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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowi-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.
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MICROCHIP

PIC18FXX20

64/80-pin High Performance, 1 M bit Enhanced
FLASH Microcontrollerswith A/D

High Performance RISC CPU:

« C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and
PIC17 instruction sets
¢ Linear program memory addressing to 128 Kbytes
¢ Linear data memory addressing to 3840 bytes

¢ 1 Kbyte of data EEPROM

¢ Up to 10 MIPs operation:

- DC - 40 MHz osc./clock input

- 4 MHz - 10 MHz osc./clock input with PLL active
« 16-bit wide instructions, 8-bit wide data path
 Priority levels for interrupts
* 31-level, software accessible hardware stack
¢ 8 x 8 Single Cycle Hardware Multiplier

External Memory Interface
(PIC18F8X20 Devices Only):

« Address capability of up to 2 Mbytes
e 16-bit interface

Peripheral Features:

¢ High current sink/source 25 mA/25 mA
« Four external interrupt pins
« Timer0 module: 8-bit/16-bit timer/counter
e Timerl module: 16-bit timer/counter
e Timer2 module: 8-bit timer/counter
« Timer3 module: 16-bit timer/counter
« Timer4 module: 8-bit timer/counter
« Secondary oscillator clock option - Timerl/Timer3
» Five Capture/Compare/PWM (CCP) modules:
- Capture is 16-bit, max. resolution 6.25 ns (Tcvy/16)
- Compare is 16-bit, max. resolution 100 ns (TcY)
- PWM output: PWM resolution is 1- to 10-hit
« Master Synchronous Serial Port (MSSP) module
with two modes of operation:
- 3-wire SPI™ (supports all 4 SPI modes)
- 12C™ Master and Slave mode
¢ Two Addressable USART modules:
- Supports RS-485 and RS-232
« Parallel Slave Port (PSP) module

Analog Features:

10-hit, up to 16-channel Analog-to-Digital
Converter (A/D)

- Conversion available during SLEEP
Programmable 16-level Low Voltage Detection
(LVD) module

- Supports interrupt on-Low Voltage Detection
Programmable Brown-out Reset (BOR)

Dual analog comparators

- Programmable input/output configuration

Special Microcontroller Features:

3

100,000 erase/write cycle Enhanced FLASH
program memory typical

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

1 second programming time

FLASH/Data EEPROM Retention: > 40 years
Self-reprogrammable under software control
Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)
Watchdog Timer (WDT) with its own On-Chip
RC Oscillator for reliable operation
Programmable code protection

Power-saving SLEEP mode

Selectable oscillator options including:

- 4X Phase Lock Loop (of primary oscillator)
- Secondary Oscillator (32 kHz) clock input
In-Circuit Serial Programming™ (ICSP™) via
two pins

MPLAB® In-Circuit Debug (ICD) via two pins

CMOS Technology:

3

Low power, high speed FLASH technology
Fully static design

Wide operating voltage range (2.0V to 5.5V)
Industrial and Extended temperature ranges

Program Memory Data memory MSSP
. 10-bit | CCP Timers Ext
Device #Single Word | SRAM |EEPROM| O | A/p (chy| (Pwi) Master |USART | o 16 bit| Bus
Bytes . SPI 2
Instructions |(bytes)| (bytes) 1“C
PIC18F6620| 64K 32768 3840 1024 52 12 5 Y Y 2 2/3 N
PIC18F6720| 128K 65536 3840 1024 52 12 5 Y Y 2 2/3 N
PIC18F8620| 64K 32768 3840 1024 68 16 5 Y Y 2 2/3 Y
PIC18F8720| 128K 65536 3840 1024 68 16 5 Y Y 2 2/3 Y
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PIC18FXX20

Pin Diagrams

64-pin TQFP
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* CCP2 is multiplexed with RC1 when CCP2MX is set.

DS39580A-page 2 Advance Information 0 2001 Microchip Technology Inc.



PIC18FXX20

Pin Diagrams (Cont.’d)

80-pin TQFP
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RG4/CCP5 ] 10 PIC18F8620 51— Vss
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* CCP2 is multiplexed with RC1 when CCP2MX is set.
** CCP2 is multiplexed by default with RE7 when the device is configured in Microcontroller mode.
*** PSP js available only in Microcontroller mode.
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

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

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

Errata

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

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

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

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

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.
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NOTES:
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PIC18FXX20

1.0

the following devices:
1. PIC18F6620
2. PIC18F6720
3. PIC18F8620
4. PIC18F8720

DEVICE OVERVIEW

This document contains device specific information for

These devices are available in 64-pin and 80-pin pack-

ages. They are differentiated from each other in four

ways:

1. FLASH program memory (64 Kbytes for
PIC18FX620 devices, 128 Kbytes for

PIC18FX720)

2. A/D channels (12 for PIC18F6X20 devices,

16 for PIC18F8X20)

3. /O ports (7 on PIC18F6X20 devices, 9 on

PIC18F8X20)

4. External program memory interface (present

only on PIC18F8X20 devices)

All other features for devices in the PIC18FXX20 family
are identical. These are summarized in Table 1-1.

