEN® |
bit 7 bit 0

bit 7-5 Unimplemented: Read as ‘0’
bit 4-3 BORV1:BORVO0: Brown-out Reset Voltage bits
11 = VBOR setto 2.1V
10 = VBOR set to 2.8V
01 = VBOR set to 4.3V
00 = VBOR set to 4.6V

bit2-1 BOREN1:BORENO Brown-out Reset Enable bits(?)

11 = Brown-out Reset enabled in hardware only (SBOREN is disabled)

10 = Brown-out Reset enabled in hardware only and disabled in Sleep mode
(SBOREN is disabled)

10 = Brown-out Reset enabled and controlled by software (SBOREN is enabled)

10 = Brown-out Reset disabled in hardware and software

bit 0 PWRTEN: Power-up Timer Enable bit()
1 = PWRT disabled
0 = PWRT enabled

Note 1: The Power-up Timer is decoupled from Brown-out Reset, allowing these features to
be independently controlled.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state

© 2004 Microchip Technology Inc. Preliminary DS39635A-page 273



PIC18F6310/6410/8310/8410

REGISTER 23-3: CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

U-0 U-0 U-0 RP1L RP1 RP1 RP1 RP1
— — — | woTPS3 | wDTPS2 | WDTPSL | WDTPSO | WDTEN |
bit 7 bit 0

bit 7-5 Unimplemented: Read as ‘0’
bit 4-1 WDTPS3:WDTPSO0: Watchdog Timer Postscale Select bits
1111 =1:32,768
1110 =1:16,384
1101 =1:8,192
1100 =1:4,096
1011 =1:2,048
1010 =1:1,024
1001 =1:512
1000 =1:256
0111 = 1:128
0110 = 1:64
0101 = 1:32
0100 = 1:16
0011 =1:8
0010 =1:4
0001 =1:2
0000 =1:1
bit 0 WDTEN: Watchdog Timer Enable bit

1 =WDT enabled
0 = WDT disabled (control is placed on the SWDTEN bit)

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-4:

bit 7

bit 6

bit 5-2
bit 1-0

REGISTER 23-5:

bit 7

bit 6-3
bit 2

bit 1
bit 0

CONFIG3L: CONFIGURATIONREGISTER3LOW (BYTEADDRESS 300004h)

RP-1  RIP-1 U-0 U-0 U-0 U-0 RP-L  RIP-1
WAIT BW — — | = | = PML | PMO |
bit 7 bit 0

WAIT: External Bus Data Wait Enable bit

1 = Wait selections unavailable, device will not wait
0 = Wait programmed by WAIT1 and WAITO bits of MEMCOM register (MEMCOM<5:4>)

BW: External Bus Data Width Select bit

1 = 16-bit External Bus Data Width

0 = 8-bit External Bus Data Width

Unimplemented: Read as ‘0’

PM1:PMO: Processor Data Memory Mode Select bits

11 = Microcontroller mode

10 = Microprocessor mode®

01 = Microcontroller with Boot Block mode(®
00 = Extended Microcontroller mode®

Note 1: This mode is available only on PIC18F8310/8410 devices.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value after erase ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown

CONFIG3H: CONFIGURATION REGISTER 3HIGH (BYTE ADDRESS 300005h)

RIP-1 U-0 U-0 U-0 U-0 RIP-0 U-0 RIP-1
MCLRE | — — — — |tpriosc| — | ccpamx |
bit 7 bit 0

MCLRE: MCLR Pin Enable bit

1 = MCLR pin enabled; RG5 input pin disabled

0 = RG5 input pin enabled; MCLR disabled
Unimplemented: Read as ‘0’

LPT10SC: Low-Power Timer 1 Oscillator Enable bit

1 = Timer1 configured for low-power operation

0 = Timerl configured for higher power operation
Unimplemented: Read as ‘0’

CCP2MX: CCP2 Mux bit

In Microcontroller Mode only (all devices):

1 = CCP2 input/output is multiplexed with RC1

0 = CCP2 input/output is multiplexed with RE7

In Microprocessor, Extended Microcontroller and Microcontroller with Boot Block Modes
(PIC18F8310/8410 devices only):

1 = CCP2 input/output is multiplexed with RC1

0 = CCP2 input/output is multiplexed with RB3

Legend:
R = Readable hit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-6: CONFIG4L: CONFIGURATION REGISTER4LOW (BYTE ADDRESS 300006h)

RP-L  RPO U0 U-0 u-0 u-0 U0 RIP-1
DEBUG | XINST — — | = | = — | sTvRen |
bit 7 bit 0

bit 7 DEBUG: Background Debugger Enable bit
1 = Background debugger disabled, RB6 and RB7 configured as general purpose 1/O pins
0 = Background debugger enabled, RB6 and RB7 are dedicated to In-Circuit Debug

bit 6 XINST: Extended Instruction Set Enable bit

1 = Instruction set extension and Indexed Addressing mode enabled
0 = Instruction set extension and Indexed Addressing mode disabled (Legacy mode)

bit5-1 Unimplemented: Read as ‘0’
bit 0 STVREN: Stack Full/Underflow Reset Enable bit

1 = Stack full/lunderflow will cause Reset
0 = Stack full/underflow will not cause Reset

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-7: CONFIG5L: CONFIGURATION REGISTER5LOW (BYTE ADDRESS 300008h)
U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/C-1

- T =T =T -1 =-T-=-T<=T7c
bit 7 bit 0

bit 7-1  Unimplemented: Read as ‘0’
bit 0 CP: Code Protection bit

1 = Program memory block not code-protected
0 = Program memory block code-protected

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-8: CONFIG7L: CONFIGURATIONREGISTER 7LOW (BYTE ADDRESS 30000Ch)™®

U-0 U-0 U-0 U-0 u-0 U-0 u-0 R/C-1
— — — — | = ] = — | EBTR® |
bit 7 bit 0

bit 7-1  Unimplemented: Read as ‘0’
bit0  EBTR: Table Read Protection bit(?
1= Internal program memory block not protected from table reads executed from external
memory block

0= Internal program memory block protected from table reads executed from external memory
block

Note 1: Unimplemented on PIC18F6310/6410 devices; maintain the bit set.

2: Valid for the entire internal program memory block in Extended Microcontroller mode
and for only the boot block (0000h to 07FFh) in Microcontroller with Boot Block
mode. This bit has no effect in Microcontroller and Microprocessor modes.

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-9: DEVICE ID REGISTER 1 FOR PIC18F6310/6410/8310/8410 DEVICES
R R R R R R R R
DEV2 DEV1 DEVO REV4 REV3 REV2 REV1 REVO
bit 7 bit 0

bit 7-5 DEV2:DEVO0: Device ID bits
110 = PIC18F8310, PIC18F8410
111 = PIC18F6310, PIC18F6410
Note:  These values for DEV2:DEVO may be shared with other devices. The specific
device is always identified by using the entire DEV10:DEVO bit sequence.
bit 4-0 REV4:REVO0: Revision ID bits
These bits are used to indicate the device revision.

Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-10: DEVICE ID REGISTER 2 FOR PIC18F6310/6410/8310/8410 DEVICES
R R R R R R R R
DEV10 DEV9 DEVS8 DEV7 DEV6 DEV5 DEV4 DEV3
bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits
These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the
part number.
0000 0110 =PIC18F6410/8410 devices
0000 1011 =PIC18F6310/8310 devices

Note:  These values for DEV10:DEV3 may be shared with other devices. The specific
device is always identified by using the entire DEV10:DEVO bit sequence.

Legend:
R = Read-only bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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23.2 Watchdog Timer (WDT)

For PIC18F6310/6410/8310/8410 devices, the WDT is
driven by the INTRC source. When the WDT is
enabled, the clock source is also enabled. The nominal
WDT period is 4 ms and has the same stability as the
INTRC oscillator.

The 4 ms period of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a multiplexer, controlled by bits in Configu-
ration Register 2H. Available periods range from 4 ms
to 131.072 seconds (2.18 minutes). The WDT and
postscaler are cleared when any of the following events
occur: a SLEEP or CLRWDT instruction is executed, the
IRCF bits (OSCCON<6:4>) are changed or a clock
failure has occurred.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and postscaler counts
when executed.

2: Changing the setting of the IRCF bits
(OSCCON<6:4>) clears the WDT and
postscaler counts.

3: When a CLRWDT instruction is executed
the postscaler count will be cleared.

23.2.1 CONTROL REGISTER

Register 23-11 shows the WDTCON register. This is a
readable and writable register, which contains a control
bit that allows software to override the WDT enable
configuration bit, but only if the configuration bit has
disabled the WDT.

FIGURE 23-1: WDT BLOCK DIAGRAM
SWDTEN Enable WDT
WDTEN INTRC Control

WDT Counter

INTRC Source

Change on IRCF bits

Wake-up
iD_> from Power

Managed Modes

Y

1:1to0 1:32,768

All Device Resets

WDTPS<3:0>

_|—T\ _ | Programmable Postscaler | Reset "‘D—» WDT
CLRWDT_I_/_/ > 9 Reset

? WDT

Sleep
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REGISTER 23-11: WDTCON: WATCHDOG TIMER CONTROL REGISTER

u-0 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0 R/W-0
— — — — — — — SWDTEN
bit 7 bit 0
bit 7-1 Unimplemented: Read as ‘0’
bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit
1 = Watchdog Timer is on
0 = Watchdog Timer is off
Note:  This bit has no effect if the configuration bit WDTEN is enabled.
Legend:
R = Readable bit W = Writable bit
U = Unimplemented bit, read as ‘0’ -n = Value at POR
TABLE 23-2: SUMMARY OF WATCHDOG TIMER REGISTERS
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page
RCON IPEN | SBOREN — RI TO PD POR BOR 58
WDTCON — — — — — — — SWDTEN 58
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Watchdog Timer.
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23.3 Two-Speed Start-up

The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTRC
oscillator as a clock source until the primary clock
source is available. It is enabled by setting the IESO
configuration bit.

Two-Speed Start-up should be enabled only if the
primary oscillator mode is LP, XT, HS or HSPLL
(Crystal-based modes). Other sources do not require a
OST start-up delay; for these, Two-Speed Start-up
should be disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the inter-
nal oscillator block as the clock source, following the
time-out of the Power-up Timer after a Power-on Reset
is enabled. This allows almost immediate code
execution while the primary oscillator starts and the
OST is running. Once the OST times out, the device
automatically switches to PRI_RUN mode.

Because the OSCCON register is cleared on Reset
events, the INTOSC (or postscaler) clock source is not
initially available after a Reset event; the INTRC clock
is used directly at its base frequency. To use a higher
clock speed on wake-up, the INTOSC or postscaler
clock sources can be selected to provide a higher clock
speed by setting bits, IFRC2:IFRCO, immediately after

Reset. For wake-ups from Sleep, the INTOSC or
postscaler clock sources can be selected by setting the
IFRC2:IFRCO bits prior to entering Sleep mode.

In all other power managed modes, Two-Speed Start-up
is not used. The device will be clocked by the currently
selected clock source until the primary clock source
becomes available. The setting of the IESO bit is
ignored.

23.3.1 SPECIAL CONSIDERATIONS FOR

USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed
Start-up, the device still obeys the normal command
sequences for entering power managed modes,
including serial SLEEP instructions (refer to
Section 3.1.2 “Entering Power Managed Modes”).
In practice, this means that user code can change
the SCS1:SCSO bit settings or issue SLEEP
instructions before the OST times out. This would
allow an application to briefly wake-up, perform
routine “housekeeping” tasks and return to Sleep
before the device starts to operate from the primary
oscillator.

User code can also check if the primary clock source is
currently providing the device clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the clock. Otherwise,
the internal oscillator block is providing the clock during
wake-up from Reset or Sleep mode.

FIGURE 23-2: TIMING TRANSITION FOR TWO-SPEED START-UP (INTOSC TO HSPLL)
X QL | @ | Q@ . Q@ ; Ql--------- - »Q2/Q3]Q4| Q1| Q2| Q3
INTOSC ./ —\ , f : : N s
Mu]tip]exer . : | ! X X W
X ~— Tost® —hI*TPLL(fE : N
PLLClock : : : \ oA 2oondone, e
Output , : ' . .\J—\_/_\_I/—\_/—\_S;_/_\J_\I_:/_\_/_\_{’_\_/—L/_\_(—\_[—\_
! . ' , X o Clock e
./_\'_/_\_/'/_\_V_\J—\ C Transiton Lt
CPU Clock : : | . ‘ : ./_\—/_\—/_\—‘/_\—:/_\—/_\—/_\—
Clock . T ' X ) | j i K . ' . .
Frogram ; PCf. X PC+2 X PC+4 Y_PC+6
Wake from Interrupt Event OSTS bit Set l
Note 1: TosT =1024 Tosc; TpLL = 2 ms (approx). These intervals are not shown to scale.
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23.4 Fail-Safe Clock Monitor

The Fail-Safe Clock Monitor (FSCM) allows the
microcontroller to continue operation in the event of an
external oscillator failure by automatically switching the
device clock to the internal oscillator block. The FSCM
function is enabled by setting the FCMEN configuration
bit.

When FSCM is enabled, the INTRC oscillator runs at
all times to monitor clocks to peripherals and provide a
backup clock in the event of a clock failure. Clock
monitoring (shown in Figure 23-3) is accomplished by
creating a sample clock signal, which is the INTRC
output divided by 64. This allows ample time between
FSCM sample clocks for a peripheral clock edge to
occur. The peripheral device clock and the sample
clock are presented as inputs to the Clock Monitor latch
(CM). The CM is set on the falling edge of the device
clock source, but cleared on the rising edge of the
sample clock.

FIGURE 23-3: FSCM BLOCK DIAGRAM
Clock Monitor
Latch (CM)
(edge-triggered)
Peripheral o
Clock ™S Q
INTRC . o =
Source | 7] 64 g Q

(32 pus) 488 Hz
(2.048 ms)

Clock
Failure
Detected

Clock failure is tested for on the falling edge of the sam-
ple clock. If a sample clock falling edge occurs while
CM is still set, a clock failure has been detected
(Figure 23-4). This causes the following:

» the FSCM generates an oscillator fail interrupt by
setting bit, OSCFIF (PIR2<7>);

« the device clock source is switched to the internal
oscillator block (OSCCON is not updated to show
the current clock source — this is the Fail-Safe
condition); and

» the WDT is reset.

During switchover, the postscaler frequency from the
internal oscillator block may not be sufficiently stable for
timing sensitive applications. In these cases, it may be
desirable to select another clock configuration and enter
an alternate power managed mode. This can be done to
attempt a partial recovery or execute a controlled shut-
down. See Section 3.1.2 “Entering Power Managed
Modes” and Section 23.3.1 “Special Considerations
for Using Two-Speed Start-up” for more details.

To use a higher clock speed on wake-up, the INTOSC
or postscaler clock sources can be selected to provide
a higher clock speed by setting bits IFRC2:IFRCO
immediately after Reset. For wake-ups from Sleep, the
INTOSC or postscaler clock sources can be selected
by setting the IFRC2:IFRCO bits prior to entering Sleep
mode.

The FSCM will detect failures of the primary or second-
ary clock sources only. If the internal oscillator block
fails, no failure would be detected, nor would any action
be possible.

23.4.1 FSCM AND THE WATCHDOG TIMER

Both the FSCM and the WDT are clocked by the
INTRC oscillator. Since the WDT operates with a
separate divider and counter, disabling the WDT has
no effect on the operation of the INTRC oscillator when
the FSCM is enabled.

As already noted, the clock source is switched to the
INTOSC clock when a clock failure is detected.
Depending on the frequency selected by the
IRCF2:IRCFO bits, this may mean a substantial change
in the speed of code execution. If the WDT is enabled
with a small prescale value, a decrease in clock speed
allows a WDT time-out to occur and a subsequent
device Reset. For this reason, Fail-Safe Clock events
also reset the WDT and postscaler, allowing it to start
timing from when execution speed was changed and
decreasing the likelihood of an erroneous time-out.

23.4.2 EXITING FAIL-SAFE OPERATION

The Fail-Safe condition is terminated by either a device
Reset or by entering a power managed mode. On
Reset, the controller starts the primary clock source
specified in Configuration Register 1H (with any
required start-up delays that are required for the oscil-
lator mode, such as the OST or PLL timer). The
INTOSC multiplexer provides the device clock until the
primary clock source becomes ready (similar to a
Two-Speed Start-up). The clock source is then
switched to the primary clock (indicated by the OSTS
bit in the OSCCON register becoming set). The
Fail-Safe Clock Monitor then resumes monitoring the
peripheral clock.

The primary clock source may never become ready
during start-up. In this case, operation is clocked by the
INTOSC multiplexer. The OSCCON register will remain
in its Reset state until a power managed mode is
entered.

DS39635A-page 282

Preliminary

© 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

FIGURE 23-4: FSCM TIMING DIAGRAM
Sample Clock _I—I—l—‘—l—l—
Device X : : . Oscillator :
Clock ! : . # ! Failure :
Output : . . .

CM Output
Q@ %_1

! Failure '
I Detected r;—

example have been chosen for clarity.

OSCFIF X
CM Test CM Test
Note: The device clock is normally at a much higher frequency than the sample clock. The relative frequencies in this

CM Test

23.4.3 FSCM INTERRUPTS IN POWER

MANAGED MODES

By entering a power managed mode, the clock
multiplexer selects the clock source selected by the
OSCCON register. Fail-safe monitoring of the power
managed clock source resumes in the power managed
mode.

If an oscillator failure occurs during power managed
operation, the subsequent events depend on whether
or not the oscillator failure interrupt is enabled. If
enabled (OSCFIF = 1), code execution will be clocked
by the INTOSC multiplexer. An automatic transition
back to the failed clock source will not occur.

If the interrupt is disabled, the device will not exit the
power managed mode on oscillator failure. Instead, the
device will continue to operate as before, but clocked
by the INTOSC multiplexer. While in Idle mode, subse-
quent interrupts will cause the CPU to begin executing
instructions while being clocked by the INTOSC
multiplexer.

23.4.4 POR OR WAKE FROM SLEEP

The FSCM is designed to detect oscillator failure at any
point after the device has exited Power-on Reset
(POR) or low-power Sleep mode. When the primary
device clock is EC, RC or INTRC modes, monitoring
can begin immediately following these events.

For oscillator modes involving a crystal or resonator
(HS, HSPLL, LP or XT), the situation is somewhat
different. Since the oscillator may require a start-up
time considerably longer than the FCSM sample clock
time, a false clock failure may be detected. To prevent
this, the internal oscillator block is automatically config-
ured as the device clock and functions until the primary
clock is stable (the OST and PLL timers have timed
out). This is identical to Two-Speed Start-up mode.
Once the primary clock is stable, the INTRC returns to
its role as the FSCM source.

Note: The same logic that prevents false
oscillator failure interrupts on POR or
wake from Sleep, will also prevent the
detection of the oscillator’s failure to start
at all following these events. This can be
avoided by monitoring the OSTS bit and
using a timing routine to determine if the
oscillator is taking too long to start. Even

so, no oscillator failure interrupt will be

flagged.

As noted in Section 23.3.1 “Special Considerations
for Using Two-Speed Start-up”, it is also possible to
select another clock configuration and enter an
alternate power managed mode while waiting for the
primary clock to become stable. When the new
powered managed mode is selected, the primary clock
is disabled.
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23.5 Program Verification and
Code Protection

The overall structure of the code protection on the
PIC18F6310/6410/8310/8410 Flash devices differs
from previous PIC18 devices.

For all devices in the PIC18FX310/X410 family, the
user program memory is made of a single block.
Figure 23-5 shows the program memory organization
for individual devices. Code protection for this block is
controlled by a single bit, CP (CONFIG5L<0>). The CP
bit inhibits external reads and writes. It has no direct
effect in normal execution mode.

23.5.1 CODE PROTECTION FROM

EXTERNAL TABLE READS

The program memory may be read to any location
using the Table Read instructions. The device ID and
the configuration registers may be read with the table
read instructions.

For devices with the external memory interface, it is
possible to execute a Table Read from an external
program memory space and read the contents of the
on-chip memory. An additional code protection bit,

EBTR (CONFIG7L<0>), is used to protect the on-chip
program memory space from this possibility. Setting
EBTR prevents Table Read commands from executing
on any address in the on-chip program memory space.

EBTR is implemented only on devices with the external
memory interface. Its operation also depends on the
particular mode of operation selected. In Extended
Microcontroller mode, programming EBTR enables
protection from external table reads for the entire
program memory. In Microcontroller with Boot Block
mode, only the first 2 Kbytes of on-chip memory (000h
to 7FFh) are protected,; this is because only this range
of internal program memory is accessible by the
microcontroller in this operating mode.

When the device is in Micrcontroller or Microprocessor
modes, EBTR has no effect on code protection.

23.5.2 CONFIGURATION REGISTER

PROTECTION

The configuration registers can only be written via
ICSP using an external programmer. No separate
protection bit is associated with them.

FIGURE 23-5: CODE-PROTECTED PROGRAM MEMORY FOR PIC18F6310/6410/8310/8410
MEMORY SIZE/DEVICE
Block Code Protection
8 Kbytes Address 16 Kbytes Address Controlled By:
(PIC18F6310/8310) Range (PIC18F6410/8410) Range
Program memory | 000000h Program memory | 000000h CP EBTR
Block 001FFFh Block 003FFFh ’
002000h 004000h
Unimplemented Unimplemented
Read ‘0’s Read ‘0’s (Unimplemented Memory Space)
1FFFFFh 1FFFFFh
TABLE 23-3: SUMMARY OF CODE PROTECTION REGISTERS
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
300008h CONFIG5L — — — — — — — CP
30000Ch CONFIG7L* — — — — — — — EBTR

Legend: Shaded cells are unimplemented.

*  Unimplemented in PIC18F6310/8310 devices; maintain this bit set.
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23.6 ID Locations

Eight memory locations (200000h-200007h) are
designated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are readable during normal execution through
the TBLRD instruction; during program/verify, these
locations are readable and writable. The ID locations
can be read when the device is code-protected.

23.7 In-Circuit Serial Programming

PIC18F6310/6410/8310/8410 microcontrollers can be
serially programmed while in the end application circuit.
This is simply done with two lines for clock and data
and three other lines for power, ground and the
programming voltage. This allows customers to manu-
facture boards with unprogrammed devices and then
program the microcontroller just before shipping the
product. This also allows the most recent firmware or a
custom firmware to be programmed.

23.8 In-Circuit Debugger

When the DEBUG configuration bit is programmed to a
‘0", the In-Circuit Debugger functionality is enabled.
This function allows simple debugging functions when
used with MPLAB® IDE. When the microcontroller has
this feature enabled, some resources are not available
for general use. Table 23-4 shows which resources are
required by the background debugger.

TABLE 23-4: DEBUGGER RESOURCES

1/0 pins: RB6, RB7
Stack: 2 levels
Program Memory: 512 bytes
Data Memory: 10 bytes

To use the in-circuit debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VpPP, VDD, VSS,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

© 2004 Microchip Technology Inc.
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NOTES:
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24.0 INSTRUCTION SET SUMMARY

PIC18F6310/6410/8310/8410 devices incorporate the
standard set of 75 PIC18 core instructions, as well as
an extended set of 8 new instructions for the optimiza-
tion of code that is recursive or that utilizes a software
stack. The extended set is discussed later in this
section.

24.1 Standard Instruction Set

The standard PIC18 instruction set adds many
enhancements to the previous PICmicro® instruction
sets, while maintaining an easy migration from these
PICmicro instruction sets. Most instructions are a
single program memory word (16 bits), but there are
four instructions that require two program memory
locations.

Each single-word instruction is a 16-bit word divided
into an opcode, which specifies the instruction type and
one or more operands, which further specify the
operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

« Byte-oriented operations

« Bit-oriented operations

 Literal operations

« Control operations

The PIC18 instruction set summary in Table 24-2 lists
byte-oriented, bit-oriented, literal and control

operations. Table 24-1 shows the opcode field
descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘")

2. The destination of the result (specified by ‘d’")

3. The accessed memory (specified by ‘a’)

The file register designator ‘f' specifies which file
register is to be used by the instruction. The destination
designator ‘d’ specifies where the result of the
operation is to be placed. If ‘d’ is zero, the result is

placed in the WREG register. If ‘d’ is one, the result is
placed in the file register specified in the instruction.

All bit-oriented instructions have three operands:

1. The file register (specified by ‘")

2. The bit in the file register (specified by ‘b’)

3. The accessed memory (specified by ‘a’)

The bit field designator ‘b’ selects the number of the bit
affected by the operation, while the file register desig-

nator ‘f’ represents the number of the file in which the
bit is located.

The literal instructions may use some of the following
operands:

« A literal value to be loaded into a file register
(specified by ‘k’)

e The desired FSR register to load the literal value
into (specified by ‘")

* No operand required
(specified by ‘—)

The control instructions may use some of the following
operands:

« A program memory address (specified by ‘n’)

* The mode of the call or return instructions
(specified by ‘s’)

* The mode of the table read and table write
instructions (specified by ‘m’)

* No operand required
(specified by ‘—)

All instructions are a single word, except for four
double-word instructions. These instructions were
made double-word to contain the required information
in 32 bits. In the second word, the 4 MSbs are ‘1's. If
this second word is executed as an instruction (by
itself), it will execute as a NOP.

All single-word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 us. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 us.
Two-word branch instructions (if true) would take 3 ps.

Figure 24-1 shows the general formats that the instruc-
tions can have. All examples use the convention ‘nnh’
to represent a hexadecimal number.

The Instruction Set Summary, shown in Table 24-2,
lists the standard instructions recognized by the
Microchip Assembler (MPASM™),

Section 24.1.1 “Standard Instruction Set” provides
a description of each instruction.

© 2004 Microchip Technology Inc.
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TABLE 24-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7).
BSR Bank Select Register. Used to select the current RAM bank.

c, bc, Zz, oV, N

ALU status bits: Carry, Digit Carry, Zero, Overflow, Negative.

Destination select bit
d = 0: store result in WREG
d = 1: store result in file register f.

dest Destination: either the WREG register or the specified register file location.

£ 8-bit register file address (00h to FFh), or 2-bit FSR designator (Oh to 3h).

fq 12-bit register file address (000h to FFFh). This is the source address.

fq 12-bit register file address (000h to FFFh). This is the destination address.

GIE Global interrupt enable bit.

k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value).

label Label name.

mm The mode of the TBLPTR register for the table read and table write instructions.
Only used with table read and table write instructions:

* No change to register (such as TBLPTR with table reads and writes).

* 4 Post-Increment register (such as TBLPTR with table reads and writes).

* - Post-Decrement register (such as TBLPTR with table reads and writes).

+% Pre-Increment register (such as TBLPTR with table reads and writes).

n The relative address (2's complement number) for relative branch instructions, or the direct address for
call/branch and return instructions.

PC Program Counter.

PCL Program Counter Low Byte.

PCH Program Counter High Byte.

PCLATH Program Counter High Byte Latch.

PCLATU Program Counter Upper Byte Latch.

PD Power-Down bit.

PRODH Product of Multiply high byte.

PRODL Product of Multiply low byte.

s Fast Call/Return mode select bit
s = 0: do not update into/from shadow registers
s = 1. certain registers loaded into/from shadow registers (Fast mode)

TBLPTR 21-bit Table Pointer (points to a program memory location).

TABLAT 8-bit Table Latch.

TO Time-out bit.

TOS Top-of-Stack.

u Unused or Unchanged.

WDT Watchdog Timer.

WREG Working register (accumulator).

b4 Don't care (‘0" or ‘1’). The assembler will generate code with x = 0. It is the recommended form of use for
compatibility with all Microchip software tools.

Zg 7-bit offset value for indirect addressing of register files (source).

Z3 7-bit offset value for indirect addressing of register files (destination).

{ 1} Optional argument.

[text] Indicates an indexed address.

(text) The contents of text.

[expr] <n> Specifies bit n of the register indicated by the pointer expr.

- Assigned to.

< > Register bit field.

€ In the set of.

italics User-defined term (font is Courier).
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FIGURE 24-1: GENERAL FORMAT FOR INSTRUCTIONS
Byte-oriented file register operations
15 10 9 8 7 0
OPCODE | d | a | f (FILE #) |

d = o for result destination to be WREG register
d = 1 for result destination to be file register (f)
a = 0 to force Access Bank

a = 1 for BSR to select bank

f = 8-bit file register address

Byte to Byte move operations (2-word)

15 12 11 0
| OPCODE | f (Source FILE #) |
15 12 11 0
| 1111 | f (Destination FILE #) |

f = 12-bit file register address

Bit-oriented file register operations

15 1211 98 7 0
OPCODE [b(BIT#)| a | f(FILE#)

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a = 1 for BSR to select bank

f = 8-hit file register address

Literal operations

15 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

Control operations
CALL, GOTO and Branch operations
15 87 0
| OPCODE | n<7:0> (lteral) |
15 12 11 0
| 1111 | n<19:8> (literal) |

n = 20-bit immediate value
15 8 7 0

| OPCODE | s| n<7:0> (iteral)
15 12 1 0

| 1111 | n<19:8> (literal) |
S = Fast bit

15 1 10 0

| opcopE | n<10:0> (iteral) |

15 87 0

| oPcoDE | n<7:0> (literal) |

Example Instruction

ADDWF MYREG, W, B

MOVFF MYREG1, MYREG2

BSF MYREG, bit, B

MOVLW 7Fh

GOTO Label

CALL MYFUNC

BRA MYFUNC

BC MYFUNC

© 2004 Microchip Technology Inc. Prelimin ary
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TABLE 24-2:  PIC18FXXX INSTRUCTION SET

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 o0lda £ffff ff£f£f |C,DC,Z 0V,N|1,2
ADDWFC f,d,a |Add WREG and Carry bit to f 1 0010 o0o0da ffff ffff |C,DC,Z 0V,N|1,2
ANDWF f,d,a |AND WREG with f 1 0001 o0lda ffff ££f£ff |Z,N 1,2
CLRF f,a Clear f 1 0110 10la ffff ffff |Z 2
COMF f,d,a |Complement f 1 0001 1ll1da ffff ffff |Z,N 1,2
CPFSEQ f,a Compare f with WREG, skip= |1(2o0r3) | 0110 00la ffff £ffff |None 4
CPFSGT f,a Compare f with WREG, skip> |1(20or3) | 0110 010a ffff £f£f£f [None 4
CPFSLT f,a Compare f with WREG, skip< |1(20or3) | 0110 000a ffff £f£ff [None 1,2
DECF f,d, a |Decrement f 1 0000 O0l1da ffff ffff |C,DC,Z,0V,N|1,2, 3,4
DECFSz f,d,a |Decrementf, Skip if 0 1(20or3)| 0010 11da ffff £ffff |None 1,2,3,4
DCFSNz f,d,a |Decrement f, Skip if Not O 1(20or3)| 0100 11da ffff £f££f |[None 1,2
INCF f,d,a [Increment f 1 0010 1loda ffff ffff |C,DC,Z 0V,N|1,2,3,4
INCFSZ f,d,a [|Incrementf, Skip if O 1(20or3)| 0011 11da ffff £ffff |None 4
INFSNZ f, d,a [Increment f, Skip if Not O 1(20or3)| 0100 10da ffff £ffff |None 1,2
IORWF f,d,a |Inclusive OR WREG with f 1 0001 o0o0da ffff £ffff (Z,N 1,2
MOVF f,d,a [Move f 1 0101 o0o0da ffff ££fff (Z,N 1
MOVFF fs, fy  |Move fg (source) to 1stword |2 1100 ffff ffff ££££f |[None
fy4 (destination)2nd word 1111 ffff ffff ffff
MOVWF f,a Move WREG to f 1 0110 1l1lla ffff f£f£ff |None
MULWF f,a Multiply WREG with f 1 0000 00la ffff ffff [None 1,2
NEGF f,a Negate f 1 0110 110a ffff ffff |C,DC,Z 0OV,N
RLCF f, d, a |Rotate Left f through Carry 1 0011 o0l1da ffff ffff |C,Z,N 1,2
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 0l1da ffff ffff |Z,N
RRCF f,d, a |Rotate Right f through Carry 1 0011 o00da ffff ffff [C,Z,N
RRNCF f,d, a |Rotate Right f (No Carry) 1 0100 o00da ffff ffff (Z,N
SETF f,a Set f 1 0110 100a ffff ffff |None 1,2
SUBFWB f,d,a |Subtract f from WREG with 1 0101 o0l1da ffff ffff |C,DC,Z, 0V, N
borrow
SUBWF f,d,a |Subtract WREG from f 1 0101 1l1da ffff ff£ff |C,DC,Z 0OV,N|1,2
SUBWFB f,d,a |Subtract WREG from f with 1 0101 1o0da ffff ffff |C,DC,Z,0V,N
borrow
SWAPF f,d,a [Swap nibblesin f 1 0011 10da ffff ffff [None 4
TSTFSZ f,a Test f, skip if O 1(2or3)| 0110 o01lla ffff ££f£f£f |None 1,2
XORWF f,d, a |Exclusive OR WREG with f 1 0001 10da ffff ffff |Z,N
Note 1: When a Port register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.

