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PIC18FXX8

28/40-Pin High-Performance, Enhanced Flash
Microcontrollers with CAN

High-Performance RISC CPU:

 Linear program memory addressing up to
2 Mbytes

» Linear data memory addressing to 4 Kbytes
* Up to 10 MIPS operation
* DC — 40 MHz clock input

* 4 MHz-10 MHz oscillator/clock input with
PLL active

» 16-bit wide instructions, 8-bit wide data path
« Priority levels for interrupts
» 8 x 8 Single-Cycle Hardware Multiplier

Peripheral Features:

» High current sink/source 25 mA/25 mA
» Three external interrupt pins

» Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler

« Timer1 module: 16-bit timer/counter

» Timer2 module: 8-bit timer/counter with 8-bit
period register (time base for PWM)

« Timer3 module: 16-bit timer/counter
» Secondary oscillator clock option — Timer1/Timer3

» Capture/Compare/PWM (CCP) modules;
CCP pins can be configured as:

- Capture input: 16-bit, max resolution 6.25 ns
- Compare: 16-bit, max resolution 100 ns (TcY)

- PWM output: PWM resolution is 1 to 10-bit
Max. PWM freq. @:8-bit resolution = 156 kHz
10-bit resolution = 39 kHz

» Enhanced CCP module which has all the features
of the standard CCP module, but also has the
following features for advanced motor control:

- 1,2 or 4 PWM outputs
- Selectable PWM polarity
- Programmable PWM dead time

» Master Synchronous Serial Port (MSSP) with two
modes of operation:

- 3-wire SPI™ (Supports all 4 SPI modes)
- I2C™ Master and Slave mode

» Addressable USART module:
- Supports interrupt-on-address bit

Advanced Analog Features:

+ 10-bit, up to 8-channel Analog-to-Digital Converter
module (A/D) with:
- Conversion available during Sleep
- Up to 8 channels available

» Analog Comparator module:
- Programmable input and output multiplexing

» Comparator Voltage Reference module

» Programmable Low-Voltage Detection (LVD) module:
- Supports interrupt-on-Low-Voltage Detection

* Programmable Brown-out Reset (BOR)

CAN bus Module Features:

» Complies with ISO CAN Conformance Test
» Message bit rates up to 1 Mbps
» Conforms to CAN 2.0B Active Spec with:
- 29-bit Identifier Fields
- 8-byte message length
- 3 Transmit Message Buffers with prioritization
- 2 Receive Message Buffers
- 6 full, 29-bit Acceptance Filters
- Prioritization of Acceptance Filters

- Multiple Receive Buffers for High Priority
Messages to prevent loss due to overflow

- Advanced Error Management Features

Special Microcontroller Features:
» Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

» Watchdog Timer (WDT) with its own on-chip RC
oscillator

» Programmable code protection
» Power-saving Sleep mode
« Selectable oscillator options, including:
- 4x Phase Lock Loop (PLL) of primary oscillator
- Secondary Oscillator (32 kHz) clock input
* In-Circuit Serial Programming™ (ICSP™) via two pins

Flash Technology:

» Low-power, high-speed Enhanced Flash technology
 Fully static design

» Wide operating voltage range (2.0V to 5.5V)

* Industrial and Extended temperature ranges

© 2004 Microchip Technology Inc.
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PIC18FXX8

Program Memory Data Memory g MSSP
10-bit w CCP/ Timers
Device | Flash | # Single-Word | SRAM | EEPROM| VO | AD |8 | ECCP | | Master | USART | g3
(bytes)| Instructions | (bytes) | (bytes) (ch) E | (PWM) [2c™
o
PIC18F248| 16K 8192 768 256 22 5 — 1/0 Y Y Y 1/3
PIC18F258| 32K 16384 1536 256 22 5 — 1/0 Y Y Y 1/3
PIC18F448| 16K 8192 768 256 33 8 2 11 Y Y Y 1/3
PIC18F458| 32K 16384 1536 256 33 8 2 11 Y Y Y 1/3
Pin Diagrams
PDIP
MCLR/VPP — [ 1 -/ 40 O <— RB7/PGD
RAOQ/ANO/CVREF <—[] 2 39 [J «<— RB6/PGC
RA1/AN1 <—[] 3 38 [1 =—> RB5/PGM
RA2/AN2/VREF- <[] 4 370 <—» RB4
RA3/ANG/VREF+ <[] 5 36 [1 <—» RB3/CANRX
RA4/TOCKI <[] 6 35 [ =—» RB2/CANTX/INT2
RA5/AN4/SS/LVDIN <—[] 7 34 1 <—» RB1/INT1
REO/ANS/RD <—[] 8 I T  330<«—= RBO/INTO
RET/ANG/WR/C1OUT =——=09  Q Q 320 <— VoD
RE2/AN7/CS/C20UT =—=[ 10 g o 310 <—Vss
Vob —=[J11 T T 30 <— RD7/PSP7/P1D
Vss —=012 & R 290 <— RD6/PSP6/PIC
OSC1/CLKI —=[13 6 & 28 <— RD5/PSP5/P1B
OSC2/CLKO/RA6 <——[ 14 27 1 =<—» RD4/PSP4/ECCP1/P1A
RCO/T10SO/T1CKI <[ 15 26 [1 <—» RC7/RX/DT
RC1/T10S| =0 16 25 1 «—» RCB/TX/CK
RC2/CCP1 «——= [] 17 24 [0 «—— RC5/SDO
RC3/SCK/SCL <0 18 23 [1 -— RC4/SDI/SDA
RDO/PSPO/C1IN+ <—[ 19 22 [1 <—» RD3/PSP3/C2IN-
RD1/PSP1/C1IN- «— [ 20 21 0 «<— RD2/PSP2/C2IN+
PLCC fuo o
w o
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REQ/AN5/RD =—[] 9 37 O<——> RB1/INT1
RE1/AN6/WR/C10UT <— ] 10 36 O=—> RBO/INTO
F{E2/AN7/CS/C2C\)/UT -——E }12 PIC18F448 gi §<—¥DD
DD ——> [ «——Vss
Vss— [ 13 PIC18F458 33 5« RD7/PSP7/PID
OSC1/CLKI<—>[] 14 32 O<—= RD6/PSP6/P1C
OSC2/CLKO/RA6 =—= [ 15 31 J<~——= RD5/PSP5/P1B
RCO/T10SO/T1CK1 =—— 0] 16 30 O<=——= RD4/PSP4/ECCP1/P1A
NC 017 29 [=— RC7/RX/DT
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Pin Diagrams (Continued)

TQFP

NC

RC7/RX/DT -— ]
RD4/PSP4/ECCP1/P1A <— ]
RD5/PSP5/P1B =— []
RD6/PSP6/P1C <— []
RD7/PSP7/P1D <-— ]
VSS—— []

Vob—— []

RBO/INTQ =— []
RB1/INT1 =— ]
RB2/CANTX/INT2 <— [
RB3/CANRX -—— ]

©O©o~NOO AWND—

- =
S o

42 [M<«—»=RC4/SDI/SDA

41 [J=——>RD3/PSP3/C2IN-
40 [J=—>RD2/PSP2/C2IN+
39 [[J«—=RD1/PSP1/C1IN-
38 [J=—=RDO0/PSPO/C1IN+

37 [[J=—>RC3/SCK/SCL

43 [=—=RC5/SDO

O 44 [M<—»RCE/TX/CK

PIC18F448
PIC18F458

36 [J«—RC2/CCP1
35 [J«—RC1/T10SI

34

33 [0 NC

32 [ =— RCO/T10SO/T1CKI
31 [J— OSC2/CLKO/RA6
30 [ =—— OSC1/CLKI

29 []=+—— Vss

28 [[] =—— VDD -

27 [[] =— RE2/AN7/CS/C20UT
26 [ =— RE1/AN6/WR/C10UT
25 []<— RE0/AN5/RD

24 [[] =— RA5/AN4/SS/LVDIN
23 [[] =— RA4/TOCKI

SPDIP, SOIC

18

12
13
RAO/ANO/CVREF =—[ 19

RB4<——[] 14

RB5/PGM<+——>[] 15

NC

NC
RB6/PGC<-——>[ 16
RB7/PGD<——[] 17

MCLR/VPP—>

RAT/ANT =——={ 20

RA2/AN2/VREF- «—[| 21

RA3/AN3/VREF+<+——[] 22

MCLR/Vpp—>]
RAO/ANO/CVREF =+—{ ]
RA1/AN1 =—{]
RA2/AN2/VREF- <—[ ]|
RA3/AN3/VREF+ <—{]
RA4/TOCKI <+—{]
RA5/AN4/SS/LVDIN <—[]|
Vss—[]
OSC1/CLKI—]
OSC2/CLKO/RA6 ~—]
RCO/T10SO/T1CKI <——]
RC1/T10S| <—[]
RC2/CCP1=—{]

CO~N O UlHh WN =

©
85G¢48101d

8t¢48101d

—_
S o

RC3/SCK/SCL =——[]

28
27
26
25
24
23
22
21
20
19
18
17
16
15

[]<—>RB7/PGD

[ J<—>RB6/PGC
[]<—>RB5/PGM
[]<~—>RB4
[]<——> RB3/CANRX
[]<~—RB2/CANTX/INT2
[]<—RB1/INT1
[]<~—>RBO/INTO
[l<~——VDD

[ J*=——Vss

[ ]<— RC7/RX/DT
[J=—>RC6/TX/CK
[[J~—>RC5/SDO

[]<—>RC4/SDI/SDA
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

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

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

Customer Notification System

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

© 2004 Microchip Technology Inc. DS41159D-page 5
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NOTES:
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1.0

DEVICE OVERVIEW

This document contains device specific information for

the following devices:

» PIC18F248
+ PIC18F258
+ PIC18F448
+ PIC18F458

These devices are available in 28-pin, 40-pin and
44-pin packages. They are differentiated from each

other in four ways:

1. PIC18FX58 devices have twice the Flash
program memory and data RAM of PIC18FX48

devices (32 Kbytes and

1536 bytes vs.

16 Kbytes and 768 bytes, respectively).

PIC18F2X8 devices implement 5 A/D channels,

as opposed to 8 for PIC18F4X8 devices.

PIC18F2X8 devices implement 3 /O ports,

while PIC18F4X8 devices implement 5.

Only PIC18F4X8 devices

implement the

Enhanced CCP module, analog comparators
and the Parallel Slave Port.

All other features for devices in the PIC18FXX8 family,
including the serial communications modules, are
identical. These are summarized in Table 1-1.

Block diagrams of the PIC18F2X8 and PIC18F4X8
devices are provided in Figure 1-1 and Figure 1-2,
respectively. The pinouts for these device families are
listed in Table 1-2.

TABLE 1-1: PIC18FXX8 DEVICE FEATURES
Features PIC18F248 PIC18F258 PIC18F448 PIC18F458
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Internal Bytes 16K 32K 16K 32K
Program # of Single-Word 8192 16384 8192 16384
Memory Instructions
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 21 21
I/O Ports Ports A, B, C Ports A, B, C Ports A,B,C,D,E | Ports A,B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 1 1 1 1
Enhanced Capture/Compare/ — — 1 1
PWM Modules
Serial Communications MSSP, CAN, MSSP, CAN, MSSP, CAN, MSSP, CAN,
Addressable USART | Addressable USART | Addressable USART | Addressable USART
Parallel Communications (PSP) No No Yes Yes
10-bit Analog-to-Digital Converter 5 input channels 5 input channels 8 input channels 8 input channels
Analog Comparators No No 2 2
Analog Comparators VREF Output N/A N/A Yes Yes
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Programmable Low-Voltage Detect Yes Yes Yes Yes
Programmable Brown-out Reset Yes Yes Yes Yes
CAN Module Yes Yes Yes Yes
In-Circuit Serial Programming™ Yes Yes Yes Yes

(ICSP™)

Instruction Set

75 Instructions

75 Instructions

75 Instructions

75 Instructions

Packages

28-pin SPDIP
28-pin SOIC

28-pin SPDIP
28-pin SOIC

40-pin PDIP
44-pin PLCC
44-pin TQFP

40-pin PDIP
44-pin PLCC
44-pin TQFP

© 2004 Microchip Technology Inc.
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PIC18FXX8

FIGURE 1-1: PIC18F248/258 BLOCK DIAGRAM
Data Bus<8>
4; 74N PORTA
RAO/ANO/CVREF
21 || Table Pointer<21> Data Latch RA1/AN1
R RA2/AN2/VREF-
< ‘ 8 48 Data RAM Y RA3/AN3/VREF+
21 inc/dec logic up to 1536 bytes RA4/TOCKI_
RA5/AN4/SS/LVDIN
Address Latch OSC2/CLKO/RAG
< 21 [PCLATU[PCLATH] ﬁ 12 PORTB
Address<12> RBO/INTO
PCH ~ RB1/INT1
Program Counter N 12ﬁ 4ﬁ RB2/CANTX/INT2
Address Latch FSRo|[Banko, L RB3/CANRX
1 RB4
Program Memory 31 Level Stack FSR1 RB5/PGM
up to 32 Kbytes FSR2 12 RB6/PGC
Data Latoh } RB7/PGD
Table Latch logic PORTC
+—— RCO/T10SO/T1CKI
16 t RC1/T10SI
RC2/CCP1
I RC3/SCK/SCL
Y RC4/SDI/SDA
RC5/SDO
RC6/TX/CK
+— RC7/RX/DT
Instruction
Decode & <
Control
OSC2/CLKO/RA6
OSC1/CLKI * * # * * | P
ower-up
|Z|<‘::> Timer
Timing Oscillator
7108 XK=> Generation [<—1 Start-up Timer
T10SO Power-on
Reset 8
4XPLL [«—y| Watchdog
Timer L
Brown-out
Precision Reset
Band Gap ——=>| [ Test Mode
Reference Select
Band Gap é é
{9 MCLR  Vbp, Vss
';E\c/)g Timer0 Timer1 Timer2 Timer3 1£Db(':t
Data EEPROM Synchronous
CCP1 USART Serial Port CAN Module

DS41159D-page 8 © 2004 Microchip Technology Inc.
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FIGURE 1-2:

PIC18F448/458 BLOCK DIAGRAM

Data Bus<8>

RAO/ANO/CVREF
RA1/ANT
RA2/AN2/VREF-
RA3/AN3/VREF+
RA4/TOCKI
RA5/AN4/SS/LVDIN
OSC2/CLKO/RA6

RBO/INTO
RB1/INT1
RB2/CANTX/INT2
RB3/CANRX

RB4

RB5/PGM
RB6/PGC
RB7/PGD

RCO/T10SO/T1CKI
RC1/T10SI
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RC6/TX/CK
RC7/RX/DT

RDO/PSPO/C1IN+
RD1/PSP1/C1IN-
RD2/PSP2/C2IN+
RD3/PSP3/C2IN-
RD4/PSP4/ECCP1/P1A
RD5/PSP5/P1B
RD6/PSP6/P1C
RD7/PSP7/P1D

REO/ANS/RD
RE1/AN6/WR/C10UT
RE2/AN7/CS/C20UT

@ AN 4& PORTA
21 || Table Pointer<21> Data Latch
< 8 8 Data RAM I
21 inc/dec logic up to 1536 Kbytes
Address Latch
2 21 [PCLATUIPCLATH| ﬁ 12 PORTB
PR TPCL Address<12> -
Program Counter 4%
Address Latch t Bank0, F S
Program Memory 31 Level Stack
up to 32 Kbytes 12
Data Latch
inc/dec
logic PORTC
%
Y
PORTD
Instruction
Decode & < —>
Control
OSC2/CLKO/RA6
OSC1/CLKI ‘ ‘ * * # ‘
Power-up
|X|<)::> Timer
Timing 4~ | Oscillator
Generation [N |Start-up Timer PORTE
T108I Power-on ALU<8>
T10SO 4X Reset
PLL <> 8
Watchdog
— Timer
Precision >
Band Gap F—>> Brown-out
Reference Reset
Test Mode
Select
Band Gap % é
{; MCLR  Vbp, Vss
PBOR ) ) ) ) 10-bit Parallel
PLVD Timer0 Timer1 Timer2 Timer3 ADC Slave Port
Data EEPROM Enhanced Synchronous
ata OM| | Comparators| | CCP1 cCP USART Serial Port

CAN Module

© 2004 Microchip Technology Inc.
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TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS

Pin Name

Pin Number

PIC18F248/258

PIC18F448/458

SPDIP, SOIC

PDIP

TQFP

PLCC

Pin
Type

Buffer
Type

Description

MCLR/VPP

MCLR

VPP

1

1

18

2

ST

Master Clear (input) or
programming voltage (output).
Master Clear (Reset) input.
This pin is an active low Reset
to the device.
Programming voltage input.