Block diagrams of the PIC18F6X20 and PIC18F8X20
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: PIC18FXX20 DEVICE FEATURES
Features PIC18F6620 PIC18F6720 PIC18F8620 PIC18F8720
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 64K 128K 64K 126K
Program Memory (Instructions) 32768 65536 32768 65536
Data Memory (Bytes) 3840 3840 3840 3840
Data EEPROM Memory (Bytes) 1024 1024 1024 1024
External Memory Interface No No Yes Yes
Interrupt Sources 17 17 18 18
/O Ports Ports A, B, C, D, Ports A, B, C, D, |PortsA,B,C,D,E, |PortsA,B,C,D,E,
E,F G E,FG F, G H,J F,GH,J
Timers 5 5 5 5
Capture/Compare/PWM Modules 5 5 5 5
MSSP, MSSP, MSSP, MSSP,
Serial Communications Addressable Addressable Addressable Addressable
USART (2) USART (2) USART (2) USART (2)
Parallel Communications PSP PSP PSP PSP
10-bit Analog-to-Digital Module 12 input channels | 12 input channels | 16 input channels | 16 input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
RESETS (and Delays) 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 Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
Package 64-pin TQFP 64-pin TQFP 80-pin TQFP 80-pin TQFP
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PIC18FXX20

FIGURE 1-1:

PIC18F6X20 BLOCK DIAGRAM

Data Bus<8>

RAO/ANO
RA1/AN1
RA2/AN2/VREF-
RA3/AN3/VREF+
RA4/TOCKI
RA5/AN4/LVDIN
RA6

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

RCO/T10SO/T13CKI
RC1/T10Sl/CCP2
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RC6/TX1/CK1
RC7/RX1/DT1

RD7/PSP7:RDO/PSPO

REO/RD_
REL/WR
RE2/CS
RE3
RE4
RES
RE6
RE7

RFO/ANS
RF1/AN6/C20UT
RF2/AN7/C10UT
RF3/AN8
RFA/AN9
RF5/AN10/CVREF
RF6/AN11

RF7/SS

RGO/CCP3
RG1/TX2/CK2
RG2/RX2/DT2
RG3/CCP4

PORTA
d 1 !
21 Table Pointer Data Latch :
= t 8 (8 Data RAM — B
21 inc/dec logic (3840 bytes) 7
Address Latch 2
L 21 [PcLatu]pcLath] ﬁlz PORTB
Address<12>
A
Program Counter 4 12ﬁ 4%
Address Latch t FSRo|| [Banko, F —
Program Memory 31 Level Stack FSR1
(64 Kbytes) I FSR2 12
A
Data Latch v
irlmd_ec
oo PORTC
16 1
LN~
¥ -—>
-—>
—
PORTD
Instruction
Decode & <
Control PORTE
* ‘ Power-up 1
OSC2/CLKO Timer 1
OSC1/CLKI Timi Oscilat -
iming scillator p
Xl@ Generation <=1 Start-up Timer <
Power-on ALU<8> <
Reset h
Watchdog 8 PORTE
— Timer
Precision L <
Bandgap —> Brown-out )
Reference Reset )
% é ]
-
MCLR VDD, Vss :
PORTG
Synchronous
Serial Port USART1 USART2
i i & 1
BOR i Timerl Timer2 Timer3 Timer4
LVD Timer0 imer. i imer imer.
10-bit
Comparator CCP1 CCP2 CCP3 CCP4 CCP5 AD

RG4/CCP5
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PIC18FXX20

FIGURE 1-2: PIC18F8X20 BLOCK DIAGRAM

Data Bus<8> PORTA

& i ]
RA2/AN2/VREF-

21 Table Pointer<213] Data Latch
t RA3/AN3/VREF+
8 18 Data RAM ki RA4/TOCKI

<A
21 inc/dec logic (3840 bytes) RAS5/AN4/SS/LVDIN

RA6
Address Latch

RAO/ANO
RA1/AN1

.\

-\

PORTB

— RB4/KBIO
Address Latch t FSRO|| | Banko, F

RB5/KBI1/PGM
Program Memory 31 Level Stack FSR1

RB6/KBI2/PGC
(128 Kbytes) : FSFZ 12 RB7/KBI3/PGD

/ PORTC
inc/dec|
logic

System Bus Interface

Data Latch

RCO/T10SO/T13CKI
RC1/T10SI/CCP2
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RC6/TX1/CK1
RC7/RX1/DT1

TABLELATCH

< 21 [pcLatu]pcLatH] 12 <+—X| RBO/INTO
Address<12> RBL/INT1
A RB2/INT2

Program Counter 4 12ﬁ 4ﬁ RB3/INT3/CCP2

AD15:ADO, A19:A16(1)