2. Ifthis instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

5. Table write instructions are unavailable in 64-pin devices in normal operating modes. See Section 6.4 “Writing to

Program Memory Space (PIC18F8310/8410 only)” and Section 6.6 “Writing and Erasing On-Chip Program
Memory (ICSP Mode)” for more information.
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TABLE 24-2:  PIC18FXXX INSTRUCTION SET (CONTINUED)

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes

Operands MSb LSb Affected
BIT-ORIENTED OPERATIONS
BCF f, b, a |BitClear f 1 1001 bbba ffff ffff |None 1,2
BSF f,b,a |BitSetf 1 1000 bbba ffff £f£££f |[None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20or3)| 1011 bbba ffff £f£f££f [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20or3)| 1010 bbba ffff £ffff |None 3,4
BTG f, d, a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn [None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn [None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn [None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn [None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn nnnn [None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [None
BRA n Branch Unconditionally 2 1101 Onnn nnnn nnnn [None
Bz n Branch if Zero 1(2) 1110 0000 nnnn nnnn [None
CALL n,s Call subroutine 1st word 2 1110 110s kkkk kkkk |[None

2nd word 1111 kkkk kkkk kkkk
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address 1st word 2 1110 1111 kkkk kkkk [None
2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 |None
NOP — No Operation 1 1111 xxxx xxxxX xxxx [None 4
POP — Pop top of return stack (TOS) 1 0000 0000 0000 0110 [None
PUSH — Push top of return stack (TOS) |1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1nnn nnnn nnnn |[None
RESET Software device Reset 1 0000 0000 1111 1111 |All
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s [GIE/GIEH,
PEIE/GIEL
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 [TO,PD
Note 1: When a Port register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

5. Table write instructions are unavailable in 64-pin devices in normal operating modes. See Section 6.4 “Writing to

Program Memory Space (PIC18F8310/8410 only)” and Section 6.6 “Writing and Erasing On-Chip Program
Memory (ICSP Mode)” for more information.
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TABLE 24-2:  PIC18FXXX INSTRUCTION SET (CONTINUED)

16-Bit Instruction Word

Mnemonic, . Status
Description Cycles Notes
Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC, Z,0V,N
ANDLW k AND literal with WREG 1 0000 1011 kkkk  kkkk |(Z,N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk  kkkk |(Z,N
LFSR f, k Move literal (12-bit) 2nd word 2 1110 1110 OOff kkkk [None
to FSR(f) 1st word 1111 0000 kkkk  kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk [None
MOVLW k Move literal to WREG 1 0000 1110 kkkk  kkkk [None
MULLW k Multiply literal with WREG 1 0000 1101 kkkk  kkkk [None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z, OV,N
XORLW k Exclusive OR literal with WREG |1 0000 1010 kkkk  kkkk |(Z,N
DATA MEMORY < PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 [None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 [None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 [None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 [None
TBLWT* Table Write 2 0000 0000 0000 1100 [None 5
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 [None 5
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 [None 5
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 [None 5
Note 1: When a Port register is modified as a function of itself (e.g., MOVF PORTB, 1, 0),the value used will be that
value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a ‘0’.

2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if
assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are two-word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

5. Table write instructions are unavailable in 64-pin devices in normal operating modes. See Section 6.4 “Writing to
Program Memory Space (PIC18F8310/8410 only)” and Section 6.6 “Writing and Erasing On-Chip Program
Memory (ICSP Mode)” for more information.

Note:  All PIC18 instructions may take an optional label argument, preceding the instruction mnemonic, for use in

symbolic addressing. If a label is used, the instruction format then becomes:
{label} instruction argument(s)
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24.1.1 STANDARD INSTRUCTION SET
ADDLW ADD literal to W ADDWF ADD W to f
Syntax: ADDLW  k Syntax: ADDWF  f{,d{,a}}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) +k > W de[0.1]
ae [0,1]
Status Affected: N, OV, C,DC, Z .
Operation: (W) + (f) — dest
Encoding: ‘ 0000 | 1111 ‘ kkkk | kkkk ‘
Status Affected: N, OV, C,DC, Z
Description: The contents of W are added to the ding:
8-bit literal 'k’ and the result is placed in Encoding: ‘ 0010 | o1da ‘ fFEF | Ffff ‘
W. Description: Add W to register ‘f'. If ‘d’ is ‘0’, the
Words: 1 result ?s stored in W. _If ‘o’ i_s ‘1’, the
result is stored back in register ‘f’
Cycles: 1 (default).
Q Cycle Activity: If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
1 2 3 4 ,
Q Q Q - Q GPR bank (default).
Decode ) Reaq ’ Process | Write to W If ‘a’ is ‘0’ and the extended instruction
literal ‘k Data set is enabled, this instruction operates
in Indexed Literal Offset addressing
mode whenever f <95 (5Fh). See
Example: ADDLW  15h Section 24.2.3 for details.
Before Instruction Words: 1
W= ) 10h Cycles: 1
After Instruction
W= 25h Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ADDWF REG, 0, O
Before Instruction
w = 17h
REG = 0C2h
After Instruction
w = 0D%h
REG = 0C2h

© 2004 Microchip Technology Inc.
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ADDWFC ADD W and Carry bit to f ANDLW AND literal with W
Syntax: ADDWFC  f{d{a}} Syntax: ANDLW  k
Operands: 0<f<255 Operands: 0<k<255
de [0.1] Operation: (W) .AND. k > W
ae [0,1]
) Status Affected: N, Z
Operation: (W) + (f) + (C) — dest
Encoding: ‘ 0000 | 1011 ‘ kkkk | kkkk ‘
Status Affected: N,0V, C,DC, Z
ding: Description: The contents of W are ANDed with the
Encoding: ‘ 0010 | 00da ‘ Efff ‘ ffef | 8-bit literal ‘k’. The result is placed in W.
Description: Add W, the Carry flag and data memory Words: 1
location ‘f'. If 'd’ is ‘0’, the result is '
placed in W. If ‘d’ is ‘1’, the result is Cycles: 1
placed in data memory location ‘f’. Q Cycle Activity:
If ‘a’is ‘'0’, the Access Bank is selected.
If‘a’is ‘1’, the BSR is used to select the Q1 Q2 Q3 Q4
GPR bank (default). Decode Read literal Process Write to W
If ‘a’ is ‘0’ and the extended instruction LY Data
set is enabled, this instruction operates
in Indexed Literal Offset Addressing .
Example: ANDLW 05Fh
mode whenever f < 95 (5Fh). See )
Section 24.2.3 for details. Before Instruction
Words: 1 w = Ash
ovel 1 After Instruction
cles:
y W = 03h
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ADDWFC REG, 0, 1
Before Instruction
Carry bit = 1
REG = 02h
w = 4Dh
After Instruction
Carry bit = 0
REG = 02h
w = 50h

DS39635A-page 294 Preliminary © 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

ANDWF AND W with f BC Branch if Carry
Syntax: ANDWF  f{,d{,a}} Syntax: BC n
Operands: 0<f<255 Operands: -128 <n <127
de [8’1] Operation: if carry bitis ‘1’
ae[0.1] (PC) + 2+ 2n — PC
Operation: (W) .AND. (f) — dest Status Affected: None
Status Affected: N.Z Encoding: ‘ 1110 | 0010 ‘ nnnn | nnnn ‘
Encoding: ‘ 0001 | 01da ‘ Efft | Efft ‘ Description: If the Carry bit is ‘1, then the program
Description: The contents of W are AND’ed with will branch.
register ‘f'. If ‘d" is ‘0’, the result is stored The 2's complement number ‘2n’ is
inW. If‘d"is ‘1’, the result is stored back added to the PC. Since the PC will have
in register ‘f’ (default). incremented to fetch the next
If ‘a’ is ‘0, the Access Bank is selected. instruction, the new address will be
If ‘a’is ‘1’, the BSR is used to select the PC + 2 + 2n. This instruction is then a
GPR bank (default). two-cycle instruction.
If ‘a’ is ‘0’ and the extended instruction Words: 1
set is enabled, this instruction operates '
in Indexed Literal Offset Addressing Cycles: 1(2)
mode whenever f < 95 (5Fh). See Q Cycle Activity:
Section 24.2.3 for details. If Jump:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read literal Process Write to PC
Q Cycle Activit ik Data
ivity:
y y No No No No
Q1 Q2 Qs Q4 operation operation operation operation
Decode Read Process Write to If No Jump:
register ‘f’ Data destination o1 Q2 03 Q4
Decode Read literal Process No
Example: ANDWF REG, 0, O ‘n’ Data operation
Before Instruction
w = 17h Example: HERE BC 5
REG T C2h Before Instruction
After Instruction PC =  address (HERE)
w = 0zh After Instruction
REG = C2h If Carry = ;
PC = address (HERE + 12)
If Carry = ;
PC = address (HERE + 2)
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BCF Bit Clear f
Syntax: BCF f,b{a}
Operands: 0<f<255
0<b<7
ae [0,1]
Operation: 0 — f<b>
Status Affected: None

Encoding: ‘ 1001 | bbba ‘ ffff | ffff ‘
Description: Bit ‘b’ in register ‘f' is cleared.
If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f’ Data register ‘f’
Example: BCF FLAG REG, 7, O

Before Instruction
FLAG_REG =C7h

After Instruction

FLAG_REG =47h

BN Branch if Negative
Syntax: BN n
Operands: -128 <n <127
Operation: if Negative bit is ‘1’
(PC)+2+2n— PC
Status Affected: None
Encoding: ‘ 1110 | 0110 ‘ nnnn | nnnn ‘
Description: If the Negative bit is ‘1", then the
program will branch.
The 2's complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n’ Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BN  Jump

Before Instruction

PC

address (HERE)

After Instruction

If Negative
PC

If Negative
PC

address (Jump)

aadress (HERE + 2)
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: BNC n Syntax: BNN n
Operands: -128 <n <127 Operands: -128 <n<127
Operation: if Carry bitis ‘0’ Operation: if Negative bit is ‘0’
(PC)+2+2n—>PC (PC)+2+2n—>PC
Status Affected: None Status Affected: None
Encoding: | 1110 | 0011 | nnnn | nnnn | Encoding: | 1110 | 0111 | nnnn | nnnn |
Description: If the Carry bit is ‘0, then the program Description: If the Negative bit is ‘0, then the
will branch. program will branch.
The 2's complement number ‘2n’ is The 2's complement number ‘2n’ is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to Decode Read literal Process Write to
‘n’ Data PC ‘n’ Data PC
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation ‘n’ Data operation
Example: HERE BNC Jump Example: HERE BNN Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry ; If Negative ;
PC address (Jump) PC address (Jump)

If Carry If Negative
PC PC

aadress (HERE + 2) aadress (HERE + 2)
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BNOV Branch if Not Overflow BNZ Branch if Not Zero
Syntax: BNOV n Syntax: BNZ n
Operands: -128 <n<127 Operands: -128 <n<127
Operation: if Overflow bit is ‘0’ Operation: if Zero bit is ‘0’
(PC) +2+2n - PC (PC)+2+2n—>PC
Status Affected: None Status Affected: None
Encoding: | 1110 | 0101 | nnnn | nnnn | Encoding: | 1110 | 0001 | nnnn | nnnn |
Description: If the Overflow bit is ‘0’, then the Description: If the Zero bit is ‘0, then the program
program will branch. will branch.
The 2's complement number ‘2n’ is The 2's complement number ‘2n’ is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
two-cycle instruction. two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC Decode Read literal Process Write to PC
‘n’ Data ‘n’ Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Qs Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation ‘n’ Data operation
Example: HERE BNOV Jump Example: HERE BNZ Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Overflow = 0 If Zero = ;
= address (Jump) PC = address (Jump)
If Overflow = ; If Zero = ;
PC = address (HERE + 2) PC = address (HERE + 2)
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BRA Unconditional Branch BSF Bit Set f
Syntax: BRA n Syntax: BSF f,b{a}
Operands: -1024 < n <1023 Operands: 0<f<255
Operation: (PC)+2+2n—>PC 0<b<7
ae [0,1]
Status Affected: None .
Operation: 1 — f<b>
Encoding: ‘ 1101 | Onnn ‘ nnnn | nnnn ‘
Status Affected: None
Description: Add the 2's complement number ‘2n’ to ding:
the PC. Since the PC will have Encoding: | 1000 [ bbba | feer | eree |
incremented to fetch the next Description: Bit ‘b’ in register ‘f' is set.
instruction, the new address will be If ‘a’is ‘0, the Access Bank is selected.
PC + 2 + 2n. This instruction is a If ‘a’is ‘1, the BSR is used to select the
two-cycle instruction. GPR bank (default).
Words: 1 If ‘ai is ‘0’ and the_ e_xtendeq instruction
set is enabled, this instruction operates
Cycles: 2 in Indexed Literal Offset Addressing
Q Cycle Activity: mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.
Q1 Q2 Q3 Q4
Decode Read literal Process Write to Words: 1
‘n’ Data PC Cycles: 1
No No No No Q Cycle Activity:
operation operation operation operation o1 02 03 04
Decode Read Process Write
Example: HERE BRA Jump register ‘f’ Data register ‘f’
Before Instruction
PC =  address (HERE) Example: BSF FLAG REG, 7, 1
After Instruction Before Instruction
PC = address (Jump) FLAG_REG = 0Ah
After Instruction
FLAG_REG = 8Ah
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BTFSC Bit Test File, Skip if Clear

Syntax: BTFSC f,b{a}

Operands: 0<f<255
0<b<7
ae [0,1]

Operation: skip if (f<b>) =0

Status Affected: None

Encoding: ‘ 1011 | bbba | fEff ‘ fEff |

Description: If bit ‘b’ in register ‘f’ is ‘0’, then the next
instruction is skipped. If bit ‘b’ is ‘0’, then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
If ‘a’ is ‘0, the Access Bank is selected. If
‘a’ is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’is ‘0’ and the extended instruction set
is enabled, this instruction operates in
Indexed Literal Offset Addressing mode
whenever f <95 (5Fh). See
Section 24.2.3 for details.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Qs Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation

Example:

HERE BTFSC
FALSE
TRUE

FLAG, 1, O

BTFSS Bit Test File, Skip if Set

Syntax: BTFSS f, b {,a}

Operands: 0<f<255
0<b<7
ae [0,1]

Operation: skip if (f<b>) =1

Status Affected: None

Encoding: ‘ 1010 | bbba ‘ fEff | fEff ‘

Description: If bit ‘b’ in register ‘f’ is ‘1", then the next
instruction is skipped. If bit ‘b’ is ‘1", then
the next instruction fetched during the
current instruction execution is discarded
and a NOP is executed instead, making
this a two-cycle instruction.
If ‘a’is ‘0’, the Access Bank is selected. If
‘a’ is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates in
Indexed Literal Offset Addressing mode
whenever f <95 (5Fh). See
Section 24.2.3 for details.

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation

Example:

HERE BTFSS
FALSE
TRUE

FLAG, 1, O

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = 0
PC = address (TRUE)
If FLAG<1> = ;
PC = address (FALSE)

Before Instruction

PC = address (HERE)
After Instruction
If FLAG<1> = 0
PC = address (FALSE)
If FLAG<1> = ;
PC = address (TRUE)
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: BTG f, b {,a} Syntax: BOV n
Operands: 0<f<255 Operands: -128 <n<127
0= b0<17 Operation: if Overflow bit is ‘1’
ae[0,1] (PC)+2+2n - PC
Operation: (f<b>) — f<b> Status Affected: None
Status Affected: None Encoding: | 1110 | 0100 | nnnn | nnnn |
Encoding: | o111 | bbba ‘ fFEF ‘ £fef | Description: If the Overflow bit is ‘1, then the
Description: Bit ‘b’ in data memory location ‘f’ is program will branch.
inverted. The 2's complement number ‘2n’ is
If ‘a’ is ‘0’, the Access Bank is selected. added to the PC. Since the PC will have
If ‘a’is ‘1’, the BSR is used to select the incremented to fetch the next
GPR bank (default). instruction, the new address will be
If ‘a’ is ‘0’ and the extended instruction PC + 2 + 2n. This instruction is then a
set is enabled, this instruction operates two-cycle instruction.
in Indexed Literal Offset Addressing Words: 1
mode whenever f < 95 (5Fh). See '
Section 24.2.3 for details. Cycles: 1(2)
Words: 1 Q Cycle Activity:
If Jump:
Cycles: 1
» Q1 Q2 Q3 Q4
Q Cycle Activity: Decode Read literal Process Write to
Q1 Q2 Q3 Q4 ‘n Data PC
Decode Read Process Write No No No No
register ‘f Data register ‘f operation operation operation operation
If No Jump:
Example: BTG PORTC, 4, 0 Q1 Q2 Q3 Q4
Before Instruction: Decode Read literal Process No
PORTC = 0111 0101 [75h] n Data operation
After Instruction:
PORTC = 0110 0101 [65h] Example: HERE BOV Jump
Before Instruction
PC = address (HERE)
After Instruction
If Overflow = 1
PC = address (Jump)
If Overflow = 0

ai:idress (HERE + 2)
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BZ Branch if Zero
Syntax: BZ n
Operands: -128 <n<127
Operation: if Zero bitis ‘1’
(PC)+2+2n—>PC
Status Affected: None
Encoding: | 1110 | 0000 | nnnn | nnnn |
Description: If the Zero bit is ‘1, then the program
will branch.
The 2's complement number ‘2n’ is
added to the PC. Since the PC will have
incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is then a
two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to
‘n’ Data PC
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
‘n’ Data operation
Example: HERE BZ  Jump
Before Instruction
PC = address (HERE)
After Instruction
If Zero = ;
PC = address (Jump)
If Zero = ;
PC = address (HERE + 2)

CALL Subroutine Call
Syntax: CALL k{s}
Operands: 0<k<1048575
s e [0,1]
Operation: (PC)+4 > TOS,
k - PC<20:1>,
ifs=1
(W) > WS,

Status Affected:

Encoding:

1st word (k<7:0>)
2nd word(k<19:8>)

(Status) — STATUSS,
(BSR) — BSRS

None

1110 110s k-kkk
1111 |kpokkk| kkkk

kkkk,
kkkkg

Description: Subroutine call of entire 2-Mbyte
memory range. First, return address
(PC + 4) is pushed onto the return
stack. If ‘s’ = 1, the W, Status and BSR
registers are also pushed into their
respective shadow registers, WS,
STATUSS and BSRS. If ‘s’ = 0, no
update occurs (default). Then, the
20-bit value 'k’ is loaded into PC<20:1>.
CALL is a two-cycle instruction.
Words: 2
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal | Push PC to | Read literal
‘k'<7:0>, stack 'k'<19:8>,
Write to PC
No No No No
operation operation operation operation
Example: HERE CALL THERE,1
Before Instruction
PC = address (HERE)
After Instruction
PC = address (THERE)
TOS = address (HERE + 4)
WS = W
BSRS = BSR
STATUSS=  Status
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: CLRF f{a} Syntax: CLRWDT
Operands: 0<f<255 Operands: None
ae [0.1] Operation: 000h — WDT,
Operation: 000h — f 000h — WDT postscaler,
1-27 1—- E
Status Affected: 4 l__> ED
Encoding: ‘ 0110 | 101a ‘ EFEE | EFEE ‘ Status Affected: TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 | 0000 ‘ 0000 | 0100 ‘
register. Description: CLRWDT instruction resets the
If ‘a’is ‘0, the Access Bank is selected. Watchdog Timer. It also resets the
If ‘a’is ‘1’, the BSR is used to select the postscaler of the WDT. Status bits, TO
GPR bank (default). and PD, are set.
If ‘ai is ‘0’ and the_ e_xtende(_j instruction Words: 1
set is enabled, this instruction operates
in Indexed Literal Offset Addressing Cycles: 1
mode_: whenever f < 95 (_5Fh). See Q Cycle Activity:
Section 24.2.3 for details. 01 02 03 04
Words: 1 Decode No Process No
Cycles: 1 operation Data operation
Q Cycle Activity:
Ql Q2 Q3 Q4 w CLRWDT
Decode Read Process Write Before Instruction
register ‘f’ Data register ‘f’ WDT Counter = ?
After Instruction
WDT Counter = 00h
Example: CLRF FLAG_REG, 1 WDT Postscaler = 0
Before Instruction E = 1
FLAG_REG = 5Ah PD = 1
After Instruction
FLAG_REG = 00h
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Compare f with W, skip if f =W

COMF Complement f CPFSEQ
Syntax: COMF f{d{a}} Syntax:
Operands: 0<f<255 Operands:
de [0,1]
ae [0,1] Operation:
Operation: (?) — dest
Status Affected: N, Z

Status Affected:

CPFSEQ f{,a}
0<f<255

ae [0,1]

() — (W),

skip if (f) = (W)

(unsigned comparison)
None

Encoding: ‘ ooo1 | 11da ‘ Efff | Efff ‘ Encoding: [ o110 [ ooia | £ref [ fref |
Description: The contents of register ‘f' are ) Description: Compares the contents of data memory
complemented. If ‘d’ is ‘0’, the result is location ‘f to the contents of W by
stored in W. If 'd"is ‘1, the result is performing an unsigned subtraction.
stored back in register 'f’ (default). If f = W, then the fetched instruction is
If ‘a’ is ‘0, the Access Bank is selected. discarded and a NOP is executed
If ‘a’is ‘1", the BSR is used to select the instead, making this a two-cycle
GPR bank (default). instruction.
If ‘a’ is ‘0’ and the extended instruction If ‘a’ is ‘0’, the Access Bank is selected.
set is enabled, this instruction operates If ‘a’is ‘1’, the BSR is used to select the
in Indexed Literal Offset Addressing GPR bank (default).
mode whenever f < 95 (SFh). See If ‘a’ is ‘0’ and the extended instruction
Section 24.2.3 for details. set is enabled, this instruction operates
Words: 1 in Indexed Literal Offset Addressing
Cycles: 1 mod(_e whenever f <95 (_5Fh). See
’ Section 24.2.3 for details.
Q Cycle Activity: Words: 1
Q1 Q2 Q3 Q4 Cycles: 1(2)
Decode Read Process Write to Note: 3 cycles if skip and followed
register ‘f’ Data destination by a 2-word instruction.
Q Cycle Activity:
Example: COMF REG, 0, O 01 Q2 Q3 Q4
Before Instruction Decode Read Process No
REG = 13h register ‘f’ Data operation
After Instruction If skip:
W - ECh No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG, 0
NEQUAL
EQUAL
Before Instruction
PC Address =  HERE
w = ?
REG = ?
After Instruction
If REG = W,
PC = Address (EQUAL)
If REG = W,
PC = Address (NEQUAL)
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CPFSGT Compare f with W, skip if f >W CPFSLT Compare f with W, skip if f <W
Syntax: CPFSGT  f{,a} Syntax: CPFSLT f{,a}
Operands: 0<f<255 Operands: 0<f<255
ae [01] ae [0,1]
Operation: - W), Operation: H-w),

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

skip if (f) > (W)
(unsigned comparison)
None

| 0110 | 010a | FEEE | FEEE |

Compares the contents of data memory
location ‘f’ to the contents of the W by
performing an unsigned subtraction.

If the contents of ‘f’ are greater than the
contents of WREG, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
two-cycle instruction.

If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.

1

1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSGT REG, 0
NGREATER
GREATER
Before Instruction
PC = Address (HERE)
w ?
After Instruction
If REG > W;
PC = Address (GREATER)
If REG < W,
PC = Address (NGREATER)

Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

skip if (f) < (W)
(unsigned comparison)

None

‘ 0110 | 000a ‘ ffff | ffff ‘

Compares the contents of data memory
location ‘f’ to the contents of W by
performing an unsigned subtraction.

If the contents of ‘f’ are less than the
contents of W, then the fetched
instruction is discarded and a NOP is
executed instead, making this a
two-cycle instruction.

If ‘a’is ‘0, the Access Bank is selected.
If ‘a’is ‘1, the BSR is used to select the
GPR bank (default).

1

1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Qs Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Qs Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSLT REG, 1
NLESS
LESS

Before Instruction

PC
w

After Instruction
If REG

PC

If REG

PC

Address (HERE)
?

W,

Address (LESS)
W,

Address (NLESS)

niwv 1A
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DAW Decimal Adjust W Register DECF Decrement f

Syntax: DAW Syntax: DECF f{d {,a}}

Operands: None Operands: 0<f<255

Operation: If [W<3:0> >9] or [DC = 1] then de [8’1]
(W<3:0>) + 6 — W<3:05: ae[0.1]
else Operation: (f)— 1 — dest
(W<3:0>) - W<3:0>; Status Affected: C,DC,N, 0V, Z
If [W<7:4> > 9] or [C = 1] then Encoding: ‘ 0000 | 0lda ‘ fEEE | fEEE ‘
(W<7:45) + 6 — W<7:4> Description: Decrement register ‘f'. If ‘d’ is ‘0’, the
C=1; result is stored in W. If ‘d’ is ‘1", the
else result is stored back in register ‘f’
(W<7:4>) — W<T7:4>; (default).

Status Affected: c If ‘a’is ‘0, the Access Bank is selected.

) If ‘a’is ‘1’, the BSR is used to select the

Encoding: ‘ 0000 | 0000 ‘ 0000 | 0111 ‘ GPR bank (default)

Description: DAW adjusts the eight-bit value in W, If ‘a’ is ‘0’ and the extended instruction
resulting from the earlier addition of two set is enabled, this instruction operates
variables (each in packed BCD format) in Indexed Literal Offset addressing
and produces a correct packed BCD mode whenever f <95 (5Fh). See
result. Section 24.2.3 for details.

Words: 1 Words: 1

Cycles: 1 Cycles: 1

Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write Decode Read Process Write to
register W Data W register ‘f’ Data destination
Example 1:
DAW Example: DECF CNT, 1, 0
Before Instruction Before Instruction
wW = A5h CNT = 01h
< = 0 z =0
DC = 0 After Instruction
After Instruction gNT = EL)Oh
w = 05h -
C = 1
DC = 0
Example 2:
Before Instruction
w = CEh
C = 0
DC = 0
After Instruction
w = 34h
C = 1
DC = 0
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DECFSz Decrement f, skip if O DCFSNZ Decrement f, skip if not 0
Syntax: DECFSzZ f{d{,a}} Syntax: DCFSNz f{,d{,a}}
Operands: 0<f<255 Operands: 0<f<255

de [0,1] de [0,1]

ae [0,1] ae [0,1]
Operation: (f) — 1 — dest, Operation: (f) — 1 — dest,

skip if result = 0

Status Affected: None Status Affected:
Encoding: ‘ 0010 | 1llda ‘ ffff | ffff ‘ Encoding:
Description: The contents of register ‘f’ are Description:

decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f' (default).

If the result is ‘0, the next instruction,
which is already fetched, is discarded
and a NOP is executed instead, making
it a two-cycle instruction.
If ‘a’is ‘'0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.

skip if result # 0

None

‘ 0100 |11da‘ ffff | ffff ‘

The contents of register ‘" are
decremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f' (default).

If the result is not ‘0’, the next
instruction, which is already fetched, is
discarded and a NOP is executed
instead, making it a two-cycle
instruction.

If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is 1, the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 for details.