NC

12,13,
33, 34

1,17,
28, 40

These pins should be left
unconnected.

OSC1/CLKI

0OSCH

CLKI

13

30

14

CMOS/ST

CMOS

Oscillator crystal or external clock

input.
Oscillator crystal input or
external clock source input. ST
buffer when configured in RC
mode; otherwise, CMOS.
External clock source input.
Always associated with pin
function OSC1 (see OSC1/
CLKI, OSC2/CLKO pins).

0OSC2/CLKO/RA6
0SC2

CLKO

RA6

10

14

31

15

I/0

TTL

Oscillator crystal or clock output.
Oscillator crystal output.
Connects to crystal or
resonator in Crystal Oscillator
mode.

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

General purpose /O pin.

Legend: TTL
ST =
I
P

TTL compatible input

Schmitt Trigger input with CMOS levels

Input
Power

CMOS = CMOS compatible input or output
Analog = Analog input
= Output

0]
oD

= Open-

Drain (no P diode to VDD)

DS41159D-page 10

© 2004 Microchip Technology Inc.




PIC18FXX8

TABLE 1-2: PIC18FXX8 PINOUT I/0O DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pin | Butfer Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTA is a bidirectional 1/0O port.
RAO/ANO/CVREF 2 2 19 3
RAOQ I/0 TTL Digital I/0.
ANO | Analog Analog input 0.
CVREF (0] Analog Comparator voltage reference
output.
RA1/AN1 3 3 20 4
RA1 I/0 TTL Digital I/0.
AN1 | Analog Analog input 1.
RA2/AN2/VREF- 4 4 21 5
RA2 I/0 TTL Digital I/0.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage
(Low) input.
RA3/ANS3/VREF+ 5 5 22 6
RA3 I/0 TTL Digital I/0.
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage
(High) input.
RA4/TOCKI 6 6 23 7
RA4 /O | TTL/OD Digital /O — open-drain when
configured as output.
TOCKI | ST Timer0 external clock input.
RA5/AN4/SS/LVDIN 7 7 24 8
RA5 I/0 TTL Digital I/0.
AN4 | Analog Analog input 4.
SS | ST SPI™ slave select input.
LVDIN | Analog Low-Voltage Detect input.
RA6 See the OSC2/CLKO/RAG pin.

Legend: TTL = TTL compatible input

Schmitt Trigger input with CMOS levels
Input
Power

ST
I
=

CMOS = CMOS compatible input or output

Analog
O
oD

Analog input
= Output

= Open-Drain (no P diode to VDD)

© 2004 Microchip Technology Inc.
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TABLE 1-2: PIC18FXX8 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pin | Butfer Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTB is a bidirectional I/O port.
PORTB can be software
programmed for internal weak
pull-ups on all inputs.
RBO/INTO 21 33 8 36
RBO I/0 TTL Digital I/0.
INTO | ST External interrupt 0.
RB1/INT1 22 34 9 37
RB1 I/0 TTL Digital I/0.
INTH | ST External interrupt 1.
RB2/CANTX/INT2 23 35 10 38
RB2 I/0 TTL Digital I/O.
CANTX (0] TTL Transmit signal for CAN bus.
INT2 | ST External interrupt 2.
RB3/CANRX 24 36 11 39
RB3 I/0 TTL Digital I/O.
CANRX | TTL Receive signal for CAN bus.
RB4 25 37 14 41 I/0 TTL Digital I/O.
Interrupt-on-change pin.
RB5/PGM 26 38 15 42
RB5 I/0 TTL Digital I/O.
Interrupt-on-change pin.
PGM | ST Low-voltage ICSP™
programming enable.
RB6/PGC 27 39 16 43
RB6 I/0 TTL Digital 1/0. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGC | ST ICSP programming clock.
RB7/PGD 28 40 17 44
RB7 I/0 TTL Digital I/O. In-Circuit
Debugger pin.
Interrupt-on-change pin.
PGD I/0 ST ICSP programming data.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (0] = Output
P = Power oD = Open-Drain (no P diode to VDD)
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TABLE 1-2: PIC18FXX8 PINOUT 1/0 DESCRIPTIONS (CONTINUED)
Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pin | Butfer Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTC is a bidirectional I/0 port.
RCO/T10SO/T1CKI 11 15 32 16
RCO I/0 ST Digital I/O.
T10SO (0] — Timer1 oscillator output.
T1CKI | ST Timer1/Timer3 external clock
input.
RC1/T10SI 12 16 35 18
RC1 I/0 ST Digital I/O.
T10SI | CMOS Timer1 oscillator input.
RC2/CCP1 13 17 36 19
RC2 I/0 ST Digital I/O.
CCP1 I/0 ST Capture 1 input/Compare 1
output/PWM1 output.
RC3/SCK/SCL 14 18 37 20
RC3 I/0 ST Digital I/O.
SCK I/O ST Synchronous serial clock
input/output for SPI™ mode.
SCL I/O ST Synchronous serial clock
input/output for F.C™ mode.
RC4/SDI/SDA 15 23 42 25
RC4 I/0 ST Digital I/O.
SDI I ST SPI data in.
SDA /0 ST 12C data I/O.
RC5/SDO 16 24 43 26
RC5 I/0 ST Digital I/O.
SDO (0] — SPI data out.
RC6/TX/CK 17 25 44 27
RC6 I/0 ST Digital I/O.
TX (0] — USART asynchronous
transmit.
CK I/0 ST USART synchronous clock
(see RX/DT).
RC7/RX/DT 18 26 1 29
RC7 I/0 ST Digital I/O.
RX | ST USART asynchronous receive.
DT I/0 ST USART synchronous data
(see TX/CK).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input O = Output
P = Power oD = Open-Drain (no P diode to VDD)

© 2004 Microchip Technology Inc.
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TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pin | Buffer Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTD is a bidirectional I/0 port.
These pins have TTL input buffers
when external memory is enabled.
RDO/PSPO/C1IN+ — 19 38 21
RDO I/0 ST Digital I/0.
PSPO I/0 TTL Parallel Slave Port data.
C1IN+ | Analog Comparator 1 input.
RD1/PSP1/C1IN- — 20 39 22
RD1 I/0 ST Digital I/0.
PSP1 I/0 TTL Parallel Slave Port data.
C1IN- | Analog Comparator 1 input.
RD2/PSP2/C2IN+ — 21 40 23
RD2 I/0 ST Digital I/0.
PSP2 I/0 TTL Parallel Slave Port data.
C2IN+ | Analog Comparator 2 input.
RD3/PSP3/C2IN- — 22 41 24
RD3 I/0 ST Digital I/0.
PSP3 I/0 TTL Parallel Slave Port data.
C2IN- | Analog Comparator 2 input.
RD4/PSP4/ECCP1/ — 27 2 30
P1A
RD4 I/0 ST Digital I/0.
PSP4 I/0 TTL Parallel Slave Port data.
ECCP1 I/0 ST ECCP1 capture/compare.
P1A (0] — ECCP1 PWM output A.
RD5/PSP5/P1B — 28 3 31
RD5 I/0 ST Digital I/0.
PSP5 I/0 TTL Parallel Slave Port data.
P1B (0] — ECCP1 PWM output B.
RD6/PSP6/P1C — 29 4 32
RD6 I/0 ST Digital I/0.
PSP6 I/0 TTL Parallel Slave Port data.
P1C (0] — ECCP1 PWM output C.
RD7/PSP7/P1D — 30 5 33
RD7 I/0 ST Digital I/0.
PSP7 I/0 TTL Parallel Slave Port data.
P1D (0] — ECCP1 PWM output D.
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)
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TABLE 1-2: PIC18FXX8 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name PIC18F248/258|  PIC18F448/458 Pin | Buffer Description
Type | Type
SPDIP, SOIC | PDIP | TQFP | PLCC
PORTE is a bidirectional I/O port.
REO/AN5/RD — 8 25 9

REO I/0 ST Digital I/O.

AN5 | Analog Analog input 5.

RD | TTL Read control for Parallel Slave
Port (see WR and CS pins).

RE1/AN6/WR/C10UT — 9 26 10

RE1 I/0 ST Digital I/0.

ANG | Analog Analog input 6.

WR | TTL Write control for Parallel Slave
Port (see CS and RD pins).

C10uUT (0] Analog Comparator 1 output.

RE2/AN7/CS/C20UT — 10 27 11

RE2 I/0 ST Digital I/O.

AN7 | Analog Analog input 7.

CS | TTL Chip select control for Parallel
Slave Port (see RD and WR
pins).

ca20uT (0] Analog Comparator 2 output.

Vss 19,8 12,311 6,29 | 13,34 | — — Ground reference for logic and
I/O pins.
VDD 20 11,32 7,28 | 12,35 | — — Positive supply for logic and 1/0
pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input (@) = Output
P = Power oD = Open-Drain (no P diode to VDD)
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2.0 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

The PIC18FXX8 can be operated in one of eight oscil-
lator modes, programmable by three configuration bits
(FOSC2, FOSC1 and FOSCO).

1. LP Low-Power Crystal

2. XT Crystal/Resonator

3. HS High-Speed Crystal/Resonator

4. HS4 High-Speed Crystal/Resonator with
PLL enabled

5. RC External Resistor/Capacitor

6. RCIO External Resistor/Capacitor with I/O
pin enabled

7. EC External Clock

8. ECIO External Clock with I/O pin enabled

2.2  Crystal Oscillator/Ceramic
Resonators

In XT, LP, HS or HS4 (PLL) 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. An external clock source may also
be connected to the OSC1 pin, as shown in Figure 2-3
and Figure 2-4.

The PIC18FXX8 oscillator design requires the use of a
parallel cut crystal.

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP OSC
CONFIGURATION)
c1®  osct ll:
I To
f1a Internal
CIXTAL :g: ReG) Logic
= | —~ Sleep
coM 0SC2 PIC18FXX8

Note 1: See Table 2-1 and Table 2-2 for recommended
values of C1 and C2.

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

3: RF varies with the crystal chosen.
TABLE 2-1: CERAMIC RESONATORS
Ranges Tested:
Mode Freq (e 13103 0SscC2

XT 455 kHz 68-100 pF 68-100 pF
2.0 MHz 15-68 pF 15-68 pF
4.0 MHz 15-68 pF 15-68 pF
HS 8.0 MHz 10-68 pF 10-68 pF
16.0 MHz 10-22 pF 10-22 pF

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

specifications.

These values are for design guidance only.
See notes following Table 2-2.

Resonators Used:

455 kHz | Panasonic EFO-A455K04B 10.3%
2.0 MHz | Murata Erie CSA2.00MG 1+0.5%
4.0 MHz | Murata Erie CSA4.00MG 1+0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5%
16.0 MHz | Murata Erie CSA16.00MX 10.5%

All resonators used did not have built-in capacitors.

© 2004 Microchip Technology Inc.
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TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Osc Type c;¥::1al Cap.CF\;ange Cap.gzange
LP 32.0 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1.0 MHz 15 pF 15 pF
4.0 MHz 15 pF 15 pF
HS 4.0 MHz 15 pF 15 pF
8.0 MHz 15-33 pF 15-33 pF
20.0 MHz 15-33 pF 15-33 pF
25.0 MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes on this page.

Crystals Used

32.0kHz | Epson C-001R32.768K-A | +20 PPM
200 kHz STD XTL 200.000KHz +20 PPM
1.0 MHz ECS ECS-10-13-1 +50 PPM
4.0 MHz ECS ECS-40-20-1 +50 PPM
8.0 MHz | EPSON CA-301 8.000M-C | +30 PPM
20.0 MHz | EPSON CA-301 20.000M-C| %30 PPM

Note 1:

Recommended values of C1 and C2 are
identical to the ranges tested (Table 2-1).

Higher capacitance increases the stability
of the oscillator but also increases the
start-up time.

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

Rs may be required in HS mode, as well
as XT mode, to avoid overdriving crystals
with low drive level specification.

2.3 RC Oscillator

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

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

Note: If the oscillator frequency divided by 4
signal is not required in the application, it
is recommended to use RCIO mode to
save current.

FIGURE 2-2: RC OSCILLATOR MODE
VDD
REXT PIC18FXX8
Internal
1
J_ OS-C % Clock

CEXTI lj

Vss = =
-+— OSC2/CLKO

Fosc/4
Recommended values: 3 kQ < REXT <100 kQ
CEXT > 20 pF

The RCIO Oscillator mode functions like the RC mode,
except that the OSC2 pin becomes an additional
general purpose /O pin. The I/O pin becomes bit 6 of
PORTA (RA6).

DS41159D-page 18
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24 External Clock Input

The EC and ECIO Oscillator modes require an external
clock source to be connected to the OSC1 pin. The
feedback device between OSC1 and OSC2 is turned
off in these modes to save current. There is no oscilla-
tor start-up time required after a Power-on Reset or
after a recovery 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 OSC
CONFIGURATION)

Clock from _DQ_, oscq PIC18FXX8
Ext. System

Fosc/4 «——— OSC2

The ECIO Oscillator mode functions like the EC mode,
except that the OSC2 pin becomes an additional
general purpose I/O pin. Figure 2-4 shows the pin
connections for the ECIO Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK INPUT

OPERATION (ECIO
CONFIGURATION)

Clock from _DO_, osci PIC18FXX8
Ext. System

-<«—>» |/0 (OSC2)

2.5  HS4 (PLL)

A Phase Locked Loop circuit is provided as a program-
mable option for users that want to multiply the
frequency of the incoming crystal oscillator signal by 4.
For an input clock frequency of 10 MHz, the internal
clock frequency will be multiplied to 40 MHz. This is
useful for customers who are concerned with EMI due
to high-frequency crystals.

The PLL can only be enabled when the oscillator
configuration bits are programmed for HS mode. If they
are programmed for any other mode, the PLL is not
enabled and the system clock will come directly from
OSC1.

The PLL is one of the modes of the FOSC2:FOSCO
configuration bits. The oscillator mode is specified
during device programming.

A PLL lock timer is used to ensure that the PLL has
locked before device execution starts. The PLL lock
timer has a time-out referred to as TPLL.