RD7/PSP7:RDO/PSPO

PORTE

3 REO/RD.
REL/WR
RE2/CS
RE3

RE4

RE5

4 RE6

1 RE7/CCP2

Instruction <
Decode &
Control

1|

A—a—2—Ad 4

Power-up

0SC2/CLKO Timer

OSC1/CLKI . -
&@ Ge-rr;g]rlgtgion <= Stgriﬂgl)la}lzl?r:er
Power-on ALU<8>
Reset
Watchdog 8

— Timer
Precision >

Bandgap Brown-out
Reference Reset

R

MCLR VDD, Vss

RFO/ANS
RFL/AN6/C20UT
RF2/AN7/C10UT
RF3/ANS
RF4/AN9
RF5/AN10/CVREF
RF6/AN1L
RF7/SS

RGO/CCP3
RG1/TX2/CK2
RG2/RX2/DT2
RG3/CCP4
RG4/CCP5

Il
DX YDA

PORTH

Synchronous RH3:RHO
Serial Port USART1 USART2 RH7/AN15:RHA/ANL2

ﬁ 4} {} St RJO/ALE

RJ1/OE

BOR ) ) ] . RJ2/WRL

LVD Timer0 Timerl Timer2 Timer3 Timer4 RJ3/WRH
" RJ4/BAO

[ S S i R0
v voov b v T

10-bit
A/D

Comparator CCP1 CCP2 CCP3 CCP4 CCP5

Note 1: External memory interface pins are physically multiplexed with PORTD (AD7:AD0), PORTE (AD15:AD8) and PORTH (A19:A16).
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS
Pin Name Pin Number Pin Buffer Description
PIC18F6X20 | PIC18F8X20 | TYPe | Type
MCLR/VPpP 7 9 Master Clear (input) or programming
voltage (output).

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

VpPp P Programming voltage input.

OSC1/CLKI 39 49 Oscillator crystal or external clock input.

OSsC1 | CMOS/ST Oscillator crystal input or external clock
source input. ST buffer when configured
in RC mode. Otherwise CMOS.

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

OSC2/CLKO/RAG 40 50 Oscillator crystal or clock output.

osc2 (0] — Oscillator crystal output.

Connects to crystal or resonator in
Crystal Oscillator mode.

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

RA6 110 TTL General purpose /O pin.

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input @) = Output
P = Power oD = Open Drain (no P diode to VDD)
Note 1: Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

plexed with either RB3 or RC1.

Default assignment when CCP2MX is set.
External memory interface functions are only available on PIC18F8X20 devices.
CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-

PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TP'n BTuffer Description
PIC18F6X20 | PIC18F8X20 | 'YP® ype
PORTA is a bi-directional 1/0O port.
RAO/ANO 24 30
RAO 1/0 TTL Digital 1/0.
ANO | Analog Analog input 0.
RA1/AN1 23 29
RA1 1/0 TTL Digital 1/0.
AN1 | Analog Analog input 1.
RA2/AN2/VREF- 22 28
RA2 1/0 TTL Digital 1/0.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage (Low) input.
RA3/AN3/VREF+ 21 27
RA3 1/0 TTL Digital 1/0.
AN3 | Analog Analog input 3.
VREF+ | Analog A/D reference voltage (High) input.
RA4/TOCKI 28 34
RA4 110 ST/OD Digital I/O — Open drain when
configured as output.
TOCKI | ST TimerO external clock input.
RA5/AN4/LVDIN 27 33
RA5 1/0 TTL Digital I/O.
AN4 | Analog Analog input 4.
LVDIN | Analog Low voltage detect input.
RA6 See the OSC2/CLKO/RAG pin.
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 VVDD)
Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

Note 1:

Default assignment when CCP2MX is set.

2:

3: External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

5. PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.

0 2001 Microchip Technology Inc.
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TP'n BTuffer Description
PIC18F6X20 | PIC18F8X20 | 'YP® ype
PORTB is a bi-directional 1/0 port. PORTB
can be software programmed for internal
weak pull-ups on all inputs.
RBO/INTO 48 58
RBO 1/0 TTL Digital I/O.
INTO | ST External interrupt O.
RB1/INT1 47 57
RB1 /0 TTL Digital I/O.
INT1 | ST External interrupt 1.
RB2/INT2 46 56
RB2 /0 TTL Digital I/O.
INT2 | ST External interrupt 2.
RB3/INT3/CCP2 45 55
RB3 /0 TTL Digital I/O.
INT3 110 ST External interrupt 3.
ccp2® 110 ST Capture2 input, Compare2 output,
PWM2 output.
RB4/KBIO 44 54
RB4 /0 TTL Digital I/O.
KBIO | ST Interrupt-on-change pin.
RB5/KBI1/PGM 43 53
RB5 1/0 TTL Digital I/O.
KBI1 | ST Interrupt-on-change pin.
PGM 110 ST Low voltage ICSP programming enable
pin.
RB6/KBI2/PGC 42 52
RB6 1/0 TTL Digital 1/0.
KBI2 | ST Interrupt-on-change pin.
PGC 110 ST In-Circuit Debugger and
ICSP programming clock.
RB7/KBI3/PGD 37 47
RB7 /0 TTL Digital I/O.
KBI3 110 ST Interrupt-on-change pin.
PGD In-Circuit Debugger and
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 @) = Output
P = Power oD = Open Drain (no P diode to VDD)
Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

Note 1:

Default assignment when CCP2MX is set.