Words: 1
Cycles: 1(2) Words: 1
Note: 3 cycles if skip and followed Cycles: 1(2)
by a 2-word instruction. Note: 3 cycles if skip and followed
Q Cycle Activity: by a 2-word instruction.
Q1 Q2 Q3 Q4 Q Cycle ACtiVity:
Decode Read Process Write to Q1 Q2 Q3 Q4
register ‘f’ Data destination Decode Read Process Write to
If skip: register ‘f’ Data destination
No No No No Q1 Q2 Q3 Q4
operation operation operation operation No No No No
If skip and followed by 2-word instruction: operation | operation | operation | operation
Q1 Q2 Q3 Q4 If skip and followed by 2-word instruction:
No No No No Q1 Q2 Q3 Q4
operation operation operation operation No No No No
No No No No operation operation operation operation
operation operation operation operation No No No No
operation operation operation operation
Example: HERE DECFSZ CNT, 1, 1
GOTO LOOP Example: HERE DCFSNZ TEMP, 1, 0
CONTINUE ZERO
Before Instruction NZERO
PC =  Address (HERE) Before Instruction
After Instruction TEMP = 7
CNT = CNT-1 After Instruction
IfCNT = 0O TEMP = TEMP -1,
PC = Address (CONTINUE) If TEMP = ;
IfFCNT = O PC = Address (ZERO)
PC = Address (HERE + 2) If TEMP # 0
PC = Address (NZERO)
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GOTO Unconditional Branch INCF Increment f
Syntax: GOTO k Syntax: INCF f{d{a}}
Operands: 0<k<1048575 Operands: 0<f<255
Operation: k — PC<20:1> de[0.1]
ae [0,1]
Status Affected: None )
Operation: () +1 — dest
Encoding: S frected: C DC N.O
1st word (k<7:0>) 1110 | 1111 | k;kkk | kkkk, tatus Affected: »DC,N, OV, Z
2nd word(k<19:8>) 1111 | k,okkk | kkkk kkkkg Encoding: ‘ 0010 | 10da | ffEF ‘ fEff ‘
Description: GOTO allows an unconditional branch Description: The contents of register ‘" are
anywhere within entire incremented. If ‘d’ is ‘0’, the result is
2-Mbyte memory range. The 20-bit placed in W. If ‘d’ is ‘1’, the result is
value ‘K’ is loaded into PC<20:1>. placed back in register ‘f' (default).
GOTO is always a two-cycle If ‘a’ is ‘0, the Access Bank is selected.
instruction. If ‘a’is ‘1’, the BSR is used to select the
Words: 2 GPR_ bank (default). _ _
If ‘a’ is ‘0’ and the extended instruction
Cycles: 2 set is enabled, this instruction operates
Q Cycle Activity: in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Q1 Q_2 Q3 Qfl Section 24.2.3 for details.
Decode Read literal No Read literal
K<7:0>, operation | 'k'<19:8>, Words: 1
Write to PC Cycles: 1
No No No. No Q Cycle Activity:
operation operation operation operation
Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: GOTO THERE register ‘f' Data destination
After Instruction
PC = Address (THERE) Example: INCF ONT, 1, 0
Before Instruction
CNT = FFh
z = 0
C = ?
DC = ?
After Instruction
CNT = 00h
z = 1
C = 1
DC = 1
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INCFSZ Increment f, skip if 0 INFSNZ Increment f, skip if not 0
Syntax: INCFSZ f{,d{a}} Syntax: INFSNZ  f{,d {,a}}
Operands: 0<f<255 Operands: 0<f<255
de [0,1] de [0,1]
ae [0,1] ae [0,1]
Operation: (f) + 1 — dest, Operation: (f|)('+ :; - dlest,
skip if result = 0 skip if result # 0
Status Affected: None Status Affected: None
_ Encoding: | 0100 | 10da | FEEE | FEEE |
Encoding: ‘ 0011 | llda ‘ fEff | fEff ‘ o 1
o - Description: The contents of register ‘f" are
Description: The contents of register ‘f’ are incremented. If ‘d’ is ‘0’. the result is
incremented. If ‘'d" is ‘0’, the result is placed in W. If ‘d’ is ‘1", the result is
placed in W. If ‘d" is llyv‘t’he result is placed back in register ‘' (default).
placed back_ in register ‘f'. (default_) If the result is not ‘0", the next
If the result is *0’, the next instruction, instruction, which is already fetched, is
which is already fetched, is discarded discarded and a NOP is executed
and a NOP is executed instead, making instead, making it a two-cycle
it a two-cycle instruction. instruction.
If*a’is ‘o', the Access Bank is selected. If ‘a’ is ‘0, the Access Bank is selected.
If*a’is 1’, the BSR is used to select the If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default). GPR bank (default).
If*a’is ‘0" and the extended instruction If ‘@’ is ‘0’ and the extended instruction
set s enabled, this instruction operates set is enabled, this instruction operates
in Indexed Literal Offset Addressing in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See mode whenever f < 95 (5Fh). See
Section 24.2.3 for details. Section 24.2.3 for details.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Note: 3 cycles if skip and followed Note: 3 cycles if skip and followed
by a 2-word instruction. by a 2-word instruction.
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Write to Decode Read Process Write to
register ‘f’ Data destination register ‘f Data destination
If skip: If skip:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
If skip and followed by 2-word instruction: If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
Example: HERE INCFSZ CNT, 1, O Example: HERE INFSNZ REG, 1, 0
NZERO ZERO
ZERO NZERO
Before Instruction Before Instruction
PC = Address (HERE) PC = Address (HERE)
After Instruction After Instruction
CNT = CNT+1 REG = REG+1
IFCNT = 0O IfREG # O
PC = Address (ZERO) PC = Address (NZERO)
IfFCNT = 0 IFREG = 0
PC = Address (NZERO) PC = Address (ZERO)
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IORLW Inclusive OR literal with W
Syntax: IORLW  k

Operands: 0<k<255

Operation: (W) .OR. k > W

Status Affected: N, Z

Encoding: ‘ 0000 | 1001 ‘ kkkk | kkkk ‘

Description: The contents of W are ORed with the
eight-bit literal ‘k’. The resultis placed in
W.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process Write to W

literal 'k’ Data

Example: IORLW 35h

Before Instruction

w

=  9Ah

After Instruction

w

= BFh

IORWF Inclusive OR W with f

Syntax: IORWF  f{d {,a}}

Operands: 0<f<255
de [0,1]
ae [0,1]

Operation: (W) .OR. (f) — dest

Status Affected: N, Z

Encoding: ‘ 0001 | 00da ‘ fEff | fEff ‘

Description: Inclusive OR W with register ‘f'. If ‘'d’ is
‘0’, the result is placed in W. If ‘d" is ‘1’,
the result is placed back in register ‘f’
(default).
If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to

register ‘f’ Data destination

Example: IORWF RESULT, 0, 1
Before Instruction
RESULT = 13h
w = 91h
After Instruction
RESULT = 13h
w = 93h
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LFSR Load FSR
Syntax: LFSR f, k
Operands: 0<f<2

0 <k <4095
Operation: k — FSRf
Status Affected: None

Encoding: 1110 1110 00ff | kq,kkk
1111 0000 k- kkk kkkk
Description: The 12-bit literal 'k’ is loaded into the
file select register pointed to by ‘f'.
Words: 2
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write
‘k’ MSB Data literal 'k’
MSB to
FSRfH
Decode Read literal Process Write literal
‘K LSB Data ‘k’ to FSRfL

Example:

LFSR 2, 3ABh

After Instruction

FSR2H
FSR2L

03h
ABh

MOVF

Move f

Syntax:

Operands:

Operation:
Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

MOVF f{,d {a}}

0<f<255
de [0,1]
ae [0,1]

f — dest
N, Z
‘ 0101 | 00da ‘ ffff | ffff ‘

The contents of register ‘f’ are moved to
a destination dependent upon the
status of ‘d". If ‘d’ is ‘0, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f' (default).
Location ‘f' can be anywhere in the
256-byte bank.

If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 for details.

1
1

Q2 Q3 Q4

Decode

Read Process Write W
register ‘f’ Data

Example:

MOVF REG, 0, O

Before Instruction

REG
w

After Instruction

REG
w

= 22h
= FFh

= 22h
= 22h
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MOVFF Move f to f
Syntax: MOVFF fg,fy
Operands: 0 <fy <4095
0<fy<4095
Operation: (fs) = 14
Status Affected: None
Encoding:
1st word (source) 1100 ffEfF fEff ffffy
2nd word (destin.) 1111 ffff ffff ffffy

Description:

Words:
Cycles:
Q Cycle Activity:
Q1

The contents of source register ‘g’ are
moved to destination register ‘fy’.
Location of source ‘fg’ can be anywhere
in the 4096-byte data space (000h to
FFFh) and location of destination ‘fy’
can also be anywhere from 000h to
FFFh.

Either source or destination can be W
(a useful special situation).

MOVFF is particularly useful for
transferring a data memory location to a
peripheral register (such as the transmit
buffer or an 1/O port).

The MOVFF instruction cannot use the
PCL, TOSU, TOSH or TOSL as the
destination register

2
2 (3)

Q2 Q3 Q4

Decode

Read Process No
register ‘f’ Data operation
(src)

Decode

No No Write
operation operation register ‘f’
No dummy (dest)

read

Example:

MOVFF REG1l, REG2

Before Instruction

REG1
REG2

33h
11h

After Instruction

REG1
REG2

33h
33h

MOVLB Move literal to low nibble in BSR
Syntax: MOVLW k

Operands: 0<k<255

Operation: k - BSR

Status Affected: None

Encoding: ‘ 0000 | 0001 ‘ kkkk | kkkk ‘
Description: The eight-bit literal ‘k’ is loaded into the
Bank Select Register (BSR). The value
of BSR<7:4> always remains ‘0’,
regardless of the value of k;:ky.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write literal
literal 'k’ Data ‘k’ to BSR
Example: MOVLB 5
Before Instruction
BSR Register =  02h
After Instruction
BSR Register =  05h
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MOVLW Move literal to W
Syntax: MOVLW k
Operands: 0<k<255
Operation: k—>W

Status Affected: None

Encoding: | 0000 ‘ 1110 ‘ kkkk | kkkk |
Description: The eight-bit literal 'k’ is loaded into W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal ‘K’ Data
Example: MOVLW S5Ah
After Instruction
W = 5Ah

MOVWF Move W to f
Syntax: MOVWF  f{a}
Operands: 0<f<255

ae [0,1]
Operation: W) —>f
Status Affected: None

Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

| 0110 | 111a | FEEF | FEEF |

Move data from W to register ‘f'.
Location ‘f' can be anywhere in the
256-byte bank.

If ‘a’is ‘0’, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 for details.

1
1

Q2 Q3 Q4

Decode

Read Process Write
register ‘f’ Data register ‘f’

Example:

MOVWF REG, 0

Before Instruction

w
REG

After Instruction

w
REG

4Fh
FFh

4Fh
4Fh
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MULLW Multiply literal with W
Syntax: MULLW Kk
Operands: 0<k<255
Operation: (W) x k > PRODH:PRODL
Status Affected: None
Encoding: ‘ 0000 | 1101 | kkkk ‘ kkkk ‘
Description: An unsigned multiplication is carried
out between the contents of W and the
8-bit literal ‘k’. The 16-bit result is
placed in PRODH:PRODL register
pair. PRODH contains the high byte.
W is unchanged.
None of the Status flags are affected.
Note that neither Overflow nor Carry is
possible in this operation. A Zero result
is possible but not detected.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
literal 'k’ Data registers
PRODH:
PRODL

Example:

MULLW 0C4h

Before Instruction

w

PRODH
PRODL

After Instruction
w

PRODH
PRODL

E2h
?
?

E2h
ADh
08h

MULWF Multiply W with f
Syntax: MULWF  f{a}
Operands: 0<f<255
ae [0,1]
Operation: (W) x (f) > PRODH:PRODL
Status Affected: None

Encoding: | 0000 | 00la ‘ ff£ff | fEff ‘
Description: An unsigned multiplication is carried
out between the contents of W and the
register file location ‘f’. The 16-bit
result is stored in the PRODH:PRODL
register pair. PRODH contains the
high byte. Both W and ‘f’ are
unchanged.
None of the Status flags are affected.
Note that neither Overflow nor Carry is
possible in this operation. A Zero
result is possible but not detected.
If ‘a’ is ‘0’, the Access Bank is
selected. If ‘a’ is ‘1’, the BSR is used
to select the GPR bank (default).
If ‘a’is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever f <95
(5Fh). See Section 24.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f’ Data registers
PRODH:
PRODL
Example: MULWF REG, 1
Before Instruction
w = Cdh
REG = B5h
PRODH = ?
PRODL = ?
After Instruction
w = Cdh
REG = B5h
PRODH = 8Ah
PRODL = 94h
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NEGF Negate f NOP No Operation
Syntax: NEGF f{a} Syntax: NOP
Operands: 0<f<255 Operands: None
a_e [0.1] Operation: No operation
Operation: (f)+1-f1 Status Affected: None
Status Affected: N, OV, C, DC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: | 0110 | 110a | fEff | fEff | 1111 XXKX XXXX XXKX
Description: Location ‘f’ is negated using two’s Description: No operation.
complement. The result is placed in the Words: 1
data memory location ‘f'. '
If ‘a’ is ‘0’, the Access Bank is selected. Cycles: 1
If ‘a’is ‘1’, the BSR is used to select the Q Cycle Activity:
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 Q4
set is enabled, this instruction operates Decode No No No
in Indexed Literal Offset Addressing operation | operation | operation
mode whenever f <95 (5Fh). See
Section 24.2.3 for details. Example:
Words: 1
Cycles: 1 None.
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register ‘f’ Data register ‘f’
Example: NEGF REG, 1
Before Instruction
REG = 0011 1010 [3Ah]
After Instruction
REG = 1100 0110 [C6h]
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POP Pop Top of Return Stack PUSH Push Top of Return Stack
Syntax: POP Syntax: PUSH

Operands: None Operands: None

Operation: (TOS) — bit bucket Operation: (PC +2) » TOS

Status Affected: None Status Affected: None

Encoding: ‘ 0000 | 0000 ‘ 0000 | 0110 ‘ Encoding: ‘ 0000 | 0000 ‘ 0000 | 0101 ‘
Description: The TOS value is pulled off the return Description: The PC + 2 is pushed onto the top of
stack and is discarded. The TOS value the return stack. The previous TOS
then becomes the previous value that value is pushed down on the stack.
was pushed onto the return stack. This instruction allows implementing a
This instruction is provided to enable software stack by modifying TOS and
the user to properly manage the return then pushing it onto the return stack.
stack to incorporate a software stack. Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode PUSH No No
Decode No POP TOS No PC + 2 onto | operation operation
operation value operation return stack
Example: POP Example: PUSH
GOTO NEW Before Instruction
Before Instruction TOS =  345Ah
TOS = 0031A2h pC = 0124h
Stack (1 level down) = 014332h
After Instruction
After Instruction PC = 0126h
TOS = 014332h TOS = 0126h
PC = NEW Stack (1 level down) =  345Ah
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RCALL Relative Call RESET Reset

Syntax: RCALL n Syntax: RESET

Operands: -1024 < n <1023 Operands: None

Operation: (PC) +2 - TOS, Operation: Reset all registers and flags that are

(PC) + 2 +2n — PC

Status Affected: None
Encoding: | 1101 | lnnn | nnnn | nnnn |
Description: Subroutine call with a jump up to 1K
from the current location. First, return
address (PC + 2) is pushed onto the
stack. Then, add the 2's complement
number ‘2n’ to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC + 2 + 2n. This instruction is a
two-cycle instruction.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
‘n’ Data
Push PC to
stack
No No No No
operation operation operation operation
Example: HERE RCALL Jump
Before Instruction
PC =  Address (HERE)
After Instruction
PC = Address (Jump)
TOS=  Address (HERE + 2)

Status Affected:

affected by a MCLR Reset.
All

Encoding: | 0000 | 0000 | 1111 | 1111 |
Description: This instruction provides a way to
execute a MCLR Reset in software.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Start No No
Reset operation operation
Example: RESET
After Instruction
Registers =  Reset Value
Flags* = Reset Value
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RETFIE Return from Interrupt
Syntax: RETFIE {s}
Operands: se [0,1]
Operation: (TOS) — PC,
1 — GIE/GIEH or PEIE/GIEL,
ifs=1
(WS) > W,

Status Affected:

(STATUSS) — Status,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged.

GIE/GIEH, PEIE/GIEL.

Encoding: ‘ 0000 | 0000 ‘ 0001 | 000s ‘
Description: Return from interrupt. Stack is popped
and Top-of-Stack (TOS) is loaded into
the PC. Interrupts are enabled by
setting either the high or low priority
global interrupt enable bit. If ‘s’ = 1, the
contents of the shadow registers, WS,
STATUSS and BSRS, are loaded into
their corresponding registers, W,
Status and BSR. If ‘'s’ = 0, no update of
these registers occurs (default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No Pop PC from
operation operation stack
Set GIEH or
GIEL
No No No No
operation operation operation operation
Example: RETFIE 1
After Interrupt
PC = TOS
w = WS
BSR = BSRS
Status =  STATUSS
GIE/GIEH, PEIE/GIEL = 1

RETLW Return literal to W
Syntax: RETLW k
Operands: 0<k<255
Operation: k— W,
(TOS) — PC,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: ‘ 0000 | 1100 ‘ kkkk | kkkk ‘
Description: W is loaded with the eight-bit literal ‘k’.
The program counter is loaded from the
top of the stack (the return address).
The high address latch (PCLATH)
remains unchanged.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process |Pop PC from
literal 'k’ Data stack, Write
to W
No No No No
operation operation operation operation
Example:
CALL TABLE ; W contains table
; offset value
; W now has
; table value
TABLE
ADDWF PCL ; W = offset
RETLW kO ; Begin table
RETLW k1 ;
RETLW kn ; End of table

7

Before Instruction

w = 07h
After Instruction
W = value of kn
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RETURN Return from Subroutine
Syntax: RETURN {s}
Operands: se [0,1]
Operation: (TOS) — PC,
ifs=1
(WS) > W,
(STATUSS) — Status,
(BSRS) — BSR,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 ‘ 0000 | 0001 ‘ 001ls |
Description: Return from subroutine. The stack is
popped and the top of the stack (TOS)
is loaded into the program counter. If
‘s'= 1, the contents of the shadow
registers, WS, STATUSS and BSRS,
are loaded into their corresponding
registers, W, Status and BSR. If ‘s’ = 0,
no update of these registers occurs
(default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process |Pop PC from
operation Data stack
No No No No
operation operation operation operation
Example: RETURN

After Instruction:
PC =TOS

RLCF Rotate Left f through Carry
Syntax: RLCF f{d{a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) = C,
(C) — dest<0>
Status Affected: C,N,z

Encoding: | 0011 | 01da | FEEE | FEEE |
Description: The contents of register ‘f’ are rotated
one bit to the left through the Carry
flag. If ‘d’ is ‘0, the result is placed in
W. If ‘'d"is ‘1’, the result is stored back
in register ‘f’ (default).
If ‘a’is ‘0’, the Access Bank is
selected. If ‘a’is ‘1’, the BSR is used to
select the GPR bank (default).
If ‘a’is ‘0’ and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever f <95
(5Fh). See Section 24.2.3 for details.
el rosert }
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RLCF REG, 0, 0
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 1100 1100
C = 1
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: RLNCF  f{d {,a}} Syntax: RRCF f{d{a}}
Operands: 0<f<255 Operands: 0<f<255
de [0,1] de [0,1]
ae [0,1] ae [0,1]
Operation: (f<n>) — dest<n + 1>, Operation: (f<n>) — dest<n-1>,
(f<7>) — dest<0> (f<0>) - C,
Status Affected: N, Z (C) — dest<7>
Encoding: | 0100 | 0lda | EFEE ‘ FEEE | Status Affected: CNZ
Description: The contents of register ‘f’ are rotated Encoding: | ootl | 0oda | fEEF | fEEF |
one bit to the left. If ‘d’ is ‘0’, the result Description: The contents of register ‘f’ are rotated
is placed in W. If ‘'d’ is ‘1’, the result is one bit to the right through the Carry
stored back in register ‘f’ (default). flag. If ‘d’ is ‘0", the result is placed in W.
If‘a’is ‘0", the Access Bank is selected. If ‘d" is ‘1’, the result is placed back in
If‘a’is ‘1’, the BSR is used to select the register ‘f’ (default).
GPR bank (default). If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘0’ and the extended instruction If ‘a’is ‘1’, the BSR is used to select the
set is enabled, this instruction operates GPR bank (default).
in Indexed Literal Offset Addressing If ‘a’ is ‘0’ and the extended instruction
mode whenever f <95 (5Fh). See set is enabled, this instruction operates
Section 24.2.3 for details. in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
r__ ¢ Section 24.2.3 for details.
Cycles: 1
. Words: 1
Q Cycle Activity:
Cycles: 1
Q1 Q2 Q3 Q4 yees
Decode Read Process Write to Q Cycle Activity:
register ‘f’ Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF REG, 1, 0 register ‘f’ Data destination
Before Instruction
REG = 1010 1011 Example: RRCF REG, 0, 0
After Instruction Before Instruction
REG = 0101 0111 REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 0111 0011
C = 0
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RRNCF Rotate Right f (no carry) SETF Set f
Syntax: RRNCF f{d{,a}} Syntax: SETF f{,a}
Operands: 0<f<255 Operands: 0<f<255
de [0,1] ae [0,1]
ae[0.1] Operation: FFh — f
Operation: (f<n>) — dest<n — 1>, Status Affected: None
(f<0>) — dest<7> ’
Encoding: ‘ 0110 | 100a ‘ fEff | fEff ‘
Status Affected: N, Z
. Description: The contents of the specified register
Encoding: ‘ 0100 | 00da ‘ fEff | fEff ‘ are set to FFh
Description: The contents of register ‘' are rotated If ‘a’is ‘0, the Access Bank is selected.
one bit to the right. If ‘d’ is ‘0’, the result If ‘a’is ‘1, the BSR is used to select the
is placed in W. If ‘d’" is ‘1, the result is GPR bank (default).
placed back in register ‘f’ (default). If ‘a’ is ‘0" and the extended instruction
If ‘a’is ‘0’, the Access Bank will be set is enabled, this instruction operates
selected, overriding the BSR value. If ‘@’ in Indexed Literal Offset Addressing
is ‘1’, then the bank will be selected as mode whenever f < 95 (5Fh). See
per the BSR value (default). Section 24.2.3 for details.
If ‘a’ is ‘0’ and the extended instruction Words: 1
set is enabled, this instruction operates '
in Indexed Literal Offset Addressing Cycles: 1
mode whenever f < 95 (5Fh). See Q Cycle Activity:
Section 24.2.3 for details. 01 Q2 Q3 04
|—> Decode Read Process Write
register ‘f’ Data register ‘f’
Words:
Cycles: 1 Example: SETF REG, 1
Q Cycle Activity: Before Instruction
Q1 Q2 Q3 Q4 REG . = 5Ah
Decode Read Process Write to After Insguctlon _ h
register ‘f’ Data destination RE = FF
Example 1: RRNCF REG, 1, 0
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF REG, 0, O
Before Instruction
w = ?
REG = 1101 0111
After Instruction
w = 1110 1011
REG = 1101 0111
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SLEEP Enter Sleep mode SUBFWB Subtract f from W with borrow
Syntax: SLEEP Syntax: SUBFWB f{d {,a}}
Operands: None Operands: 0<f<255
Operation: 00h — WDT, de [8’11
0 — WDT postscaler, ae[0.] _
1->T0O, Operation: (W) = (f) = (C) — dest
Eﬂj Status Affected: N, OV, C,DC, zZ
Status Affected: TO, PD Encoding: ‘ 0101 | 01lda | FFEE ‘ FEEE |
Encoding: ‘ 0000 | 0000 ‘ 0000 ‘_0011 | Description: Subtract register ‘f’ and Carry flag
Description: The Power-Down status bit (PD) is (borrow) from W (2's complement
cleared. The Time-out status bit (TO) method). If ‘d’ is ‘0’, the result is stored
is set. Watchdog Timer and its in W. If ‘'d’ is ‘1’, the result is stored in
postscaler are cleared. register ‘f’ (default).
The processor is put into Sleep mode If ‘a’ is ‘0’, the Access Bank is
with the oscillator stopped. selected. If ‘a’ is ‘1’, the BSR is used
Words: 1 to se_lect the GPR bank (default). _
If ‘a’is ‘0’ and the extended instruction
Cycles: 1 set is enabled, this instruction
Q Cycle Activity: operates in Indexed Literal Offset
Addressing mode whenever f < 95
QL Q2 Q3 Q4 (5Fh). See Section 24.2.3 for details.
Decode No Process Go to
operation Data sleep Words: 1
Cycles: 1
Example: SLEEP Q Cycle Activity:
Before Instruction Q1 Q2 Q3 Q4
T0 = 2 Decode Read Process Write to
PD = ? register ‘f Data destination
After%stru_cnonl ¥ Example 1: SUBFWB  REG, 1, 0
PD = o Before Instruction
REG = 3
t If WDT causes wake-up, this bit is cleared. \(’:v f i
After Instruction
REG = FF
w = 2
C = 0
z = 0
N = 1 ;resultis negative
Example 2: SUBFWB REG, 0, 0
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
z = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG, 1, 0
Before Instruction
REG = 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
z = 1 ;resultiszero
N = 0
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SUBLW Subtract W from literal
Syntax: SUBLW k

Operands: 0<k<255

Operation: k—(W)->W

Status Affected: N, OV, C,DC, Z

Encoding: ‘ 0000 | 1000 ‘ kkkk ‘ kkkk |
Description: W is subtracted from the eight-bit
literal ‘k’. The result is placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example 1: SUBLW 02h
Before Instruction
w = 01h
C = ?
After Instruction
w = 01h
C = 1 ; result is positive
Z = 0
N = 0
Example 2: SUBLW 02h
Before Instruction
w = 02h
C = ?
After Instruction
w = 00h
C = 1 ; result is zero
Z = 1
N = 0
Example 3: SUBLW 02h
Before Instruction
w = 03h
C = ?

After Instruction

W = FFh ;(2's complement)
C = 0 ; result is negative
z = 0
N = 1

SUBWF Subtract W from f
Syntax: SUBWF f{d{a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f) = (W) — dest
Status Affected: N, OV, C,DC, z
Encoding: ‘ 0101 | 1l1lda | ffff ‘ ffff |
Description: Subtract W from register ‘f' (2's
complement method). If ‘d’ is ‘0’, the
result is stored in W. If ‘d’ is V, the
result is stored back in register ‘f’
(default).
If ‘a’ is ‘0’, the Access Bank is
selected. If ‘a’ is V, the BSR is used to
select the GPR bank (default).
If ‘a’is ‘0" and the extended instruction
set is enabled, this instruction
operates in Indexed Literal Offset
Addressing mode whenever f < 95
(5Fh). See Section 24.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBWF REG, 1, 0
Before Instruction
REG = 3
w = 2
C = ?
After Instruction
REG = 1
w = 2
C = 1 ; result is positive
z = 0
N = 0
Example 2: SUBWF REG, 0, 0
Before Instruction
REG = 2
w = 2
C = ?
After Instruction
REG = 2
w = 0
C = 1 ; result is zero
Z = 1
N = 0
Example 3: SUBWF REG, 1, 0
Before Instructiol
REG = 1
w = 2
C = ?
After Instruction
REG = FFh ;(2's complement)
w = 2
C = 0 ; result is negative
Z = 0
N = 1
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SUBWFB Subtract W from f with Borrow
Syntax: SUBWFB f{d {,a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: - (W) - (E) — dest
Status Affected: N, OV, C,DC, Z
Encoding: | 0101 | 10da | FEEE | fEEE |
Description: Subtract W and the Carry flag (borrow)
from register ‘' (2's complement
method). If ‘d’ is ‘0’, the result is stored
in W. If‘d"is ‘1", the result is stored back
in register ‘f’ (default).
If ‘a’is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).
If ‘a’is ‘0" and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBWFB REG, 1, 0
Before Instruction
REG = 1%9h (0001 1001)
w = 0Dh (0000 1101)
C = 1
After Instruction
REG = 0Ch (0000 1011)
w = 0Dh (0000 1101)
C = 1
V4 = 0
N = 0 ; result is positive
Example 2: SUBWFB REG, 0, 0
Before Instruction
REG = 1Bh (0001 1011)
W = 1Ah (0001 1010)
C = 0
After Instruction
REG = 1Bh (0001 1011)
w = 00h
C = 1
z = 1 ; result is zero
N = 0
Example 3: SUBWFB REG, 1, O
Before Instruction
REG = 03h (0000 0011)
w = OEh (0000 1101)
C = 1
After Instruction
REG = Fbh (1111 0100)
; [2's comp]
w = OEh (0000 1101)
C = 0
4 = 0
N = 1 ; result is negative

SWAPF Swap f
Syntax: SWAPF f{,d{,a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (f<3:0>) — dest<7:4>,

Status Affected:
Encoding:

Description:

Words:
Cycles:

Q Cycle Activity:

Q1

(f<7:4>) — dest<3:0>

None

‘ 0011 | 10da ‘ ffff | ffff ‘

The upper and lower nibbles of register
‘f" are exchanged. If ‘'d’ is ‘0’, the result
is placed in W. If ‘d" is ‘1, the result is
placed in register ‘f’ (default).

If ‘a’ is ‘0, the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank (default).

If ‘a’ is ‘0" and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details.

1
1

Q2 Q3 Q4

Decode

Read Process Write to
register ‘f’ Data destination

Example:

SWAPF REG, 1, O

Before Instruction

REG

= 53h

After Instruction

REG

= 35h
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TBLRD Table Read TBLRD Table Read (Continued)
Syntax: TBLRD (*; *+; *-; +%) Example 1: TBLRD *+ ;
Operands: None Before Instruction
L . TABLAT = 55h
Operation: if TBLRD *, TBLPTR =  00A356h
(Prog Mem (TBLPTR)) — TABLAT, MEMORY(00A356h) =  34h
TBLPTR — No Change; After Instruction
if TBLRD *+, TABLAT = 34h
(Prog Mem (TBLPTR)) — TABLAT, TBLPTR = 00A357h
(TBLPTR) + 1 — TBLPTR; Examole 2: TBLRD . .
if TBLRD *-, Example £: . +*
(Prog Mem (TBLPTR)) — TABLAT: Before Instruction
(TBLPTR) — 1 — TBLPTR; TABLAT = AAh
if TBLRD +* TBLPTR = 01A357h
’ ] MEMORY (01A357h) = 12h
(TBLPTR) + 1 — TBLPTR; MEMORY(01A358h) =  34h
(Prog Mem (TBLPTR)) — TABLAT, After Instruction
Status Affected: None TABLAT = 34h
TBLPTR = 01A358h
Encoding: 0000 0000 0000 10nn
nn=0 *
=1 *+
=2 *-
=3 +%*
Description: This instruction is used to read the contents
of Program Memory (P.M.). To address the
program memory, a pointer called Table
Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points to
each byte in the program memory. TBLPTR
has a 2-Mbyte address range.
TBLPTR[0] = 0: LeastSignificant Byte
of Program Memory
Word
TBLPTR[0]=1: Most Significant Byte
of Program Memory
Word
The TBLRD instruction can modify the value
of TBLPTR as follows:
* no change
¢ post-increment
¢ post-decrement
¢ pre-increment
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation (Write
Memory) TABLAT)
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TBLWT

Table Write

Syntax:
Operands:
Operation:

Status Affected:
Encoding:

Description:

Words:
Cycles:
Q Cycle Activity:

TBLWT (*; *+; *-; +%)
None

if TBLWT*,

(TABLAT) — Holding Register;
TBLPTR — No Change;

if TBLWT*+,

(TABLAT) — Holding Register;
(TBLPTR) + 1 — TBLPTR;

if TBLWT*-,

(TABLAT) — Holding Register;
(TBLPTR) — 1 — TBLPTR;

if TBLWT+*,

(TBLPTR) + 1 — TBLPTR;
(TABLAT) — Holding Register;

None

0000 0000 0000 1lnn
nn=0 *
=1 *4
—) i
=3 +*

This instruction uses the 3 LSBs of
TBLPTR to determine which of the 8
holding registers the TABLAT is written to.
The holding registers are used to program
the contents of Program Memory (P.M.).
(Refer to Section 6.0 “Program Memory”
for additional details on programming Flash
memory.)

The TBLPTR (a 21-bit pointer) points to
each byte in the program memory.
TBLPTR has a 2-Mbyte address range.
The LSb of the TBLPTR selects which
byte of the program memory location to
access.

TBLPTR[O] = 0: Least Significant
Byte of Program
Memory Word
Most Significant
Byte of Program

Memory Word
The TBLWT instruction can modify the

value of TBLPTR as follows:
¢ no change

¢ post-increment

¢ post-decrement

¢ pre-increment

TBLPTR[0] = 1:

TBLWT Table Write (Continued)
Example 1: TBLWT  *+;
Before Instruction
TABLAT = b55h
TBLPTR = 00A356h
HOLDING REGISTER
(00A356h) = FFh
After Instructions (table write completion)
TABLAT = b55h
TBLPTR = 00A357h
HOLDING REGISTER
(00A356h) = b55h
Example 2: TBLWT +*;
Before Instruction
TABLAT = 34h
TBLPTR = 01389Ah
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = FFh
After Instruction (table write completion)
TABLAT = 34h
TBLPTR = 01389Bh
HOLDING REGISTER
(01389Ah) = FFh
HOLDING REGISTER
(01389Bh) = 34h

Note:

The TBLWT instruction is not available in
PIC18F6310/6410 devices (i.e., 64-pin
devices) in normal operating modes.
TBLWT can only be used by
PIC18F8310/8410 devices with the
external memory interface and only when
writing to an external memory device.

For more information, refer to Section 6.4
“Writing to Program Memory Space

(PIC18F8310/8410 only)” and
Section 6.6 “Writing and Erasing
On-Chip Program Memory (ICSP

Mode)”.