FIGURE 2-5: PLL BLOCK DIAGRAM
FOSC2:FOSCO0 =110
0OSsC2 Phase
Comparator
L FIN ] Loop VCO
Fil
I:l Cg/ss,éal FouT ilter
T x| SYSCLK
oF—>
P E
0SCH1 Divide by 4
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2.6 Oscillator Switching Feature

The PIC18FXX8 devices include a feature that allows
the system clock source to be switched from the main
oscillator to an alternate low-frequency clock source.
For the PIC18FXX8 devices, this alternate clock source
is the Timer1 oscillator. If a low-frequency crystal
(32 kHz, for example) has been attached to the Timer1
oscillator pins and the Timer1 oscillator has been
enabled, the device can switch to a Low-Power Execu-
tion mode. Figure 2-6 shows a block diagram of the
system clock sources. The clock switching feature is
enabled by programming the Oscillator Switching
Enable (OSCSEN) bit in Configuration register,
CONFIG1H, to a ‘0’. Clock switching is disabled in an
erased device. See Section 12.2 “Timer1 Oscillator”
for further details of the Timer1 oscillator and
Section 24.1 “Configuration Bits” for Configuration
register details.

2.6.1 SYSTEM CLOCK SWITCH BIT

The system clock source switching is performed under
software control. The system clock switch bit, SCS
(OSCCON register), controls the clock switching. When
the SCS bit is ‘0’, the system clock source comes from
the main oscillator selected by the FOSC2:FOSCO
configuration bits. When the SCS bit is set, the system
clock source comes from the Timer1 oscillator. The SCS
bit is cleared on all forms of Reset.

Note: The Timer1 oscillator must be enabled to
switch the system clock source. The
Timer1 oscillator is enabled by setting the
T10OSCEN bit in the Timer1 Control regis-
ter (T1CON). If the Timer1 oscillator is not
enabled, any write to the SCS bit will be
ignored (SCS bit forced cleared) and the
main oscillator continues to be the system
clock source.

FIGURE 2-6: DEVICE CLOCK SOURCES
PIC18FXX8
0SC2 E‘ X
: Tosc/4
Tosc Tsc
OSCH1 @ >c§< LK
TT1
T10SO % LS /[(
' Clock
T10SI % Sogf‘:ce
Clock Source Option
for Other Modules
Note: I/0 pins have diode protection to VDD and Vss.
REGISTER 2-1: OSCCON: OSCILLATOR CONTROL REGISTER
u-0 u-0 u-0 u-0 u-0 U-0 u-0 R/W-1
C— [ — T — T = [ =] — [ — T scs
bit 7 bit 0

bit 7-1  Unimplemented: Read as ‘0’
bit 0 SCS: System Clock Switch bit

When OSCSEN configuration bit = 0 and TIOSCEN bit is set:

1 = Switch to Timer1 oscillator/clock pin
0 = Use primary oscillator/clock input pin

When OSCSEN s clear or TIOSCEN is clear:

Bit is forced clear.

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

DS41159D-page 20
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2.6.2 OSCILLATOR TRANSITIONS

The PIC18FXX8 devices contain circuitry to prevent
“glitches” when switching between oscillator sources.
Essentially, the circuitry waits for eight rising edges of
the clock source that the processor is switching to. This
ensures that the new clock source is stable and that its
pulse width will not be less than the shortest pulse
width of the two clock sources.

Figure 2-7 shows a timing diagram indicating the tran-
sition from the main oscillator to the Timer1 oscillator.
The Timer1 oscillator is assumed to be running all the
time. After the SCS bit is set, the processor is frozen at
the next occurring Q1 cycle. After eight synchronization
cycles are counted from the Timer1 oscillator,
operation resumes. No additional delays are required
after the synchronization cycles.

FIGURE 2-7:

The sequence of events that takes place when switch-
ing from the Timer1 oscillator to the main oscillator will
depend on the mode of the main oscillator. In addition
to eight clock cycles of the main oscillator, additional
delays may take place.

If the main oscillator is configured for an external
crystal (HS, XT, LP), the transition will take place after
an oscillator start-up time (TOST) has occurred. A timing
diagram indicating the transition from the Timer1
oscillator to the main oscillator for HS, XT and LP
modes is shown in Figure 2-8.

TIMING DIAGRAM FOR TRANSITION FROM OSC1 TO TIMER1 OSCILLATOR

Q1lQ2lQ3 [Q4|at

T10SI

Ql; Q2 , Q3 ; Q@ ,Q ,Q Q3@ Q4:Q1

OSCt

Internal Tosc '
System

Clock ,TDLY,

SCS :
(OSCCON<0>) ,

Program PC__ X PC+2
Counter \

Note 1: Delay on internal system clock is eight oscillator cycles for synchronization.

FIGURE 2-8: TIMING DIAGRAM FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS, XT, LP)
. o4 I al L Trip Q1'Q2'Q3'Q4' Q1" Q2' Q3"

T108I1

OSC1

Note 1: TosT = 1024 Tosc (drawing not to scale).

: : ; TosT — Tscs o

0SC2! ] : \J_\J_\J—\J_LF\_/_\_/_LF\_/_LF\_/_\J_\J_'\_F\_F\_F\_F\_F\_F
Internal System /" \__/"_ \ : Tosc X ' AVaWaWaWaWal
Clock \ ! ! \ | I \ \ T !
S8 —————— | o
(OSCCON<05) . . |
Program- . ; . . . . L .
Counter PC X PC +2 X _PC<+4
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If the main oscillator is configured for HS4 (PLL) mode, If the main oscillator is configured in the RC, RCIO, EC
an oscillator start-up time (TOST) plus an additional PLL or ECIO modes, there is no oscillator start-up time-out.
time-out (TPLL) will occur. The PLL time-out is typically Operation will resume after eight cycles of the main
2 ms and allows the PLL to lock to the main oscillator oscillator have been counted. A timing diagram indicat-
frequency. A timing diagram indicating the transition ing the transition from the Timer1 oscillator to the main
from the Timer1 oscillator to the main oscillator for HS4 oscillator for RC, RCIO, EC and ECIO modes is shown
mode is shown in Figure 2-9. in Figure 2-10.

FIGURE 2-9: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS WITH PLL)

Q4 Qt | : COTTIR Q1,Q2:Q3,Q4;Q1:Q2;Q3 Q4

PLL Clock |
Input

Internal System ' /—\ ! , , . ! e |
Clock

scs :
(OSCCON<05) \

Program
Counter PC X PC+2 X PC +4

Note 1: TosT = 1024 Tosc (drawing not to scale).

FIGURE 2-10: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (RC, EC)

X Q3 | Q4 ey ; Trip ‘Q1lQ2] Q3la4| a1l Q2] Qslq4l
108! \ ; m ! \ I \—/_\—/
0sCi | , : \_/2\ /3\ /4\ /5\ /6\ /7\ /8
0SC2 ; I ‘ ' ___ / :\ / :\ /
' ' t : AV AV AN AVAWATAVAVAVAWAWAN
Internal System v/ / |
Clock ' ! : X : |
SCS 1 \ : : :
(OSCCON<05) ! ' : . : :
' ' ' Tscs d '
Program | ,_PC X PC +2 : K_PC+4
Counter . \ . \ .

Note 1: RC Oscillator mode assumed.

DS41159D-page 22 © 2004 Microchip Technology Inc.



PIC18FXX8

2.7 Effects of Sleep Mode on the
On-Chip Oscillator

When the device executes a SLEEP instruction, the
on-chip clocks and oscillator are turned off and the
device is held at the beginning of an instruction cycle
(Q1 state). With the oscillator off, the OSC1 and OSC2
signals will stop oscillating. Since all the transistor
switching currents have been removed, 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 user can wake from
Sleep through external Reset, Watchdog Timer Reset
or through an interrupt.

2.8 Power-up Delays

Power-up delays are controlled by two timers so that no
external Reset circuitry is required for most applica-
tions. The delays ensure that the device is kept in

Reset until the device power supply and clock are
stable. For additional information on Reset operation,
see Section 3.0 “Reset”.

The first timer is the Power-up Timer (PWRT), which
optionally provides a fixed delay of TPWRT (parameter
#D033) on power-up only (POR and BOR). The second
timer is the Oscillator Start-up Timer (OST), intended to
keep the chip in Reset until the crystal oscillator is
stable.

With the PLL enabled (HS4 Oscillator mode), the time-
out sequence following a Power-on Reset is different
from other oscillator modes. The time-out sequence is
as follows: the PWRT time-out is invoked after a POR
time delay has expired, then the Oscillator Start-up
Timer (OST) is invoked. However, this is still not a
sufficient amount of time to allow the PLL to lock at high
frequencies. The PWRT timer is used to provide an
additional fixed 2 ms (nominal) to allow the PLL ample
time to lock to the incoming clock frequency.

TABLE 2-3: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
OSC Mode OSC1 Pin OSC2 Pin
RC Floating, external resistor should pull high |At logic low
RCIO Floating, external resistor should pull high |Configured as PORTA, bit 6
ECIO Floating Configured as PORTA, bit 6
EC Floating At logic low
LP, XT and HS Feedback inverter disabled at quiescent Feedback inverter disabled at quiescent
voltage level voltage level

Note:  See Table 3-1 in Section 3.0 “Reset” for time-outs due to Sleep and MCLR Reset.

© 2004 Microchip Technology Inc.
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NOTES:
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3.0 RESET

The PIC18FXX8 differentiates between various kinds
of RESET:
a) Power-on Reset (POR)
) MCLR Reset during normal operation
c) MCLR Reset during Sleep
)

Watchdog Timer (WDT) Reset during normal
operation

e) Programmable Brown-out Reset (PBOR)

f)  RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

Most registers are unaffected by a Reset. Their status

is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset”

state on Power-on Reset, MCLR, WDT Reset, Brown-
out Reset, MCLR Reset during Sleep and by the
RESET instruction.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. 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 3-2. These bits
are used in software to determine the nature of the
Reset. See Table 3-3 for a full description of the Reset

states of all registers.
A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 3-1.

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

A WDT Reset does not drive MCLR pin low.

FIGURE 3-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT
RESET
Instruction
Stack Stack Full/lUnderflow Reset
Pointer
External Reset
7
MCLR Sleep
WDT | WDT
Module | Time-out
Reset
VDD Rise
Detect
VDD Power-on Reset
Brown-out
Reset
BOREN S
T TostewRT T T T T T B
| osT |
10-bit Ripple Counter | R a Chip_Reset
oscil I
| *
| PWRT |
On-chi
| RCnoCSICF;)U) 4'> 10-bit Ripple Counter }7 |
| I
Lo _ 1
Enable PWRT
Enable OST®?
Note 1: Thisis a separate oscillator from the RC oscillator of the CLKI pin.
2: See Table 3-1 for time-out situations.
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3.1 Power-on Reset (POR)

A Power-on Reset pulse is generated on-chip when a
VDD rise is detected. To take advantage of the POR
circuitry, connect the MCLR pin directly (or through a
resistor) to VDD. This eliminates external RC compo-
nents usually needed to create a Power-on Reset
delay. A minimum rise rate for VDD is specified (refer to
parameter D004). For a slow rise time, see Figure 3-2.

When the device starts normal operation (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 condi-
tions are met. Brown-out Reset may be used to meet
the voltage start-up condition.

3.2 MCLR

PIC18FXX8 devices have a noise filter in the MCLR
Reset path. The filter will detect and ignore small
pulses.

It should be noted that a WDT Reset does not drive
MCLR pin low.

The behavior of the ESD protection on the MCLR pin
differs from previous devices of this family. Voltages
applied to the pin that exceed its specification can
result in both Resets and current draws outside of
device specification during the Reset event. For this
reason, Microchip recommends that the MCLR pin no
longer be tied directly to VDD. The use of an RC
network, as shown in Figure 3-2, is suggested.

FIGURE 3-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW Vbp POWER-UP)
VDD
D R

R1
MCLR
c PIC18FXXX

I

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

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

3: R1=100Q to 1 kQ will limit any current flow-
ing into MCLR from external capacitor C, in
the event of MCLR/VPP pin breakdown due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

3.3 Power-up Timer (PWRT)

The Power-up Timer provides a fixed nominal time-out
(parameter #33), only on power-up from the POR. The
Power-up Timer operates on an internal RC oscillator.
The chip is kept in Reset as long as the PWRT is active.
The PWRT’s time delay allows VDD to rise to an accept-
able level. A configuration bit (PWRTEN in CONFIG2L
register) is provided to enable/disable the PWRT.

The power-up time delay will vary from chip to chip due
to VDD, temperature and process variation. See DC
parameter #33 for details.

34 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 #32). This additional
delay ensures that the crystal oscillator or resonator
has started and stabilized.

The OST time-out is invoked only for XT, LP, HS and
HS4 modes and only on Power-on Reset or wake-up
from Sleep.

3.5 PLL Lock Time-out

With the PLL enabled, the time-out sequence following
a Power-on Reset is different from other oscillator
modes. A portion of the Power-up Timer is used to pro-
vide 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 (OST).

3.6 Brown-out Reset (BOR)

A configuration bit, BOREN, can disable (if clear/
programmed), or enable (if set), the Brown-out Reset
circuitry. If VDD falls below parameter D005 for greater
than parameter #35, the brown-out situation resets the
chip. A Reset may not occur if VDD falls below param-
eter D005 for less than parameter #35. The chip will
remain in Brown-out Reset until VDD rises above BVDD.
The Power-up Timer will then be invoked and will keep
the chip in Reset an additional time delay (parameter
#33). If VDD drops below BVDD 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 BVDD, the Power-up Timer will
execute the additional time delay.

DS41159D-page 26
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3.7

On power-up, the time-out sequence is as follows:
First, PWRT time-out is invoked after the POR time
delay has expired, then OST is activated. The total
time-out will vary based on oscillator configuration and
the status of the PWRT. For example, in RC mode with
the PWRT disabled, there will be no time-out at all.
Figure 3-3, Figure 3-4, Figure 3-5, Figure 3-6 and
Figure 3-7 depict time-out sequences on power-up.

Time-out Sequence

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, the time-outs will expire.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18FXX8 device
operating in parallel.

Table 3-2 shows the Reset conditions for some Special
Function Registers, while Table 3-3 shows the Reset
conditions for all registers.

TABLE 3-1: TIME-OUT IN VARIOUS SITUATIONS
. Power-up(® Wake-up from
c O:;._cﬂlato_r p— p— Brown-out(?) Sleep or
onfiguration PWRTEN = 0 PWRTEN = 1 Oscillator Switch

HS with PLL enabled™ |72 ms + 1024 TosC + 2 ms

1024 Tosc + 2 ms

72ms + 1024 Tosc + 2 ms| 1024 TOSC + 2 ms

HS, XT, LP 72 ms + 1024 Tosc 1024 Tosc 72 ms + 1024 Tosc 1024 Tosc
EC 72 ms — 72 ms —

External RC 72 ms — 72 ms —
Note 1: 2 ms = Nominal time required for the 4x PLL to lock.