2:

3. External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

a

PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PIC18F6X20 | PIC18F8X20 | 1YPe | Type
PORTC is a bi-directional 1/0 port.
RCO/T10SO/T13CKI 30 36
RCO IO ST Digital 1/0.
T10SO (0] — Timerl oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/CCP2 29 35
RC1 I/0 ST Digital I/0.
T10SI | CMOS Timerl oscillator input.
ccp2@ 110 ST Capture2 input, Compare2 output,
PWM2 output.
RC2/CCP1 33 43
RC2 110 ST Digital I/O.
CCP1 110 ST Capturel input/Comparel
output/PWM1 output.
RC3/SCK/SCL 34 44
RC3 110 ST Digital I/O.
SCK 110 ST Synchronous serial clock
input/output for SPI mode.
SCL 110 ST Synchronous serial clock
input/output for 12C mode.
RC4/SDI/SDA 35 45
RC4 le} ST Digital 1/0.
SDI | ST SPI data in.
SDA /0 ST 1C data 1/0.
RC5/SDO 36 46
RC5 IO ST Digital 1/0.
SDO o — SPI data out.
RC6/TX1/CK1 31 37
RC6 110 ST Digital I/O.
TX1 (0] — USART 1 asynchronous transmit.
CK1 110 ST USART 1 synchronous clock
(see RX1/DT1).
RC7/RX1/DT1 32 38
RC7 IO ST Digital 1/0.
RX1 | ST USART 1 asynchronous receive.
DT1 1/0 ST USART 1 synchronous data
(see TX1/CK1).
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 VVDD)

Note 1: Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).
2. Default assignment when CCP2MX is set.
3: External memory interface functions are only available on PIC18F8X20 devices.
4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.
5. PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer -
Pin Name Description
PIC18F6X20 | PIC18F8X20 | 1YPe | Type
PORTD is a bi-directional I/0O port. These
pins have TTL input buffers when external
memory is enabled.
RDO/PSPO/ADO 58 72
RDO 1/0 ST Digital I/O.
PSPO /0 TTL Parallel Slave Port data.
ADO®) 110 TTL External memory address/data O.
RD1/PSP1/AD1 55 69
RD1 /0 ST Digital I/O.
PSP1 /0 TTL Parallel Slave Port data.
AD1®) 110 TTL External memory address/data 1.
RD2/PSP2/AD2 54 68
RD2 /0 ST Digital I/O.
PSP2 110 TTL Parallel Slave Port data.
AD2®) 1/0 TTL External memory address/data 2.
RD3/PSP3/AD3 53 67
RD3 /0 ST Digital 1/0.
PSP3 110 TTL Parallel Slave Port data.
AD3®) 1/0 TTL External memory address/data 3.
RD4/PSP4/AD4 52 66
RD4 1/0 ST Digital 1/0.
PSP4 110 TTL Parallel Slave Port data.
AD4®) 110 TTL External memory address/data 4.
RD5/PSP5/AD5 51 65
RD5 1/0 ST Digital 1/0.
PSP5 /0 TTL Parallel Slave Port data.
AD5®) 110 TTL External memory address/data 5.
RD6/PSP6/AD6 50 64
RD6 1/0 ST Digital I/O.
PSP6 /0 TTL Parallel Slave Port data.
AD6®) 110 TTL External memory address/data 6.
RD7/PSP7/AD7 49 63
RD7 /0 ST Digital I/O.
PSP7 /0 TTL Parallel Slave Port data.
AD7®) 1/0 TTL External memory address/data 7.
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)

Note 1: Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).
2. Default assignment when CCP2MX is set.
3. External memory interface functions are only available on PIC18F8X20 devices.
4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.
PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.

a

DS39580A-page 14 AdvanceInformation 0 2001 Microchip Technology Inc.



PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TP'n BTuffer Description
PIC18F6X20 | PIC18F8X20 | 'YP€ ype
PORTE is a bi-directional 1/O port.
REO/RD/AD8 2 4
REO /0 ST Digital 1/0.
RD | TTL Read control for parallel slave port (see
WR and CS pins).
AD8®) 110 TTL External memory address/data 8
RE1/WR/AD9 1 3
RE1 I/O ST Digital 1/0.
WR I TTL Write control for parallel slave port (see
CS and RD pins).
AD9®) 110 TTL External memory address/data 9.
RE2/CS/AD10 64 78
RE2 /O ST Digital 1/0.
CS | TTL Chip select control for parallel slave port
(see RD and WR).
AD10® 110 TTL External memory address/data 10.
RE3/AD11 63 77
RE3 /0 ST Digital 1/0.
AD11®) 110 TTL External memory address/data 11.
RE4/AD12 62 76
RE4 I/0 ST Digital 1/0.
AD12 110 TTL External memory address/data 12.
RE5/AD13 61 75
RE5 /0 ST Digital 1/0.
AD13® 110 TTL External memory address/data 13.
RE6/AD14 60 74
RE6 /0 ST Digital 1/0.
AD140) 110 TTL External memory address/data 14.
RE7/CCP2/AD15 59 73
RE7 /0 ST Digital 1/0.
ccp24) 110 ST Capture2 input, Compare2 output,
PWM2 output.
AD15®) 110 TTL External memory address/data 15.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input @) = Output
P = Power oD = Open Drain (no P diode to VVDD)
Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

Note 1:

Default assignment when CCP2MX is set.