Q1 Q2 Q3 Q4

Decode No No No
operationjoperation| operation

No No No No
operation operationjoperation| operation
(Read (Write to
TABLAT) Holding
Register)
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TSTFSZ Test f, skip if 0 XORLW Exclusive OR literal with W
Syntax: TSTFSZ f{,a} Syntax: XORLW k
Operands: 0<f<255 Operands: 0<k<255
ae[01] Operation: (W) XOR. k ->W
Operation: skipiff=10 Status Affected: N, Z
Status Affected: None Encoding: ‘ 0000 | 1010 | kkkk ‘ kkkk |
Encoding: | 0110 | 0lla | £Lff | £Lff | Description: The contents of W are XORed with
Description: If ‘f' = 0, the next instruction, fetched the 8-hit literal ‘k’. The result is placed
during the current instruction execution, in W.
is discarded and a NOP is executed, Words: 1
making this a two-cycle instruction. '
If ‘a’ is ‘0’, the Access Bank is selected. Cycles: 1
If ‘a’is ‘1’, the BSR is used to select the Q Cycle Activity:
GPR bank (default).
If ‘a’ is ‘0’ and the extended instruction Q1 Q2 Q3 Q4
set is enabled, this instruction operates Decode Read Process Write to W
in Indexed Literal Offset Addressing literal 'k’ Data
mode whenever f < 95 (5Fh). See
Section 24.2.3 for details. Exambple: XORLW OAFh
Words: 1 Before Instruction
Cycles: 1(2) W = B5h
Note: 3 cycles if skip and followed After Instruction
by a 2-word instruction.
o w = 1Ah
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT, 1
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT # 00h,
PC =  Address (NZERO)
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XORWF Exclusive OR W with f
Syntax: XORWF f{d{a}}
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (W) .XOR. (f) — dest
Status Affected: N, Z
Encoding: ‘ 0001 | 10da ‘ fEff | fEff ‘
Description: Exclusive OR the contents of W with
register ‘. If ‘d’ is ‘0’, the result is stored
inW. If‘d’is ‘1", the result is stored back
in the register ‘f’ (default).
If ‘a’is ‘0", the Access Bank is selected.
If ‘a’is ‘1, the BSR is used to select the
GPR bank (default).
If ‘a’ is ‘0" and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 24.2.3 for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: XORWF REG, 1, 0
Before Instruction
REG = AFh
w = B5h
After Instruction
REG = 1Ah
w = B5h
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24.2 Extended Instruction Set

In addition to the standard 75 instructions of the PIC18
instruction set, PIC18FX310/X410 devices also
provide an optional extension to the core CPU function-
ality. The added features include eight additional
instructions that augment indirect and indexed
addressing operations and the implementation of
Indexed Literal Offset Addressing for many of the
standard PIC18 instructions.

The additional features of the extended instruction set
are disabled by default. To enable them, users must set
the XINST configuration bit.

The instructions in the extended set can all be classi-
fied as literal operations which either manipulate the
File Select Registers, or use them for indexed address-
ing. Two of the instructions, ADDFSR and SUBFSR,
each have an additional special instantiation for using
FSR2. These versions (ADDULNK and SUBULNK) allow
for automatic return after execution.

The extended instructions are specifically implemented
to optimize re-entrant program code (that is, code that
is recursive or that uses a software stack) written in
high-level languages, particularly C. Among other
things, they allow users working in high-level
languages to perform certain operations on data
structures more efficiently. These include:

« dynamic allocation and de-allocation of software
stack space when entering and leaving
subroutines

« function pointer invocation
« software stack pointer manipulation

« manipulation of variables located in a software
stack

TABLE 24-3: EXTENSIONS TO THE PIC18 INSTRUCTION SET

A summary of the instructions in the extended instruc-
tion set is provided in Table 24-3. Detailed descriptions
are provided in Section 24.2.2 “Extended Instruction
Set”. The opcode field descriptions in Table 24-1 (page
288) apply to both the standard and extended PIC18
instruction sets.

Note:  The instruction set extension and the
Indexed Literal Offset Addressing mode
were designed for optimizing applications
written in C; the user may likely never use
these instructions directly in assembler.
The syntax for these commands is pro-
vided as a reference for users who may be
reviewing code that has been generated
by a compiler.

24.2.1 EXTENDED INSTRUCTION SYNTAX

Most of the extended instructions use indexed argu-
ments, using one of the File Select Registers and some
offset to specify a source or destination register. When
an argument for an instruction serves as part of
indexed addressing, it is enclosed in square brackets
(“[T)- This is done to indicate that the argument is used
as an index or offset. The MPASM Assembler will flag
an error if it determines that an index or offset value is
not bracketed.

When the extended instruction set is enabled, brackets
are also used to indicate index arguments in
byte-oriented and bit-oriented instructions. This is in
addition to other changes in their syntax. For more
details, see Section 24.2.3.1 “Extended Instruction
Syntax with Standard PIC18 Commands”.

Note: In the past, square brackets have been
used to denote optional arguments in the
PIC18 and earlier instruction sets. In this
text and going forward, optional
arguments are denoted by braces (“{ }").

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles
Operands MSb Lsh | Affected
ADDFSR  f, k Add literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK Kk Add literal to FSR2 and return 2 1110 1000 11lkk kkkk None
CALLW Call subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF zs, Ty |Move zg(source)to 1stword 2 1110 1011 0Ozzz zzzz None
fy (destination) 2nd word 1111 ffff f£fff £ffff
MOVSS Zs, 24 |Move zg (source)to 1st word 2 1110 1011 1zzz zzzz None
z4 (destination) 2nd word 1111 XXXX XZZZ ZZZZ
PUSHL k Store literal at FSR2, decrement FSR2 1 1110 1010 kkkk kkkk None
SUBFSR f, k Subtract literal from FSR 1 1110 1001 ffkk kkkk None
SUBULNK  k Subtract literal from FSR2 and return 2 1110 1001 11kk kkkk None

{label} instruction argument(s)

Note:  All PIC18 instructions may take an optional label argument, preceding the instruction mnemonic, for use
in symbolic addressing. If a label is used, the instruction syntax then becomes:
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24.2.2 EXTENDED INSTRUCTION SET

ADDFSR Add Literal to FSR
Syntax: ADDFSR f, k
Operands: 0<k<63
fe [0, 1,2]
Operation: FSR(f) + k > FSR(f)
Status Affected: None
Encoding: | 1110 | 1000 | ffkk | kkkk |
Description: The 6-bit literal 'k’ is added to the
contents of the FSR specified by ‘f'.

Words: 1
Cycles: 1
Q Cycle Activity:

Q1 Q2 Qs Q4

Decode Read Process Write to
literal 'k’ Data FSR
Example: ADDFSR 2, 23h
Before Instruction
FSR2 = O03FFh
After Instruction
FSR2 = 0422h

ADDULNK Add Literal to FSR2 and Return
Syntax: ADDULNK k
Operands: 0<k<63
Operation: FSR2 + k - FSR2,
(TOS) —» PC
Status Affected:  None
Encoding: | 1110 | 1000 | 11kk | kkkk |
Description: The 6-bit literal 'k’ is added to the
contents of FSR2. A RETURN is then
executed by loading the PC with the
TOS.
The instruction takes two cycles to
execute; a NOP is performed during the
second cycle.
This may be though of as a special case
of the ADDFSR instruction, where f =3
(binary ‘11"); it operates only on FSR2.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
literal ‘K’ Data FSR
No No No No
Operation Operation Operation Operation
Example: ADDULNK 23h
Before Instruction
FSR2 = O03FFh
PC = 0100h
After Instruction
FSR2 = 0422h
PC = (TOS)
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CALLW Subroutine Call Using WREG MOVSF Move Indexed to f
Syntax: CALLW Syntax: MOVSF [zg], fy
Operands: None Operands: 0<z4<127
Operation: (PC +2) > TOS, 0<fq=<4095
(W) —» PCL, Operation: ((FSR2) + z5) — fy
(PCLATH) — PCH, Status Affected: None
(PCLATU) — PCU
S Aff o N Encoding:
tatus Affected: one 1st word (source) 1110 1011 0zzz ZZZZg
Encoding: ‘ 0000 | 0000 ‘ 0001 | 0100 ‘ 2nd word (destin.) 1111 fEff fEff ffffy
Description First, the return address (PC + 2) is Description: The contents of the source register are
pushed onto the return stack. Next, the moved to destination register ‘fy". The
contents of W are written to PCL; the actual address of the source register is
existing value is discarded. Then, the determined by adding the 7-bit literal
contents of PCLATH and PCLATU are offset ‘zg’ in the first word to the value of
latched into PCH and PCU, FSR2. The address of the destination
respectively. The second cycle is register is specified by the 12-bit literal
executed as a NOP instruction while the ‘fq’ in the second word. Both addresses
new next instruction is fetched. can be anywhere in the 4096-byte data
Unlike CALL, there is no option to space (000h to FFFh).
update W, Status or BSR. The MOVSF instruction cannot use the
Words: 1 PCL_, TQSU, TQSH or TOSL as the
destination register.
Cycles: 2 If the resultant source address points to
Q Cycle Activity: an indirect addressing register, the
01 Q2 03 04 value returned will be 00h.
Decode Read Push PC to No Words: 2
WREG stack operation Cycles: 2
No No No No Q Cycle Activity:
operation operation operation operation
Q1 Q2 Q3 Q4
Decode Determine | Determine Read
Example: HERE CALLW source addr |source addr | source reg
Before Instruction Decode NO_ NO_ Write "
PC =  address (HERE) operation operation register
PCLATH = 10h No dummy (dest)
PCLATU = 00h read
w = 06h
After Instruction
PC = 001006h .
TOS =  address (HERE + 2) Example: MOVSF [05h], REG2
Eglﬂﬁ$ﬂ = %8E Before Instruction
_ FSR2 = 80h
w = 06h Contents
of 85h = 33h
REG2 = 11h
After Instruction
FSR2 = 80h
Contents
of 85h = 33h
REG2 = 33h
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MOVSS Move Indexed to Indexed
Syntax: MOVSS [z¢], [z4]
Operands: 0<z4<127

0<z4<127
Operation: ((FSR2) + z5) — ((FSR2) + zy)
Status Affected: None
Encoding:

1st word (source)
2nd word (dest.)

1110 1011 1zzz
1111 XXXX XZZZ

ZZZZg

22223

Description The contents of the source register are
moved to the destination register. The
addresses of the source and destination
registers are determined by adding the
7-bit literal offsets ‘zg’ or ‘z4’,
respectively, to the value of FSR2. Both
registers can be located anywhere in
the 4096-byte data memory space
(000h to FFFh).

The MOVSS instruction cannot use the
PCL, TOSU, TOSH or TOSL as the
destination register.

If the resultant source address points to
an indirect addressing register, the
value returned will be 00h. If the
resultant destination address points to
an indirect addressing register, the
instruction will execute as a NOP.

Words: 2

Cycles: 2

Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Determine | Determine Read
source addr |source addr | source reg
Decode Determine | Determine Write
dest addr dest addr to dest reg
Example: MOVSS [05h], [06h]
Before Instruction
FSR2 = 80h
Contents
of 85h = 33h
Contents
of 86h = 1ih
After Instruction
FSR2 = 80h
Contents
of 85h = 33h
Contents
of 86h = 33h

Store Literal at FSR2,

PUSHL Decrement FSR2
Syntax: PUSHL k
Operands: 0<k<255
Operation: k - (FSR2),

FSR2 - 1— FSR2
Status Affected: None

Encoding: ‘ 1111 | 1010 ‘ kkkk | kkkk ‘
Description: The 8-bit literal 'k’ is written to the data
memory address specified by FSR2.
FSR2 is decremented by ‘1’ after the
operation.
This instruction allows users to push
values onto a software stack.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read ‘k’ Process Write to
data destination
Example: PUSHL 08h
Before Instruction
FSR2H:FSR2L = 01ECh
Memory (01ECh) = 00h
After Instruction
FSR2H:FSR2L = 01EBh
Memory (01ECh) = 08h
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SUBFSR Subtract Literal from FSR
Syntax: SUBFSR f, k
Operands: 0<k<63
fe[0,1,2]
Operation: FSRf — k — FSRf
Status Affected: None
Encoding: | 1110 | 1001 | ffkk | kkkk |
Description: The 6-bit literal 'k’ is subtracted from
the contents of the FSR specified by
‘f.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: SUBFSR 2, 23h
Before Instruction
FSR2 = O03FFh
After Instruction
FSR2 = 03DCh

Subtract Literal from FSR2

SUBULNK and Return
Syntax: SUBULNK k
Operands: 0<k<63
Operation: FSR2 —k —» FSR2

(TOS) - PC
Status Affected: None

Encoding: | 1110 | 1001 | 11kk | kkkk |
Description: The 6-bit literal 'k’ is subtracted from
the contents of the FSR2. A RETURN
is then executed by loading the PC
with the TOS.
The instruction takes two cycles to
execute; a NOP is performed during
the second cycle.
This may be though of as a special
case of the SUBFSR instruction,
where f = 3 (binary ‘11’); it operates
only on FSR2.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
No No No No
Operation Operation Operation Operation
Example: SUBULNK 23h
Before Instruction
FSR2 = O03FFh
PC = 0100h
After Instruction
FSR2 = 03DCh
PC = (TOS)
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24.2.3 BYTE-ORIENTED AND
BIT-ORIENTED INSTRUCTIONS IN
INDEXED LITERAL OFFSET MODE

Note:  Enabling the PIC18 instruction set exten-
sion may cause legacy applications to
behave erratically or fail entirely.

In addition to eight new commands in the extended set,
enabling the extended instruction set also enables
Indexed Literal Offset addressing (Section 5.6.1
“Indexed Addressing with Literal Offset”). This has
a significant impact on the way that many commands of
the standard PIC18 instruction set are interpreted.

When the extended set is disabled, addresses
embedded in opcodes are treated as literal memory
locations: either as a location in the Access Bank
(@=0) or in a GPR bank designated by the BSR
(a=1). When the extended instruction set is enabled
and a = 0, however, a file register argument of 5Fh or
less is interpreted as an offset from the pointer value in
FSR2 and not as a literal address. For practical
purposes, this means that all instructions that use the
Access RAM bit as an argument — that is, all
byte-oriented and bit-oriented instructions, or almost
half of the core PIC18 instructions — may behave
differently when the extended instruction set is
enabled.

When the content of FSR2 is 00h, the boundaries of the
Access RAM are essentially remapped to their original
values. This may be useful in creating backward
compatible code. If this technique is used, it may be
necessary to save the value of FSR2 and restore it
when moving back and forth between C and assembly
routines in order to preserve the Stack Pointer. Users
must also keep in mind the syntax requirements of the
extended instruction set (see Section 24.2.3.1
“Extended Instruction Syntax with Standard PIC18
Commands”).

Although the Indexed Literal Offset mode can be very
useful for dynamic stack and pointer manipulation, it
can also be very annoying if a simple arithmetic
operation is carried out on the wrong register. Users
who are accustomed to the PIC18 programming must
keep in mind that, when the extended instruction set is
enabled, register addresses of 5Fh or less are used for
Indexed Literal Offset Addressing.

Representative examples of typical byte-oriented and
bit-oriented instructions in the Indexed Literal Offset
mode are provided on the following page to show how
execution is affected. The operand conditions shown in
the examples are applicable to all instructions of these
types.

24.2.3.1 Extended Instruction Syntax with
Standard PIC18 Commands

When the extended instruction set is enabled, the file
register argument ‘f’ in the standard byte-oriented and
bit-oriented commands is replaced with the literal offset
value ‘k’. As already noted, this occurs only when f is
less than or equal to 5Fh. When an offset value is used,
it must be indicated by square brackets (“[ ]"). As with
the extended instructions, the use of brackets indicates
to the compiler that the value is to be interpreted as an
index or an offset. Omitting the brackets, or using a
value greater than 5Fh within brackets, will generate an
error in the MPASM Assembler.

If the index argument is properly bracketed for Indexed
Literal Offset addressing, the Access RAM argument is
never specified; it will automatically be assumed to be
‘0". This is in contrast to standard operation (extended
instruction set disabled), when ‘a’ is set on the basis of
the target address. Declaring the Access RAM bit in
this mode will also generate an error in the MPASM
assembler.

The destination argument ‘d’ functions as before.

In the latest versions of the MPASM assembler,
language support for the extended instruction set must
be explicitly invoked. This is done with either the
command line option /vy, or the PE directive in the
source listing.

24.2.4 CONSIDERATIONS WHEN
ENABLING THE EXTENDED
INSTRUCTION SET

It is important to note that the extensions to the instruc-
tion set may not be beneficial to all users. In particular,
users who are not writing code that uses a software
stack may not benefit from using the extensions to the
instruction set.

Additionally, the Indexed Literal Offset Addressing
mode may create issues with legacy applications writ-
ten to PIC18 assembler. This is because instructions in
the legacy code may attempt to address registers in the
Access Bank below 5Fh. Since these addresses are
interpreted as literal offsets to FSR2 when the
instruction set extension is enabled, the application
may read or write to the wrong data addresses.

When porting an application to the PIC18FX310/X410,
it is very important to consider the type of code. A large,
re-entrant application that is written in C and would
benefit from efficient compilation will do well when
using the instruction set extensions. Legacy applica-
tions that heavily use the Access Bank will most likely
not benefit from using the extended instruction set.
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ADD W to Indexed Bit Set Indexed
ADDWF . BSF .
(Indexed Literal Offset mode) (Indexed Literal Offset mode)
Syntax: ADDWF  [K] {,d} Syntax: BSF [k], b
Operands: 0<k<95 Operands: 0<f<95
de [0,1] 0<b<7
Operation: (W) + ((FSR2) + k) — dest Operation: 1> ((FSR2) + k)<b>
Status Affected: N, OV, C,DC, Z Status Affected: None
Encoding: ‘ 0010 | 01d0 | kkkk ‘ kkkk | Encoding: ‘ 1000 | bbb0 ‘ kkkk | kkkk ‘
Description: The contents of W are added to the Description: Bit ‘b’ of the register indicated by FSR2,
contents of the register indicated by offset by the value ‘k’, is set.
FSR2, offset by the value ‘k'. Words: 1
If ‘d’ is ‘0’, the result is stored in W. If ‘d’ '
is ‘1’, the result is stored back in Cycles: 1
register ‘f’ (default). Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read Process Write to
Q Cycle Activity: register ‘f’ Data destination
Q1 Q2 Q3 Q4 Example: BSF [FLAG_OFST], 7
Decode Read 'k’ Process Write to .
Data destination Before Instruction
FLAG_OFST = 0OAh
FSR2 = 0AOQOh
Example: ADDWF [OFST] , 0 Contents
Before Instruction of 0ADAN = 55h
After Instruction
w = 17h Contents
OFST = 2Ch of 0AOAh = D5h
FSR2 = 0AOOh
Contents
of 0A2Ch = 20h
After Instruction SETE Set Indexed
W = 37h (Indexed Literal Offset mode)
Contents
of 0A2Ch = 20h Syntax: SETF [K]
Operands: 0<k<95
Operation: FFh — ((FSR2) + k)
Status Affected: None
Encoding: | 0110 | 1000 | kkkk | kkkk |
Description: The contents of the register indicated
by FSR2, offset by ‘k’, are set to FFh.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read 'k’ Process Write
Data register
Example: SETF [OFST]
Before Instruction
OFST = 2Ch
FSR2 =  0AOOh
Contents
of 0A2Ch = 00h
After Instruction
Contents
of 0A2Ch = FFh
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24.2.5 SPECIAL CONSIDERATIONS WITH
MICROCHIP MPLAB IDE TOOLS

The latest versions of Microchip’s software tools have
been designed to fully support the extended instruction
set of the PIC18FX310/X410 family of devices. This
includes the MPLAB C18 compiler, MPASM assembly
language and MPLAB Integrated Development
Environment (IDE).

When selecting a target device for software develop-
ment, MPLAB IDE will automatically set default config-
uration bits for that device. The default setting for the
XINST configuration is ‘0’, disabling the extended
instruction set and Indexed Literal Offset Addressing.
For proper execution of applications developed to take
advantage of the extended instruction set, XINST must
be set during programming.

To develop software for the extended instruction set,
the user must enable support for the instructions and
the indexed addressing mode in their language tool(s).
Depending on the environment being used, this may be
done in several ways:

* A menu option or dialog box within the
environment that allows the user to configure the
language tool and its settings for the project

« A command line option
« A directive in the source code

These options vary between different compilers,
assemblers and development environments. Users are
encouraged to review the documentation accompanying
their development systems for the appropriate
information.
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25.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
« Integrated Development Environment

- MPLAB® IDE Software
» Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Object Linker/
MPLIB™ Obiject Librarian

- MPLAB C30 C Compiler
- MPLAB ASM30 Assembler/Linker/Library
e Simulators
- MPLAB SIM Software Simulator
- MPLAB dsPIC30 Software Simulator
e Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- MPLAB ICE 4000 In-Circuit Emulator
* In-Circuit Debugger
- MPLAB ICD 2
» Device Programmers
- PRO MATE® Il Universal Device Programmer
- PICSTART® Plus Development Programmer
- MPLAB PM3 Device Programmer
¢ Low-Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM.net™ Demonstration Board
- PICDEM 2 Plus Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 4 Demonstration Board
- PICDEM 17 Demonstration Board
- PICDEM 18R Demonstration Board
- PICDEM LIN Demonstration Board
- PICDEM USB Demonstration Board
 Evaluation Kits
- KeeLoqQ® Evaluation and Programming Tools
- PICDEM MSC
- microlD® Developer Kits
- CAN
- PowerSmart® Developer Kits
- Analog

25.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8/16-bit micro-
controller market. The MPLAB IDE is a Windows®
based application that contains:
< An interface to debugging tools

- simulator

- programmer (sold separately)

- emulator (sold separately)

- in-circuit debugger (sold separately)
« A full-featured editor with color coded context
< A multiple project manager

» Customizable data windows with direct edit of
contents

« High-level source code debugging
* Mouse over variable inspection
« Extensive on-line help

The MPLAB IDE allows you to:

 Edit your source files (either assembly or C)
¢ One touch assemble (or compile) and download

to PICmicro emulator and simulator tools

(automatically updates all project information)
« Debug using:

- source files (assembly or C)

- mixed assembly and C

- machine code
MPLAB IDE supports multiple debugging tools in a
single development paradigm, from the cost effective
simulators, through low-cost in-circuit debuggers, to
full-featured emulators. This eliminates the learning
curve when upgrading to tools with increasing flexibility
and power.

25.2 MPASM Assembler

The MPASM assembler is a full-featured, universal
macro assembler for all PICmicro MCUs.

The MPASM assembler generates relocatable object
files for the MPLINK object linker, Intel® standard HEX
files, MAP files to detail memory usage and symbol ref-
erence, absolute LST files that contain source lines and
generated machine code and COFF files for
debugging.

The MPASM assembler features include:

« Integration into MPLAB IDE projects

» User defined macros to streamline assembly code

« Conditional assembly for multi-purpose source
files

« Directives that allow complete control over the
assembly process
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25.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI C compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers. These compilers provide powerful
integration capabilities, superior code optimization and
ease of use not found with other compilers.

For easy source level debugging, the compilers provide
symbol information that is optimized to the MPLAB IDE
debugger.

25.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can link
relocatable objects from precompiled libraries, using
directives from a linker script.

The MPLIB object librarian manages the creation and
modification of library files of precompiled code. When
a routine from a library is called from a source file, only
the modules that contain that routine will be linked in
with the application. This allows large libraries to be
used efficiently in many different applications.

The object linker/library features include:

« Efficient linking of single libraries instead of many
smaller files

« Enhanced code maintainability by grouping
related modules together

 Flexible creation of libraries with easy module
listing, replacement, deletion and extraction

255 MPLAB C30 C Compiler

The MPLAB C30 C compiler is a full-featured, ANSI
compliant, optimizing compiler that translates standard
ANSI C programs into dsPIC30F assembly language
source. The compiler also supports many command
line options and language extensions to take full
advantage of the dsPIC30F device hardware capabili-
ties and afford fine control of the compiler code
generator.

MPLAB C30 is distributed with a complete ANSI C
standard library. All library functions have been vali-
dated and conform to the ANSI C library standard. The
library includes functions for string manipulation,
dynamic memory allocation, data conversion, time-
keeping and math functions (trigonometric, exponential
and hyperbolic). The compiler provides symbolic
information for high-level source debugging with the
MPLAB IDE.

25.6 MPLAB ASM30 Assembler, Linker
and Librarian

MPLAB ASM30 assembler produces relocatable
machine code from symbolic assembly language for
dsPIC30F devices. MPLAB C30 compiler uses the
assembler to produce it's object file. The assembler
generates relocatable object files that can then be
archived or linked with other relocatable object files and
archives to create an executable file. Notable features
of the assembler include:

« Support for the entire dsPIC30F instruction set
« Support for fixed-point and floating-point data
« Command line interface

* Rich directive set

« Flexible macro language

* MPLAB IDE compatibility

25.7 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any pin. The execu-
tion can be performed in Single-Step, Execute Until
Break or Trace mode.

The MPLAB SIM simulator fully supports symbolic
debugging using the MPLAB C17 and MPLAB C18
C Compilers, as well as the MPASM assembler. The
software simulator offers the flexibility to develop and
debug code outside of the laboratory environment,
making it an excellent, economical software
development tool.

25.8 MPLAB SIM30 Software Simulator

The MPLAB SIM30 software simulator allows code
developmentin a PC hosted environment by simulating
the dsPIC30F series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user defined key press, to any of the pins.

The MPLAB SIM30 simulator fully supports symbolic
debugging using the MPLAB C30 C Compiler and
MPLAB ASM30 assembler. The simulator runs in either
a Command Line mode for automated tasks, or from
MPLAB IDE. This high-speed simulator is designed to
debug, analyze and optimize time intensive DSP
routines.
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25.9 MPLAB ICE 2000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 2000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for
PICmicro microcontrollers. Software control of the
MPLAB ICE 2000 in-circuit emulator is advanced by
the MPLAB Integrated Development Environment,
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE 2000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft® Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

25.10 MPLAB ICE 4000
High-Performance Universal
In-Circuit Emulator

The MPLAB ICE 4000 universal in-circuit emulator is
intended to provide the product development engineer
with a complete microcontroller design tool set for high-
end PICmicro microcontrollers. Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment, which
allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICD 4000 is a premium emulator system,
providing the features of MPLAB ICE 2000, but with
increased emulation memory and high-speed perfor-
mance for dsPIC30F and PIC18XXXX devices. Its
advanced emulator features include complex triggering
and timing, up to 2 Mb of emulation memory and the
ability to view variables in real-time.

The MPLAB ICE 4000 in-circuit emulator system has
been designed as a real-time emulation system with
advanced features that are typically found on more
expensive development tools. The PC platform and
Microsoft Windows 32-bit operating system were
chosen to best make these features available in a
simple, unified application.

25.11 MPLAB ICD 2 In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD 2, is a
powerful, low-cost, run-time development tool,
connecting to the host PC via an RS-232 or high-speed
USB interface. This tool is based on the Flash
PICmicro MCUs and can be used to develop for these
and other PICmicro microcontrollers. The MPLAB
ICD 2 utilizes the in-circuit debugging capability built
into the Flash devices. This feature, along with
Microchip’s In-Circuit Serial Programming™ (ICSP™)
protocol, offers cost effective in-circuit Flash debugging
from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by setting
breakpoints, single-stepping and watching variables,
CPU status and peripheral registers. Running at full
speed enables testing hardware and applications in
real-time. MPLAB ICD 2 also serves as a development
programmer for selected PICmicro devices.

25.12 PRO MATE Il Universal Device
Programmer

The PRO MATE Il is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
an LCD display for instructions and error messages
and a modular detachable socket assembly to support
various package types. In Stand-Alone mode, the
PRO MATE Il device programmer can read, verify and
program PICmicro devices without a PC connection. It
can also set code protection in this mode.

25.13 MPLAB PM3 Device Programmer

The MPLAB PM3 is a universal, CE compliant device
programmer with programmable voltage verification at
VDDMIN and VDDMAX for maximum reliability. It features
a large LCD display (128 x 64) for menus and error
messages and a modular detachable socket assembly
to support various package types. The ICSP™ cable
assembly is included as a standard item. In Stand-
Alone mode, the MPLAB PM3 device programmer can
read, verify and program PICmicro devices without a
PC connection. It can also set code protection in this
mode. MPLAB PM3 connects to the host PC via an RS-
232 or USB cable. MPLAB PM3 has high-speed com-
munications and optimized algorithms for quick pro-
gramming of large memory devices and incorporates
an SD/MMC card for file storage and secure data appli-
cations.
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25.14 PICSTART Plus Development
Programmer

The PICSTART Plus development programmer is an
easy-to-use, low-cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient. The
PICSTART Plus development programmer supports
most PICmicro devices up to 40 pins. Larger pin count
devices, such as the PIC16C92X and PIC17C76X,
may be supported with an adapter socket. The
PICSTART Plus development programmer is CE
compliant.

25.15 PICDEM 1 PICmicro
Demonstration Board

The PICDEM 1 demonstration board demonstrates the
capabilites of the PIC16C5X (PIC16C54 to
PIC16C58A), PIC16C61, PIC16C62X, PIC16C71,
PIC16C8X, PIC17C42, PIC17C43 and PIC17C44. All
necessary hardware and software is included to run
basic demo programs. The sample microcontrollers
provided with the PICDEM 1 demonstration board can
be programmed with a PRO MATE Il device program-
mer or a PICSTART Plus development programmer.
The PICDEM 1 demonstration board can be connected
to the MPLAB ICE in-circuit emulator for testing. A
prototype area extends the circuitry for additional appli-
cation components. Features include an RS-232
interface, a potentiometer for simulated analog input,
push button switches and eight LEDs.

25.16 PICDEM.net Internet/Ethernet
Demonstration Board

The PICDEM.net demonstration board is an Internet/
Ethernet demonstration board using the PIC18F452
microcontroller and TCP/IP firmware. The board
supports any 40-pin DIP device that conforms to the
standard pinout used by the PIC16F877 or
PIC18C452. This kit features a user friendly TCP/IP
stack, web server with HTML, a 24L256 Serial
EEPROM for Xmodem download to web pages into
Serial EEPROM, ICSP/MPLAB ICD 2 interface con-
nector, an Ethernet interface, RS-232 interface and a
16 x 2 LCD display. Also included is the book and
CD-ROM “TCP/IP Lean, Web Servers for Embedded
Systems,” by Jeremy Bentham

25.17 PICDEM 2 Plus
Demonstration Board

The PICDEM 2 Plus demonstration board supports
many 18, 28 and 40-pin microcontrollers, including
PIC16F87X and PIC18FXX2 devices. All the neces-
sary hardware and software is included to run the dem-
onstration programs. The sample microcontrollers
provided with the PICDEM 2 demonstration board can
be programmed with a PRO MATE Il device program-
mer, PICSTART Plus development programmer, or
MPLAB ICD 2 with a Universal Programmer Adapter.
The MPLAB ICD 2 and MPLAB ICE in-circuit emulators
may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area extends the
circuitry for additional application components. Some
of the features include an RS-232 interface, a 2 x 16
LCD display, a piezo speaker, an on-board temperature
sensor, four LEDs and sample PIC18F452 and
PIC16F877 Flash microcontrollers.

25.18 PICDEM 3 PIC16C92X
Demonstration Board

The PICDEM 3 demonstration board supports the
PIC16C923 and PIC16C924 in the PLCC package. All
the necessary hardware and software is included to run
the demonstration programs.

25.19 PICDEM 4 8/14/18-Pin
Demonstration Board

The PICDEM 4 can be used to demonstrate the capa-
bilities of the 8, 14 and 18-pin PIC16XXXX and
PIC18XXXX MCUs, including the PIC16F818/819,
PIC16F87/88, PIC16F62XA and the PIC18F1320
family of microcontrollers. PICDEM 4 is intended to
showcase the many features of these low pin count
parts, including LIN and Motor Control using ECCP.
Special provisions are made for low-power operation
with the supercapacitor circuit and jumpers allow on-
board hardware to be disabled to eliminate current
draw in this mode. Included on the demo board are pro-
visions for Crystal, RC or Canned Oscillator modes, a
five volt regulator for use with a nine volt wall adapter
or battery, DB-9 RS-232 interface, ICD connector for
programming via ICSP and development with MPLAB
ICD 2, 2 x 16 liquid crystal display, PCB footprints for
H-Bridge motor driver, LIN transceiver and EEPROM.
Also included are: header for expansion, eight LEDs,
four potentiometers, three push buttons and a proto-
typing area. Included with the kit is a PIC16F627A and
a PIC18F1320. Tutorial firmware is included along
with the User’s Guide.
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25.20 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. A pro-
grammed sample is included. The PRO MATE Il device
programmer, or the PICSTART Plus development pro-
grammer, can be used to reprogram the device for user
tailored application development. The PICDEM 17
demonstration board supports program download and
execution from external on-board Flash memory. A
generous prototype area is available for user hardware
expansion.