2: 72 msis the nominal Power-up Timer delay.
REGISTER 3-1: RCON REGISTER BITS AND POSITIONS

R/W-0 u-0 u-0 R/W-1 R/W-1 R/W-1 R/W-0 R/W-1
IPEN — — RI TO PD POR BOR
bit 7 bit 0
TABLE 3-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
Condition ':;’3;:‘:: R':ggt'i . | R |TO | PD | POR | BOR | STKFUL | STKUNF

Power-on Reset 0000h 0--1 110g| 1 1 1 0 0 u u
MCLR Reset during normal 0000h 0--0 011g| u | u | u | u u u u
operation
Software Reset during normal 0000h 0--0 011g| O u u u u u u
operation
Stack Full Reset during normal 0000h 0--0 011g| u | u u 1 1 u 1
operation
Stack Underflow Reset during 0000h 0--0 011g| u | u u 1 1 1 u
normal operation
MCLR Reset during Sleep 0000h 0--0 011g| u | 1 | © u u u u
WDT Reset 0000h 0--0 01l1lg| u 0 1 u u u u
WDT Wake-up PC +2 0--1 101g| u 0 0 u u u u
Brown-out Reset 0000h 0--1 110g| 1 1 1 u 0 u u
Interrupt wake-up from Sleep PC+2M |o0--1 101q| u | 1 | O u u u u

Legend:

Note 1:
interrupt vector (000008h or 000018h).

u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’
When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the

© 2004 Microchip Technology Inc.
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FIGURE 3-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD)

VDD

MCLR

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

/

TPWRT

'« TOST—»

FIGURE 3-4:

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

VDD

MCLR

PWRT TIME-OUT

INTERNAL POR ; '

TPWRT

1<— TOST —=

OST TIME-OUT
INTERNAL RESET |
FIGURE 3-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO Vbb): CASE 2
VDD —/ !
MCLR am

INTERNAL POR

PWRT TIME-OUT

OST TIME-OUT

INTERNAL RESET

7

TPWRT

' «—TOST—»

Z
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FIGURE 3-6: SLOW RISE TIME (MCLR TIED TO VbD)
: 5V

VDD oV , 1V

MCLR _
INTERNAL POR ]
' TPWRT.

PWRT TIME-OUT l ] _
: '«— TosT

OST TIME-OUT

INTERNAL RESET

FIGURE 3-7:

TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)

MCLR

VDD —/

IINTERNAL POR ;

~— TPWRT ——

PWRT TIME-OUT

< TOST-»

OST TIME-OUT

PLL TIME-OUT

|._ TPLL —=

INTERNAL RESET

Note: TosT = 1024 clock cycles.
TPLL = 2 ms max. First three stages of the PWRT timer.
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

TOSU PIC18F2X8 | PIC18F4X8 ---0 0000 ---0 0000 ---0 uuuu®
TOSH PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu®
TOSL PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu®
STKPTR PIC18F2X8 | PIC18F4X8 00-0 0000 uu-0 0000 uu-u uuuu®
PCLATU PIC18F2X8 | PIC18F4X8 ---0 0000 ---0 0000 ---u uuuu
PCLATH PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
PCL PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 PC +2(2)
TBLPTRU PIC18F2X8 | PIC18F4X8 --00 0000 --00 0000 --uu uuuu
TBLPTRH PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TBLPTRL PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TABLAT PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
PRODH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON PIC18F2X8 | PIC18F4X8 0000 000x 0000 000u uuuu uuuu(®
INTCON2 PIC18F2X8 | PIC18F4X8 111- -1-1 111- -1-1 uuu- -u-ul®
INTCON3 PIC18F2X8 | PIC18F4X8 11-0 0-00 11-0 0-00 uu-u u-uul®
INDFO PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTINCO PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTDECO PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PREINCO PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PLUSWO PIC18F2X8 | PIC18F4X8 N/A N/A N/A
FSROH PIC18F2X8 | PIC18F4X8 - - - - XXXX ---- uuuu ---- uuuu
FSROL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
WREG PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTINCA1 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTDECH1 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PREINCA1 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PLUSW1 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Reset
Register Applicable Devices Power-on Reset, WDT Reset. Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
FSR1H PIC18F2X8 | PIC18F4X8 - - - - XXXX ---- uuuu ---- uuuu
FSR1L PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
BSR PIC18F2X8 | PIC18F4X8 ---- 0000 ---- 0000 ---- uuuu
INDF2 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTINC2 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
POSTDEC2 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PREINC2 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
PLUSW2 PIC18F2X8 | PIC18F4X8 N/A N/A N/A
FSR2H PIC18F2X8 | PIC18F4X8 - - - - XXXX ---- uuuu ---- uuuu
FSR2L PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS PIC18F2X8 | PIC18F4X8 ---X XXXX ---u uuuu ---u uuuu
TMROH PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TMROL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
OSCCON PIC18F2X8 | PIC18F4X8| W ---- --- [ o | ---- --- u
LVDCON PIC18F2X8 | PIC18F4X8 --00 0101 --00 0101 --uu uuuu
WDTCON PIC18F2X8 | PIC18F4X8| W ---- --- o | ---- --- o | ---- --- u
RCON® PIC18F2X8 | PIC18F4X8 0--1 110q 0--0 01lg 0--1 101q
TMR1H PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
T1CON PIC18F2X8 | PIC18F4X8 0-00 0000 u-uu uuuu u-uu uuuu
TMR2 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
PR2 PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 1111 1111
T2CON PIC18F2X8 | PIC18F4X8 -000 0000 -000 0000 -uuu uuuu
SSPBUF PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
SSPSTAT PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
SSPCON1 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
SSPCON2 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
ADRESH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO PIC18F2X8 | PIC18F4X8 0000 00-0 0000 00-0 uuuu uu-u
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 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

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

ADCON1 PIC18F2X8 | PIC18F4X8 00-- 0000 00-- 0000 uu-- uuuu
CCPR1H PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
CCPRI1L PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON PIC18F2X8 | PIC18F4X8 --00 0000 --00 0000 --uu uuuu
ECCPR1H PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
ECCPR1L PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
ECCP1CON PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 0000 0000
ECCP1DEL PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 0000 0000
ECCPAS PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 0000 0000
CVRCON PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
CMCON PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TMR3H PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
T3CON PIC18F2X8 | PIC18F4X8 0000 0000 uuuu uuuu uuuu uuuu
SPBRG PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
RCREG PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TXREG PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TXSTA PIC18F2X8 | PIC18F4X8 0000 -010 0000 -010 uuuu -uuu
RCSTA PIC18F2X8 | PIC18F4X8 0000 000x 0000 000u uuuu uuuu
EEADR PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
EEDATA PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
EECON2 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
EECON1 PIC18F2X8 | PIC18F4X8 xx-0 x000 uu-0 u000 uu-0 u000
IPR3 PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
PIR3 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
PIE3 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
IPR2 PIC18F2X8 | PIC18F4X8 -1-1 1111 -1-1 1111 -u-u uuuu
PIR2 PIC18F2X8 | PIC18F4X8 -0-0 0000 -0-0 0000 -u-u uuuul®
PIE2 PIC18F2X8 | PIC18F4X8 -0-0 0000 -0-0 0000 -u-u uuuu
IPR1 PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
PIR1 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu(®
PIE1 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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 3-2 for Reset value for specific condition.
5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.
6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

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

TRISE PIC18F2X8 | PIC18F4X8 0000 -111 0000 -111 uuuu -uuu
TRISD PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
TRISC PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
TRISB PIC18F2X8 | PIC18F4X8 1111 1111 1111 1111 uuuu uuuu
TRISA®) PIC18F2X8 | PIC18F4X8 -111 11110 -111 1111® ~uuu uuuu®
LATE PIC18F2X8 | PIC18F4X8 ---- -XXX ---- -uuu ---- -uuu
LATD PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
LATC PIC18F2X8 | PIC18F4X8 XXKK XXXX uuuu uuuu uuuu uuuu
LATB PIC18F2X8 | PIC18F4X8 XXKK XXXX uuuu uuuu uuuu uuuu
LATA(®) PIC18F2X8 | PIC18F4X8 —xxx xxxx) ~uuu uuuu® -uuu uuuu®
PORTE PIC18F2X8 | PIC18F4X8 ---- -XXX ---- -000 ---- -uuu
PORTD PIC18F2X8 | PIC18F4X8 XXKK XXXX uuuu uuuu uuuu uuuu
PORTC PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
PORTB PIC18F2X8 | PIC18F4X8 XXKK XXXX uuuu uuuu uuuu uuuu
PORTA®) PIC18F2X8 | PIC18F4X8 -x0x 00009 ~uou 0000® ~uuu uuuu®
TXERRCNT PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
RXERRCNT PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
COMSTAT PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
CIOCON PIC18F2X8 | PIC18F4X8 --00 ---- --00 ---- --uu ----
BRGCONS3 PIC18F2X8 | PIC18F4X8 -0-- -000 -0-- -000 -u-- -uuu
BRGCON2 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
BRGCONT1 PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
CANCON PIC18F2X8 | PIC18F4X8 XXKK XXX - uuuu uuu- uuuu uuu-
CANSTAT®) PIC18F2X8 | PIC18F4X8 XXX~ XXX~ uuu- uuu- uuu- uuu-
RXBOD7 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD6 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD5 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD4 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD3 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0OD2 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOD1 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB0ODO PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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 3-2 for Reset value for specific condition.
5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).

© 2004 Microchip Technology Inc.
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Reset
Register Applicable Devices Power-on Reset, WDT Reset. Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
RXBODLC PIC18F2X8 | PIC18F4X8 -XXX XXXX -uuu uuuu -uuu uuuu
RXBOEIDL PIC18F2X8 | PIC18F4X8 XXKX XKXXX uuuu uuuu uuuu uuuu
RXBOEIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXBOSIDL PIC18F2X8 | PIC18F4X8 XXKX X-XX uuuu u-uu uuuu u-uu
RXBOSIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXBOCON PIC18F2X8 | PIC18F4X8 000- 0000 000- 0000 uuu- uuuu
RXB1D7 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1D6 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1D5 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D4 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1D3 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1D2 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXB1D1 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1D0 PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
RXB1DLC PIC18F2X8 | PIC18F4X8 XXX XXXX -uuu uuuu -uuu uuuu
RXB1EIDL PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1EIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1SIDL PIC18F2X8 | PIC18F4X8 XXXX X-XX uuuu u-uu uuuu u-uu
RXB1SIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXB1CON PIC18F2X8 | PIC18F4X8 000- 0000 000- 0000 uuu- uuuu
TXB0OD7 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXBOD6 PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
TXBOD5 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB0D4 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXBOD3 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB0OD2 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB0OD1 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXBODO PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXBODLC PIC18F2X8 | PIC18F4X8 -X-- XXXX -u-- uuuu -u-- uuuu
TXBOEIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXBOEIDH PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
TXBOSIDL PIC18F2X8 | PIC18F4X8 XXX- X-XX uuu- u-uu uuu- u-uu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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

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

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

4: See Table 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

TXBOSIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXBOCON PIC18F2X8 | PIC18F4X8 -000 0-00 -000 0-00 -uuu u-uu
TXB1D7 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D6 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB1D5 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D4 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D3 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB1D2 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1D1 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1DO PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB1DLC PIC18F2X8 | PIC18F4X8 -X-- XXXX -u-- uuuu -u-- uuuu
TXB1EIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1EIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB1SIDL PIC18F2X8 | PIC18F4X8 XXX~ X-XX uuu- u-uu uuu- u-uu
TXB1SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB1CON PIC18F2X8 | PIC18F4X8 0000 0000 0000 0000 uuuu uuuu
TXB2D7 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D6 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D5 PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
TXB2D4 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D3 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D2 PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
TXB2D1 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2D0 PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2DLC PIC18F2X8 | PIC18F4X8 -X-- XXXX -u-- uuuu -u-- uuuu
TXB2EIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2SIDL PIC18F2X8 | PIC18F4X8 XXX- X-XX uuu- u-uu uuu- u-uu
TXB2SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
TXB2CON PIC18F2X8 | PIC18F4X8 -000 0-00 -000 0-00 -uuu u-uu
RXM1EIDL PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXM1EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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

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

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

4: See Table 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).

© 2004 Microchip Technology Inc.
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Shaded cells indicate conditions do not apply for the designated device.

Note 1:

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

RXM1SIDL PIC18F2X8 | PIC18F4X8 XXX- - -XX uuu- --uu uuu- --uu
RXM1SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXMOEIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXMOEIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXMOSIDL PIC18F2X8 | PIC18F4X8 XXX~ --XX uuu- --uu uuu- --uu
RXMOSIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF5EIDL PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXF5EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF5SIDL PIC18F2X8 | PIC18F4X8 XXX~ X-XX uuu- u-uu uuu- u-uu
RXF5SIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXF4EIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF4EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF4SIDL PIC18F2X8 | PIC18F4X8 XXX- X-XX uuu- u-uu uuu- u-uu
RXF4SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF3EIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF3EIDH PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
RXF3SIDL PIC18F2X8 | PIC18F4X8 XXX~ X-XX uuu- u-uu uuu- u-uu
RXF3SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF2EIDL PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
RXF2EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF2SIDL PIC18F2X8 | PIC18F4X8 XXX~ X-XX uuu- u-uu uuu- u-uu
RXF2SIDH PIC18F2X8 | PIC18F4X8 XXKX XXXX uuuu uuuu uuuu uuuu
RXF1EIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF1EIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXF1SIDL PIC18F2X8 | PIC18F4X8 XXX- X-XX uuu- u-uu uuu- u-uu
RXF1SIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOEIDL PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
RXFOEIDH PIC18F2X8 | PIC18F4X8 XXKX KXXX uuuu uuuu uuuu uuuu
RXFOSIDL PIC18F2X8 | PIC18F4X8 XXX~ X-XX uuu- u-uu uuu- u-uu
RXFOSIDH PIC18F2X8 | PIC18F4X8 XXXX XXXX uuuu uuuu uuuu uuuu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

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

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

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

4: See Table 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other
oscillator modes, they are disabled and read ‘0’.

6: Values for CANSTAT also apply to its other instances (CANSTATRO1 through CANSTATRO4).
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4.0 MEMORY ORGANIZATION

There are three memory blocks in Enhanced MCU
devices. These memory blocks are:

» Enhanced Flash Program Memory
» Data Memory
+ EEPROM Data Memory

Data and program memory use separate busses,
which allows concurrent access of these blocks.
Additional detailed information on data EEPROM and
Flash program memory is provided in Section 5.0
“Data EEPROM Memory” and Section 6.0 “Flash
Program Memory”, respectively.

4.1 Program Memory Organization

The PIC18F258/458 devices have a 21-bit program
counter that is capable of addressing a 2-Mbyte
program memory space.

The Reset vector address is at 0000h and the interrupt
vector addresses are at 0008h and 0018h.

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F248/448
PC<20:0> |
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
3FFFh
4000h
3
@
Q.
()
>
£
(0]
=
2
>
Read ‘0’
1FFFFFh
200000h ——

Figure 4-1 shows the diagram for program memory
map and stack for the PIC18F248 and PIC18F448.
Figure 4-2 shows the diagram for the program memory
map and stack for the PIC18F258 and PIC18F458.

411 INTERNAL PROGRAM MEMORY
OPERATION

The PIC18F258 and the PIC18F458 have 32 Kbytes of
internal Enhanced Flash program memory. This means
that the PIC18F258 and the PIC18F458 can store up to
16K of single-word instructions. The PIC18F248 and
PIC18F448 have 16 Kbytes of Enhanced Flash
program memory. This translates into 8192 single-word
instructions, which can be stored in the program
memory. Accessing a location between the physically
implemented memory and the 2-Mbyte address will
cause a read of all ‘0’s (a NOP instruction).

FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR
PIC18F258/458
PC<20:0> |
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

7FFFh
8000h

User Memory Space

Read ‘0’

1FFFFFh
200000H—
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4.2 Return Address Stack

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

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

The stack space is not part of either program or data
space. The Stack Pointer is readable and writable and
the data on the top of the stack is readable and writable
through SFR registers. Status bits indicate if the stack
pointer is at or beyond the 31 levels provided.

4.2.1 TOP-OF-STACK ACCESS

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

The user should disable the global interrupt enable bits
during this time to prevent inadvertent stack
operations.

422  RETURN STACK POINTER
(STKPTR)

The STKPTR register contains the Stack Pointer value,
the STKFUL (Stack Full) status bit and the STKUNF
(Stack Underflow) status bits. Register 4-1 shows the
STKPTR register. The value of the Stack Pointer can be
0 through 31. The Stack Pointer increments when val-
ues are pushed onto the stack and decrements when
values are popped off the stack. At Reset, the Stack
Pointer value will be ‘0’. 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 can only be cleared in software or
by a POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) configuration bit. Refer to
Section 21.0 “Comparator Module” 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 ‘0’.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
The 32nd push will overwrite the 31st push (and so on),
while STKPTR remains 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 ‘0’. The STKUNF bit will remain set
until cleared in software or a POR occurs.

Note:  Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and

appropriate actions can be taken.
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REGISTER 4-1:  STKPTR: STACK POINTER REGISTER

R/C-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL | 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: Bit 7 and bit 6 need to be cleared following a stack underflow or a stack 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 C = Clearable bit
FIGURE 4-3: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS
Return Address Stack
11111
11110
11101
TOSU TOSH TOSL L e _ STKPTR<4:0>
[00h ] [FAR ] [34h] - ¢ -
A A A 00011 /
L>Top-of-Stack 001A34h |o0010
000D58h |oo001
000000h _Jooooo(®

Note 1: No RAM associated with this address; always maintained ‘0’s.
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4.2.3 PUSH AND POP INSTRUCTIONS

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

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

424 STACK FULL/UNDERFLOW RESETS

These Resets are enabled by programming the
STVREN configuration bit. When the STVREN bit is
disabled, a full or underflow condition will set the appro-
priate STKFUL or STKUNF bit, but not cause a device
Reset. When the STVREN bit is enabled, a full or
underflow condition will set the appropriate STKFUL or
STKUNF bit and then cause a device Reset. The
STKFUL or STKUNF bits are only cleared by the user
software or a POR.

4.3 Fast Register Stack

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

A low or high priority interrupt source will push values
into the stack registers. If both low and high priority
interrupts are enabled, the stack registers cannot be
used reliably for 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.

If high priority interrupts are not disabled during low
priority interrupts, users must save the key registers in
software during a low priority 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 FAST CALL instruction
must be executed.

Example 4-1 shows a source code example that uses
the fast register stack.

EXAMPLE 4-1: FAST REGISTER STACK

CODE EXAMPLE
;STATUS, WREG, BSR

;SAVED IN FAST REGISTER
; STACK

CALL SUB1, FAST

SUB1 .

RETURN FAST ;RESTORE VALUES SAVED

;IN FAST REGISTER STACK

4.4 PCL, PCLATH and PCLATU

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

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

The CcALL, 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.

The contents of PCLATH and PCLATU will be
transferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the
program counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 4.8.1
“Computed GOTO”).
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4.5 Clocking Scheme/Instruction

Cycle

The clock input (from OSC1) is internally divided by
four to generate four non-overlapping quadrature
clocks, namely Q1, Q2, Q3 and Q4. Internally, the
Program Counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-

tion is decoded and executed during the following Q1

through Q4. The clocks and instruction execution flow

are shown in Figure 4-4.

FIGURE 4-4: CLOCKI/INSTRUCTION CYCLE

Q1 | Q2 | Q3 | Q4 1 Q1 | Q2 | Q3 | Q4 1 Q1 | @2 | Q3 | Q4 |
osCll /v /7 / /L /v /v /v /L /s
Q1 — !/—\ I\ J

Q2 |_/—\ I / \ | / \ Inttgsneal

Q3 ﬁ/—\ \ | [/~ \__ || Clock

Q4 | /—Ik ) A
PC ¢ PC ¥ PC+2 X PC+4 |
OSC2/CLKO |
(RC Mode) | Fetch INST (PC) I

Execute INST (PC — 2)

Fetch INST (PC + 2)

Execute INST (PC) Fetch INST (PC + 4)

Execute INST (PC + 2)

4.6

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle,
while decode and execute 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.g., GOTO),
two cycles are required to complete the instruction
(Example 4-2).

A fetch cycle begins with the Program Counter (PC)
incrementing in Q1.

Instruction Flow/Pipelining

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

4.7

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB = 0). Figure 4-3 shows an
example of how instruction words are stored in the
program memory. To maintain alignment with instruc-
tion boundaries, the PC increments in steps of 2 and
the LSB will always read ‘0’ (see Section 4.4 “PCL,
PCLATH and PCLATU”).

The cALL and GOTO instructions have an 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 Example 4-3 shows how the
instruction “GOTO 000006h” is encoded in the program
memory. Program branch instructions that 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 by which the PC will
be offset. Section 25.0 “Instruction Set Summary”
provides further details of the instruction set.

Instructions in Program Memory

© 2004 Microchip Technology Inc.
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EXAMPLE 4-2: INSTRUCTION PIPELINE FLOW

Tcy0 Tcyl Tcy2 Tcy3 Tcy4 Tcys
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
5. Instruction @ address SUB_ 1 Fetch SUB_1 Execute SUB_1
Note: All instructions are single cycle, except for any program branches. These take two cycles, since the fetch instruction is

“flushed” from the pipeline while the new instruction is being fetched and then executed.

EXAMPLE 4-3: INSTRUCTIONS IN PROGRAM MEMORY

Instruction Opcode Memory Address

— 000007h

MOVLW 055h 0E55h 55h 000008h
OEh 000009h

GOTO 000006h 0EFO03h, OFO00h 03h 00000ANh
OEFh 00000Bh

00h 00000Ch

OFOh 00000Dh

MOVFF 123h, 456h 0C123h, 0F456h 23h 00000Eh
0C1h 00000Fh

56h 000010h

OF4h 000011h

— 000012h
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4.71 TWO-WORD INSTRUCTIONS

The PIC18FXX8 devices have 4 two-word instructions:
MOVFF, CALL, GOTO and LFSR. The 4 Most Signifi-
cant bits of the second word are set to ‘1’s and indicate
a special NOP instruction. The lower 12 bits of the
second word contain the data to be used by the
instruction. If the first word of the instruction is executed,
the data in the second word is accessed. If the second
word of the instruction is executed by itself (first word
was skipped), it will execute as a NOP. This action is
necessary when the two-word instruction is preceded by
a conditional instruction that changes the PC. A program
example that demonstrates this concept is shown in
Example 4-4. Refer to Section 25.0 “Instruction Set
Summary” for further details of the instruction set.

4.8

Look-up tables are implemented two ways. These are:

Look-up Tables

» Computed GOTO
» Table Reads

4.8.1 COMPUTED GOTO

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

A look-up table can be formed with an ADDWF PCL
instruction and a group of RETLW 0Oxnn instructions.
WREG is loaded with an offset into the table before
executing a call to that table. The first instruction of the
called routine is the ADDWF PCL instruction. The next

EXAMPLE 4-4: TWO-WORD INSTRUCTIONS

instruction executed will be one of the RETLW 0xnn
instructions that returns the value 0xnn to the calling
function.

The offset value (value in WREG) specifies the number
of bytes that the program counter should advance.

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

Note 1: The LSb of PCL is fixed to a value of ‘0’.
Hence, computed GOTO to an odd address
is not possible.

2: The ADDWF PCL instruction does not
update PCLATH/PCLATU. A read opera-
tion on PCL must be performed to update
PCLATH and PCLATU.

4.8.2 TABLE READS/TABLE WRITES

A better method of storing data in program memory
allows 2 bytes of data to be stored in each instruction
location.

Look-up table data may be stored as 2 bytes per
program word by using table reads and writes. The
Table Pointer (TBLPTR) specifies the byte address and
the Table Latch (TABLAT) contains the data that is read
from, or written to, program memory. Data is
transferred to/from program memory, one byte at a
time.

A description of the table read/table write operation is
shown in Section 6.1 “Table Reads and Table Writes”.

CASE 1:
Object Code Source Code
0110 0110 0000 00O0O TSTFSZ REG1 ; 1is RAM location 07?
1100 0001 0010 0011 MOVFF REG1, REG2 |; No, execute 2-word instruction
1111 0100 0101 0110 ; 2nd operand holds address of REG2
0010 0100 0000 0000 | ADDWF REG3 ; continue code
CASE 2:
Object Code Source Code
0110 0110 0000 00O0O TSTFSZ REG1 ; 1is RAM location 07?
1100 0001 0010 0011 | MOVFF REG1, REG2 |; Yes
1111 0100 0101 0110 ; 2nd operand becomes NOP
0010 0100 0000 0000 | ADDWF REG3 ; continue code

© 2004 Microchip Technology Inc.

DS41159D-page 43



PIC18FXX8

4.9 Data Memory Organization

The data memory is implemented as static RAM. Each
register in the data memory has a 12-bit address,
allowing up to 4096 bytes of data memory. Figure 4-6
shows the data memory organization for the
PIC18FXX8 devices.

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

The data memory contains Special Function Registers
(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 appli-
cation. The SFRs start at the last location of Bank 15
(FFFh) and grow downwards. GPRs start at the first
location of Bank 0 and grow upwards. Any read of an
unimplemented location will read as ‘0’s.

The entire data memory may be accessed directly or
indirectly. Direct addressing may require the use of the
BSR register. Indirect addressing requires the use of
the File Select Register (FSR). Each FSR holds a
12-bit address value that can be used to access any
location in the data memory map without banking.

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

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle,
regardless of the current BSR values, an Access Bank
is implemented. A segment of Bank 0 and a segment of
Bank 15 comprise the Access RAM. Section 4.10
“Access Bank” provides a detailed description of the
Access RAM.

4.9.1 GENERAL PURPOSE
REGISTER FILE

The register file can be accessed either directly or
indirectly. Indirect addressing operates through the File
Select Registers (FSR). The operation of indirect
addressing is shown in Section4.12 “Indirect
Addressing, INDF and FSR Registers”.

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

Data RAM is available for use as GPR registers by all
instructions. Bank 15 (FOOh to FFFh) contains SFRs.
All other banks of data memory contain GPR registers,
starting with Bank 0.

492 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. A list of these registers is
given in Table 4-1.

The SFRs can be classified into two sets: those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the
“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the
peripherals whose functions they control.

The unused SFR locations will be unimplemented and
read as ‘0’s. See Table 4-1 for addresses for the SFRs.
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FIGURE 4-5: DATA MEMORY MAP FOR PIC18F248/448
BSR<3:0> Data Memory Map
_ 0000 00h|  Access RAM gggﬂ
Bank0 [ — — — — 7 060h
FFh GPR OFFh
00h 100h
%% Bankt GPR
FFh 1FFh
_ 0010 00h 200h
 E— Bank 2 GPR
FFh 300h
Access Bank ooh
Access Bank Low
- (GPR) | 5Fn
= 0011 Bank 3 Unused Access Bank High 60h
U u U
= 1110 to ™ Read‘00h O (SFR) FFh
> Bank 14 When a = 0,
the BSR is ignored and
the Access Bank is used.
The first 96 bytes are
general purpose RAM
(from Bank 0).
The next 160 bytes are
Special Function
Registers (from Bank 15).
EFFh Whena =1,
FOOh i i
- 1111 00h Unused F5Fh the BSR is useg to specify
—_— Bank15 | — — — — A F60h the RAM location that the
FFh SFR FEFh instruction uses.
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FIGURE 4-6: DATA MEMORY MAP FOR PIC18F258/458
BSR<3:0> Data Memory Map
000h
= 0000 00h|  Access RAM | gepeh
Bank 0 ______ 060h
FFh GPR OFFh
00h 100h
(=225 % Bankt GPR
FFh 1FFh
= 0010 00h 200h
—> Bank 2 GPR
FFh 2FFh
- 00h 300h
= 0011 Bank 3 GPR
FFh 3FFh
400h
- 0100 Bank 4 GPR Access Bank
4FFh 00h
- 0101 00h 500h Access Bank low
Bank 5 GPR (GPR) 5Fh
FFh 5FFh = — — — 7 60h
600h Access Bank high
(SFR)
FFh
= 0110
Bank6 U\ Unused Whena = o,
= 1110 to M Read ‘00n M the BSR is ignored and the
> Bank 14 Access Bank is used.
The first 96 bytes are
general purpose RAM
(from Bank 0).
00h SFR IEOF(!):rﬁ1 The next 160 bytes are
| = 1111 Bank 15 | — — — — _ Eggn gfoen?z;:ﬁ?)m Registers
FFh SFR FFFh '

Whena =1,
the BSR is used to specify
the RAM location that the
instruction uses.
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TABLE 4-1: SPECIAL FUNCTION REGISTER MAP

Address

FFFh
FFEh
FFDh
FFCh
FFBh
FFAh
FF9h
FF8h
FF7h
FF6h
FF5h
FF4h
FF3h
FF2h
FF1h
FFOh
FEFh
FEEh
FEDh
FECh
FEBh
FEAh
FESh
FE8h
FE7h
FE6h
FE5h
FE4h
FE3h
FE2h
FE1h
FEOh

Note 1:
2:
3:
4:

Name Address Name Address Name Address Name
TOSU FDFh | INDF2(® FBFh | CCPR1H F9Fh | IPR1
TOSH FDEh | POSTINC2() FBEh | CCPRI1L F9Eh | PIR1
TOSL FDDh | POSTDEC2(2 FBDh | CCP1CON FODh | PIET
STKPTR FDCh | PREINC2(2) FBCh | ECCPR1H®) F9Ch —
PCLATU FDBh | PLUSW2(2) FBBh | ECCPR1L® F9Bh —
PCLATH FDAh | FSR2H FBAh | ECCP1CON® F9Ah —
PCL FD9h | FSR2L FB9h — F99h —
TBLPTRU FD8h | STATUS FB8h — F98h —
TBLPTRH FD7h | TMROH FB7h |ECCP1DEL® F97h —
TBLPTRL FD6h | TMROL FB6h |ECCPAS®) F96h | TRISE®
TABLAT FD5h | TOCON FB5h | CVRCON® F95h | TRISD®)
PRODH FD4h — FB4h |CMCON®) F94h | TRISC
PRODL FD3h | OSCCON FB3h | TMR3H F93h | TRISB
INTCON FD2h |LVDCON FB2h | TMR3L F92h | TRISA
INTCON2 FD1h | WDTCON FB1h | T3CON F91h —
INTCONS3 FDOh | RCON FBOh — F90h —
INDFO(2 FCFh | TMR1H FAFh | SPBRG F8Fh —
POSTINCO® FCEh | TMR1L FAEh | RCREG F8Eh —
POSTDEC0® FCDh | TICON FADh | TXREG F8Dh | LATE®
PREINCO(® FCCh | TMR2 FACh | TXSTA F8Ch | LATD®)
PLUSWO(@) FCBh | PR2 FABh | RCSTA F8Bh |LATC
FSROH FCAh | T2CON FAAh — F8Ah [LATB
FSROL FC9h | SSPBUF FA9h |EEADR F89h | LATA
WREG FC8h | SSPADD FA8h | EEDATA F88h —
INDF1(2) FC7h | SSPSTAT FA7h | EECON2 F87h —
POSTINC1(2) FC6h | SSPCONT FA6h | EECON1 F86h —
POSTDEC1( FC5h | SSPCON2 FA5h |IPR3 F85h —
PREINC1( FC4h | ADRESH FA4h | PIR3 F84h | PORTE®
PLUSW1(2 FC3h | ADRESL FA3h |PIE3 F83h | PORTD®)
FSR1H FC2h | ADCONO FA2h |IPR2 F82h | PORTC
FSR1L FC1h | ADCONT FA1h |PIR2 F81h | PORTB
BSR FCOh — FAOh |PIE2 F80h | PORTA
Unimplemented registers are read as ‘0.