2:

3: External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

5. PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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PIC18F

XX20

TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
PIC18F6X20 | PIC18F8X20 | TYPe | Type
PORTF is a bi-directional 1/O port.
RFO/AN5 18 24
RFO 1/0 ST Digital 1/0.
AN5 | Analog Analog input 5.
RF1/AN6/C20UT 17 23
RF1 1/0 ST Digital 1/0.
ANG6 | Analog Analog input 6.
C20UT (0] ST Comparator 2 output.
RF2/AN7/C10UT 16 18
RF2 1/0 ST Digital 1/0.
AN7 | Analog Analog input 7.
C10uUT (0] ST Comparator 1 output.
RF3/AN8 15 17
RF1 /0 ST Digital I/O.
ANS8 | Analog Analog input 8.
RF4/AN9 14 16
RF1 /0 ST Digital I/O.
AN9 | Analog Analog input 9.
RF5/AN10/CVREF 13 15
RF1 /0 ST Digital I/O.
AN10 | Analog Analog input 10.
CVREF (0] Analog Comparator VREF output.
RF6/AN11 12 14
RF6 /0 ST Digital I/O.
AN11 | Analog Analog input 11.
RF7/SS 1 13
RF7 /0 ST Digital I/O.
SS | TTL SPI slave select input.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input @) = Output
P = Power oD = Open Drain (no P diode to VDD)

Note 1:

Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).
Default assignment when CCP2MX is set.

2:

3. External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

a

PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TP'n BTuffer Description
PIC18F6X20 | PIC18F8X20 | 'YP® ype
PORTG is a bi-directional I/O port.
RGO/CCP3 3 5
RGO 1/0 ST Digital 1/0.
CCP3 110 ST Capture3 input/Compare3 output/
PWM3 output.
RG1/TX2/CK2 4 6
RG1 1/0 ST Digital 1/0.
TX2 (0] — USART 2 asynchronous transmit.
CKk2 110 ST USART 2 synchronous clock
(see RX2/DT2).
RG2/RX2/DT2 5 7
RG2 110 ST Digital I/O.
RX2 | ST USART 2 asynchronous receive.
DT2 1/0 ST USART 2 synchronous data
(see TX2/CK2).
RG3/CCP4 6 8
RG3 1/0 ST Digital 1/0.
CCP4 110 ST Capture4 input/Compare4 output/
PWM4 output.
RG4/CCP5 8 10
RG4 1/0 ST Digital 1/0.
CCP5 110 ST Capture5 input/Compare5 output/
PWMS5 output.
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)
Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

Note 1:

Default assignment when CCP2MX is set.

2:

3: External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

5. PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.

0 2001 Microchip Technology Inc.
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PIC18FXX20

TABLE 1-2: PIC18FXX20 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name Pin Buffer Description
PIC18F6X20 | PIC18F8X20 | TYPe | Type
PORTH is a bi-directional 1/0 port®).
RHO/A16 — 79
RHO I/0 ST Digital 1/0.
Al16 (0] TTL External memory address 16.
RH1/A17 — 80
RH1 I/O ST Digital 1/0.
Al7 (0] TTL External memory address 17.
RH2/A18 — 1
RH2 IO ST Digital 1/0.
A18 (0] TTL External memory address 18.
RH3/A19 — 2
RH3 I/0 ST Digital 1/0.
A19 (0] TTL External memory address 19.
RH4/AN12 — 22
RH4 IO ST Digital 1/0.
AN12 | Analog Analog input 12.
RH5/AN13 — 21
RH5 IO ST Digital 1/0.
AN13 | Analog Analog input 13.
RH6/AN14 — 20
RH6 I/O ST Digital 1/0.
AN14 | Analog Analog input 14.
RH7/AN15 — 19
RH7 IO ST Digital 1/0.
AN15 | Analog Analog input 15.
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)

Note 1: Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).
2. Default assignment when CCP2MX is set.
3. External memory interface functions are only available on PIC18F8X20 devices.
4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

a

PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.
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PIC18FXX20

Note 1:

Default assignment when CCP2MX is set.