25.21 PICDEM 18R PIC18C601/801
Demonstration Board

The PICDEM 18R demonstration board serves to assist
development of the PIC18C601/801 family of Microchip
microcontrollers. It provides hardware implementation
of both 8-bit Multiplexed/Demultiplexed and 16-bit
Memory modes. The board includes 2 Mb external
Flash memory and 128 Kb SRAM memory, as well as
serial EEPROM, allowing access to the wide range of
memory types supported by the PIC18C601/801.

25.22 PICDEM LIN PIC16C43X
Demonstration Board

The powerful LIN hardware and software kit includes a
series of boards and three PICmicro microcontrollers.
The small footprint PIC16C432 and PIC16C433 are
used as slaves in the LIN communication and feature
on-board LIN transceivers. A PIC16F874 Flash
microcontroller serves as the master. All three micro-
controllers are programmed with firmware to provide
LIN bus communication.

25.23 PICkit™ 1 Flash Starter Kit

A complete “development system in a box”, the PICkit™
Flash Starter Kit includes a convenient multi-section
board for programming, evaluation and development of
8/14-pin Flash PIC® microcontrollers. Powered via USB,
the board operates under a simple Windows GUI. The
PICkit 1 Starter Kit includes the User’'s Guide (on CD
ROM), PICKit 1 tutorial software and code for various
applications. Also included are MPLAB® IDE (Integrated
Development Environment) software, software and
hardware “Tips 'n Tricks for 8-pin Flash PIC®
Microcontrollers” Handbook and a USB interface cable.
Supports all current 8/14-pin Flash PIC microcontrollers,
as well as many future planned devices.

25.24 PICDEM USB PIC16C7X5
Demonstration Board

The PICDEM USB Demonstration Board shows off the
capabilities of the PIC16C745 and PIC16C765 USB
microcontrollers. This board provides the basis for
future USB products.

25.25 Evaluation and
Programming Tools

In addition to the PICDEM series of circuits, Microchip
has a line of evaluation kits and demonstration software
for these products.

« KEELOQ evaluation and programming tools for
Microchip’s HCS Secure Data Products

« CAN developers kit for automotive network
applications

« Analog design boards and filter design software

« PowerSmart battery charging evaluation/
calibration kits

« IrDA® development kit

« microlD development and rfLab™ development
software

« SEEVAL® designer kit for memory evaluation and
endurance calculations

* PICDEM MSC demo boards for Switching mode
power supply, high-power IR driver, delta sigma
ADC and flow rate sensor

Check the Microchip web page and the latest Product
Selector Guide for the complete list of demonstration
and evaluation kits.
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NOTES:
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PIC18F6310/6410/8310/8410

26.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(™

Ambient temperature UNAET DIAS...........oiiiiiiiiiiiicies et e e ae e et ee e e s entaeaee e s e anene

LSy TT = To Lo 1= T o T=Y = (USSR :

Voltage on any pin with respect to Vss (except VDD, MCLR and RA4)
Voltage 0N VDD With rESPECE 10 VSS ...eeiiiiiiiiiiei ettt et eaeee e
Voltage on MCLR with respect to Vss (Note 2).............
Voltage on RA4 with respect to Vss
Total power dissipation (NOTE 1) .....occuviiieiiiiiiiee e e
Maximum current Out Of VSS PIN ...ooooiiiiiiieii e
Maximum current iNt0 VDD PN ....uieeeiiiviieeeiiiiiiie e esiriee e e ssiee e f e e
Maximum output current sunk by any /O pin...........ccccceeeenenenc L

Maximum output current sourced by any I/O pin ................,
Maximum current sunk by all ports .........c.ccoociiiiiiiiice

Maximum current sourced by all ports ..........cccceeeveieien

Note 1. Power dissipation is calculated as fol :
Pdis = VDD x {IDD — X I0H} + 2 VDD — x loH} + > (VoL x loL)
2: Voltage spikes below Vss g LR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50- Id be used when applying a “low” level to the MCLR/VPP pin, rather

than pulling this pin dizefzvto

T NOTICE: Stresses above t }'rste_d/%der “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rati d functional operation of the device at those or any other conditions above those
indicated in the operation Ii his specification is not implied. Exposure to maximum rating conditions for
extended periods may affect deyice reliability.

\V{O
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PIC18F6310/6410/8310/8410

FIGURE 26-1:  PIC18F6310/6410/8310/8410 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)
6.0V @ SE :
5.5V X
S0V PIC18FX310/410 K>
4.5V <{\

(<5)

o NI\ 4.2V
g 40Vt QLN
S 35V |
3.0V % |
2.5V @ |
2.0V @X |
I
G '
\ I

40 MHz

Frequency

!
s

FIGURE 26-2: PIC18LF6310/6410/8310/8410 VOLTAGE-F

REQUENCY GRAPH (INDUSTRIAL)

PIC18LFX310/410

Voltage

Frequency
AX = (16.36 MHz/V) (VDDAPPMIN — 2.0V) + 4 MHz

a3

Note: VDDAPPMIN is the minimum voltage of the PICmicr

0® device in the application.
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PIC18F6310/6410/8310/8410

26.1

DC Characteristics:

Supply Voltage

PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial)

PIC18LF6310/6410/8310/8410
(Industrial)

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for industrial

PIC18F6310/6410/8310/8410
(Industrial, Extended)

Operating temperature

Standard Operating Conditions (unless otherwise stated)
i -40°C < TA < +85°C for |ndustr|

Param Symbol Characteristic Min Typ | Max | Units Cond&@)
No.
VDD Supply Voltage
D001 PIC18LFX310/X410| 2.0 — 5.5 V  [HS, XT, RC and LMor mode
PIC18FX310/X410( 4.2 — 5.5 Vv T~
D002 VDR RAM Data Retention 15 — — Vv
Voltage®
D003 VPOR VDD Start Voltage — — 0.7 V |See t 3 WPower-on Reset (POR)” for
to ensure internal details
Power-on Reset signal N
D004 SvDD VDD Rise Rate 0.05 — — V/n<§a€ B/n 4.3 “Power-on Reset (POR)” for
to ensure internal ails
Power-on Reset signal RN
VBOR Brown-out Reset Voltage ( ( \ \
D005 BORV1:BORVO = 11 1.96 | 2.06 [2a6} v
BORV1:BORVO = 10 264 | 278 [@82] v
BORV1:BORVO = 01 411 | £33 [455] v
BORV1:BORVO = 00 441 ae\M4g7| v
Legend: Shading of rows is to assist in readability<ofthextable.
Note 1: This is the limit to which VDD can be lowered mode, or during a device Reset, without losing RAM data.

@@
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PIC18F6310/6410/8310/8410

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
——
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
Pa:\;(a)lm Device Typ Max | Units Conditions @)
Power-down Current (IPp)® /
PIC18LFX310/X410| 0.18 | 0.95 UA -40°C
019 | 1.0 A +25°C bD = 2.0,
: : H [ Sleep mode)
0.20 11 UHA +85°C
PIC18LFX310/X410| 0.27 | 0.95 HA -40°C N
028 | 1.0 | pA +25°C Voo = 3.0V,
. : H ~ (Sleep mode)
0.30 11 A +85°C_
Alldevices| 042 | 19 | pA 400) ) N\
VDD = 5.0V,
0.44 2.0 KA W\/ (Sleep mode)
047 | 21 | pa /—IBEBD

Legend: Shading of rows is to assist in readability of the table.

Note 1: The power-down current in Sleep mode does not dep
the part in Sleep mode, with all I/O pins in high-impgd¥
current disabled (such as WDT, Timerl Oscillato &tc.).

and switching rate, oscillator type and circui Oge execution pattern and temperature, also have an impact on
the current consumption.
The test conditions for all IDD measuremen e operation mode are:
OSC1 = external square wave, fro il-to-rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT e ed/disabled as specified.
3:  For RC oscillator configuration
by the formula Ir = VDD/2R
4:  Standard low-cost 32 kH Stals hawe’an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at uch higher cost.
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PIC18F6310/6410/8310/8410

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial w
Pe:\;s?’l Device Typ Max | Units Conditions &U)

Supply Current (Iop)@3

PIC18LFX310/X410| 15.6 | 31.5 | pA -40°C N
148 | 30 | pA +25°C

VDD = 2.0V,
14.1 | 285 | pA +85°C S
PIC18LFX310/X410| 34 | 63 | pA -40°C Fosc = 31 kHz
324 57 LA +25°C VD 0 (RC_RUN mode,
30.7 60 A +85°C Internal oscillator source)
All devices| 832 | 168 | pA -40°C NV
79.2 | 160 | pA +25°C =5.0v
752 | 152 | pA +857C—_
PIC18LFX310/X410| 339 | 630 | pA 40 )

323 | 600 | uA #25°6__{ VoD =20V
306 | 570 | ua [ S488c

PIC18LFX310/X410| 55 | 1.3 | mA \dvsC Fosc = 1 MHz
52 | 12 | @A \525°c VDD = 3.0V (RC_RUN mode,
50 11 +85°C Internal oscillator source)
Alldevices| 1.2 | 23 | mA -40°C
11 Y22 | mA +25°C VoD = 5.0V

PIC18LFX310/x410 | 084 N2/ mA -40°C

(0.80 {1\ 2. mA +25°C VDD = 2.0V
AN’} 19 | ma +85°C
PIC18LFX3 14 2.7 mA -40°C Fosc = 4 MHz
1.3 2.6 mA +25°C VDD = 3.0V (RC_RUN mode,
<\\\ 13 25 mA +85°C Internal oscillator source)
Wldevices| 26 | 53 | mA -40°C
\fr\V/ 25 5.0 mA +25°C VDD = 5.0V
2.4 4.8 mA +85°C
Legend hading of rows is to assist in readability of the table.
Note ©Id %; gwer-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
epdrt in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta

urfent disabled (such as WDT, Timerl Oscillator, BOR, etc.).
he supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.
The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.
3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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PIC18F6310/6410/8310/8410

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated) /&
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated) V
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial ?—_\\
Param Device Typ Max | Units Conditions M
No. A~
Supply Current (Iop)@3 &
PIC18LFX310/X410| 3.3 6.5 HA -40°C
3.1 6.2 HA +25°C VDD = 2.0V§>
3.0 5.9 HA +85°C
PIC18LFX310/X410| 5.0 | 10.1 | pA -40°C Fosc = 31 kHz
4.8 9.6 LA +25°C ) > (RC_IDLE mode,
4.6 9.1 A +85°C /\ Internal oscillator source)
All devices| 10.3 | 15.8 HA -40°C
9.8 15.0 HA +25°9,\ D = 5.0V
93 | 143 | pA +85°¢ O\
PIC18LFX310/X410| 183 | 368 | pA | ~akC\_/
175 | 350 | wA | /+25°C VoD = 2.0V
166 | 333 [ pA “5°C
PIC18LFX310/x410| 280 | 473 | pa N\ a0’C Fosc = 1 MHz
267 | 450 } pAN——A25°C VDD = 3.0V (RC_IDLE mode,
253 428 M +85°C Internal oscillator source)
All devices| 546 | 893 | wa)|  -a0°C
520/1/88D) | WA +25°C VDD = 5.0V
494\ &8/} uA +85°C
PIC18LFX310/X410f 362 | B25 | LA -40°C
\344 )| 500 | A +25°C VDD = 2.0V
Q “s271 475 | uA +85°C
PIC18LFX3Q/XAI0] 572 | 840 | pA -40°C Fosc = 4 MHz
544 | 800 | uA +25°C VDD = 3.0V (RC_IDLE mode,
<v\ 517 760 A +85°C Internal oscillator source)
Wevices 12 | 16 | mA -40°C
11 15 mA +25°C VDD = 5.0V
1.0 14 mA +85°C

Legen Shadjng of rows is to assist in readability of the table.
Note 1: e power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
t art in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
rrent disabled (such as WDT, Timerl Oscillator, BOR, etc.).
The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.
The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VbD; WDT enabled/disabled as specified.
3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
4:  Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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PIC18F6310/6410/8310/8410

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
——
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial

Pa:\;(a)lm Device Typ Max | Units Conditions @)

Supply Current (Iop)@3

PIC18LFX310/X410| 271 | 420 | pA -40°C N
258 | 400 | pA +25°C

VDD = 2.0V,
245 | 380 | pA +85°C S
PIC18LFX310/X410| 502 | 735 | pA -40°C Fosc = 1 MHz
478 | 700 | upA +25°C VED=3\0 (PRI_RUN,
454 665 A +85°C EC oscillator)
Alldevices| 1.1 | 2.6 | mA -40°C NV
11 | 25 | mA +25°C =6.0v
10 | 24 | mA +857C—
PIC18LFX310/x410| 0.78 | 1.6 | mA 4dg )

074 | 15 | mA (#25°6__{ VoD =20V
070 [ 14 | ma [\ pgc

PICI8LFX310/X410| 1.4 | 2.6 | mA \dvsc Fosc = 4 MHz
13 | 25 | @A \525°c VDD = 3.0V (PRI_RUN,
1.2 24 +85°C EC oscillator)
All devices| 2.8 | 53 | mA -40°C
26 Y50 | mA +25°C VoD = 5.0V
2K KA4E Jyma +85°C
All devices| 165 N2/ mA -40°C
(15.7 (250 | mA +25°C VDD = 4.2V
O N\#e’)238 | mA +85°C Fosc = 40 MHz
_ - (PRI_RUN,
Al 217 | 315 | mA -40°C EC oscillator)
~20.6 | 300 | mA +25°C VDD = 5.0V

(T~ ] 196 | 285 | ma +85°C

assist in readability of the table.
current in Sleep mode does not depend on the oscillator type. Power-down current is measured with

Legend:
Note 1:

abfed (such as WDT, Timerl1 Oscillator, BOR, etc.).
pply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
itching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
rrent consumption.
€ test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.
For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial \§
Pe:\:s?’l Device Typ Max | Units Conditions &U)

Supply Current (Iop)@3

PIC18LFX310/X410| 68.2 | 126 | pA -40°C N
650 | 120 | pA +25°C

VDD = 2.0V,
617 | 114 | pA +85°C G
PIC18LFX310/X410| 123 | 263 | pA -40°C Fosc = 1 MHz
117 | 250 | pa +25°C V=30 (PRI_IDLE mode,
111 238 A +85°C EC oscillator)
All devices| 241 | 473 | pa -40°C NV
230 | 450 | pA +25°C =6.0v
218 | 428 | pA +857C—_
PIC18LFX310/X410| 268 | 473 | pA 40 )

255 | 450 | pA #25°6__{ VoD =20V
242 | 428 | A [\ SBEec

PIC18LFX310/X410| 448 | 1000 | pA \dvsc FOSC = 4 MHz
426 | 952 | QA \525°c VDD = 3.0V (PRI_IDLE mode,
405 904 A +85°C EC oscillator)
All devices| 0.93 | 15 | ‘mA -40°C
088 Y A4 | mA +25°C VoD = 5.0V

0.84\ \/.f/ﬁ/ > mA +85°C

All devices| 53 \98/| mA -40°C

(6.0 /\ 9.0 mA +25°C VbD=4.2V
<\ \5?7_/ 86 mA +85°C Fosc = 40 MHz
- (PRI_IDLE mode,
Al 95 | 126 | mA -40°C EC oscillator)
~6.1 | 120 | mA +25°C VDD = 5.0V

(S~ 86 | 114 | ma +85°C

assist in readability of the table.
current in Sleep mode does not depend on the oscillator type. Power-down current is measured with

Legend:
Note 1:

abfed (such as WDT, Timerl Oscillator, BOR, etc.).
pply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
itching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
rrent consumption.
€ test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.
For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.
4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated) @
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
Pa:\;(a)lm Device Typ Max | Units Conditions (Q\ N
Supply Current (Iop)@3 S

PIC18LFX310/X410| 15.8 | 31.5 UA -10°C
15.0 | 30.0 UHA +25°C VDD = 2.0V é&
143 | 285 UA +70°C G

PIC18LFX310/X410| 33.4 | 73.5 A -10°C Fosc = 32 kHz@
31.8 | 70.0 A +25°C VDR =%§. (SEC_RUN mode,
302 | 665 A +70°C \X/ Timerl as clock)

All devices| 832 | 126 | pA -10°C s

79.2 | 120 UHA +25°C O/ D =5.0V
75.2 | 114 UA +70°

PICI18LFX310/X410| 39 | 95 | pA 10°¢ O\
37 [ 90 | pa | ek J]) vop=20v
35 | 86 | ua | /{vmC

PIC18LFX310/X410| 5.4 10.5 UA -@°C Fosc = 32 kHz®
5.1 10.0 | pA_| 28°C VDD = 3.0V (SEC_IDLE mode,
48 95 bA\Y\@O"C Timer1 as clock)

All devices| 9.4 | 16.8 \pA_ -10°C

9.0 0| uaY +25°C VDD = 5.0V
8.5/1/182 | uA +70°C

Legend: Shading of rows is to assist in readakili the table.
Note 1. The power-down current j dep m does not depend on the oscillator type. Power-down current is measured with

the part in Sleep mode,
current disabled (sug
2:  The supply current a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, e pe and circuit, internal code execution pattern and temperature, also have an impact on

ernal square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;

= VDD; WDT enabled/disabled as specified.

YW configurations, current through REXT is not included. The current through the resistor can be estimated
by-the Ir = VDD/2REXT (mA) with REXT in kQ.

rdard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
als are available at a much higher cost.
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)

PIC18LF6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta £ +85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Conditions (unless otherwise stated) @
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
Pa:\;(a)lm Device Typ Max | Units Conditions (Q\ N
Module Differential Currents (AlwDT, AIBOR, AlLVD, AlOSCB, AIAD) >
D022 Watchdog Timer| 1.3 3.8 LA -40°C
(Alwor) 14 | 40 | pA +25°C VDD = 2.0V é%
14 | 42 | pA +85°C G
19 | 48 | uA -40°C
20 | 50 | pA +25°C VDR =}
21 | 53 | pA +85°C \K
52 | 95 | uA -40°C s
55 | 10.0 | pA +25°C O/ D=5.0V
57 | 105 | pA +85°
D022A Brown-out Reset| 32.2 | 523 | uA | -40°Ctd{85°0\)\ Voo =30V
(AlBOR) 356 | 630 | pA |-4p5towesec/)) voo=50v
D022B Low-Voltage Detect| 19 | 315 | pA |4aloAp+85°C | vop=2.0v
(AlLvo) 217 | 315 | pARa0cio+85°C | Voo =3.0v
24.3 | 36.8 | sa—INgdrc¥e+85°C | Vpp=5.0v
D025 Timerl Oscillator| 1.2 | 5.7 (N A ‘10°C
(Alosce) 13 [ 60 N\aA IV +25°C VoD = 2.0V 32 kHz on Timer1®
1.3 @.3 HA +70°C
16/ 78 | uA -10°C
PEANZET +25°C VDD = 3.0V 32 kHz on Timer1®
18 1o | pA +70°C
6’/ 95 | ua -10°C
28 | 100 | pA +25°C VDD = 5.0V 32 kHz on Timer1®
49 | 105 | pa +70°C
D026 / erter| 1.0 | 30 | pA — VDD = 2,0V _
(AlAD) &\DV 10 | 40 | pA _ VDD = 3.0V A{% ‘:lr; 2%;?‘5232'
1.0 | 100 | pA — VDD = 5.0V

in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or Vss and all features that add delta
disabled (such as WDT, Timerl Oscillator, BOR, etc.).

The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as 1/O pin loading
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on
the current consumption.
The test conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all /O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified.
3:  For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated
by the formula Ir = VDD/2REXT (mA) with REXT in kQ.

4:  Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature
crystals are available at a much higher cost.

Legend: S%g\o\?‘?ws is to assist in readability of the table.
Note 1: 1€ _power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with
c#

DS39635A-page 352 Preliminary © 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

26.3

DC Characteristics: PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial

Param Symbol Characteristic Min Max Units Conditio
No. NN
ViL Input Low Voltage —_
1/0 ports:
D030 with TTL buffer Vss 0.15 VbD
DO030A — 0.8
D031 with Schmitt Trigger buffer Vss 0.2 VbD
RC3 and RC4 Vss 0.3 VpbD
D032 MCLR Vss 0.2 VbD
D032A OSC1 and T10SI Vss 0.3 VpD, \»MT HS, HSPLL
\ modes®
D033 0sC1 Vss 0. % EC mode®
VIH Input High Voltage %J
1/0 ports: O
D040 with TTL buffer 0.25 VDD + 0.8V VDD V |VDD < 4.5V
DO040A 2. Q DD V |4.5V<VDD<5.5V
D041 with Schmitt Trigger buffer VDD \%
RC3 and RC4 VDD \Y
D042 MCLR DD VDD \Y,
D042A OSC1 and T10SI % D VDD V  [LP, XT, HS, HSPLL
S modes®)
D043 0SsC1 % 0.8 VoD VDD vV |EC mode®
li Input Leakage Curren 3)
D060 1/O ports — +1 UA [VsSs <VPIN £VDD,
Pin at hi-impedance
D061 MCLR — 15 UA |VssS <VPIN £VDD
D063 OSsC1 A — 5 HA |VsSsS <VPIN £VDD
IPU Weak Pull-u rrent
D070 |IPURB |PORTBWE p current 50 400 LA |VDD = 5V, VPIN = Vss
Note 1: O oﬁf@nation, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
driven with an external clock while in RC mode.
2: rrent on the MCLR pin is strongly dependent on the applied voltage level. The specified

jve current is defined as current sourced by the pin.

Meter is characterized but not tested.

© 2004 Microchip Technology Inc.
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26.3 DC Characteristics: PIC18F6310/6410/8310/8410 (Industrial)
PIC18LF6310/6410/8310/8410 (Industrial) (Continued)
Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
Pzr:m Symbol Characteristic Min Max Units Conditio%
VoL Output Low Voltage
D080 1/0 ports — 0.6 \%
D083 OSC2/CLKO — 0.6 Y,
(RC, RCIO, EC, ECIO modes)
VoH  |Output High Voltage® “
D090 1/0 ports VoD - 0.7 — ‘w =-3.0 mA, VDD = 4.5V,
20°C to +85°C
D092 OSC2/CLKO VoD - 0.7 — \ IoH =-1.3 mA, VDD = 4.5V,
(RC, RCIO, EC, ECIO modes) ~ -40°C to +85°C
D150 |Vob Open-Drain High Voltage — \5\ V |RA4 pin
Capacitive Loading Specs
on Output Pins
D100@ |Cosc2 |OSC2 pin 5 pF |In XT, HS and LP modes
when external clock is
used to drive OSC1
D101 |Cio All /O pins and OSC2 50 pF |To meet the AC Timing
(in RC mode) x Specifications
D102 |CB SCL, SDA N — 400 pF |12C Specification
Note 1: In RC oscillator configuration, the O

PICmicro® device be driven with an ex

2: The leakage current on the M
levels represent normal op
voltages.

3: Negative current is de
4: Parameter is charaggte

ascu
db

nt sourced by the pin.
not tested.

C\Zh@mxgin is a Schmitt Trigger input. It is not recommended that the
| ¢fock while in RC mode.

pin is strongly dependent on the applied voltage level. The specified
onditions. Higher leakage current may be measured at different input
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TABLE 26-1: MEMORY PROGRAMMING REQUIREMENTS

DC Characteristics Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta < +85°C for industrial
Pzrglm Sym Characteristic Min Typt Max | Units Conditions
Program Flash Memory
D110 |VpPP Voltage on MCLR/VPP pin 10.0 — 12.0 \%
D113 |IbbP  |Supply Current during — — 1
Programming
D130 |EpP Cell Endurance — 1K —
D131 |Vpr |VDD for Read VMIN — 5.5
D132 |VIE VDD for Block Erase 4.5 — 55 \% S SP port
D132A |Viw VDD for Externally Timed Erase 4.5 — 55 i P port
or Write \
D132B |Vpew |VDD for Self-timed Write VMIN — 55 MIN = Minimum operating
& oltage
D133 |TiE ICSP™ Block Erase Cycle Time — 4 AN VDD > 4.5V
D133A |Tiw ICSP Erase or Write Cycle Time 2 — @_\ ms |VDD > 4.5V
(externally timed) r
D133A |Tiw Self-timed Write Cycle Time — ms
D134 |TReTD |Characteristic Retention 40 @ — Year |Provided no other
specifications are violated

1t Datain “Typ” column is at 5.0V, 25°C unless iheépdise stated. These parameters are for design guidance

only and are not tested. g §
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TABLE 26-2: COMPARATOR SPECIFICATIONS

Operating Conditions: 3.0V < VbD < 5.5V, -40°C < Ta < +85°C, unless otherwise stated.
P;a\lrc?m Sym Characteristics Min Typ Max Units Comments
D300 VIOFF Input Offset Voltage — +5.0 +10 mV
D301 Vicm Input Common Mode Voltage* 0 — Vbb-1.5 \%
D302 CMRR |Common Mode Rejection Ratio* 55 — — B [/ WV
300 TRESP  |Response Time®" — 150 400 ns kl 189>¢(XX
300A — 150 600 ICEBEEXXXX,
/? % =2.0V
301 Tmc2ov |Comparator Mode Change to — — 10 h
Output Valid*

(3
* These parameters are characterized but not tested.
Note 1. Response time measured with one comparator input at (VDD — 1.5)/2, the pther input transitions

from Vss to VDD.

TABLE 26-3: VOLTAGE REFERENCE SPECIFICATIONS

Operating Conditions: 3.0V < VDD < 5.5V, -40°C < TA < +85°C{@€s$?the>mise stated.
N
Pzr:m Sym Characteristics %> Max Units Comments
D310 VRES Resolution (\@D@X\ — | VDD/32 | LSb
D311 VRAA Absolute Accuracy < = — 1/4 LSb |Low Range (CVRR =1)
— — 1/2 LSb |High Range (CVRR = 0)
D312 VRUR Unit Resistor Value (R)* — 2k — Q
310 TsET Settling Time®" / A — — 10 us

* These parameters are chara {eriz8d,Bpt not tested.

Note 1: Settling time measured@w and CVR3:CVRO transitions from ‘0000’ to ‘1111".

o

v
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FIGURE 26-3: HIGH/LOW-VOLTAGE DETECT CHARACTERISTICS

For VDIRMAG = 1: VDD

cleared i

(HLVDIF set by hardware) : : (HLVDIF can b
soTtwal

For VDIRMAG = 0:

HLVDIF

N\
TABLE 26-4: HIGH/LOW-VOLTAGE DETECT CHARACTE{I@%

Standard monditions (unless otherwise stated)
Operatin @?n%lgr ture -40°C < TA < +85°C for industrial

Pilr:m Symbol Characteristic i Typ Max Units Conditions
D420 HLVD Voltage on VDD |LVV = 0000 1\.8\0 1.86 1.91

Transition LVV = /Qo%\‘\l.@ 2.06 | 2.06
LW =bQro\216 | 2.27 | 2.38

LWy = 0011 235 | 2.47 | 2.59
)= 0100| 243 | 256 | 2.69
A 01| 264 | 278 | 2.92

WWE 0110] 275 | 2.89 | 3.03

=o0111] 295 | 310 | 3.26
LW =1000| 324 | 341 | 358
LW =1001| 343 | 361 | 3.79
LW =1010| 353 | 372 | 391
LW=1011] 372 | 392 | 412

Ql LVV = 1100| 3.92 | 413 | 4.34

Lvw=1101| 411 433 | 4.55

ﬁ LW=1110] 441 | 464 | 487 | V

T\\Pro‘yﬁction tested at TamB = 25°C. Specifications over temperature limits ensured by characterization.

MR RN GRS R R G Ed E Y B R R R
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26.4 AC (Timing) Characteristics

26.4.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created
following one of the following formats:

1. TppS2ppS 3. TccisT (1°C specifications only)
2. TppS 4.Ts (1°C specifications only)
T
F Frequency T Time
Lowercase letters (pp) and their meanings:
pp
cc CCP1 0osc OSC1
ck CLKO rd RD
cs [ w RD or WR
di SDI sc SCK
do SDO ss SS
dt Data in to TOCKI
io 1/0O port t1 T13CKI
mc MCLR wr WR
Uppercase letters and their meanings:
S
F Fall P Period
H High R Rise
I Invalid (High-impedance) \% Valid
L Low Z High-impedance
12C only
AA output access High High
BUF Bus free Low Low
Tcc:sT (IZC specifications only)
CC
HD Hold SuU Setup
ST
DAT DATA input hold STO Stop condition
STA Start condition
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26.4.2 TIMING CONDITIONS Note:  Because of space limitations, the generic
The temperature and voltages specified in Table 26-5 terms “PIC18FXXXX" and “PIC18LFXXXX”
apply to all timing specifications unless otherwise are used throughout this section to refer to
noted. Figure 26-4 specifies the load conditions for the the PIC18F6310/6410/8310/8410 and
timing specifications. PIC18LF6310/6410/8310/8410 families of

devices specifically and only those devices.

TABLE 26-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC
Standard Operating Conditions (unless otherwise stated)

Operating temperature -40°C < TA < +85°C for industrial
AC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 26.1 and
Section 26.3.

LF parts operate for industrial temperatures only.

FIGURE 26-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load Condition 1 Load Condition 2

VDD/2

RL Pin T CL
Vss

- —_—CL
Pin RL = 464Q

Vss CL = 50pF for all pins except OSC2/CLKO

and including D and E outputs as ports
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26.4.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 26-5: EXTERNAL CLOCK TIMING (ALL MODES EXCEPT PLL) A

. YR T YO @ . Qe U Q
osc1 / : / ' ﬂ
: < 2
CLKO

%

TABLE 26-6: EXTERNAL CLOCK TIMING REQUIREMENTS />

lea\lrgfn. Symbol Characteristic Min /Mra\ @; Conditions
1A Fosc External CLKI Frequency®|  DC w MHz |EC, ECIO
Oscillator Frequency(l) D 4 MHz |RC oscillator
> 4 MHz | XT oscillator
25 MHz |HS oscillator
10 MHz |HS + PLL oscillator
5 200 kHz |LP Oscillator mode
1 Tosc External CLKI Perig 25 — ns |EC, ECIO
Oscillator Period( 250 — ns |RC oscillator
250 10,000 ns | XT oscillator
25 250 ns HS oscillator
100 250 ns HS + PLL oscillator
25 — us |LP oscillator
2 Tey Instruction Sycle Time 100 — ns |Tev = 4/Fosc
TosL, ock in (OSC1) 30 — ns |XT oscillator
TosH s ighgor Low Time 25 — us |LP oscillator
%& 10 — ns HS oscillator
4 External Clock in (OSC1) — 20 ns | XT oscillator
2@ Rise or Fall Time — 50 ns |LP oscillator
o — 75 ns |HS oscillator

except PLL. All specified values are based on characterization data for that particular oscillator type under
standard operating conditions with the device executing code. Exceeding these specified limits may result
in an unstable oscillator operation and/or higher than expected current consumption. All devices are tested
to operate at “min.” values with an external clock applied to the OSC1/CLKI pin. When an external clock
input is used, the “max.” cycle time limit is “DC” (no clock) for all devices.

NoteWruction cycle period (Tcy) equals four times the input oscillator time base period for all configurations
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TABLE 26-7: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2V TO 5.5V)

pzr:m Sym Characteristic Min Typt Max Units C@
F10 Fosc |Oscillator Frequency Range 4 — 10 MHz /_\mQBQanly
F11 Fsys |On-Chip VCO System Frequency 16 — 40 MHzK HS ere only
F12 tre PLL Start-up Time (Lock Time) — — 2 <£Q\&

F13 ACLK |CLKO Stability (Jitter) -2 — +2 %

T Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters aré\i@esign guidance
only and are not tested.