This is not a physical register.
Contents of register are dependent on WIN2:WINO bits in the CANCON register.

CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given
for each instance of the CANSTAT register due to the Microchip header file requirement.

These registers are not implemented on the PIC18F248 and PIC18F258.
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TABLE 4-

Address

F7Fh
F7Eh
F7Dh
F7Ch
F7Bh
F7Ah
F79h
F78h
F77h
F76h
F75h
F74h
F73h
F72h
F71h
F70h
F6Fh
F6Eh
F6Dh
F6eCh
F6Bh
F6Ah
F69h
F68h
F67h
F66h
F65h
F64h
F63h
Fé2h
F61h
F60h

Note 1:

1: SPECIAL FUNCTION REGISTER MAP (CONTINUED)
Name Address Name Address Name Address Name
— F5Fh — F3Fh — F1Fh | RXM1EIDL
— F5Eh | CANSTATRO1@) F3Eh | CANSTATRO3(® F1Eh | RXM1EIDH
— F5Dh | RXB1D7 F3Dh | TXB1D7 F1Dh | RXM1SIDL
— F5Ch | RXB1D6 F3Ch | TXB1D6 F1Ch | RXM1SIDH
— F5Bh | RXB1D5 F3Bh | TXB1D5 F1Bh | RXMOEIDL
— F5Ah | RXB1D4 F3Ah | TXB1D4 F1Ah | RXMOEIDH
— F59h | RXB1D3 F39h | TXB1D3 F19h | RXMOSIDL
— F58h | RXB1D2 F38h | TXB1D2 F18h | RXMOSIDH
— F57h | RXB1D1 F37h | TXB1D1 F17h | RXF5EIDL
TXERRCNT F56h | RXB1DO F36h | TXB1DO F16h | RXF5EIDH
RXERRCNT F55h | RXB1DLC F35h | TXB1DLC F15h | RXF5SIDL
COMSTAT F54h | RXB1EIDL F34h | TXB1EIDL F14h | RXF5SIDH
CIOCON F53h | RXB1EIDH F33h | TXB1EIDH F13h | RXF4EIDL
BRGCON3 F52h | RXB1SIDL F32h | TXB1SIDL F12h | RXF4EIDH
BRGCON2 F51h | RXB1SIDH F31h | TXB1SIDH Fi1h | RXF4SIDL
BRGCON1 F50h | RXB1CON F30h | TXB1CON F10h | RXF4SIDH
CANCON F4Fh — F2Fh — FOFh | RXF3EIDL
CANSTAT F4Eh | CANSTATRO2(4) F2Eh | CANSTATRO4(®) FOEh | RXF3EIDH
RXxB0oD7() F4Dh | TXBOD7 F2Dh | TXB2D7 FODh | RXF3SIDL
RXBoD6(?) F4Ch | TXBOD6 F2Ch | TXB2D6 FOCh | RXF3SIDH
RXB0OD5(®) F4Bh | TXBOD5 F2Bh | TXB2D5 FOBh | RXF2EIDL
RXB0oD4() F4Ah | TXBOD4 F2Ah | TXB2D4 FOAh | RXF2EIDH
RXB0OD3(®) F49h | TXBOD3 F29h | TXB2D3 FO9h | RXF2SIDL
RXB0OD2() F48h | TXBOD2 F28h | TXB2D2 FO8h | RXF2SIDH
RXB0OD1() F47h | TXBOD1 F27h | TXB2D1 FO7h | RXF1EIDL
RXB0ODO®) F46h | TXBODO F26h | TXB2DO Foeh | RXF1EIDH
RXBODLC®) F45h | TXBODLC F25h | TXB2DLC FO5h | RXF1SIDL
RXBOEIDL(®) F44h | TXBOEIDL F24h | TXB2EIDL F04h | RXF1SIDH
RXBOEIDH®) F43h | TXBOEIDH F23h | TXB2EIDH FO3h | RXFOEIDL
RXBOSIDL®) F42h | TXBOSIDL F22h | TXB2SIDL F02h | RXFOEIDH
RXBOSIDH®) F41h | TXBOSIDH F21h | TXB2SIDH FO1h | RXFOSIDL
RXBOCON(®) F40h | TXBOCON F20h | TXB2CON FOOh | RXFOSIDH
Note:  Shaded registers are available in Bank 15, while the rest are in Access Bank low.
Unimplemented registers are read as ‘0.

This is not a physical register.
Contents of register are dependent on WIN2:WINO bits in the CANCON register.

CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given
for each instance of the CANSTAT register due to the Microchip header file requirement.

These registers are not implemented on the PIC18F248 and PIC18F258.
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TABLE 4-2: REGISTER FILE SUMMARY
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g&‘j‘;‘g‘R De;zgz:""
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000| 30,38
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000| 30,38
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000| 30,38
STKPTR STKFUL STKUNF — Return Stack Pointer 00-0 0000| 30,39
PCLATU — — bit 21 | Holding Register for PC<20:16> ---0 0000| 30,40
PCLATH Holding Register for PC<15:8> 0000 0000| 30,40
PCL PC Low Byte (PC<7:0>) 0000 0000| 30,40
TBLPTRU — | — ] bit2t® [Program Memory Table Pointer Upper Byte (TBLPTR<20:165) ~_00 0000| 30,68
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000| 30,68
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000| 30,68
TABLAT Program Memory Table Latch 0000 0000| 30,68
PRODH Product Register High Byte xxxx xxxx| 30,75
PRODL Product Register Low Byte xxxx xxxx| 30,75
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x| 30,79
INTCON2 RBPU INTEDGO INTEDG1 — — TMROIP — RBIP 111- -1-1| 30,80
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF  [11-0 0-00| 30,81
INDFO Uses contents of FSRO to address data memory — value of FSRO not changed (not a physical register) N/A 30, 55
POSTINCO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A 30, 55
POSTDECO Uses contents of FSRO to address data memory — value of FSRO post-incremented (not a physical register) N/A 30, 55
PREINCO Uses contents of FSRO to address data memory — value of FSRO pre-incremented (not a physical register) N/A 30, 55
PLUSWO Uses contents of FSRO to address data memory — value of FSRO offset by W (not a physical register) N/A 30, 55
FSROH — — — — Indirect Data Memory Address Pointer 0 High ---- xxxx| 30,55
FSROL Indirect Data Memory Address Pointer O Low Byte xxxx xxxx| 30,55
WREG Working Register xxxx xxxx| 30,55
INDF1 Uses contents of FSR1 to address data memory — value of FSR1 not changed (not a physical register) N/A 30, 55
POSTINC1 Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A 30, 55
POSTDEC1 Uses contents of FSR1 to address data memory — value of FSR1 post-incremented (not a physical register) N/A 30, 55
PREINC1 Uses contents of FSR1 to address data memory — value of FSR1 pre-incremented (not a physical register) N/A 30, 55
PLUSW1 Uses contents of FSR1 to address data memory — value of FSR1 offset by W (not a physical register) N/A 30, 55
FSR1H — | — | — | —  [indirect Data Memory Address Pointer 1 High —--- x| 31,55
FSR1L Indirect Data Memory Address Pointer 1 Low Byte xxxx xxxx| 31,55
BSR — | — | — | —  |BanksSelectRegister —--- o000| 31,54
INDF2 Uses contents of FSR2 to address data memory — value of FSR2 not changed (not a physical register) N/A 31,55
POSTINC2 Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A 31,55
POSTDEC2 Uses contents of FSR2 to address data memory — value of FSR2 post-incremented (not a physical register) N/A 31,55
PREINC2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented (not a physical register) N/A 31,55
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 offset by W (not a physical register) N/A 31,55
FSR2H — | — | — | —  [indirect Data Memory Address Pointer 2 High —--- x| 31,55
FSR2L Indirect Data Memory Address Pointer 2 Low Byte xxxx xxxx| 31,55
STATUS — | — 1 = ] ~ | ov | z | bc | ¢ |---xxex| 31,57
TMROH Timer0 Register High Byte 0000 0000| 31,111
TMROL Timer0 Register Low Byte xxxx xxxx| 31,111
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO [1111 1111| 31,109
OSCCON — — — — — — — SCS  |---- --- ol 31,20
LVDCON — — IRVST LVDEN LvDL3 LvDL2 LVDLA1 LVDLO |[--00 o0101| 31,261
WDTCON — — — — — — — SWDTEN |---- --- o| 31,272
RCON IPEN — — RI TO PD POR BOR |o0--1 110q| 31,58,91
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.

2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: RAG6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator modes.
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TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;jeB‘g‘R De;zgse:""
TMR1H Timer1 Register High Byte xxxx xxxx| 31,116
TMR1L Timer1 Register Low Byte xxxx xxxx| 31,116
T1CON RD16 | — | T1CKPSH1 | T1CKPS0 |T1OSCEN| T1SYNC | TMR1CS | TMR1ON [0-00 0000 31,113
TMR2 Timer2 Register 0000 0000| 31,118
PR2 Timer2 Period Register 1111 1111| 31,118
T2CON — | Toutpss | ToutPs2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO [-000 0000| 31,117
SSPBUF SSP Receive Buffer/Transmit Register xxxx xxxx| 31,146
SSPADD SSP Address Register in I2C™ Slave mode. SSP Baud Rate Reload Register in 12C Master mode. 0000 0000 31,152
SSPSTAT SMP CKE D/A P S RW UA BF 0000 0000| 31,144,

153

SSPCONT WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO {0000 0000 311, ‘Igs,
SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000| 31,155
ADRESH A/D Result Register High Byte xxxx xxxx| 31,243
ADRESL A/D Result Register Low Byte xxxx xxxx| 31,243
ADCONO ADCST ADCS0 CHS2 CHS1 CHSO | GO/DONE — ADON |0000 00-0| 31,241
ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO |00-- 0000| 32,242
CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx| 32,124
CCPRI1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx| 32,124
CCP1CON — — DC1B1 DC1B0 CCP1M3 | CCP1M2 | CCPiM1 | CCP1MO |[--00 o0ooo| 32,123
ECCPR1H(M" | Enhanced Capture/Compare/PWM Register 1 High Byte xxxx xxxx| 32,133
ECCPRILM | Enhanced Capture/Compare/PWM Register 1 Low Byte xxxx xxxx| 32,133
ECCP1CON™ | EPWMiM1 | EPWMIMO | EDC1B1 EDC1B0 | ECCP1M3 | ECCP1M2 | ECCP1M1 | ECCP1MO |0000 0000| 32,131
ECCP1DEL(M EPDC7 EPDC6 EPDC5 EPDC4 EPDC3 EPDC2 EPDC1 EPDCO |0000 0000| 32,140
ECCPAS() ECCPASE | ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO | PSSBD1 | PSSBDO [0000 0000| 32,142
CVRCON(™ CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO |0000 0000| 32,255
cMcoN® C20UT ciouT C2INV C1INV cls CcM2 CM!1 CMO | 0000 0000| 32,249
TMR3H Timer3 Register High Byte xxxx xxxx| 32,121
TMR3L Timer3 Register Low Byte xxxx xxxx| 32,121
T3CON RD16 T3ECCP1 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON [0000 0000| 32,119
SPBRG USART Baud Rate Generator 0000 0000| 32,185
RCREG USART Receive Register 0000 0000| 32,191
TXREG USART Transmit Register 0000 0000| 32,189
TXSTA CSRC X9 TXEN SYNC — BRGH TRMT TX9D |o0000 -010| 32,183
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |o0000 ooox| 32,184
EEADR EEPROM Address Register XXXX XXXX 32, 59
EEDATA EEPROM Data Register xxxx xxxx| 32,59
EECON2 EEPROM Control Register 2 (not a physical register) xxxx xxxx| 32,59
EECONT1 EEPGD CFGS — FREE WRERR WREN WR RD xx-0 x000| 32, 60, 67
IPR3 IRXIP WAKIP ERRIP TXB2IP TXB1IP TXBOIP RXB1IP | RXBOIP |1111 1111| 32,90
PIR3 IRXIF WAKIF ERRIF TXB2IF TXB1IF TXBOIF RXB1IF | RXBOIF |o0000 0000| 32,84
PIE3 IRXIE WAKIE ERRIE TXB2IE TXB1IE TXBOIE RXB1IE | RXBOIE |o0000 0000| 32,87
IPR2 — CMIP — EEIP BCLIP LVDIP TMR3IP |ECCP1IPM|-1-1 1111| 32,89
PIR2 — CMIF — EEIF BCLIF LVDIF TMR3IF [ ECCP1IF™M|-0-0 oooo| 32,83
PIE2 — CMIE — EEIE BCLIE LVDIE TMR3IE |ECCP1IE™|-0-0 0o00| 32,86
Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition

Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.
2:  Bit 21 of the TBLPTRU allows access to the device configuration bits.
3:  RA®6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator modes.
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TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P\g;:%(gln Degzgse:""
IPR1 PSPIP() ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP |1111 1111| 32,88
PIR1 PSPIF( ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |o0000 0000| 32,82
PIE1 PSPIEM ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |o0000 0000| 32,85
TRISE™ IBF OBF IBOV PSPMODE — Data Direction bits for PORTE(") 0000 -111| 33,105
TRISD™M Data Direction Control Register for PORTD(") 1111 1111| 33,102
TRISC Data Direction Control Register for PORTC 1111 1111| 33,100
TRISB Data Direction Control Register for PORTB 1111 1111| 33,96
TRISA®) — Data Direction Control Register for PORTA -111 1111| 33,93
LATE™ — — — — — Read PORTE Data Latch, Write ---- -xxx| 33,104