TABLE 1-2: PIC18FXX20 PINOUT 1I/O DESCRIPTIONS (CONTINUED)
Pin Number i
Pin Name TP'n BTuffer Description
PIC18F6X20 | PIC18F8X20 | 'YP€ ype
PORTJ is a bi-directional I/0 port®).
RJO/ALE — 62
RJO IO ST Digital 1/0.
ALE (0] TTL External memory Address Latch Enable.
RJ1/OE — 61
RJ1 /O ST Digital 1/0.
OE (0] TTL External memory Output Enable.
RJ2/WRL — 60
RJ2 /O ST Digital 1/0.
WRL (0] TTL External memory Write Low control.
RJI3/WRH — 59
RJ3 /O ST Digital 1/0.
WRH (0] TTL External memory Write High control.
RJ4/BAO — 39
RJ4 IO ST Digital 1/0.
BAO (0] TTL System bus byte address 0 control.
RJ5 — 40 I/0 ST Digital /0
RJ6/LB — 42
RJ6 110 ST Digital 1/0O.
LB (0] TTL External memory Low Byte select.
RJ7/UB — 41
RJ7 I/O ST Digital 1/0.
uB (0] TTL External memory High Byte select.
Vss 9, 25, 11, 31, P — Ground reference for logic and I/O pins.
41, 56 51,70
VDD 10, 26, 12, 32, P — Positive supply for logic and I/O pins.
38, 57 48, 71
AVss 20 26 P — Ground reference for analog modules.
AVDD 19 25 P — Positive supply for analog modules.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels Analog = Analog input
I = Input @) = Output
P = Power oD = Open Drain (no P diode to VVDD)
Alternate assignment for CCP2 when CCP2MX is not selected (all operating modes except Microcontroller).

2:

3: External memory interface functions are only available on PIC18F8X20 devices.

4: CCP2 is multiplexed with this pin by default when configured in Microcontroller mode. Otherwise, it is multi-
plexed with either RB3 or RC1.

5. PORTH and PORTJ are only available on PIC18F8X20 (80-pin) devices.

0 2001 Microchip Technology Inc.
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NOTES:
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PIC18FXX20

20 OSCILLATOR
CONFIGURATIONS

2.1 Oscillator Types

The PIC18FXX20 devices can be operated in eight dif-
ferent oscillator modes. The user can program three
configuration bits (FOSC2, FOSC1, and FOSCO) to
select one of these eight modes:

1. LP Low Power Crystal
2. XT Crystal/Resonator
3. HS High Speed Crystal/Resonator
4. HS+PLL 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 HS+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.

The PIC18FXX20 oscillator design requires the use of
a parallel cut crystal.

Note:  Use of a series cut crystal may give a fre-
guency out of the crystal manufacturers
specifications.

FIGURE 2-1: CRYSTAL/CERAMIC
RESONATOR OPERATION
(HS, XT OR LP

CONFIGURATION)

c1® osci1 ll:
|
l To

Sl Inte_rnal
CIXTAL § Re®) Logic
= ‘ SLEEP
Rs®
c2® 0sc2 PIC18FXX20

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

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

3. RF varies with the oscillator mode chosen.

TABLE 2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Ranges Tested: §\
Mode Freq C1 /m
XT 455kHz | 68 -100 pF —100 pF
2.0 MHz 15 - 68 1% - 68 pF
4.0 MHz 15 - 68 pRY/[715 - 68 pF
HS 80MHz | 10 V| 10 - 68 pF
16.0 MHz | 1O\ 10 - 22 pF
These values are for desfgirgubdance only
See notes following thi .
Reso\g\% Used:
455 kHz | Panagolic EFO-A455K04B |  +0.3%
2.0 MHz | M4 E5ié CSA2.00MG +0.5%
4.0 MHz [fhiate Erie CSA4.00MG +0.5%
8.0 MHz~{Mfuata Erie CSA8.00MT +0.5%
16.0 M2/ Murata Erie CSA16.00MX | +0.5%

All resonatdrs used did not have built-in capacitors.

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

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use high
gain HS mode, try a lower frequency res-
onator, or switch to a crystal oscillator.

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

nents, or verify oscillator performance.

0 2001 Microchip Technology Inc.
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TABLE 2-2:  CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Ranges Tested:
Mode Freq C1 Cc2
LP 32.0 kHz 33pF 33 PF
200 kHz 15 pF é\QF
XT 200 kHz 47-68 pF gﬂ\7-6§\bF
1.0 MHz 15 pF <5137pF
4.0 MHz 15 p%\ﬁﬁ pF
HS 4.0 MHz 15pF ( 15 pF

8.0 MHz ](5-3:35;)%\/ 15-33 pF
Q3 pF

20.0 15-33 pF
MHz

aﬁ%\ﬁw TBD

These values are fordesign guidance only.
See notes f9g Qg Mhis table.

<W \6rystals Used

SZ.WL\E{)son C-001R32.768K-A | +20 PPM

200] STD XTL 200.000KHz | +20 PPM
(f\!a’ Hz ECS ECS-10-13-1 +50 PPM
49MHz 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: Higher capacitance increases the stability
of the oscillator, but also increases the
start-up time.

2: Rs (see Figure 2-1) may be required in
HS mode, as well as XT mode, to avoid
overdriving crystals with low drive level
specification.

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

nents., or verify oscillator performance.