TABLE 26-8: AC CHARACTERISTICS:INTERNAL RC ACCURA

PIC18F6310/6410/8310, STRIAL)
PIClSLF6310/6410/8{8{§3§_k DUSTRIAL)
PIC18LF6310/6410/8310/8410 Standard Operating Condit|oWse stated)
(Industrial) Operating temperature TAX A85°C for industrial
PIC18F6310/6410/8310/8410 Standard Operating Con OW otherwise stated)
(Industrial) Operating temperature ﬁA - < Ta < +85°C for industrial
PaNrslm Device Min Typ % its Conditions
INTOSC Accuracy @ Freq = 8 MHz, 4 MHz, ;\M\Hz\,woo kHz, 250 kHz, 125 kHz®
PIC18LF6310/6410/8310/8410 -2 J:N\ \>,> % +25°C VDD = 2.7-3.3V
S — 5 % -10°C to +85°C | VDpD =2.7-3.3V
2/ o+1 | 10 % | -40°C to +85°C | VDD =2.7-3.3V
PIC18F6310/6410/8310/8410] 27 4 | 2 % +25°C VDD =4.5-5.5V
-5/\ — 5 % -10°C to +85°C | VDD =4.5-5.5V
1p) | 41 10 % | -40°Cto +85°C | VDD =4.5-5.5V
INTRC Accuracy @ Freq\\N\W
PIC18LF6310/6410/631Q/8210>26.562 | — |35.938| kHz | -40°Cto +85°C | VDD =2.7-3.3V
PIC18F6310/6410/8310/84J0| 26562 | — [35.938| kHz | -40°Cto+85°C |VDD=4.555V
INTRC Stability X~
F7 PIC18LF6310 %310/8410 TBD 1 TBD % +25°C VDD = 2.0V
F8 &i TBD 1 TBD % +25°C VDD = 3.0V
F9 All devices| TBD 1 TBD % +25°C VDD = 5.0V

Legend: f{lzuiT Be Determined. Shading of rows is to assist in readability of the table.
Note 1: G cy calibrated at 25°C. OSCTUNE register can be used to compensate for temperature drift.
frequency after calibration.
Shénge of INTRC frequency as VDD changes.
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FIGURE 26-6:

CLKO AND I/0 TIMING

0OscC1

Q4

CLKO

s

1/0O pin

S

/////

///

(Output) Old Value E X E E
COTRE Y :
Note: Refer to Figure 26-4 for load conditions.
%

TABLE 26-9: CLKO AND 1I/O TIMING RE@T&N S

Pilr(r;lm Symbol Characterls% Min Typ Max Units | Conditions
10 TosH2ckL [0SC1 Tto CLKO )/ . — 75 200 ns | (Note 1)
11 |TosH2ckH|OSCL T to CLKO N ( )2 — 75 200 ns | (Notel)
12 |TckR  [CLKO Rise Tipe” — 35 100 ns | (Note1)
13 [TckF CLKO Fal Time_) ) — 35 100 ns | (Note 1)
14 TckL2i0V [CLKO | toPartout Valid — — |o5Tcy+20] ns | (Note1)
15 TioV2ckH |Port ﬁ\\@'rd-be}bre CLKO T 0.25Tcy + 25| — — ns (Note 1)
16 TckH2i0l W})@aﬁer CLKO T 0 — — ns (Note 1)
17 TosH21QA é\é@%@l cycle) to Port Out Valid — 50 150 ns

18 TosH2iol §@m (Q2 cycle)to  |PIC18FXXXX 100 — — ns

18A &E}” Input Invalid PIC18LFXXXX 200 — — ns |Vop=2.0v

O in hold time)

19 ﬁQVst)H Port Input Valid to OSC1T (I/O in setup time) 0 — — ns

2 TSR’/ |Port Output Rise Time  [PICI8FXXXX — 10 25 ns

28@5 PIC18LFXXXX — — 60 ns |Vop=2.0v
21 TIoF Port Output Fall Time PIC18FXXXX — 10 25 ns

21A PIC18LFXXXX — — 60 ns (VDD = 2.0V
22t TINP INT pin High or Low Time Tey — — ns

23t TRBP RB7:RB4 Change INT High or Low Time Tey — — ns

24t TRCP RC7:RC4 Change INT High or Low Time 20 ns

T These parameters are asynchronous events not related to any internal clock edges.
Note 1. Measurements are taken in RC mode, where CLKO output is 4 x ToscC.
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FIGURE 26-7: PROGRAM MEMORY READ TIMING DIAGRAM

Q1 I Q2 | Q3 | Q4 | Q1 | |

0oscC1

AD<19:16> ' '
S e O
AD<15:0> 2

- —165

Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < QQ § unless othenwise stated.

TABLE 26-10: CLKO AND I/O TI BA;XQUIREMENTS

Pa’\rlz;m. Symbol <@zﬂé}:teristics Min Typ Max Units
150  |Tadv2alL Addgfggnd to ALE | (address 025Tcy—10| — — ns

setupnti

151 TalL2adl Wdress Out Invalid (address hold 5 — — ns
155  |TalL2oel\ \ANE(! to OE | 10 0.125 Tev — ns
160 Tadi?e@ AD high-Z to OE | (bus release to OE) 0 — — ns
161 {Joer2adD |OE 1 to AD Driven 0125Tey-5| — — ns
162 \T%d\\//jgéH LS Data Valid before OE T (data setup time) 20 — — ns
1<3N \'Pag\éadl OE 7 to Data In Invalid (data hold time) 0 — — ns
164\ V/{TalH2alL  |ALE Pulse Width — Tey — ns
165 \) ToeL20eH |OE Pulse Width 0.5Tcy -5 0.5 Tey — ns
166 TalH2alH |ALE T to ALE T (cycle time) — 0.25 Tcy — ns
167 Tacc Address Valid to Data Valid 0.75 Tcy — 25 — — ns
168  |Toe OE ! to Data Valid — 05Tcy—25 | ns
169 TalL2oeH |ALE lto OE T 0.625 Tcy — 10 — 0.625Tcy +10| ns
171 TalH2csL  |Chip Enable Active to ALE | 0.25 Tcy — 20 — — ns
171A |TubL20eH |AD Valid to Chip Enable Active — — 10 ns
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FIGURE 26-8: PROGRAM MEMORY WRITE TIMING DIAGRAM

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

osc1 ‘(—\—(—\—/—\—/—\—/—\—T/—\—i

AD<19:16> ] ' 71 | ! | W & |
BAO . WI | Address | | : Addres |
| ! I T T T . ! —< 1
| ] | 166 —} ; > k\ |
| T | ' | | i
AD<15:0> | W Address §T<>W | Data | X
| : Y s > |
| : 1 151 44 16—
ALE | o —\’ | |
I S | |
= | | |
" Jii S—— |
I I7IA— 4— | |
WRH or ~1 I —\ | {@
| |
| |

Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < TA{&K s otherwise stated.

TABLE 26-11: PROGRAM MEMQ@){VRITE IMING REQUIREMENTS
%

Pa’:lzm. Symbol @ h eristics Min Typ Max | Units
150 TadV2alL Addresg\ok{t'\@_lig) t;\b ALE | (address setup time) 0.25 Tcy - 10 — — ns
151 TalL2adl |ALE sLﬁ)\é@@?ess/Out Invalid (address hold time) 5 — — ns
153 TwrH2ad| WI'%\T@-D@ Out Invalid (data hold time) 5 — — ns
154 [TwrL  fWRn Puige Width 05Tcy-5 [05Tcy| — | ns
156 TadV2ynH WMd before WRn T (data setup time) 0.5Tcy - 10 — — ns
157 Tb& Bx& Select Valid before WRn | (byte select setup 0.25 Tey — — ns
Ninfe)
157A Wbsl WRn T to Byte Select Invalid (byte select hold time) | 0.125 Tcy -5 — — ns
166 \[YalH2dIH |ALE T to ALE T (cycle time) — 025Tey| — ns
Y7~ | FalH2csL |Chip Enable Active to ALE | 025Tcy—20 | — — | ns
13)\1\@ \TbL20eH | AD Valid to Chip Enable Active — — 10 ns
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FIGURE 26-9: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND
POWER-UP TIMER TIMING

VDD

— : )
MCLR d \ ¢

X - 30 o«

Internal
POR

--— 33—

PWRT |
Time-out ! 32

~ 0SsC : : 27
Time-out I
' &«
Internal ! . ’?
Reset d %

Watchdog . : &
Timer \ . \> :
Reset ' AN !

—> 34— m >34 -
1/O pins \.\ /O\;_% >—
Note: Refer to Figure 26-4 for load conditions. : C '

FIGURE 26-10: BROWN-OUT RESET TIMING QQ)

BVDR 4L - - [E—
VDD & 35 |
. : : VBGAP = 1.2V
VIRVST
|
|

Enable Internal

Reference Voltage ay| :
Internal Reference m |
Voltage Stable \"/7%36 —
TABLE 26-12: RESET, WAT%@I% TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROW/N: ESET REQUIREMENTS
Param. Symbol Weristic Min Typ Max Units Conditions
No. T~
30 |TmcL  [MCRRBuiseWidth (low) 2 — — us
31 TwDT cﬁ@}g Timer Time-out Period — 4.00 TBD ms
Q ostscaler)
32 ﬂ/{zST\ Oscillation Start-up Timer Period 1024 Tosc| — | 1024 Tosc| — |Tosc = OSC1 period
33 (\b\@ﬂ Power-up Timer Period — 65.5 TBD ms
3 %\/ /O High-Impedance from MCLR — 2 — us
v Low or Watchdog Timer Reset
35 \g TBOR |Brown-out Reset Pulse Width 200 — — us | VDD < BvDD (see D0O05)
36 TIVRST |Time for Internal Reference — 20 50 us
Voltage to become stable

37 TLVD Low-Voltage Detect Pulse Width 200 — — us |VbD £ VLvD
38 Tcsp  |CPU Start-up Time 5 — 10 us
39 TiosT |Time for INTRC Block to stabilize — 1 — ms

Legend: TBD = To Be Determined
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FIGURE 26-11: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

TOCKI ]

TMRO or

TMR1

Note: Refer to Figure 26-4 for load conditions.

O N
TABLE 26-13: TIMERO AND TIMER1 EXTERNAL CLQ@E\ EMENTS
Pzr:m Symbol Characteristic KA\\} Min Max | Units | Conditions
40 TTOH TOCKI High Pulse Width qu(e\sgafqr 0.5 Tey + 20 — ns
Mﬁ@\reiéaﬁer 10 — ns
41 TTOL TOCKI Low Pulse Width qumr 0.5Tey + 20 — ns
'tNrescaler 10 — ns
42 TTOP TOCKI Period I\Wprescaler Tcy + 10 — ns
With prescaler Greater of: — ns |N = prescale
20 ns or value
A (Tcy + 40)/N 1,2, 4,..., 256)
45 TT1H T13CKI nglj}ghous, no prescaler 0.5Tcy + 20 — ns
High T"& yichronous,  |PICI8FXXXX 10 — | ns
§‘Wi prescaler  [p|C18LFXXXX 25 — | ns |vop=20v
Asynchronous |PIC18FXXXX 30 — ns
(\ V PIC18LFXXXX 50 — ns |VbD = 2.0V
46 TT1§ T@KI Synchronous, no prescaler 05Tcy +5 — ns
k’w Time gynchronous, |PICI8FXXXX 10 — ns
with prescaler  |pjc18L FXXXX 25 — | ns |vpbp=20v
Q Asynchronous  |PIC18FXXXX 30 — ns
<§ PIC18LFXXXX 50 — ns |VDD = 2.0V
47\ V/[T11P T13CKI Synchronous Greater of: — ns |N = prescale
Input 20 nsor value
Period (Tcy + 40)/N (1,2, 4,8)
Asynchronous 60 — ns
Frl T13CKI Oscillator Input Frequency Range DC 50 kHz
48 Tcke2TMRI |Delay from External T13CKI Clock Edge to 2 Tosc 7Tosc| —
Timer Increment
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FIGURE 26-12: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

CCPx
(Capture Mode)

CCPx
(Compare or PWM Mode)

Note: Refer to Figure 26-4 for load conditions. @—ﬁ

TABLE 26-14: CAPTURE/COMPARE/PWM REQUIRE ALL CCP MODULES)
Pilrsm Symbol Characteristic <\<2 Min Max Units Conditions
50 TcecL CCPx InputLow | No prescaler \ 0.5Tcy + 20 — ns
Time With CRICEERXXXX 10 — ns
prescaler | piCrgLFXXXX 20 — ns |Vop=2.0V
51 TccH CCPX Input No/p'rfe%p@ler 0.5 Tcy + 20 — ns
High Time \/Q IC18FXXXX 10 — ns
‘presc PIC18LFXXXX 20 — ns |Vbb=2.0V
52 TccP CCPX Input Pé\@ 3Tcy +40 — ns |N =prescale
Q N value (1, 4 or 16)
53 TccR CCPx Qu alkTime PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD=2.0V
54 TccF prt Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VbD=2.0V
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FIGURE 26-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)

' ~—71—~ 72

(CKP =1) &

| : 80: ' 79 78 %

| — ' SS v
SN D SN T R TN

. L : e ) NN\

' 75,76
SDI §
173

Note: Refer to Figure 26-4 for load conditions.

&
NS

TABLE 26-15: EXAMPLE SPI MODE RE@Q@S (MASTER MODE, CKE = 0)

Param Symbol Ch acte\rk% Min Max | Units | Conditions
No. /%
70 TssL2scH, |SS 4 to SCK | &\@p Tey — | ns
TssL2scL
71 TscH SCK Input High Tifme Continuous 1.25Tcy+30 | — ns
71A (Slave mQd Single Byte 40 — | ns [(Note1)
72 TscL SC. Time Continuous 1.25Tcy+30 | — ns
72A (S'aé;\nmgy Single Byte 40 — | ns [(Note1l)
73 TDIV2scH, w of SDI Data Input to SCK Edge 100 — | ns
TD|V25C<£\
73A TB2 Lé\s} Clock Edge of Byte 1 to the 1st Clock Edge | 1.5 Tcy + 40 — ns |[(Note 2)
% ot Byte 2
74 m Hold Time of SDI Data Input to SCK Edge 100 — ns
L
7 TooR” SDO Data Output Rise Time | PICI8FXXXX — 25 | ns
@b PIC18LFXXXX — 45 ns (VDD =2.0V
76 \ b|TpoF SDO Data Output Fall Time — 25 | ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns
(Master mode) PIC18LFXXXX — 45 | ns |vbp=2.0v
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2poV, |SDO Data Output Valid after |PIC18FXXXX — 50 ns
TscL2poV | SCK Edge PICI8LFXXXX — 100 | ns |Vvbp=2.0V
Note 1: Requires the use of Parameter #73A.

2:

Only if Parameter #71A and #72A are used.
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FIGURE 26-14:

EXAMPLE SPI MASTER MODE TIMING (CKE = 1)

SDO

SDI

Note:

Refer to Figure 26-4 for load conditions.

TABLE 26-16: EXAMPLE SPI MODE REQ

%

S (MASTER MODE, CKE = 1)

|
Charactér?%c>

Pa;\:gm. Symbol Min Max | Units | Conditions
71 TscH SCK Input High Ti Continuous 1.25Tcy+30 | — ns
71A (Slave mode) @ Single Byte 40 — | ns [(Note1)
72 TscL SCK Input Continuous 1.25Tcy+30 | — ns
72A (Slave moé@ Single Byte 40 — | ns [(Note1l)
73 TDIV2sCH, @ T 'SDI Data Input to SCK Edge 100 — | ns

TpIV2scL
73A TB2B tas%?yEdge of Byte 1 to the 1st Clock Edge | 1.5 Tcy + 40 — ns |(Note 2)

€

74 TScH2DIh, %gd Time of SDI Data Input to SCK Edge 100 — ns

TSCZ?\DiE \
75 15DO Data Output Rise Time |PIC18FXXXX — 25 ns

<\ PIC18LFXXXX — 45 ns |VbD=2.0V
76~ |TooF/  |SDO Data Output Fall Time — 25 | ns
78\» EpR SCK Output Rise Time PIC18FXXXX — 25 ns

(Master mode) PIC18LFXXXX — 45 | ns |vpbp=2.0V

79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2poV, |SDO Data Output Valid after |[PIC18FXXXX — 50 ns

TscLZooV | SCK Edge PIC18LFXXXX — 100 | ns |Vbp=2.0V
81 TboV2scH, |SDO Data Output Setup to SCK Edge Tcy — ns

TpoV2scL
Note 1: Requires the use of Parameter #73A.

2:  Only if Parameter #71A and #72A are used.

© 2004 Microchip Technology Inc.
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FIGURE 26-15:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

SS

SCcK
(CKP = 0)

SCK
(CKP = 1)

SDO

S

SDI

Note:

Refer to Figure 26-4 for load conditions.

TABLE 26-17: EXAMPLE SPI MODE REQUIR%M@(SLAVE MODE TIMING, CKE = 0)

Param

No. Symbol Charact@@\) Min Max | Units |Conditions
70 TssL2scH,|SS | to SCK | or SCK T Inphts Ty — | ns
TssL2scL you
71 TscH SCK Input High Ti 4/ Continuous 1.25Tcy +30| — ns
71A (Slave mode)O}a@ Single Byte 40 — | ns |(Note1l)
72 TscL SCK Input Low Tim Continuous 1.25Tcy +30| — ns
72A (Slave ”’Q‘@ Single Byte 40 — | ns [(Note 1)
73 TDIV2SCH, | Setug Ti DI Data Input to SCK Edge 100 — ns
TDIV2scL
73A TB2B (a?l\@lec@ﬁige of Byte 1 to the First Clock Edge of Byte 2| 1.5 Tcy +40 | — ns |(Note 2)
74 TscH2DIK, H\K\cl/{fﬁé of SDI Data Input to SCK Edge 100 — | ns
TscL2oiL
75 TD \po Data Output Rise Time PIC18FXXXX — 25 ns
/[ﬂ\\ PIC18LFXXXX — 45 ns |VbD=2.0V
76 |¥ooE// [SDO Data Output Fall Time — 25 | ns
77< N*Fss»\HQ/DoZ SS Tto SDO Output High-impedance 10 50 ns
78 SCR SCK Output Rise Time (Master mode) |PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VbD =2.0V
79 TscF SCK Output Fall Time (Master mode) — 25 ns
80 TscH2poV, |SDO Data Output Valid after SCK Edge [PIC18FXXXX — 50 ns
TscLzpoV PIC18LFXXXX — 100 | ns |VoD=2.0V
83 TscH2ssH, |SS T after SCK Edge 15Tcy+40 | — ns
TscL2ssH
Note 1: Requires the use of Parameter #73A.

2:  Only if Parameter #71A and #72A are used.
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FIGURE 26-16: EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)
— 82 :
SS . (( /L
SCK I - *.
(cKkP =0) / 'x % Sm ® &
SCK AN / :
(CKP =1) b f ;
Lo 180 .
(=
SDO LSb
SDI
Note: Refer to Figure 26-4 for load conditions. ﬁ
N/
TABLE 26-18: EXAMPLE SPI SLAVE MODE RE MENTS (CKE =1)
Pilrgm Symbol Characte{sﬂk\s Min Max | Units | Conditions
70 TssL2scH, |SS | to SCK | or SCK T Input Tey — | ns
TssL2scL
71 TscH SCK Input High Ti Continuous 1.25Tcy +30| — ns
71A (Slave mode) ﬁ Single Byte 40 — | ns |(Note 1)
72 TscL SCK Input Lo Fime Continuous 1.25Tcy +30| — ns
72A (Slave mode) Single Byte 40 — | ns |(Note1l)
73A |Te2B Last Clocl}@*gg\of-ﬁte 1 to the First Clock Edge of Byte 2| 1.5 Tcy +40 | — ns |(Note 2)

74 TscH2biL, |Hold T Data Input to SCK Edge 100 — ns
TscL2oiL | ~__

75 TDOR S Q;Dﬁ@Output Rise Time PIC18FXXXX — 25 ns
< K PIC18LFXXXX — 45 ns |VDD =2.0V
76 TDOF\ &o Data Output Fall Time — 25 ns
77 SsHDeZ \S?T to SDO Output High-Impedance 10 50 ns
78 \oR\) SCK Output Rise Time PIC18FXXXX — 25 | ns
o~ (Master mode) PIC18LFXXXX — 45 | ns |vop=2.0v
79 \ ;FSGJZ SCK Output Fall Time (Master mode) — 25 ns
80 STSCH2DOV, | SDO Data Output Valid after SCK  |PIC18FXXXX — 50 ns
TscL2ooV |Edge PIC18LFXXXX — 100 | ns |VbD=2.0V
82 TssL2poV |SDO Data Output Valid after SS | |PIC18FXXXX — 50 ns
Edge PIC18LFXXXX — 100 | ns |vbp=2.0V
83 TscH2ssH, | SS T after SCK Edge 15Tcy+40| — ns
TscL2ssH
Note 1: Requires the use of Parameter #73A.

2:

Only if Parameter #71A and #72A are used.
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FIGURE 26-17: I2C BUS START/STOP BITS TIMING

SCL

Start
Condition

Note: Refer to Figure 26-4 for load conditions.

XY

TABLE 26-19: 1°C BUS START/STOP BITS REQUIREMENTS/($)AVEMODE)

Param. s . . .
No. Symbol Characteristic /BA;H\\ ax | Units Conditions
90 TSu:STA | Start Condition 100 kHz mode \3@) — ns | Only relevant for Repeated
Setup Time 400 kHz mo{dé//> o~ | — Start condition
91 THD:STA | Start Condition 100 kHz gﬁqaé\ 4000 — ns | After this period, the first
Hold Time 400 kﬂ@\ 600 _ clock pulse is generated
92 Tsu:sTo | Stop Condition 100Nz ode~| 4700 | — | ns
Setup Time 400 kHzmede | 600 —
93 THD:STO | Stop Condition 100 kH2¥hode 4000 — ns
Hold Time é 0kHz mode 600 —

FIGURE 26-18:  I°C E’(N\S@,@HMING

Out :

Note: Refer to Figure 26-4 for load conditions.
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TABLE 26-20: 1°C BUS DATA REQUIREMENTS (SLAVE MODE)

P?\:Z‘m' Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time 100 kHz mode 4.0 — us  |PIC18FXXXX must operate at
a minimum of 1.5 Mz
400 kHz mode 0.6 — us  [PICLBFXXXX K@%‘%m
a minimum of
SSP Module 15 Tey —
101 TLow  |Clock Low Time 100 kHz mode 4.7 — us PIClSFm/sk‘operate at
400 kHz mode 1.3 — us pg?}%x must operate at
inimuw of 10 MHz
SSP Module 15 Tey —
102 TR SDA and SCL Rise Time |100 kHz mode — 1000 §n§\
400 kHz mode 20+0.1Cs 300 CB'is specified to be from
N 10 to 400 pF
103 TF SDA and SCL Fall Time | 100 kHz mode — ENINS
400 kHz mode 20+0.1C §€O\ ns |Csis specified to be from
/;?)_\ 10 to 400 pF
90 Tsu:sTA |Start Condition Setup Time | 100 kHz mode 4.7 — us  |Only relevant for Repeated
400 kHz mode @ _ us Start condition
91 THD:STA |Start Condition Hold Time |100 kHz mode k K4.0 ) ) — us |After this period, the first clock
400 kHz mody M _ us pulse is generated
106 THD:DAT |Data Input Hold Time 100 kHz moée\\// 0 — ns
400 kHz faQie N\ 0 09 | us
107 Tsu:DAT |Data Input Setup Time 100 m 250 — ns |(Note 2)
400 kH2xdde 100 — ns
92 Tsu:sTo |Stop Condition Setup Time [100 kH;\qo\(fe 4.7 — us
400 kHz mode 0.6 — us
109 TAA Output Valid from Cl c(\/ 1WHZ mode — 3500 ns |(Note 1)
7 43216 kHz mode — — ns
110 TBUF Bus Free Tim 100 kHz mode 4.7 — us |Time the bus must be free
M 400 kHz mode 1.3 _ us before a new transmission can
start
D102 |cs Bus Capagitive Lading — 400 | pF

Note 1: As atransmitter, th vice must provide this internal minimum delay time to bridge the undefined region (min. 300 ns)
of SCL to avoid unintended generation of Start or Stop conditions.

bis device can be used in a Standard mode I12C bus system, but the requirement, TSU:DAT > 250 ns,
et. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If
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FIGURE 26-19:

MASTER SSP 1°C BUS START/STOP BITS TIMING WAVEFORMS

SCL

SDA

Start
Condition

Note:

Refer to Figure 26-4 for load conditions.

TABLE 26-21: MASTER SSP I12C BUS START/STOP BITS

N
o

ENTS

Pa’\:gm. Symbol Characteristic @ w Max | Units Conditions
90 Tsu:STA |Start Condition 100 kHz mode /Z)(ﬂ{ /5;: +1) — ns |Only relevant for
Setup Time 400 kHz mode \&N(SC)(BRG +1) — Repeated Start
1 MHz moge™g(Tost)BRG +1) | — condition
91 THD:STA |Start Condition 100 kH;\m\sq \Z@OSC)(BRG +1) — ns |After this period, the
Hold Time 400 kH2mddeND>2(Tosc)(BRG +1) | — first clock pulse is
LiHz mode® | 2(Tosc)BRG +1) | — generated
92 Tsu:sTO |Stop Condition ]@/pfg}lz mode | 2(Tosc)(BRG + 1) — ns
Setup Time (ﬂg{z/mode 2(Tosc)(BRG + 1) —
f ;/\MM mode® | 2(Tosc)(BRG + 1) —
93 THD:STO ti @do kHz mode | 2(Tosc)(BRG + 1) — ns
400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz mode® | 2(Tosc)(BRG + 1) —
Note 1: Maximu citdnce = 10 pF for all I2C pins.

FIGURE ;&&AASTER SSP 12C BUS DATA TIMING

In

SDA i

Out

Note:

103—>. -—

Refer to Figure 26-4 for load conditions.
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TABLE 26-22: MASTER SSP I°C BUS DATA REQUIREMENTS

PaNrim. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time {100 kHz mode | 2(Tosc)(BRG +1) | — ms
400 kHz mode | 2(TosCc)(BRG +1) | — ms
1 MHz moded | 2(Tosc)(BRG +1) | — ms
101 TLow Clock Low Time (100 kHz mode | 2(Tosc)(BRG +1) | — ms \
400 kHz mode | 2(Tosc)BRG +1) | — | ms (( )
1 MHz moded | 2(Tosc)(BRG +1) | — ms >/
102 TR SDA and SCL 100 kHz mode — 1000 ns isk%iﬁed to be from
Rise Time 400 kHz mode 20 + 0.1 CB 300 | ns{/L0NQ 400pF
1 MHz mode® — 300 | (g~
103 TF SDA and SCL 100 kHz mode — 300 e specified to be from
Fall Time 400 kHz mode 20+0.1Cs | 300 \\\ps\ |10 t0 400 pF
1 MHz mode® — l@?\Q\ N
90 Tsu:sTA |Start Condition |100 kHz mode | 2(Tosc)(BRG +ﬁ x ms |Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG&4)] “=>| ms |Repeated Start
1 MHz mode® | 2(Tosc)(BRG« BN — | ms condition
91 THD:STA |Start Condition [100 kHz mode 2(Tosc)(E(RG§\ i)) — ms | After this period, the first
Hold Time 400 kHz mode Z(W)@h\e/yi) _ ms |clock pulse is generated
1 MHz mode® ZQTésé/)fBRG +1) | — ms
106 THD:DAT |Data Input 100 kHz mode \9 — ns
Hold Time 400 kHz mode 1 0 09 | ms
1 MHz mdde® TBD — ns
107 TSU:DAT |Data Input 100 kHz mO(%\ 250 — ns |(Note 2)
Setup Time 4()6( ode 100 — ns
1 MpzMmege® TBD — ns
92 Tsu:sTO |Stop Conditio {Og\Mode 2(Tosc)(BRG +1) | — ms
Setup Time <i® kHz mode | 2(Tosc)(BRG +1) | — ms
% “Hz mode® | 2(Tosc)(BRG +1) | — ms
109 TAA Outpu { 100 kHz mode — 3500 ns
from Cloc 400 kHz mode — 1000 | ns
T% 1 MHz mode® — — ns
110 TBUF ﬁ\ﬁ&e Time |100 kHz mode 4.7 — ms | Time the bus must be free
sl 400 kHz mode 1.3 _ ms |before a new transmission
f\\ 1 MHz mode® TBD — ms |can start
D102 C}\// Bus Capacitive Loading — 400 pF
Leg : = To Be Determined

Maximum pin capacitance = 10 pF for all 1’c pins.
A Fast mode I2C bus device can be used in a Standard mode 12C bus system, but parameter #107 > 250 ns

must then be met. This will automatically be the case if the device does not stretch the LOW period of the

SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit
to the SDA line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode,) before the
SCL line is released.

© 2004 Microchip Technology Inc.
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FIGURE 26-21: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCOITXLCKL 7 N

pin

e 121 e 121

RC7/RX1/DT1 -
pin >< X

——:120:4— — -—
j . 122 - O

Note: Refer to Figure 26-4 for load conditions.

TABLE 26-23: USART SYNCHRONOUS TRANSMISSION REQUIREMENK&

Pzr:m Symbol Characteristic Mi \EX\/ Units | Conditions
120  |TckH2DTV |SYNC XMIT (MASTER and SLAVE) @ s ‘
Clock High to Data Out Valid PIC18FXXXX 40 ns
PICIBLFXXX%) ) —~>| 100 | ns [vop =2.0v
121 |Tckrr Clock Out Rise Time and Fall Time |[PICI8FXXXX = 20 ns
(Master mode) PIC18LRRO Y — 50 ns |VoD = 2.0V
122 TDTRF Data Out Rise Time and Fall Time PI/Ql&I*%XX}() — 20 ns
PICIlPoRX | — 50 | ns |vopb=20v

FIGURE 26-22: USART SYNCHRONOU@E (MASTER/SLAVE) TIMING

RC6/TX1/CK1 %
pln //\}-25 , .
. > > . .
RC7/RX1/DT1 )
pin X
Note: Refer to Figu -4¥or load conditions. '
o
TABLE 26—2/4:\ SYNCHRONOUS RECEIVE REQUIREMENTS
)
Param. L . . -
No. WI Characteristic Min Max | Units Conditions
125 WB\R/L‘\//ZKL SYNC RCV (MASTER and SLAVE)
Q Data Hold before CK | (DT hold time) 10 — ns
126\ TekL2DTL | Data Hold after CK | (DT hold time) 15 — ns

V)
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TABLE 26-25: A/D CONVERTER CHARACTERISTICS: PIC18F6310/6410/8310/8410 (INDUSTRIAL)
PIC18LF6310/6410/8310/8410 (INDUSTRIAL)
Pzr:m Symbol Characteristic Min Typ Max Units Conditions
A0l |NR Resolution — — 10 bit |AVREF > 3.0V
AO03 |ELL Integral Linearity Error — — <+l LSb |AVREF 2 SM
AO04 EbpL Differential Linearity Error — — <+1 LSb AVREF/Z,S\O\\/\
A0O6 |EoFr |Offset Error — — <#1 LSb AVRl{F(E_s’\.Q\b\ N4
A07 |Eon  |Gain Error — — <t1 LSb [svree=3.0Y
Al10 |— Monotonicity Guaranteed® —
A20 |AVREr |Reference Voltage Range 3 — |AVDD - AVss <V/\ or 10:Bit resolution
(VREFH — VREFL)
A21 |VREFH |Reference Voltage High AVss +3.0v| — |AvVDD+0.3 W [Hor 10-bit resolution
A22 |VRerL |Reference Voltage Low AVss -0.3V| — |AVDD -(%GQ/ ‘( For 10-bit resolution
A25 |VAIN Analog Input Voltage VREFL — )/REQ\ \Y
A28 |AVDD |Analog Supply Voltage VbD - 0.3 — /3@3\¥Q:1> \%
A29 |AVss |Analog Supply Voltage Vss —-0.3 — /yégﬂ% \%
A30 |ZAIN Recommended Impedance of — — : kQ
Analog Voltage Source /\
A40 |laD A/D Conversion |PIC18FXXXX — @ — WA |Average current
Current (VDD) consumption when
A/D is on (Note 2)
PIC18LFXXXX 90 — UA |VDD = 2.0V;
Average current
consumption when
A/D is on (Note 2)
A50 |IREF VREF Input Current (Note3) — — 5 UA |During VAIN acquisition.
— — +150 WA |During A/D conversion
cycle.
Note 1: The A/D conversion re eve eases with an increase in the input voltage and has no missing codes.
2. When A/D is off, it will hat corislime any current other than minor leakage current. The power-down current
spec includes any h from the A/D module.