PORTE Data Latch"
LATD™ Read PORTD Data Latch, Write PORTD Data Latch(") xxxx xxxx| 33,102
LATC Read PORTC Data Latch, Write PORTC Data Latch xxxx xxxx| 33,100
LATB Read PORTB Data Latch, Write PORTB Data Latch XXXX XXXX 33, 96
LATA® — Read PORTA Data Latch, Write PORTA Data Latch -xxx xxxx| 33,93
PORTE™ — — — — — Read PORTE pins, Write PORTE Data | ---- -xxx| 33,104
Latch™
PORTD(M Read PORTD pins, Write PORTD Data Latch(" xxxx xxxx| 33,102
PORTC Read PORTC pins, Write PORTC Data Latch xxxx xxxx| 33,100
PORTB Read PORTB pins, Write PORTB Data Latch XXXX XXXX 33, 96
PORTA® — Read PORTA pins, Write PORTA Data Latch -x0x 0000| 33,93
TXERRCNT TEC7 TEC6 TECS TEC4 TEC3 TEC2 TECH TECO {0000 0000| 33,209
RXERRCNT REC7 REC6 REC5 REC4 REC3 REC2 REC1 RECO |0000 0000| 33,214
COMSTAT RXBOOVFL | RXB1OVFL TXBO TXBP RXBP TXWARN | RXWARN | EWARN |0000 0000| 33,205
CIOCON — — ENDRHI CANCAP — — — — --00 ----| 33,221
BRGCONS3 — WAKFIL — — — SEG2PH2 | SEG2PH1 | SEG2PHO |-0-- -000| 33,220
BRGCON2 SEG2PHTS SAM SEG1PH2 | SEG1PH1 | SEGIPHO | PRSEG2 | PRSEG1 | PRSEGO [0000 0000| 33,219
BRGCONT SJWA1 SJWO BRP5 BRP4 BRP3 BRP2 BRP1 BRPO |0000 0000| 33,218
CANCON REQOP2 | REQOP1 REQOPO ABAT WIN2 WIN1 WINO — xxxx xxx-| 383,201
CANSTAT OPMODE2 | OPMODE1 | OPMODEO — ICODE2 | ICODE1 | ICODEO — xxx- xxx-| 33,202
RXBOD7 RXBOD77 | RXBOD76 | RXBOD75 | RXBOD74 | RXBOD73 | RXBOD72 | RXBOD71 | RXBOD70 |xxxx xxxx| 33,214
RXBOD6 RXBOD67 | RXBOD66 | RXBOD65 | RXBOD64 | RXBOD63 | RXBOD62 | RXBOD61 | RXBOD60 |xxxx xxxx| 33,214
RXBOD5 RXBOD57 | RXBOD56 | RXBOD55 | RXBOD54 | RXBOD53 | RXBOD52 | RXBODS51 | RXBOD50 |xxxx xxxx| 33,214
RXBOD4 RXBOD47 | RXBOD46 | RXBOD45 | RXBOD44 | RXBOD43 | RXBOD42 | RXBOD41 | RXBOD40 |xxxx xxxx| 33,214
RXBOD3 RXBOD37 | RXBOD36 | RXBOD35 | RXBOD34 | RXBOD33 | RXBOD32 | RXBOD31 | RXBOD30 |xxxx xxxx| 33,214
RXBOD2 RXBOD27 | RXBOD26 | RXBOD25 | RXBOD24 | RXBOD23 | RXBOD22 | RXBOD21 | RXBOD20 |xxxx xxxx| 33,214
RXBOD1 RXBOD17 | RXBOD16 | RXBOD15 | RXBOD14 | RXBOD13 | RXBOD12 | RXBOD11 | RXBOD10 |xxxx xxxx| 33,214
RXBODO RXBODO7 | RXBOD06 | RXBOD05 | RXBOD04 | RXBOD03 | RXBODO2 | RXBODO1 | RXBODOO |xxxx xxxx| 33,214
RXBODLC — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO |-xxx xxxx| 34,213
RXBOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0  |xxxx xxxx| 34,213
RXBOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 34,212
RXBOSIDL SID2 SID1 SIDO SRR EXID — EID17 EID16 |xxxx x-xx| 34,212
RXBOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 | xxxx xxxx| 34,212
RXBOCON RXFUL RXM1 RXMO — RXRTRRO | RXBODBEN | JTOFF FILHITO [o00- 0000| 34,210
Legend: x = unknown, u = unchanged, - = unimplemented, q = value depends on condition
These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.

Note 1:

Bit 21 of the TBLPTRU allows access to the device configuration bits.

3:  RAG6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator modes.

© 2004 Microchip Technology Inc.

DS41159D-page 51




PIC18FXX8

TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;jeB‘g‘R De;zgse:""
CANSTATRO1 | OPMODE2 | OPMODE1 | OPMODEO — ICODE2 | ICODE1 | ICODEO k- xxx-| 33,202
RXB1D7 RXB1D77 | RXBID76 | RXBID75 | RXBID74 | RXBID73 | RXB1D72 | RXBID71 | RXBID70 |sxxxcx xxcxx| 34,214
RXB1D6 RXB1D67 | RXB1D66 | RXB1D65 | RXBID64 | RXBID63 | RXB1D62 | RXBID61 | RXBID60 |xxxcx xxxx| 34,214
RXB1D5 RXBID57 | RXB1D56 | RXB1D55 | RXBID54 | RXBID53 | RXB1D52 | RXBIDS51 | RXBIDS0 |xxxx xxxx| 34,214
RXB1D4 RXB1D47 | RXBID46 | RXB1D45 | RXBID44 | RXBID43 | RXB1D42 | RXB1D41 | RXB1D40 |sxxxcx xxcxx| 34, 214
RXB1D3 RXB1D37 | RXB1D36 | RXB1D35 | RXBID34 | RXBID33 | RXB1D32 | RXBID31 | RXBID30 |xxxx xxxx| 34,214
RXB1D2 RXB1D27 | RXBiD26 | RXBID25 | RXBiD24 | RXBID23 | RXB1D22 | RXB1D21 | RXB1D20 |sxcxcx xxcxx| 34, 214
RXB1D1 RXB1D17 | RXBID16 | RXBID15 | RXBID14 | RXBID13 | RXB1D12 | RXBID11 | RXBID10 |sxxcx xxcxx| 34, 214
RXB1D0 RXB1DO7 | RXB1D06 | RXB1DO5 | RXB1DO4 | RXB1DO3 | RXB1D02 | RXB1DOT | RXBIDO0O |xxxcx xxxx| 34,214
RXB1DLC — RXRTR RB1 RBO DLC3 DLC2 DLCH DLCO | -sxxx xxxx| 34,213
RXB1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0  |xxxx xxxx| 34,213
RXB1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 34,212
RXB1SIDL SID2 SID1 SIDo SRR EXID _ ED17 | EID16 |xxxx x-xx| 34,212
RXB1SIDH SID10 SIDg SID8 SID7 SID6 SID5 SID4 SID3  |sxxxx x| 34, 212
RXB1CON RXFUL RXM1 RXMO — RXRTRRO| FILHIT2 | FILHIT1 | FILHITO |o0o- oooo| 34,211
CANSTATRO2 | OPMODE2 | OPMODE1 | OPMODEO _ ICODE2 | ICODE1 | ICODEO — |- xxx-| 33,202
TXBOD? TXBOD77 | TXBOD76 | TXBOD75 | TXBOD74 | TXBOD73 | TXBOD72 | TXBOD71 | TXBOD70 |xxxx xxxx| 34,208
TXBOD6 TXBOD67 | TXBOD66 | TXBOD65 | TXBOD64 | TXBOD63 | TXBOD62 | TXBODE1 | TXBOD6O |xxxx xxxx| 34,208
TXBODS TXBOD57 | TXBODS56 | TXBODS5 | TXBOD54 | TXBOD53 | TXBOD52 | TXBODS1 | TXBODSO |xxxx xxcxx| 34,208
TXBOD4 TXBOD47 | TXBOD46 | TXBOD45 | TXBOD44 | TXBOD43 | TXBOD42 | TXBOD41 | TXBOD4O |xxxx xxxx| 34,208
TXBOD3 TXBOD37 | TXBOD36 | TXBOD35 | TXBOD34 | TXBOD33 | TXBOD32 | TXBOD31 | TXBOD30 |xxxx xxxx| 34,208
TXBOD2 TXBOD27 | TXBOD26 | TXBOD25 | TXBOD24 | TXBOD23 | TXBOD22 | TXBOD21 | TXBOD20 |xxxx xxxx| 34,208
TXBOD1 TXBOD17 | TXBOD16 | TXBOD15 | TXBOD14 | TXBOD13 | TXBOD12 | TXBOD11 | TXBOD10 |xxxx xxxx| 34,208
TXBODO TXBODO7 | TXBODO6 | TXBODO5 | TXBODO4 | TXBODO3 | TXBODO2 | TXBODO1 | TXBODOO |xxxx xxxx| 34,208
TXBODLC — TXRTR _ — DLC3 DLC2 DLCH DLCO | -x-- xxxx| 34,209
TXBOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 34,208
TXBOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 34,207
TXBOSIDL SID2 SID1 SIDo — EXIDE _ ED17 | EID16 |xxx- x-xx| 34 207
TXBOSIDH sID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx xxxx| 35,207
TXBOCON — TXABT | TXLARB | TXERR | TXREQ _ TXPRH | TXPRIO |-000 0-00| 35,206
CANSTATRO3 | OPMODE2 | OPMODE1 | OPMODEO — ICODE2 | ICODE1 | ICODEO — |- xxx-| 33,202
TXB1D7 TXB1D77 | TXB1D76 | TXBID75 | TXBID74 | TXBID73 | TXBID72 | TXBID71 | TXBID70 |xxxx xxxx| 35,208
TXB1D6 TXB1D67 | TXB1D66 | TXBID65 | TXBID64 | TXBID63 | TXBID62 | TXBID61 | TXBID60 |xxxx xxxx| 35,208
TXB1D5 TXB1D57 | TXB1D56 | TXBDS5 | TXBID54 | TXBID53 | TXBID52 | TXBIDS1 | TXBID50 |xxxx xxxx| 35,208
TXB1D4 TXB1D47 | TXB1D46 | TXB1D45 | TXBID44 | TXBID43 | TXBID42 | TXBID41 | TXBID40 |xxxx xxxx| 35,208
TXB1D3 TXB1D37 | TXB1D36 | TXB1D35 | TXBID34 | TXBID33 | TXBID32 | TXBID31 | TXBID30 |xxxx xxxx| 35,208
TXB1D2 TXB1D27 | TXB1D26 | TXB1D25 | TXBID24 | TXBID23 | TXB1D22 | TXBID21 | TXBID20 |xxxx xxxx| 35,208
TXB1D1 TXBID17 | TXBID16 | TXBID15 | TXBID14 | TXBID13 | TXBID12 | TXBID1 | TXBID10 |xxxx xxxx| 35,208
TXB1DO TXB1DO7 | TXB1D06 | TXB1DO5 | TXBIDO4 | TXBIDO3 | TXB1D02 | TXBIDO1 | TXBIDOO |xxxx xxxx| 35,208
TXB1DLC — TXRTR _ — DLC3 DLC2 DLCH DLCO |-x-- xxxx| 35,209
TXBIEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 35,208
TXB1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 35,207
TXB1SIDL SID2 SID1 SIDo — EXIDE _ ED17 | EID16 |xxx- x-xx| 35, 207
TXB1SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |sxxxx xxxx| 35,207
TXB1CON — TXABT | TXLARB | TXERR | TXREQ _ TXPRH | TXPRIO |0000 0000| 35,206
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition

Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: RA6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator modes.
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TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 P‘g;jeB‘g‘R De;zgse:""
CANSTATRO4 | OPMODE2 | OPMODE1 | OPMODEO — ICODE2 | ICODE1 | ICODEO - xxx-| 33,202
TXB2D7 TXB2D77 | TXB2D76 | TXB2D75 | TXB2D74 | TXB2D73 | TXB2D72 | TXB2D71 | TXB2D70 |xxxx xxxx| 35,208
TXB2D6 TXB2D67 | TXB2D66 | TXB2D65 | TXB2D64 | TXB2D63 | TXB2D62 | TXB2D61 | TXB2D60 |xxxx xxxx| 35,208
TXB2D5 TXB2D57 | TXB2D56 | TXB2DS5 | TXB2D54 | TXB2D53 | TXB2D52 | TXB2D51 | TXB2D50 |xxxx xxxx| 35,208
TXB2D4 TXB2D47 | TXB2D46 | TXB2D45 | TXB2D44 | TXB2D43 | TXB2D42 | TXB2D41 | TXB2D40 |xxxx xxxx| 35,208
TXB2D3 TXB2D37 | TXB2D36 | TXB2D35 | TXB2D34 | TXB2D33 | TXB2D32 | TXB2D31 | TXB2D30 |xxxx xxxx| 35,208
TXB2D2 TXB2D27 | TXB2D26 | TXB2D25 | TXB2D24 | TXB2D23 | TXB2D22 | TXB2D21 | TXB2D20 |xxxx xxxx| 35,208
TXB2D1 TXB2D17 | TXB2D16 | TXB2D15 | TXB2D14 | TXB2D13 | TXB2D12 | TXB2D11 | TXB2D10 |xxxx xxxx| 35,208
TXB2DO TXB2D07 | TXB2D06 | TXB2DO5 | TXB2DO4 | TXB2D03 | TXB2D02 | TXB2DO1 | TXB2D0O |xxxx xxxx| 35,208
TXB2DLC — TXRTR _ — DLC3 DLC2 DLCH DLCO |-x-- xxxx| 35,209
TXB2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 35,208
TXB2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 35,207
TXB2SIDL SID2 SID1 SIDo — EXIDE _ ED17 | EID16 |xxx- x-xx| 35,207
TXB2SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx xxxx| 35,207
TXB2CON — TXABT | TXLARB | TXERR | TXREQ _ TXPRH | TXPRIO |-000 0-00| 35,206
RXMAEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 35,217
RXM1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 35,217
RXM1SIDL SID2 SID1 SIDo — _ _ ED17 | EID16 |xxx- --xx| 36,217
RXM1SIDH SID10 SIDg SID8 SID7 SID6 SID5 SID4 SID3  |xxxx xcxx| 36,216
RXMOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 36,217
RXMOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,217
RXMOSIDL SID2 SID1 SIDo — _ _ ED17 | EID16 |xxx- --xx| 36,217
RXMOSIDH SID10 SIDg SID8 SID7 SID6 SID5 SID4 SID3  |xxxx xcxx| 36,216
RXFSEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0  |xxxx xxxx| 36,216
RXF5EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXF5SIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXF5SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |sxxxx x| 36, 215
RXF4EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0  |xxxx xxxx| 36,216
RXF4EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXF4SIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXF4SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |sxxxx x| 36, 215
RXF3EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EID0  |xxxx xxxx| 36,216
RXF3EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXF3SIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXF3SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx x| 36,215
RXF2EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 36,216
RXF2EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXF2SIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXF2SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx x| 36,215
RXF1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 36,216
RXF1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXF1SIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXF1SIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx x| 36,215
RXFOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO  |xxxx xxxx| 36,216
RXFOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 |xxxx xxxx| 36,216
RXFOSIDL SID2 SID1 SID0 — EXIDEN _ ED17 | EID16 |xxx- x-xx| 36,215
RXFOSIDH SID10 SIDg SID8 sID7 SID6 SID5 SID4 SID3  |xxxx x| 36,215
Legend: x = unknown, u = unchanged, - = unimplemented, g = value depends on condition

Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: RAG6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator modes.
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410 Access Bank

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

This data memory region can be used for:

* Intermediate computational values

» Local variables of subroutines

» Faster context saving/switching of variables

+ Common variables

» Faster evaluation/control of SFRs (no banking)

The Access Bank is comprised of the upper 160 bytes
in Bank 15 (SFRs) and the lower 96 bytes in Bank 0.
These two sections will be referred to as Access Bank
High and Access Bank Low, respectively. Figure 4-6
indicates the Access Bank areas.

A bit in the instruction word specifies if the operation is
to occur in the bank specified by the BSR register or in
the Access Bank.