An external clock source may also be connected to the
OSCL1 pin in the HS, XT and LP modes, as shown in
Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCK INPUT
OPERATION (HS, XT OR
LP OSC

CONFIGURATION)

Clock from ~>®—> 0SsC1
Ext. System PIC18FXX20

Open «—— OSC2

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) val-
ues 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 difference in lead frame capacitance between pack-
age 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 2-3 shows how the
R/C combination is connected.

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

FIGURE 2-3: RC OSCILLATOR MODE
VDD
REXT
osc1 | Internal
L . &—4{—» Clock
CEXT j;l —
Vss = = PIC18FXX20
-&— OSC2/CLKO
Fosc/a
Recommended values: 3 kQ < REXT <100 kQ
CEXT > 20pF

The RCIO oscillator mode functions like the RC mode,
except that the OSC2 pin becomes an additional gen-
eral purpose 1/O pin. The I/O pin becomes bit 6 of
PORTA (RAG).
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2.4

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 a maximum
1.5 ps start-up required after a Power-on Reset, or
Wake-up from SLEEP mode.

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

External Clock Input

FIGURE 2-4: EXTERNAL CLOCK INPUT
OPERATION

(EC CONFIGURATION)

Ext. System [

OscC1
PIC18FXX20
0osc2

Clock from

Fosc/4 e——

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

FIGURE 2-6: PLL BLOCK DIAGRAM

FIGURE 2-5: EXTERNAL CLOCK INPUT
OPERATION

(ECIO CONFIGURATION)

Ext. System [

Clock from OSC1

PIC18FXX20

RA6 -e«—»{ /O (OSC2)

2.5 HS/PLL

A Phase Locked Loop circuit is provided as a program-
mable option for users that want to multiply the fre-
quency 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 con-
figuration 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
OSCL1.

The PLL is one of the modes of the FOSC<2:0> config-
uration 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 that is called TPLL.

(from Configuration
bit Register)

HS Osc

PLL Enable >1D

Loop
Filter

VCO

Phase
0SC2 Comparator
Eﬂ FIN
Crystal
I:I Osc
T E Fout

SYSCLK

—

MUX

Divide by 4
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2.6 Oscillator Switching Feature

The PIC18FXX20 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 PIC18FXX20 devices, this alternate clock
source is the Timerl oscillator. If a low frequency crys-
tal (32 kHz, for example) has been attached to the
Timerl oscillator pins and the Timerl oscillator has
been enabled, the device can switch to a low power

FIGURE 2-7: DEVICE CLOCK SOURCES

execution mode. Figure 2-7 shows a block diagram of
the system clock sources. The clock switching feature
is enabled by programming the Oscillator Switching
Enable (OSCSEN) hit in Configuration RegisterlH to a
‘0. Clock switching is disabled in an erased device.
See Section 12.0 for further details of the Timerl oscil-
lator. See Section 23.0 for Configuration Register
details.

PIC18FXX20

Tosc/4
4xXPLL |————
Tosc =z TSCLK
C
X
_T1lp
Clock
Source

Clock Source option
for other modules
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26.1 SYSTEM CLOCK SWITCH BIT

The system clock source switching is performed under Note:  The Timerl oscillator must be enabled and
software control. The system clock switch bit, SCS operating to switch the system clock
(OSCCON<0>) controls the clock switching. When the source. The Timer1 oscillator is enabled by
SCS bitis '0’, the system clock source comes from the setting the TLOSCEN bit in the Timerl
main oscillator that is selected by the FOSC configura- control register (TLCON). If the Timerl
tion bits in Configuration RegisterlH. When the SCS bit oscillator is not enabled, then any write to
is set, the system clock source will come from the the SCS bit will be ignored (SCS bit forced
Timer1 oscillator. The SCS bit is cleared on all forms of cleared) and the main oscillator will con-
RESET. tinue to be the system clock source.

REGISTER 2-1: OSCCON REGISTER

U-0 U-0 U-0 U-0 U-0 U-0 uU-0 R/W-1
- [ - [ - T - T - T-T-Tscs
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 Timerl oscillator/clock pin
0 = Use primary oscillator/clock input pin

When OSCSEN and T10OSCEN are in other states:
bit is forced clear

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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2.6.2 OSCILLATOR TRANSITIONS

PIC18FXX20 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.

A timing diagram indicating the transition from the main
oscillator to the Timerl oscillator is shown in
Figure 2-8. The Timerl oscillator is assumed to be run-
ning all the time. After the SCS bit is set, the processor
is frozen at the next occurring Q1 cycle. After eight syn-
chronization cycles are counted from the Timerl oscil-
lator, operation resumes. No additional delays are
required after the synchronization cycles.

|
Program PC X PC+2
Counter \

!

!