3:  VREFH current j

3/AN3/VREF+ pin or AVDD, whichever is selected as the VREFH source.

VREFL current is

/AN2/VREF- pin or AVss, whichever is selected as the VREFL source.

© 2004 Microchip Technology Inc.
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FIGURE 26-23: A/D CONVERSION TIMING

BSF ADCONO, GO

— | .- (Note 2)

o4 4|—_:_ , 131

: — ! 130 e

AD CLK =—1324,

AID DATA X o X 8 X 7 XX X2 X1X 0 )é
ADRES OLD_DATA x }:\\w_DATA
ADIF K : Toy
GO ! s DONE

SAMPLE SAMPLING STOPPEm |

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added
This allows the SLEEP instruction to be executed.

lock starts.

Iding capacitor from the analog input.

2: This is a minimal RC delay (typically 100 ns), which alst%on \

%
TABLE 26-26: A/D CONVERSION REQUIR@

Param Symbol Characteristic Min Max | Units Conditions
No. s
130 |Tap AID Clock Period PLEIBFXXXX 0.7 | 25.00 | pus |[Tosc based, VREF > 3.0V
@ZFXXXX TBD | TBD | us |vop=2.0v;
A Tosc based, VREF full range
)DIClSFXXXX TBD TBD us |A/D RC mode

PIC18LFXXXX TBD TBD us |Vob =2.0V;
A/D RC mode

131 TcNv Co rsioWe 11 12 TAD
g\no?i‘;%ﬁg acquisition time) (Note 2)

132 TACQ guisition Time (Note 3) 1.4 — us |-40°C to +85°C
L TBD — us | 0°C <to < +85°C

135 Towes_ S\;Liy%hing Time from Convert — Sample — (Note 4)

TBD ’ﬁ'@s \ Discharge Time 0.2 — us

Legend: \JBZ £ To Be Determined
No time of the A/D clock period is dependent on the device frequency and the TaD clock divider.
ADRES register may be read on the following Tcy cycle.

The time for the holding capacitor to acquire the “New” input voltage when the voltage changes full scale
after the conversion (AVDD to AVsSs or AVSs to AVDD). The source impedance (Rs) on the input channels is
50Q.

4: On the following cycle of the device clock.
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27.0 DCANDAC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs and Tables are not available at this time.
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NOTES:
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

64-Lead TQFP Example
MICROCHIP MicCRoCHIP
) 9.9.9.9.9.9.9.9.9.4 PIC18F6410
XXX XXX XXXX -I/PT
) 9.9.9.9.9.9.9.9.9.4 0410017
O YYWWNNN @)
80-Lead TQFP Example
MICROCHIP MicCRoCHIP
XXXXXXXXXXXX PIC18F8410-E
XXXXXXXX XXX X /PT
YYWWNNN 0410017
O O

Legend: XX...X Customer specific information*
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard PICmicro device marking consists of Microchip part number, year code, week code and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.
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28.2 Package Details

The following sections give the technical details of the

packages.

64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

hf #leads=n1 ——1
NAnnamIoanmant

E—

El ———————==

IR

O

uorouorouuuuut

- N

Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX

Number of Pins n 64 64
Pitch p .020 0.50
Pins per Side ni 16 16
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 041 0.95 1.00 1.05
Standoff Al .002 .006 .010 0.05 0.15 0.25
Foot Length L 018 024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle 9 0 3.5 7 0 3.5 7
Overall Width E 463 472 482 11.75 12.00 12.25
Overall Length D 463 472 482 11.75 12.00 12.25
Molded Package Width E1 .390 394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness C .005 .007 .009 0.13 0.18 0.23
Lead Width B .007 .009 011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

*Controlling Parameter
Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions
shall not exceed .010" (0.254mm) per side.

JEDEC Equivalent: MS-026
Drawing No. C04-085
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80-Lead Plastic Thin Quad Flatpack (PT) 12x12x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

E

ft————— ] ————————

’<7 #leads=n1 4>1
nannnnannronoamnnon ]

[
I U R

=N

B— — O

uuuuuououuuuouom !

Al —
(~=— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 80 80
Pitch P .020 0.50
Pins per Side ni 20 20
Overall Height A .039 .043 047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff Al .002 .004 .006 0.05 0.10 0.15
Foot Length L 018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle (0] 0 3.5 7 0 3.5 7
Overall Width E 541 551 .561 13.75 14.00 14.25
Overall Length D 541 .551 561 13.75 14.00 14.25
Molded Package Width E1 463 A72 482 11.75 12.00 12.25
Molded Package Length D1 463 472 482 11.75 12.00 12.25
Lead Thickness C .004 .006 .008 0.09 0.15 0.20
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH 025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15
*Controlling Parameter
Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions
shall not exceed .010" (0.254mm) per side.

JEDEC Equivalent: MS-026
Drawing No. C04-092
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APPENDIX A: REVISION HISTORY

Revision A (June 2004)
Original data sheet for PIC18F6310/6410/8310/8410

APPENDIX B:

DEVICE

DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

devices.
TABLE B-1: DEVICE DIFFERENCES

Features PIC18F6310 PIC18F6410 PIC18F8310 PIC18F8410
Program Memory (Bytes) 8K 16K 8K 16K
Program Memory (Instructions) 4096 8192 4096 8192
External Memory Interface No No Yes Yes
1/0 Ports PortsA,B,C,D, E, |PortsA,B,C,D, E, |PortsA,B,C,D, E, |PortsA,B,C,D, E,

F G F G F G H,J F,GH,J

Packages 64-pin TQFP 64-pin TQFP 80-pin TQFP 80-pin TQFP

© 2004 Microchip Technology Inc.
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for
converting from previous versions of a device to the
ones listed in this data sheet. Typically, these changes
are due to the differences in the process technology
used. An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.

Not Applicable

APPENDIX D: MIGRATION FROM
BASELINE TO
ENHANCED DEVICES

This section discusses how to migrate from a Baseline

device (i.e., PIC16C5X) to an Enhanced MCU device
(i.e., PIC18FXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

Not Currently Available

DS39635A-page 386 Preliminary © 2004 Microchip Technology Inc.
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APPENDIX E: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18C442". The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.

APPENDIX F: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and
differences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18CXXX Migration”. This Application Note is
available as Literature Number DS00726.

© 2004 Microchip Technology Inc.

Preliminary

DS39635A-page 387



PIC18F6310/6410/8310/8410

NOTES:

DS39635A-page 388 Preliminary © 2004 Microchip Technology Inc.



PIC18F6310/6410/8310/8410

INDEX
A
AUD e e s 245
A/D Converter Interrupt, Configuring ............ccceveeee.. 249
Acquisition Requirements ..........cccccevvieeriiiiee e 250
ADCONO REQGISLEN ...viiiiiiiieeiiiee e 245
ADCONL REQISLEN ...uviiiieeeieiiieiieee e 245
ADCON2 REQGISLEN ...ciiiiiiiiieeiiee e 245
ADRESH REQISter ...ccuevvviiiriiciiiiecie e 245, 248
ADRESL REQISEr ...uvviiveieiiiiiiieie e 245
Analog Port Pins
Analog Port Pins, Configuring ..........ccccoeueeriiieeennnen. 252
Associated RegISters ........ccccvvvvveeeviiiiiiiieee e 254
Automatic ACqUISItion TiMe .......cccovivierrieiniiieee e, 251
Calculating the Minimum Required
ACQUISItION TIME ...eveviieiiiiiie e 250
Configuring the Module ..........cccoooiiiiiiniiiie s 249
Conversion CIOCK (TAD) ......ccceeeiiieeiiieeeeiieeeeiiee e 251
Conversion Status (GO/DONE Bit) ........ccccvvevveennnne 248
CONVEISIONS ....evveiiiiiie e
Converter Characteristics .
Discharge .....cccccceveevviiiiiiieeeeeieeen,
Operation in Power Managed Modes ............ccce.... 252
Special Event Trigger (CCP) ....coooveeeiiiiiniieeeerieeee 254
Use of the CCP2 Trigger ......coccvvveveeeveiiiiieeeeee e 254
Absolute Maximum Ratings .......cccocveeriiieiiiiie e 343
AC (Timing) CharacteristiCS ........ccccoveriieeeiiiiiesiiieeeieenn 358
Load Conditions for Device
Timing Specifications ........ccccceevieeeiiiiieeiiieens 359
Parameter Symbology ........cccoeveiiiiieniiiieeeee e, 358
Temperature and Voltage Specifications ................. 359
Timing ConditioNS .........cocoieiiiiieiiieeeeee e 359
ACCESS BANK ....ooiiiiiiiiiiie e 71
ACKSTAT e 199
ACKSTAT Status Flag .......ccccooeereieiniiinnicneeieneceie e 199
ADCONO Register ........
GO/DONE Bit ...
ADCONL1 Register .....
ADCON2 REGISLEN ...eeiiiiiiiiiiie ittt
ADDFSR ..o e
ADDLW .ttt

Addressable Universal Synchronous
Asynchronous Receiver Transmitter (AUSART).

See AUSART.
ADDULNK ..ottt 330
ADDWEF .....
ADDWFC
ADRESH REQISLEN ...coiiiiiiiiiie ettt 245
ADRESL REQIStEr .....vviiiiiieeeieiieieee e 245, 248
Analog-to-Digital Converter. See A/D.
ANDLW .ot e 294
ANDWE .o e 295
Assembler
MPASM ASSEMDIET ......cooiiiiiiiiiiieiee e 337
AUSART
Asynchronous Mode ..........ccccceveeeiniiiienee s 236
Associated Registers, Receive ..........ccccoeeeeen. 239
Associated Registers, Transmit ............cccoceeee 237
RECEIVET ...oiiiiiiieee et 238
Setting up 9-bit Mode with Address Detect ...... 238
TranSMItter ........ccoeoviveieee e 236

Baud Rate Generator (BRG) .......cccceevviiviernieeennnen.
Associated RegISters ........occoeevieiriniieeiiieeee
Baud Rate Error, Calculating ..........cccccceveeennnns
Baud Rates, Asynchronous Modes ..
High Baud Rate Select (BRGH Bit) ..
Operation in Power Managed Modes

SAMPING eeiiiiiei e
Synchronous Master Mode ..........cccoceeeiiieennieennnes
Associated Registers, Receive .........cccccoeeveeens
Associated Registers, Transmit ..........ccccccceeee.
RECEPLiON .
TranSMISSION .....cooecvveeieiiee e
Synchronous Slave Mode ...................
Associated Registers, Receive ...
Associated Registers, Transmit .. .
RECEPLiON .o
TranSMISSION .....ceoivvieriiiieeiie e
Auto-Wake-up on Sync Break Character ............c.ccccc......
B
Bank Select Register (BSR) ......ccccvvveeeviiiiiiiieee e, 69
Baud Rate Generator ...........ccccooeeriieeeiiiiiee e siie e 195
B s
B e
BF .o

BF Status Flag
Block Diagrams

16-Bit Byte Select Mode ........cccceeeiiiieiiiiieciieee e, 93
16-Bit Byte Write MOde .......ccoviveiiieeiieiiiiee e 91
16-Bit Word Write Mode ........ccccvveeiiieeiiecciieeeeenn 92
8-Bit Multiplexed Mode ..........cccooiieiiiiiiiiiiieieees 96
AUD s
Analog Input Model ........coccviiivieiiiee e
AUSART Receive ......
AUSART Transmit ........
Baud Rate Generator .
Capture Mode Operation ...........cccceeveeeeriieesiieeennes 161
Comparator

1/0 Operating Modes .........ccccceveeeeiiiiiiineeennnns 256
Comparator Analog Input Model ...........cccceeiiieennns 259
Comparator Output ........ccceeeeeernnee . 258
Comparator Voltage Reference .... . 262
Compare Mode Operation ......... .. 163
DeVvice ClOCK ......cocviiiiiieirceeec e 34
EUSART RECEIVE ....ccvviiiiiiiiieie e 220
EUSART TransSmit ......cccoooceeriiieeniee e 218
External Power-on Reset Circuit

(Slow VDD POWEI-UP) oeeeviiiiiireeeeeiiiiieee e e 51
Fail-Safe Clock MoNitor ..........cccceviiieiiiieenee e, 282
Generic /0 Port Operation ........cccccceeeveviiiiieeeeeennnns 117
High/Low-Voltage Detect with

External INput ........coooiiiiiiiiiie e 266
INEEITUPE LOGIC ©vvvveeeiiiiiie e e 102
MSSP (12C Master MOUE) ........c.veeeevererrereresrerreenn, 193
MSSP (I2C MOUE) ..ot 178
MSSP (SPIMOAE) ....ooeiiiiiiiieiieiiie e 169
On-Chip Reset Circuit
PIC18F6310/6410 .....
PIC18F8310/8410 .....
PLL (HS MOUE) oeeieiiiiiieeee et
PORTD and PORTE (Parallel Slave Port) ............... 140
PWM Operation (Simplified) ........ccccoceiiiiriiinnnnn. 165
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Reads from Program Memory ........ccccccceeviieennieenennnes 86
Single Comparator ........coceeeiiieeiiiie e 257
Table Read and Table Write Operations ................... 85
Timer0 in 16-Bit Mode ..........coceeeriiieennns
TimerO in 8-Bit Mode ...
TIMErl ..o
Timerl (16-Bit Read/Write Mode) ..........ccceeevueeennns 148
TIMEI2 o 154
TIMEI3 e 156
Timer3 (16-Bit Read/Write Mode) ..........ccceevueeennns 156
Voltage Reference Output Buffer

EXample ......ccovveeieeiie e 263

Watchdog Timer .. .. 279

Break Character (12-Bit) Transmit

AN RECEIVE ...ocooiiiiiiie e 224
BRG. See Baud Rate Generator.
Brown-out Reset (BOR) ........cccceiiiieeniiiieeniie e 52,271
DEteCHING ...eeeeeeiieee et 52
Disabling in Sleep Mode .........cooovvieiieeiiiiiiieeeene 52

Software Enabled ... 52
BSF . 299
BTFSC ..... .300
BTFSS ..300
BTG oot b 301
BZ 302
C
C Compilers

MPLAB CL7 oottt

MPLAB C1L8 ....eiiiiiiiiieitie sttt

MPLAB C30 ..coiiiiiieiiieitie sttt
CALL ittt
Capture (CCP Module) .........

Associated Registers ......

CCP Pin Configuration

CCPR2H:CCPR2L REQISEIS ...ovvveeeieiiiiieeeeieiieneeenn 161

Software INTerrupt .......ooevevviiieee e 162

Timerl/Timer3 Mode Selection ..........cccccceeeviieeninnn. 161
Capture/Compare/PWM (CCP) ....ccoevvivviiiieeeeeniiieeeee e 159

Capture Mode. See Capture.

CCP Mode and Timer ReSOUICeS .........ccccovueeeeueen. 160

CCPRxH Register
CCPRXL Register
Compare Mode. See Compare.

Interconnect Configurations ..........cccccccevevviiieieenennn. 160
Module Configuration ...........cccceevviiiiiieeeieniiieeeen 160
ClOCK SOUICES ...coiiiiiiiiee ettt 34
Selecting the 31 KHZ SOUICe ........cccceeriieeiiiiiieniiieeene 35
Selection Using OSCCON Register ........cccceevvvvevennnn. 35

CLRF ...........
CLRWDT oo 303

Code Examples

16 x 16 Signed Multiply Routine ..........ccccceeviiieeennns 100
16 x 16 Unsigned Multiply Routine ............cccceeeneee 100
8 x 8 Signed Multiply Routine ..... .. 99
8 x 8 Unsigned Multiply Routine .............. .. 99
Changing Between Capture Prescalers ...... 162
Computed GOTO Using an Offset Value ................... 66
Fast Register Stack ........ccccooeeriiiiiiiiieieie e, 66
How to Clear RAM (Bank 1) Using

Indirect ADdressing ........ccooceeeiiiiennieee e 78
Implementing a Real-Time Clock Using a

Timerl Interrupt Service .......ccccceevvvinevieeeeennnns 151
Initializing PORTA .......ccceeene.

Initializing PORTB ..
Initializing PORTC .
Initializing PORTD ....cooiiiiiiiieiie e
Initializing PORTE ......coiiiiiiiicee e
Initializing PORTF ...oooiiiee e
Initializing PORTG .....ooiiiiiiiieiieeee e
Initializing PORTH .
Initializing PORTJ ..ooooiiiiee e

Loading the SSPBUF (SSPSR) Register .... 172
Reading a Flash Program Memory Word .................. 87
Saving Status, WREG and
BSR Registers in RAM ........cccooiiiiiiiiieiiiiees 116
Code Protection .........ccceecuieiiiiiiisicecie e 271
COMF .....ccovveen. 304
COMPATALOL ...eveieiiiiiiiie et 255
Analog Input Connection Considerations ... 259

Associated Registers ........cocvvvvveeeiiiiiveennnn. 259
Configuration ............ 256
Effects of @ RESet .......ccceviiiiiiiiiii e 258
INEEITUPLES oo 258
OPEIALION ...eevieiiiiiee ettt 257
Operation DUring SIEEP ......ccceeeiiiiieeiiiiieiiieeeeieeee 258
(11110101 TR, 257
Reference ................. 257
External Signal .... 257
Internal Signal ........ccccveeeveeiiiie e 257
RESPONSE TIME oottt 257
Comparator SpPecifiCations .........ccooveeeriieiiiiieeseeeesieeee 356
Comparator Voltage Reference .........cccccceveveviieeeeeeennns 261
Accuracy and Error ...............
Associated Registers ...
Configuring .....oooveevveeveeeninns
Connection Considerations ...........ccccovceeeeiieeeenienenns 262
Effects of @ RESet ......cccceiiiiiiiiiiicieee e
Operation During Sleep
Compare (CCP Module) .......ccceveiiiiiiiiiiieiiiee e
Associated REQISIErS .......ccccoeviiiririiiie e
CCP Pin Configuration .........ccccceeevivieiiee e,
CCPR2 Register ................
Software Interrupt Mode ...
Special Event Trigger .............. .
Timerl/Timer3 Mode Selection ..........c.cccceevvvveennneen. 162
Computed GOTO ..oooiiiiiiiiiie e 66
Configuration BitS ..........ccoeieiiiiiieeie e 271
Configuration Register Protection ..........cccccceeevvciviveneeennn. 284
Context Saving During INterrupts ..........cccoveeeiieeenneeee 116
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Conversion Considerations ...........ccccovoeeeeiiieeeniiieeeniiieeenee 386
CPFSEQ ..ottt 304
CPFSGT oo
CPFSLT ittt

Crystal Oscillator/Ceramic Resonator

D

Data Addressing MOUES .......ccoooviviiiieeeiiiiiiieee e 78
Comparing Addressing Modes with the
Extended Instruction Set Enabled ..

[T ox U ... 78
Indexed Literal Offset . .81
Indirect .......cccovveeeeenn. ....78
Inherent and Literal ........cccccooviiiiiiee i 78
Data MEMOIY ...t 69
ACCESS BaANK ..o 71
and the Extended Instruction Set ..........ccccccvvvveeeennnns 81

Bank Select Register (BSR)
General Purpose Registers
Map for PIC18F6310/6410/8310/8410

DEVICES ..eiiiiieiee et 70

Special Function Registers ...........ccccoveieriniiieeiniiieennne 72
DAW e 306
DC and AC

Characteristics Graphs and Tables ............c.ccccceeene. 379
DC CharacteristiCS ..........ccovvrveeereiinnnnns

Power-Down and Supply Current .

SUPPIY VORAGE ....eoieiiiiiie e
DCFSNZ .. 307
DECF oo 306
DECFSZ ...ttt 307
Demonstration Boards

PICDEM 1 ..ot 340

PICDEM 17 it 341

PICDEM 18R ...ooiiiiiiiiiiiie et 341

PICDEM 2 PIUS ..coiiieoiieeeeee e 340

PICDEM 3 .. s 340

PICDEM 4 ..ot 340

PICDEM LIN .o 341

PICDEM USB ....cooiiiiiiiiiie ettt 341

PICDEM.net Internet/Ethernet ...........ccccccveveeeernnnnns 340
Development SUPPOIT .......evevireriiiieiieee e 337
Device DiffEre€nNCEeS .......ccoiiiiiiiiee e 385
DEViICE OVEIVIEW ...oveiiiiiiiiiiie et ee e e e 7

Features (table) ........ccvveveeiiiiiie e 9

NeW COre FEAUrES ...........uuuuuruuumiiiiiiiiiiiiiiiiiineiinnnnnennnes 7
DireCt AdAreSSING ..oeeeeveiiiiiiie e 79
E
Effect on Standard PIC Instructions ...........ccccccevevvivvnennnn. 334
Effects of Power Managed Modes on Various

CIOCK SOUICES ...vvviiiiieececiiiie e et 37
Electrical CharacteristiCs ........cccoovvvvveiveeeiiiiiiieee e 343

Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART). See EUSART.
Equations

A/D AcqUISItioN TIME ...coevevviiiiiieee e 250
A/D Minimum Charging Time ........ccccevveeriniieeeeiiinenns 250
EITALA ..ooeeieiii i 5

EUSART
AsyNchronous MOde .........cooocueeeiiiiiieiiiiie e 218

12-bit Break Transmit and Receive ................. 224

Associated Registers, Receive ......

Associated Registers, Transmit .....

Auto-Wake-up on Sync Break .... .

RECEIVET .o

Setting up 9-Bit Mode with

Address Detect ........c.occvvevvveeeiiieeciiieenne 220

TranSMItter ......coooeiiiiiiee e 218

Baud Rate Generator (BRG) ......ccccceevviiiernieeennnen. 213

Associated RegiSters ........ccccevevvvvvieeeeesiniinens 213

Auto-Baud Rate Detect ............ . 216

Baud Rate Error, Calculating ... . 213

Baud Rates, Asynchronous Modes .. .. 214

High Baud Rate Select (BRGH Bit) ................. 213

Operation in Power Managed Modes .............. 213

SaAMPlNG oo

Synchronous Master Mode ..........ccoeceeeiiieeniieennnes

Associated Registers, Receive ...

Associated Registers, Transmit .....

Reception ......ccoceeeiiiiiiiiie e, .

TranSMISSION .....ceoivviiiiiieeeiee et

Synchronous Slave Mode .........cccccceeviiiiiiieeee e,

Associated Registers, Receive ..........ccccoeueenne

Associated Registers, Transmit ..........ccccccceeee.

Reception .....cccccoeeiviieeeeiiiiieenn.

Transmission ............... .
Evaluation and Programming TOOIS .........ccccoeviiiiiiieenninns
Extended Instruction Set

ADDFSR ..ot 330

ADDULNK L.t 330

and Using MPLAB TOOIS ......cooviiiiiieeeieiiiiieeeee e 336

CALLW e

Considerations for Use

MOVSF ..o

MOVSS

PUSHL ....

SUBFSR ..ottt

SUBULNK ..ottt
External Clock INPUL .......oeiiiiiiii e
External Memory Interface .........cccccceeveiiieiveie i

16-Bit Byte Select Mode ..
16-Bit Byte Write Mode .

16-Bit Mode ..................
16-Bit Mode TiMIiNg ...c..coeriieeiiiiieeiee e
16-Bit Word Write Mode
8-BIit MOUE ..ot
8-Bit Mode TimiNg .....cccceveriiieiiiiie e
and the Program Memory Modes .........c.cccceeeeveeennnn. 90
PIC18F8310/8410 External Bus,
1/O Port FUNCHIONS .......cvveiiiiieiiiie e 90
F
Fail-Safe Clock MONItOr .........ccocciiiiiiieiiieeeeiieees 271, 282
Interrupts in Power Managed Modes ....................... 283
POR or Wake from Sleep .........c......... . 283
WDT During Oscillator Failure ... .. 282
Fast Register Stack ........cccccoveeiiiiiiiieee e 66
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Firmware INStruCtioNS .........cooiiiiriiiii e 287
Flash Program Memory
Associated RegIStErS .......ccvevviiiiieieeeeeiiiieee e
Operation During Code-Protect
REAAING ..eeiiieee i
FSCM. See Fail-Safe Clock Monitor.
G
GOTO e e s 308
H
Hardware MUltiplier ..o 99
INEFOAUCTION ..o 99
(@] 01= - U1 o RS 99
Performance Comparison .........cccccceeivieeiiieeesieee e 99

High/Low-Voltage Detect
Associated Registers ...
Characteristics ............. .
Current CoNSUMPLION .....cocuveiiiiiieeiiie e 267
Effects of a Reset
(@] 011 -1 1T o PP PR UPPUUPP
During Sleep
Start-up Time ....
Setup ..o
Typical Application
HLVD. See High/Low-Voltage Detect.

|
J/O POIS i 117
12C Mode (MSSP)
Acknowledge Sequence TimiNg .......cooccvvvveeeeeninenns 202
Associated Registers ............ ...208
Baud Rate Generator .........c.cccceevueeeeiiiieensieee e 195
Bus Collision
During a Repeated Start Condition .................. 206
During a Start Condition ........c..cccceeeiiieeiiiieenns 204
During a Stop Condition . ..207
Clock Arbitration ..... ...196
Clock StretChing .....oocevveiiiiei e 188
10-Bit Slave Receive Mode
(SEN = 1) ot 188
7-Bit Slave Receive Mode
(SEN = 1) it 188
Effect of a Reset ...........cc...... ..203
General Call Address Support .. ...192
I2C Clock Rate W/BRG ........... ...195
Master Mode ................ ...193
Operation . ..194
RECEPLION oo 199
Repeated Start Condition Timing ..................... 198
Start Condition .........ccceeiiiiiiiiiie e 197
TranSMISSION ....cc.uvveerireeiieee e 199
Transmit SEQUENCE ......coovvvveeeeeeeniieieie e e 194
Multi-Master Communication, Bus Collision
and Arbitration ..........ccccooiiiiii 203
Multi-Master Mode .........ccccooviviiriiieeneeee e 203
OPEration ........coiiiiiiiiis s 182
Read/Write Bit Information (R/W Bit) ............... 182,183
REQISIEIS ooiiieiiiiie et 178
Serial Clock (RC3/SCK/SCL) . ..183
Slave Mode ...... ..182
Addressing .. ...182
RECEPLION ..ooiiiiiiiiii e 183
Sleep OPEration ........c.eceoveeeriieeriieeeeieeeeseee e 203
Stop Condition TiMING ....cooveiieiiieeeeiee e 202
TraNSMISSION ...ccoiiiiiiiiie ettt 183

ID LOCALIONS ...t 271, 285
Idle Modes

PRI_IDLE ..ottt e 44
INCF i 308
INCFSZ ...ccovveien. 309
In-Circuit Debugger .........cccccceeevnnnes ... 285
In-Circuit Serial Programming (ICSP) ........ccccceeeee. 271, 285
Indexed Literal Offset Addressing

and Standard PIC18 Instructions ..........cccccecvvveeennn. 334
Indexed Literal Offset Mode .........cccccvveeeeeeiiiiiiieeeeen, 81, 334

BSR et 83

Effect on Standard PIC18 Instructions ................c..... 81

Mapping the Access Bank .............ccce.... ..83

Indirect Addressing ..........cccoeeueee .79
INFSNZ ..o ... 309
Initialization Conditions for all Registers ............c......... 57-60
INSErUCHON CYCIE ..ot 67

Clocking SCheme .......ccoovviiiiiiiieeeiee e 67
Instruction FIow/PIpelining ........ccocoveriiiieiiiiieiiec e, 67
Instruction Set

ADDLW .....

ADDWEF ..o .

ADDWF (Indexed Literal Offset mode) .................... 335

ADDWEC ...t 294

BTFSC

COMF
CPFSEQ
CPFSGT
Lol =T SR
DAW oo ee e

Syntax

GOTO i
INCF e
INCFSZ ..o
INFSNZ .....

IORLW ...
IORWEF ...
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MOVWF

MULLW

MULWF

NEGF

NOP

Opcode Field Descriptions

POP

PUSH

RCALL

RESET

RETFIE

RETLW

RETURN

RLCF ....

RLNCF .

RRCF o
RRNCF

SETF e
SETF (Indexed Literal Offset mode)

SLEEP .o

SUBFWB ..ot
SUBLW ittt
SUBWE . 323
SUBWEFB ....oiiiiiiiie e 324
SWAPFE e 324
TBLRD ..ot 325
TBLWT e e 326
TSTESZ o 327
XORLW ittt 327
XORWE .t 328
Summary Table ... 290

INTCON Register
RBIF Bit . e 120

INTCON REQISLEIS ....eiiiiiiiiiiiiie ettt 103

Inter-Integrated Circuit. See 1’C.

Internal Oscillator BIOCK .........ccooovieiiiiiiiiiceee e 32
Adjustment .............. .32
INTIO Modes .............. ....32
INTOSC Frequency Drift ........ccceveveeiiiiiiiieeeee s 32
INTOSC Output FreqUENCY ......ccevveeveeiiiiiiiieee e 32
OSCTUNE REQIStEr ...coiiiiiiiiiiie et 32

Internal RC Oscillator
Use WIth WDT ...ooiiiiiiiiieee e 279

INTEITUPE SOUICES oot 271
A/D Conversion Complete ......ccccceveveiveveeereniiiiinnen. 249
Interrupt-on-Change (RB7:RB4) .......cccocvveeiiiieennnn. 120
INTN PIN s 116
PORTB, Interrupt-on-Change .........cccccevvvveveeennnnns 116
TMRO e 116
TMRO OVErflOW ....ooiiiiiiiiiiiiiiiie e 145
TMRL OVEIflOW ...ooviiiiiiiiiiieee e 147
TMR2 to PR2 Match (PWM) ......coooiiiiiiiiieeee, 165
TMR3 Overflow ........cccccvcueeenne ... 155, 157

1T (1] ) R 101

Interrupts, Flag Bits
Interrupt-on-Change (RB7:RB4)

Flag (RBIF Bit) .oocvveeeieeeceiie e 120
INTOSC, INTRC. See Internal Oscillator Block.
TORLW ettt e 310
TORWE et 310
IPR REQISIEIS ...iviiiiieie ettt 112
L
LESR e 311

M
Master Clear (MCLR) .....cuveiiiiiiiiiiieee e 51
Master Synchronous Serial Port (MSSP).
See MSSP.
Memory Organization

Data Memory ..........