When forced in the Access Bank (a = 0), the last
address in Access Bank Low is followed by the first
address in Access Bank High. Access Bank High maps
most of the Special Function Registers so that these
registers can be accessed without any software
overhead.

4.11 Bank Select Register (BSR)

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

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

A MOVLB instruction has been provided in the

instruction set to assist in selecting banks.

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

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

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

Section 4.12 “Indirect Addressing, INDF and FSR
Registers” provides a description of indirect address-
ing, which allows linear addressing of the entire RAM
space.

FIGURE 4-7: DIRECT ADDRESSING
Direct Addressing
BSR<3:0> 7 From Opcode(® 0
— _/ J
Bank Select(® L Location Select(3)|
"~ 00h  01h 0Eh OFh
000h 100h OEOOh 0F00h
Data XX
Memory("
OFFh 1FFh OEFFh OFFFh
Bank 0 Bank 1 Bank 14 Bank 15
Note 1: For register file map detail, see Table 4-1.
2: The access bit of the instruction can be used to force an override of the selected bank (BSR<3:0>) to the
registers of the Access Bank.
3: The MOVFF instruction embeds the entire 12-bit address in the instruction.
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4.12 Indirect Addressing, INDF and
FSR Registers

Indirect addressing is a mode of addressing data mem-
ory where the data memory address in the instruction
is not fixed. A SFR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-8
shows the operation of indirect addressing. This shows
the moving of the value to the data memory address
specified by the value of the FSR register.

Indirect addressing is possible by using one of the INDF
registers. Any instruction using the INDF register actually
accesses the register indicated by the File Select Regis-
ter, FSR. Reading the INDF register itself, indirectly
(FSR = 0), will read 00h. Writing to the INDF register
indirectly, results in a no operation. The FSR register
contains a 12-bit address which is shown in Figure 4-8.

The INDFn (0 < n <2) register is not a physical register.
Addressing INDFn actually addresses the register
whose address is contained in the FSRn register
(FSRn is a pointer). This is indirect addressing.

Example 4-5 shows a simple use of indirect addressing
to clear the RAM in Bank 1 (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 4-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 100h ;
NEXT CLRF POSTINCO ; Clear INDF
; register
; & inc pointer
BTFSS FSROH, 1 ; All done
; w/ Bankl?
BRA NEXT ; NO, clear next
CONTINUE ;
: ; YES, continue

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

1. FSRO: composed of FSROH:FSROL

2. FSR1:composed of FSR1H:FSR1L

3. FSR2: composed of FSR2H:FSR2L

In addition, there are registers INDFO, INDF1 and
INDF2, which are not physically implemented. Reading
or writing to these registers activates indirect address-
ing, with the value in the corresponding FSR register
being the address of the data.

If an instruction writes a value to INDFO, the value will
be written to the address indicated by FSROH:FSROL.
A read from INDF1 reads the data from the address
indicated by FSR1H:FSR1L. INDFn can be used in
code anywhere an operand can be used.

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

4121 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated with
it, plus four additional register addresses. Performing an
operation on one of these five registers determines how
the FSR will be modified during indirect addressing.

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

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

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

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

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

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

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

Incrementing or decrementing an FSR affects all
12 bits. That is, when FSRnL overflows from an
increment, FSRnH will be incremented automatically.

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

Each FSR has an address associated with it that
performs an indexed indirect access. When a data
access to this INDFn location (PLUSWn) occurs, the
FSRn is configured to add the 2's complement value in
the WREG register and the value in FSR to form the
address before an indirect access. The FSR value is not
changed.

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

If an indirect addressing operation is done where the
target address is an FSRnH or FSRnL register, the
write operation will dominate over the pre- or
post-increment/decrement functions.
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FIGURE 4-8:

INDIRECT ADDRESSING

Indirect Addressing
FSR Register

11 8 7 0
L]
k FSRnH FSRnL Y,
Location Select
0000h
II\)IIztriory“)
OFFFh

Note 1: For register file map detail, see Table 4-1.
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4.13 Status Register

The Status register, shown in Register 4-2, contains the
arithmetic status of the ALU. The Status register can be
the destination for any instruction, as with any other
register. If the Status register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, then
the write to these five bits is disabled. These bits are set
or cleared according to the device logic. Therefore, the
result of an instruction with the Status register as
destination may be different than intended.

For example, CLRF STATUS will clear the upper three
bits and set the Z bit. This leaves the Status register as
000u uluu (where u = unchanged).

It is recommended, therefore, that only BCF, BSF,
SWAPF, MOVFF and MOVWF instructions are used to
alter the Status register, because these instructions do
not affect the Z, C, DC, OV or N bits from the Status
register. For other instructions which do not affect the
status bits, see Table 25-2.

Note: The C and DC bits operate as a Borrow
and Digit Borrow bit respectively, in
subtraction.

REGISTER 4-2: STATUS REGISTER
u-0 u-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
= = = N ov z DC C
bit 7 bit 0

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

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

operation was negative (ALU MSb = 1).

1 = Result was negative
0 = Result was positive

bit 3 OV: 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 (RRCF, RRNCF, RLCF and RLNCF)
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 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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4.14 RCON Register

The Reset Control (RCON) register contains flag bits
that allow differentiation between the sources of a

device Reset. These flags include the TO, PD, POR,
BOR and Rl bits. This register is readable and writable.

Note 1:

It the BOREN configuration bit is set,
BOR is ‘1’ on Power-on Reset. If the
BOREN configuration bit is clear, BOR is
unknown on Power-on Reset.

The BOR status bit is a “don’t care” and is
not necessarily predictable if the brown-
out circuit is disabled (the BOREN config-
uration bit is clear). BOR must then be set
by the user and checked on subsequent
Resets to see if it is clear, indicating a
brown-out has occurred.

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

REGISTER 4-3: RCON: RESET CONTROL REGISTER
R/W-0 u-0 u-0 R/W-1 R/W R/W R/W-0 R/W-0
IPEN — — 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 6-5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

1 =The RESET instruction was not executed

0 = The RESET instruction was executed causing a device Reset
(must be set in software after a Brown-out Reset occurs)

0 = A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

bit3  TO: Watchdog Time-out Flag bit
1 = After power-up, CLRWDT instruction or SLEEP instruction
0 = A WDT time-out occurred
bit 2 PD: Power-down Detection Flag bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
bit 1 POR: Power-on Reset Status bit
1 = A Power-on Reset has not occurred
bit 0 BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred
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
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5.0 DATA EEPROM MEMORY

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

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

« EECONT1
+ EECON2
« EEDATA
« EEADR

The EEPROM data memory allows byte read and write.
When interfacing to the data memory block, EEDATA
holds the 8-bit data for read/write and EEADR holds the
address of the EEPROM location being accessed. The
PIC18FXX8 devices have 256 bytes of data EEPROM
with an address range from 00h to FFh.

The EEPROM data memory is rated for high erase/
write cycles. A byte write automatically erases the loca-
tion and writes the new data (erase-before-write). The
write time is controlled by an on-chip timer. The write
time will vary with voltage and temperature, as well as
from chip-to-chip. Please refer to the specifications for
exact limits.

5.1 EEADR Register

The address register can address up to a maximum of
256 bytes of data EEPROM.

5.2 EECON1 and EECON2 Registers

EECONT1 is the control register for EEPROM memory
accesses.

EECONZ2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the EEPROM write sequence.

Control bits, RD and WR, initiate read and write opera-
tions, respectively. These bits cannot be cleared, only
set, in software. They are cleared in hardware at the
completion of the read or write operation. The inability
to clear the WR bit in software prevents the accidental
or premature termination of a write operation.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset, or a WDT Time-out Reset, during normal oper-
ation. In these situations, the user can check the
WRERR bit and rewrite the location. It is necessary to
reload the data and address registers (EEDATA and
EEADR) due to the Reset condition forcing the
contents of the registers to zero.

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

cleared in software.
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REGISTER 5-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1: EEPROM CONTROL REGISTER 1

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

EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access program Flash memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EE or Configuration Select bit

1 = Access Configuration registers

0 = Access program Flash or data EEPROM memory

Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(reset by hardware)

0 = Perform write only

WRERR: Write Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR or any WDT Reset during self-timed programming in normal operation)

0 = The write operation completed

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

WREN: Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM or Flash memory

WR: Write Control bit

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

0 = Write cycle is complete

RD: Read Control bit

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

0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit S = Settable bit U = Unimplemented bit, read as ‘0’
-n =Valueat POR ‘1’ =Bitis set ‘0’ =Bitiscleared x = Bitis unknown
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5.3 Reading the Data EEPROM
Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD and
CFGS control bits (EECON1<7:6>) and then set
control bit RD (EECON1<0>). The data is available in
the very next instruction cycle of the EEDATA register;
therefore, it can be read by the next instruction.
EEDATA will hold this value until another read
operation or until it is written to by the user (during a
write operation).

EXAMPLE 5-1: DATA EEPROM READ

MOVLW DATA_EE_ADDR ;
MOVWF  EEADR ;Data Memory Address

;to read
BCF EECON1, EEPGD ;Point to DATA memory
BCS EECON1, CFGS i
BSF EECON1, RD ;EEPROM Read

MOVF EEDATA, W ;W = EEDATA

EXAMPLE 5-2: DATA EEPROM WRITE

5.4 Writing to the Data EEPROM
Memory

To write an EEPROM data location, the address must
first be written to the EEADR register and the data writ-
ten to the EEDATA register. Then, the sequence in
Example 5-2 must be followed to initiate the write cycle.

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECONZ2, write 0AAh to
EECON2, then set WR bit) for each byte. It is strongly
recommended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution (i.e., runaway programs). The WREN bit should
be kept clear at all times, except when updating the
EEPROM. The WREN bit is not cleared by hardware.

After a write sequence has been initiated, clearing the
WREN bit will not affect the current write cycle. The WR
bit will be inhibited from being set unless the WREN bit
is set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Write Complete
Interrupt Flag bit (EEIF) is set. The user may either
enable this interrupt or roll this bit. EEIF must be
cleared by software.

MOVLW DATA EE_ADDR ;

Required MOVLW  55h

MOVWF EEADR ; Data Memory Address to read

MOVLW DATA EE_DATA ;

MOVWF EEDATA ; Data Memory Value to write

BCF EECON1, EEPGD ; Point to DATA memory

BCF EECON1, CFGS ; Access program FLASH or Data EEPROM memory
BSF EECON1, WREN ; Enable writes

BCF INTCON, GIE Disable interrupts

Sequence MOVWF  EECON2 Write 55h
MOVLW 0AAh
MOVWF EECON2 Write AAh

BSF EECON1, WR Set WR bit to begin write
BSF INTCON, GIE Enable interrupts
; user code execution
BCF EECON1, WREN ; Disable writes on write complete (EEIF set)
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5.5 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.

Generally, a write failure will be a bit which was written
as a ‘1’, but reads back as a ‘0’ (due to leakage off the
cell).

5.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
reduce the probability of an accidental write during
brown-out, power glitch or software malfunction.

EXAMPLE 5-3:

5.7 Operation During Code-Protect

Data EEPROM memory has its own code-protect
mechanism. External read and write operations are
disabled if either of these mechanisms are enabled.

The microcontroller itself can both read and write to the
internal data EEPROM, regardless of the state of the
code-protect configuration bit. Refer to Section 24.0
“Special Features of the CPU” for additional
information.

5.8 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that are updated often).
Frequently changing values will typically be updated
more often than specification D124 or D124A. If this is
not the case, an array refresh must be performed. For
this reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory. A simple data EEPROM
refresh routine is shown in Example 5-3.

Note: |If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See

specification D124 or D124A.

DATA EEPROM REFRESH ROUTINE

CLRF EEADR ; Start at address 0
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes
Loop ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW 55h ;
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA Loop ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts
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TABLE 5-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY

. . . . . . . . Value on: Value on
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets

INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 0000 000x | 0000 000u
EEADR EEPROM Address Register XXXX XXXX [ uuuu uuuu
EEDATA |EEPROM Data Register XXXX XXXX | uuuu uuuu
EECON2 |EEPROM Control Register 2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xx-0 x000 [ uu-0 u000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP |ECCP1IPM| -1-1 1111 |-1-1 1111
PIR2 — CMIF — EEIF | BCLIF | LVDIF | TMR3IF [ECCP1IF(| -0-0 0000 | -0-0 0000
PIE2 — CMIE — EEIE | BCLIE | LVDIE | TMRS3IE |[ECCP1IE™| -0-0 0000 | -0-0 0000
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as ‘0’.

Shaded cells are not used during Flash/EEPROM access.
Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.
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NOTES:
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6.0 FLASHPROGRAM MEMORY

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

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

Writing or erasing program memory will cease instruc-
tion fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

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

FIGURE 6-1: TABLE READ OPERATION

6.1 Table Reads and Table Writes

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

» Table Read (TBLRD)
» Table Write (TBLWT)

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

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

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

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

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU | TBLPTRH: TBLPTRL

—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬁ_f

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

Instruction: TBLWT*

Program Memory
Holding Registers

Table Pointer("

TBLPTRU ;| TBLPTRH : TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)
TABLAT

Program Memory”.

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

6.2 Control Registers

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

+ EECONT1 register
* EECONZ2 register
» TABLAT register

» TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS
EECONT1 is the control register for memory accesses.

EECONZ2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit EEPGD determines if the access will be a
program or data EEPROM memory access. When
clear, any subsequent operations will operate on the
data EEPROM memory. When set, any subsequent
operations will operate on the program memory.

Control bit CFGS determines if the access will be to the
Configuration/Calibration registers or to program
memory/data  EEPROM  memory. When set,
subsequent operations will operate on Configuration
registers regardless of EEPGD (see Section 24.0
“Special Features of the CPU”). When clear, memory
selection access is determined by EEPGD.

The FREE bit, when set, will allow a program memory
erase operation. When the FREE bit is set, the erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset or a WDT Time-out Reset during normal opera-
tion. In these situations, the user can check the
WRERR bit and rewrite the location. It is necessary to
reload the data and address registers (EEDATA and
EEADR) due to Reset values of zero.

Control bits, RD and WR, initiate read and write opera-
tions, respectively. These bits cannot be cleared, only
set, in software. They are cleared in hardware at the
completion of the read or write operation. The inability
to clear the WR bit in software prevents the accidental
or premature termination of a write operation. The RD
bit cannot be set when accessing program memory
(EEPGD = 1).

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

cleared in software.
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REGISTER 6-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1: EEPROM CONTROL REGISTER 1

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

EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access program Flash memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EE or Configuration Select bit

1 = Access Configuration registers

0 = Access program Flash or data EEPROM memory

Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

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

0 = Perform write only

WRERR: Write Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR or any WDT Reset during self-timed programming in normal operation)

0 = The write operation completed

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

WREN: Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM or Flash memory

WR: Write Control bit

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

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

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

0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit S = Settable bit U = Unimplemented bit, read as ‘0’
-n=Value atPOR ‘1’ =Bitis set ‘0’ =Bitiscleared x = Bit is unknown

© 2004 Microchip Technology Inc. DS41159D-page 67



PIC18FXX8

6.2.2 TABLAT — TABLE LATCH REGISTER

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

TBLPTR — TABLE POINTER
REGISTER

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

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

6.2.3

6.2.4 TABLE POINTER BOUNDARIES

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

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

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

When an erase of program memory is executed, the
16 MSbs of the Table Pointe