Program Memory .
Memory Programming Requirements ..........cccccovcvvveenennn. 355
Migration from Baseline to Enhanced Devices ................ 386
Migration from High-End to Enhanced Devices ............... 387
Migration from Mid-Range to Enhanced Devices ............ 387
MOVF ettt e
MOVFF
MOVLB
MOVLW
MOVSS
MOVWF
MPLAB ASM30 Assembler, Linker, Librarian .................. 338
MPLAB ICD 2 In-Circuit Debugger ........ccccceeviieeniieennnns 339
MPLAB ICE 2000 High-Performance Universal

IN-Circuit EMulator .........cccccieiiiiiniiie e 339
MPLAB ICE 4000 High-Performance Universal

IN-Circuit EMUIator ..........coocvveiiieiniiececc e 339
MPLAB Integrated Development

Environment Software ..........ccccceiiiiiiiiiiieeen 337
MPLAB PM3 Device Programmer ........ccccccceveeeiiivveennennn 339
MPLINK Obiject Linker/MPLIB Object Librarian ............... 338
MSSP__

ACK PUISE ..o 182, 183

Control Registers (general) .........cccocceeeeiiieeniieennnes 169

1°C Mode. See I°C Mode.

Module OVEIVIEW .......cceevieiieeiieie e 169

SPI Master/Slave Connection ..........cccceeevveeeiieeennes 173

SPI Mode. See SPI Mode.

SSPBUF ..o 174

SSPSR s 174

PSABIL oo 145

EC ..o

HSPLL
Internal Oscillator BIOCK ........cc.evvveveviiiiiiiiieee e 32
INTIOL ..o

INTIO2 .

X
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Oscillator Start-up Timer (OST) ..coovcveriiieeiiieenne 37,53, 271
Oscillator SWItChING .....ocveeiiiiieiiiii e

Oscillator Transitions
Oscillator, Timer1 ....
Oscillator, TIMEIr3 ....ccoooiiieiieee e

P

= Tod = o [ o S
Details ....
Marking .......ccccocveeeninen.

Parallel Slave Port (PSP) .....
Associated Registers ...
REO/RD Pin ......ccooouenee
REL/WR Pin .o
RE2/CS PiN oottt
Select (PSPMODE Bit) ...cccooveiiieieeiieeieeee e

PICKkit 1 Flash Starter Kit .........ccccocvveiiiieiiiieiiieceeee

PICSTART Plus Development Programmer .

PIE REQISIEIS ...ttt

Pin Functions

AVSS it
OSC1/CLKI/RAT ....
OSC2/CLKO/RAG .....

RAO/ANO .......cccvvvenen .
RAL/ANL ..o
RAZ2/ANZ2/VREF- ...ceiiiiiieiiiiee e ee e ee s
RAB/ANS/VREFF ..oviviiiiiiiiieieie e eiee e
RAAITOCKI oot
RAS/ANA/HLVYDIN ...oovieiiiieecieee e
RBO/INTO .evvieciie et
RB1/INT1 ..
RB2/INT2 ..
RB3/INT3 .........
RB3/INT3/CCP2 .ot
RBA/KBIO ...vvieeie et
RBS5/KBIL ...ovieeiieeeiee et
RBG6/KBI2/PGC ...t
RB7/KBI3/PGD ............

RCO/T10SO/T13CKI ...

RC1/T10SI/CCP2 ........ .
RC2/CCPL ..ot
RC3/SCK/SCL utviiiiiieeicire e erae e
RCA/SDI/SDA ...
RC5/SDO ...eiiieeteee et
RCB/TXLICKL oo eeie e e
RCT7/RXLIDTL it
RDO/ADO/PSPO
RDO/PSPO ....
RD1/AD1/PSP1
RDL/PSPL ..ottt e te e
RD2/AD2/PSP2
RD2/PSP2 ..ottt
RD3/AD3/PSP3
RD3/PSP3 ...........
RD4/AD4/PSP4 ...
RD4/PSP4 ...........
RD5/AD5/PSP5
RDS5/PSPS ...ttt
RD6/AD6/PSP6
RDB/PSPB ....ooeevieee e eeeeerete e rte e ste e seae e
RD7/AD7/PSP7
RD7/PSP7 ..ottt
REOQ/ADSBIRD .....oooeiivieieeiieeeeie e seee e eeee s niae e nnna e

REO/RD .ot eeeeeeee et eeee et eeae s ssee e s e eeeeens

RE2/AD10/CS .
RE2/CS ...

RE6/AD14 ....
RE7/CCP2 ...
RE7/CCP2/AD15
RFO/ANS ..o
RF1/AN6/C20UT
RF2/AN7/C10OUT
RFS/IANS ..o
RF4/AN9 ............

RF5/AN10/CVREF ..

RF6/AN1I ..........
RFETISS e

RG5/MCLR/VPP .
RHO/ADL6 ......
RHL/ADLT .ocovvveveeveeeneeseseeeseessesesese s
RH2/ADLB  ..ooovvvvvevvveveeeecescseenessssesesssssssssssien
RHB/ADLY. .ccovvvevveveeeneeeeseseseeseesssesssssssssssssssnene
RHA oo
RH5 ...
RH6 ...
RH7 ......... .
RIOIALE ..ooovvveveeveeeeseceeeeesssssssses s
RILIOE .ooovvvvvveneeneveeseeneeeessssesessssessssssssssss e
RIZIWRL ...covvveveeveveeseeneseee s
RIBIWRH ...oovvveveeveveeneceeeeeeseseseseeseesssssses e
RJ4/BAO ...

N/ SS ittt b e as
Pinout I/O Descriptions

PIC18FB310/6410 ..oceeiiieaiiieiieeiieeeee et 12

PIC18F8310/8410 ....
PIR Registers .............
P e 31

POP s 316

POR. See Power-on Reset.

PORTA
Associated REQISIErS .......ccceeviiereiiiiieiiee e 119
FUNCHIONS ..o 118
LATA REQISIEN ..evvviieeeieiiiieieee et 117
PORTA REQISLEN ...ttt 117
TRISA REQISEN oeeiiiiiivie et 117
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PORTB
Associated REQISIErS .......cceovvieiiiiieiiiee e 122
FUNCHONS ..oiiiiiieiceee e
LATB Register ......
PORTB Register
RB7:RB4 Interrupt-on-Change Flag

(RBIF Bit) eeiveiiieiieiieiiesiceiesce et 120
TRISB REQISIEN ....eeiiiiiiiiiieee it 120

PORTC
Associated REQISIErS .......ccoovveeiiiiiieiiee e 125
FUNCHONS ..oiiiiiii e
LATC REQISIEN eeveviieeeieiieieee et
PORTC Register .....

RC3/SCKI/SCL Pin ..
TRISC Register .......

PORTD ittt
Associated REQISIErS .......ccoovieieiiieieiiie e 128
FUNCHONS ..oiiiiieece e
LATD REQISIEN ..eiiiiiiiieiiiiie ettt
PORTD Register ..

TRISD REQISIEN .oieiiieieee e

PORTE
Analog Port PiNS .......cccooiiiiiiiiieieceee e 140
Associated RegIStErS ........ccvvuvvieiveriiiiiiieee e 131
FUNCHONS ..o 130
LATE REQISIEN ..ooiiiiiiieiieieee e 129
PORTE REQISLEr .ooieiiiiiiieie et e e 129
PSP Mode Select (PSPMODE Bit) .......c.cocooovvvnnen. 140
REQ/RD PiN oo 140
REL/WR Pin ..ot 140
RE2/CS PiN ettt 140
TRISE REQISIEN ...eeeiiiiiiiiiieieeiiiee e 129

PORTF
Associated REQISIErS .......cceovieiiiiiieeiiee e 133
FUNCHONS ..oiiiiiie e
LATF Register ......

PORTF Register ..
TRISF Register
PORTG

Associated REQISIErS .......ccooiiiiiiiiieeiiee e 135

FUNCHONS ..o

LATG REQISEEI ..eveveeeieiiieieieee st

PORTG Register ..

TRISG REQGISLEN ...eeeiiiiiiiiiieee it
PORTH

Associated REQISIErS .......ccoovveeiiiiieeiiee e 137

FUNCHONS ..oiiiiiie e 137

LATH REQISIEN .eveeiieeeiciieitee e 136

PORTH REQISLEr .....eieiiiiiiiiiie it 136

TRISH REQISEEN ...eeiiiiiiiiiiieee et 136
PORTJ

Associated REQISIErS .......ccoovvveeiiiieeieie e 139

Functions ................

LATJ Register

PORTJ REQISLEN .evvveieiiiiiiiie e 138

TRISI REQISLEN ...t 138
Postscaler, WDT

Assignment (PSA Bit) ....ocoovviiireeiieee e

Rate Select (TOPS2:TOPSO Bits) .....

Switching Between Timer0 and WDT

Power Managed Modes ...........cccceeiiieeriiiieeiieee e 39
and Multiple Sleep Commands ..........ccccovveeerieeeennnen. 40
CIOCK SOUICES ..ovviiieeeiiiiiiiiee et ee e e sieeee e 39
Clock Transitions, Status Indicators ... .. 40

Entering .....cccoooiieiiiiiieee ... 39
Exiting Idle and Sleep Modes . ... 46
DY INErTUPL ...eeeee e 46
DY RESEL oo 46
by WDT Time-0ut ......coevveiviiiiiiieeee e 46
Without an Oscillator Start-up Delay ................. 46
1dle MOAES ... 43
RUN MOAES ... 40
Selecting .... ... 39
Sleep Mode ... ... 43
Summary (table) .....ooooviiiiiiie i 39
Power-on Reset (POR) ......occoeiiiiiiriiiiiiiee e, 51,271
Oscillator Start-up Timer (OST) ...ccceeviieeniieeenieeees 53
Power-up Timer (PWRT) ...coooviiieeeeeiciieieee e 53, 271
TIME-0Ut SEQUENCE ....ooiiiiiiiiiieeiiie et
Power-up Delays ...............
Power-up Timer (PWRT) ...
Prescaler, Capture .............
Prescaler, TIMEer0 ........occccoiiiiiiiiiiee e
Assignment (PSA Bit)
Rate Select (TOPS2:TOPSO BitS) ......cccccveeiiiveeniinenn.
Switching Between Timer0 and WDT ........cccccceeennes
Prescaler, TMR2 .......coooiiiiiiiecceee
PRO MATE Il Universal Device Programmer
Program Counter ..........ccccceeeiiiiiiiiieeeneniiies
PCL, PCH and PCU Registers .....
PCLATH and PCLATU Registers .... .
Program MemMOIY ......cocuuiiieiiiiiiiiie et
and the Extended Instruction Set ............cccceeeveeennnn.
Code ProteCtion .........cocceieeiiiiiiiiee e
Control REJISLErS .......ooiiiiiieiiiiiiie e
TABLAT (Table Latch) Register ...
TBLPTR (Table Pointer) Register .....
Erasing External Memory (PIC18F8X10)
INSTIUCHIONS ..
Two-Word INStructions ..........cccevvveeiiiieeiiiieene
INtErruPt VECION ..o
LOOK-UP TabIes ...cocoiiiiiieiee e
Map and Stack (diagram) ........cccccoceeeeiiieene
Memory Access for PIC18F8310/8410 Modes .......... 63
Memory Maps for PIC18FX310/X410 Modes ..... ... 63
PIC18F8310/8410 Memory Modes .........ccccccvevrennen. 62
RESEt VECION .ooiiiiiiiiiee e 61
Table Reads and Table Writes ...........cccccovvveiiieennns 85
Writing and Erasing On-Chip Program
Memory (ICSP MOde) .....ccceeeviieiiiiiiieiiiee e 87
Writing To
Unexpected Termination ...........ccccccceevieeeennnenn. 87
Write Verify ..o ... 87
Writing to Memory Space (PIC18F8X10) .......ccc....... 87
Program Memory Modes
Extended Microcontroller ............ccooociiiiiiiiniieniienen.
MICrOCONLIOIIEr ...
MiCIOPrOCESSON .cceiiiiiiee et
Microprocessor with Boot Block .........
Program Verification and Code Protection ....
Associated Registers .........cccccevevvinnns .
Programming, Device INStructions ............ccceevveeinieennnns

PSP.See Parallel Slave Port.
Pulse-Width Modulation. See PWM (CCP Module).
PUSH .o 316
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PUSH and POP INStruCtions .........cccceocveeeiiiiieeniiieeesieee s 65

PUSHL oot 332

PWM (CCP Module)
Associated REQISIErS .......cccceviiiieeiiiiee e 167
Duty CYClE ...oeeeiiieiiiiieeee e ... 166
Example Frequencies/Resolutions .... ...166
Period .....ooiiiieiie e 165
Setup for PWM Operation .........ccccceeeiieireniiieennieenn. 166
TMR2 to PR2 MatCh ..o, 165

Q

Q ClOCK et 166

R

RAM. See Data Memory.

RC OSCIllAtOr ...cooiieiiiiie et

RCIO Oscillator Mode

RCON Register

Bit Status During Initialization ...........ccccccvvviiiveeennnnns 56
REQISLEr File ...ooiiiiiiiiiiie et 71
Register File Summary ........ccocooiiiiniiieeee e 73-76
Registers

ADCONO (A/D Control 0) ...

ADCONL1 (A/D Control 1) ...

ADCON2 (A/D CONtrol 2) ...coeevviiieeeeeeieiieeee e

BAUDCON1 (Baud Rate Control 1) ........ccccceeevveenne 212

CCPxCON (Capture/Compare/PWM Control —

CCPL1, CCP2, CCP3) .coeeveieereeiecieeeeenre e 159

CMCON (Comparator Control) ........cccceeeeiieeeeniineenn. 255

CONFIG1H (Configuration 1 High) ........cccccceeeennnen. 272

CONFIG2H (Configuration 2 High) .... ..274

CONFIG2L (Configuration 2 Low) ...... .273

CONFIG3H (Configuration 3 High) .... ...275

CONFIG3L (Configuration 3 LOW) ......cccvvvveeeiniinennes 275

CONFIG3L (Configuration Byte 3 LOW) .......ccccceeennee 62

CONFIGAL (Configuration 4 LOW) ........cccceeriuveeennnnen. 276

CONFIGS5L (Configuration 5 LOW) .....ccccvvvvveeeiniinennns 276

CONFIGT7L (Configuration 7 LOW) ........cccceeriuveeennnen. 277

CVRCON (Comparator Voltage

Reference Control) .......ccccceeeveiiiiiieenee e,

Device ID RegiSter 1 .....ccccovuiieiiiieeiiiee e

Device ID ReQISter 2 .....cueiiiiiiiiiiee i

HLVDCON (HLVD Control) .....ccoovcuevieeeeeeiiiieieeeennns

INTCON (Interrupt Control) ........cccceeeeeeeeniiieeniienens

INTCONZ2 (Interrupt Control 2) ........cccceeevieieeniiennnns

INTCONS3 (Interrupt Control 3) ....ccccvvvvveeeviiiiiieeeennne

IPR1 (Peripheral Interrupt Priority 1)
IPR2 (Peripheral Interrupt Priority 2)
IPR3 (Peripheral Interrupt Priority 3)
MEMCON (Memory Control) ........cccceeeveeriieeriiennnnns
OSCCON (Oscillator Control) ........cccccoeeeeriieeeiiieeenns
OSCTUNE (Oscillator TuNiNg) ...cocovvevvveeeeeeiiiieeneenn.
PIE1 (Peripheral Interrupt Enable 1)
PIE2 (Peripheral Interrupt Enable 2)
PIE3 (Peripheral Interrupt Enable 3)
PIR1 (Peripheral Interrupt Request

(FIAQ) 1) oo 106
PIR2 (Peripheral Interrupt Request

(FIRQ) 2) eeeeiieieee e 107
PIR3 (Peripheral Interrupt Request

(FIAQ) 3) eeeeiieiieeiie e 108
PSPCON (Parallel Slave Port Control) .................... 141
RCON (Reset Control) ........cccceeveeeiniieiiniiennene. 50, 115
RCSTAL (EUSART Receive Status

and Control) .....cceeeveeereiiiee e 211

RCSTA2 (AUSART Receive Status

and Control) .....cccooeiiriiiiee e
SSPCON1 (MSSP Control 1, I2C Mode)
SSPCON1 (MSSP Control 1, SPI Mode) ....
SSPCON2 (MSSP Control 2, IC Mode) ...
SSPSTAT (MSSP Status, 12C Mode) .........
SSPSTAT (MSSP Status, SPI Mode) .........cccecueeee..
SEALUS .o
STKPTR (Stack Pointer) .....ccccceeveviiiieeeeeeeiiieceeeee
TOCON (Timer0 Control) ........cccceeviiieriieieniieee e
T1CON (Timerl Control) .....ccocceeiiiieriieieniieee e
T2CON (Timer 2 Control) .....ccccvveeveeeviiiieeeeee e
T3CON (Timer3 Control) ........cccceeviiieriieieniieee e,
TXSTAL (EUSART Transmit Status

and CoNtrol) ...cceevveerreiiiiieieee e 210
TXSTA2 (AUSART Transmit Status

and Control) .....c.oeovieriiiiie e
WDTCON (Watchdog Timer Control)

RESEL .

MCLR Reset, Normal Operation ..............

MCLR Reset, Power Managed Modes ....

Power-on Reset (POR) ........cccceviiieiiiinene .
Programmable Brown-out Reset (BOR) .................... 49
RESET INSIIUCHION ...ooiiiiiieiiieceeeceeee e 49
Stack FUIl RESEL .....cooiiiiiiie e 49
Stack Underflow Reset .........ccccoeiiiiiiiiiiiiiiiciiees 49

Watchdog Timer (WDT) Reset
Resets ...

RETFIE .

RETLW .

RETURN ......ccceee.

Return Address Stack ........coccceeieeieiiieiiiiiee e 64
Return Stack Pointer (STKPTR) ...ccocvvivieiieiiiieeeee s 65
REVISION HISLOIY ....cocuviiiiiii it 385
RLCE et 319
RLNCF .. . 320

RRCF .... 320
RRINCF oo 321
Run Modes
PRI_RUN .o 40
RC_RUN L. 42
SEC_RUN ..ottt 40
S
SCK et 169
SDI ettt a e 169
SDO e 169
Serial Clock, SCK ... 169
Serial Data IN (SDI) ..ccuueiiiiiieeiie e 169
Serial Data Out (SDO) ....coovviiiiiiiieee e 169
Serial Peripheral Interface. See SPI Mode.
SETF oo OO 321
Slave SelecCt (SS) «vovvriiieeiieiiiiie e 169
SLEEP .o e 322
Sleep Mode
OSC1 and OSC2 Pin States .........cccceevveeerniiieeiniieeenns

Software Simulator (MPLAB SIM) ...
Software Simulator (MPLAB SIM30)
Special Event Trigger. See Compare (CCP Module).

Special Features of the CPU ........cccoocciviveiiiiiiiiee e 271
Special Function RegiSters .........cocuieiiieieiiieeeiiiee e 72
VAP e 72
SPI Mode (MSSP)
Associated REQISIErS .......cccceeviieririiiie e 177
Bus Mode Compatibility .........cccoooeeieiiieriiiieeniieens 177
Effects of a Reset .........cccccovvviiiiiiiiiiie 177
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Enabling SPI /O .....ooiiiiiieee e 173

Master MOAE ........cooeiiiiiiiieie e 174

Master/Slave ConNection .........cccccvveeveiiiiiveeeeeeinnnns 173

Operation ........cccceeeveenn.

Serial Clock ....

Serial Data In .......

Serial Data OULt ......ceeeieiiiiiiiiee e 169

Slave MOAE ......uvveiiiiecic e 175

Slave SeleCt ....vvveiiieii e 169

Slave Select Synchronization ..........ccccccoviiiinieenne 175

Sleep OPEration .......ccceeeueeeiiieeeeiieeeeiee e e e 177

SPICIOCK eveiiiiiiiieee et 174
___ Typical CoONNecion ... 173
S ettt ae e 169
SSPOV ittt ae e 199
SSPOV Status Flag ......coocveeiiiiieiiie e 199
SSPSTAT Register

RIW Bt oo ee e 182,183
Stack Full/Underflow RESEtS ........ccccuvvevveeiiiiiiiiiieee e 66
Standard INSruCtionS ..........cccvveeieeiieiiiiie e 287

SUBFSR .ot 333
SUBFWB ...ttt ettt et 322
SUBLW ettt 323
SUBULNK ..ttt e 333
SUBWE ettt 323
SUBWEB ...ttt 324
SWAPKE e 324
T
Table Pointer Operations (table) .........cccccoveveveviiiiiienneenns 86
Table Reads/Table WIS .......ccccoviviiriiiiiiniie e 66
TBLRD ittt 325
TBLWT ot 326
Time-out in Various Situations (table) ..........cccccoociiiieene 53
TIMEIO e 143
16-Bit Mode Timer Reads and Writes ............cccc...... 144
Associated REQISIErS .......ccoovveeiiiiiieiiee e 145
Clock Source Edge Select (TOSE Bit) ......cc.cevveeeennn. 144
Clock Source Select (TOCS Bit) ..cvvveveeeveiiieiieieeeene 144
OPEIAtiON ...eeieiiiiiie et 144
Overflow INTEIrUPL ...ooovviieiiieee e 145

Prescaler. See Prescaler, TimerO.
TIMEIL oo e

16-Bit Read/Write Mode ..........ccoeevvnieiniieeeeeee.
Associated RegISters ........ccccvvvvveeeveiiiiiieeee e
INEEITUPL oo
Low-Power Option .........cevvveviiiiiiiiee e
(O] 0= = 11 o I PR,
OSCIllAtOr ..o
Oscillator Layout Considerations ..
Overflow INLEITUPLt ...oooveiiiiiieee e
Resetting, Using a Special Event
Trigger Output (CCP) .ccvviiiiieeeeeeiieieee e 150
TMRIH ReQISter ...vvvviiieeeieiiiieee e 147
TMRIL REQISIEr ...eviiiiiiiiiiiee e 147
Use as a Real-Time ClocK .........ccccooviiiiiiieiniiieenn. 150
Using as a Clock SOUICe ........ccccvvveeeeveiiiiiiieee e 149
TIMEI2 ot 153
Associated REQISIErS .......cccoovieiiiiiiieiiie e 154
INTEITUPT v 154
OPEIAtION ...eeiiiiiiiie et 153
OUEPUL e 154
PR2 REQISLEN ...eveviieeeiiiiiie et 165
TMR2 to PR2 Match Interrupt ........cccccooeeniiiiennnnnn. 165

TIMEI3 et 155
16-Bit Read/Write Mode .........ccceevvvieiiniieeiiee e, 157
Associated RegiSters ........cccvvveeeveiiiiiieieee e 157
OPEIALION ...vviiiieiiie ittt 156
Oscillator ................. 155, 157
Overflow Interrupt ................ 155, 157
Special Event Trigger (CCP) ....occveivieieiniiieeiieeees 157
TMR3H REQISLEN ..coouiiiiiiiiie et 155
TMR3L REQISIEN ..vviviieeeieiciiiieee e 155

Timing Diagrams
A/D CONVEISION ..eiiiiiiiiiiiieeaiiieeeeee et
Acknowledge SequeNCe ........ccccceeveivreiieeeeeeiiiiieennn
Asynchronous Reception .....

Asynchronous Transmission ..
Asynchronous Transmission

(Back to BacCk) .....ccceeeeiieeiiiiieeeieeeee
Automatic Baud Rate Calculation .............cccccevueenne 217
Auto-Wake-up Bit (WUE) During

Normal Operation .........ccccceeviiieeiniiee e, 223

Auto-Wake-up Bit (WUE) During Sleep ....

Baud Rate Generator with Clock Arbitration . .. 196
BRG Overflow Sequence ..........ccccceeviiieeinieenninnen. 217
BRG Reset Due to SDA Arbitration

During Start Condition .........ccccceevvviiiiieeneeinnns 205
Brown-out Reset (BOR) .......cccooeeeniiieiiiie e 365
Bus Collision During a Repeated

Start Condition (Case 1) .....occovvvveveeeviiiiieenennn. 206
Bus Collision During a Repeated

Start Condition (Case 2) ......ccoovveeiiiiiieiiieeennes 206
Bus Collision During a Start

Condition (SCL = 0) ..ovvveeiieiieiiiee e 205
Bus Collision During a Start

Condition (SDA ONlY) ..eevveeiiiiiiiiiiieeeeeiieee e, 204
Bus Collision During a Stop

Condition (CaSe 1) ..ccovveeeeiiieeiiiee e 207
Bus Collision During a Stop

Condition (CaSE 2) ..cccvvveeerieieeiiiee e 207
Bus Collision for Transmit and

ACKNOWIEAQE ...vvvvveeeeeiiiie e 203
Capture/Compare/PWM

(All CCP MOdUIES) ..o 367
CLKO @nd /O ....ocveiiiiieiieceee e 362
Clock Synchronization .. .. 189
Clock/Instruction Cycle ..........ccccoeeeeenes ... 67

Example SPI Master Mode (CKE =0) ... .. 368
Example SPI Master Mode (CKE = 1) .....cccccceeeeneen. 369
Example SPI Slave Mode (CKE =0) ......ccceeeveeenneen. 370
Example SPI Slave Mode (CKE = 1) .....cccccceveevinnns 371
External Clock (All Modes Except PLL) ................... 360
External Memory Bus for SLEEP

(16-Bit Microprocessor Mode) .........ccccveeeeeennnns 95
External Memory Bus for SLEEP

(8-Bit Microprocessor Mode) .........ccccoeceeeeeieeenn. 98
External Memory Bus for TBLRD

(16-Bit Extended Microcontroller Mode) ............ 94
External Memory Bus for TBLRD

(16-Bit Microprocessor Mode) .........ccccveeveeennnnns 94
External Memory Bus for TBLRD

(8-Bit Extended Microcontroller Mode) .............. 97
External Memory Bus for TBLRD

(8-Bit Microprocessor Mode) .........cccccveeeeernnnnns 97
Fail-Safe Clock MoNitor ..........ccoceviiieiniiccnieee e 283
High/Low-Voltage Detect (VDIRMAG = 1) ............... 268
High/Low-Voltage Detect Characteristics ................ 357
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High/Low-Voltage Detect Operation

(VDIRMAG = 0) oo 267
12C BUS DALA ..o, 372
12C BUS Start/Stop BItS .........oveeveeeeereeereesesresesnenen, 372
12C Master Mode (7 or

10-Bit TranSmisSSioN) ......ceeveevvvieeeeeeeieiniieieeeeen 200
12C Master Mode (7-Bit ReCEption) ...........cccvueveene. 201
12C Master Mode First Start Bit ............ccccoeeveereunnn. 197
12C Slave Mode (10-Bit Reception, SEN = 0) .......... 186
12C Slave Mode (10-Bit Reception, SEN = 1) .......... 191
12C Slave Mode (10-Bit Transmission) .........c.cccc...... 187
12C Slave Mode (7-bit Reception, SEN = 0) ............. 184
12C Slave Mode (7-Bit Reception, SEN = 1) .190
12C Slave Mode (7-Bit Transmission) ....... .185
I°C Slave Mode General Call Address

Sequence (7 or 10-Bit Address Mode) ............. 192
I2C Stop Condition Receive or

Transmit Mode .........occvveeiiiieiiiieeeeeeee e 202
Master SSP 12C BUS Data ..........cc.oevureveerrerrerinieas 374
Master SSP I12C Bus Start/Stop Bits ..... ...374

Parallel Slave Port (PSP) Read ... ... 142

Parallel Slave Port (PSP) Write ... ..141
Program Memory Read ..........cccocceeiiiieeiiiiieniieees 363
Program Memory WIite ........cccovviiieiireeeieiiiiieeeeeenane 364
PWM OULPUL ..ot 165
Repeat Start Condition ...........cccocveeiiiieiiiiieeniieees 198

Reset, Watchdog Timer (WDT), Oscillator

Start-up Timer (OST) and

Power-up Timer (PWRT) ...coccoiiiiiiiiiiieiiieeee
Send Break Character Sequence ... .
Slave Synchronization ...........cccccceeviiiien e
Slow Rise Time (MCLR Tied to VDD,

VDD RISE > TPWRT) .eoveeeiiiiiiiieeeeesiiieeeee e
SPI Mode (Master Mode) ...
SPI Mode (Slave Mode, CKE = 0) .....ccoeviiieeeninenn. 176
SPI Mode (Slave Mode, CKE = 1) ...cccccveveveviiiiennnn. 176
Synchronous Reception

(Master Mode, SREN) .......cccoeviiiiiiiiieenns 227,242
Synchronous TransSmission ..........ccccceveeervininens 225, 240
Synchronous Transmission

(Through TXEN) ...ooooiiiiiiiieniieiie e 226, 241
Time-out Sequence on POR w/PLL Enabled

(MCLR Tied t0 VDD) ..ocueeeeiiieiiiie e 55
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape® or Microsoft®
Internet Explorer. Files are also available for FTP
download from our FTP site.

Connecting to the Microchip Internet
Web Site

The Microchip web site is available at the following
URL:

www.microchip.com

The file transfer site is available by using an FTP
service to connect to:

ftp://fftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User’s Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

 Latest Microchip Press Releases

» Technical Support Section with Frequently Asked
Questions

» Design Tips

» Device Errata

« Job Postings

« Microchip Consultant Program Member Listing

« Links to other useful web sites related to
Microchip Products

» Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

SYSTEMS INFORMATION AND
UPGRADE HOT LINE

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip’s development systems software products.
Plus, this line provides information on how customers
can receive the most current upgrade kits.The Hot Line
Numbers are:

1-800-755-2345 for U.S. and most of Canada and
1-480-792-7302 for the rest of the world.

042003
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information and use this outline to provide us with your comments about this document.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company
Address
City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) -
Application (optional):

Would you like a reply? Y N
Device: PIC18F6310/6410/8310/8410 Literature Number: DS39635A
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this document easy to follow? If not, why?

4. What additions to the document do you think would enhance the structure and subject?

5. What deletions from the document could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?
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PIC18F6310/6410/8310/8410 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X XX XXX .
_|_ '|' —|_ —l_ Examples:
Device Temperature  Package Pattern a) PIC18LF6410-1/PT 301 = Industrial temp.,
Range TQFP package, Extended VDD limits,
QTP pattern #301.
b)  PIC18F8410-1/PT = Industrial temp., TQFP
] o package, normal VDD limits.
Device PIC18F6310/6410/8310/8410 (é) C) PIC18F8410-E/PT = Extended temp., TQFP
PIC18F6310/6410/8310/8410T"; package, normal VoD limits.

VDD range 4.2V to 5.5V
PIC18LF6310/6410/8310/8410(),
PIC18LF6310/6410/8310/8410T®);

VDD range 2.0V to 5.5V

Temperature Range | -40°C to +85°C (Industrial)

-40°C to +125°C (Extended)

Package PT = TQFP (Thin Quad Flatpack)
Note 1: F = Standard Voltage Range
LF = Wide Voltage Range
Pattern QTP, SQTP, Code or Special Requirements 2. T = intape and reel

(blank otherwise)
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Tel: 480-792-7200

Fax: 480-792-7277

Technical Support: 480-792-7627
Web Address: www.microchip.com

Atlanta

3780 Mansell Road, Suite 130
Alpharetta, GA 30022

Tel: 770-640-0034

Fax: 770-640-0307

Boston

2 Lan Drive, Suite 120
Westford, MA 01886
Tel: 978-692-3848
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No. 11, O’Shaugnessey Road

Bangalore, 560 025, India
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Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Germany
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Tel: 49-89-627-144-0

Fax: 49-89-627-144-44

Italy
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20025 Legnano (MI)

Milan, Italy

Tel: 39-0331-742611

Fax: 39-0331-466781
Netherlands
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NL-5152 JR, Drunen, Netherlands
Tel: 31-416-690399

Fax: 31-416-690340

United Kingdom

505 Eskdale Road
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Wokingham
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Tel: 44-118-921-5869

Fax: 44-118-921-5820
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