FIGURE 2-8: TIMING DIAGRAM FOR TRANSITION FROM OSC1 TO TIMER1 OSCILLATOR
Qtlezlqalqs |q1 Ql, Q2,Q3 , Q4 , QL ,Q2 | Q3 Q4 'Q1
' ' ' \ . + TTlP ' i 1 [ [ [ f | |
T10SI AR f1\_[2\ s 4 5 7 8\ : : : ] ' ' '
I , ! ' - - Tscs : : : : : l I I
osct A\ : —
ITOSCl I : : ! ! ! ! ! : : :
Internal (- /A N2 N2 N/ D N W A WA
égéﬁm I\ﬂ;ﬁ: I I I I I I
scs — : : : : : :
(OSCCON<0>) , . . . . . !
I I : X I

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

The sequence of events that takes place when switch-
ing from the Timerl 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 crys-
tal (HS, XT, LP), then the transition will take place after
an oscillator start-up time (TosT) has occurred. A timing
diagram, indicating the transition from the Timer1 oscil-
lator to the main oscillator for HS, XT and LP modes, is
shown in Figure 2-9.

FIGURE 2-9: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS, XT, LP)
L@, o | oo Dot Q1 Q2,Q3,Q4; Q1; Q2; Q3
oscl — sy W/ DR B RSB
A TosT ————————>1 Tscs e
osc2 ! | @MM\MWJWWWU—

Tosc '

Internal /"~ /" \___ L S\
System Clock ! | , ! \ ! \ ! \ !
SCS | ——— ' e
(OSCCON<0>) | \ .
Program : . ' ! : ! y 'C '6
Counter PC X PC+2 X___PC+

Note 1: TosT = 1024Tosc (drawing not to scale).
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If the main oscillator is configured for HS-PLL mode, an
oscillator start-up time (TosT), plus an additional PLL
time-out (TpLL), will occur. The PLL time-out is typically
2 ms and allows the PLL to lock to the main oscillator
frequency. A timing diagram, indicating the transition
from the Timerl oscillator to the main oscillator for
HS-PLL mode, is shown in Figure 2-10.

FIGURE 2-10: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (HS WITH PLL)
04 o1 | ; Trie Q1,Q2 Q3. Q4 Q1) Q2 Q3. Q4

mos/ /LT
osc1—'ﬂmmmm ./ \ / L v

|
Tost !
!
|

| TPLL . : : : : : :
osco WOV, m—— ——
1 ' :-T-Cg; Tscs 1 ' 1 ' 1 ' 1
PLL et I W W W WA W W W WA WA WAS
Internal System /"~ \__. — AVAVAWAVAWAWAN
T ok [T T S A
SCs '’ ' oo o
(OSCCON<0>) \
Program Counter PC_X PC+2 X PC+4
Note 1: TosT = 1024Tosc (drawing not to scale).
If the main oscillator is configured in the RC, RCIO, EC
or ECIO modes, there is no oscillator start-up time-out.
Operation will resume after eight cycles of the main
oscillator have been counted. A timing diagram, indi-
cating the transition from the Timerl oscillator to the
main oscillator for RC, RCIO, EC and ECIO modes, is
shown in Figure 2-11.
FIGURE 2-11: TIMING FOR TRANSITION BETWEEN TIMER1 AND OSC1 (RC, EC)
: s l Q4 I o1 L e s QilQ2les Q4 1l Q21 qsl 4
1081/ N \ : \_/Z\_ \ : \_/—\_/
OscC1 | : : I\ 3\ A\ 5\ _[6\_/7\ [B\, '
osc2 ; : : 7/ N/ 7
Internal System v~ N\ ; AWAWAWAWAWAWAWAWAWRWAWAN
Clock ' ' : ! !
SCS i \ : i i
(OSCCON<0>) ! , , . . |
. . . Tscs . .
%ggﬁg} L , _PC X PC+2 ) X PC+4

Note 1: RC oscillator mode assumed.
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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.

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

Note: See Table 3-1 in the “Reset” section, for time-outs due to SLEEP and MCLR Reset.

2.8 Power-up Delays

Power up delays are controlled by two timers, so that
no external RESET circuitry is required for most appli-
cations. 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 the “Reset” section.

The first timer is the Power-up Timer (PWRT), which
optionally provides a fixed delay of 72 ms (nominal) 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 (HS/PLL oscillator mode), the
time-out sequence following a Power-on Reset is differ-
ent from other oscillator modes. The time-out sequence
is as follows: First, 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 2ms (nominal) time-out to allow the
PLL ample time to lock to the incoming clock frequency.
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3.0 RESET

The PIC18FXX20 devices differentiate between vari-

ous kinds of RESET:

a) Power-on Reset (POR)

b) MCLR Reset during normal operation

c) MCLR Reset during SLEEP

d) Watchdog Timer (WDT) Reset (during normal
operation)

e) Programmable Brown-out Reset (BOR)

f)  RESET Instruction

g) Stack Full Reset

h) Stack Underflow Reset

Most registers are unaffected by a RESET. Their status

is unknown on POR and unchanged by all other
RESETS. The other registers are forced to a “RESET

FIGURE 3-1:

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

SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack
Pointer

External Reset
>

SLEEP

Stack Full/lUnderflow Reset

MCLR

WDT
Module

WDT —
Time-out
Reset
. |VDbDRise
Detect

VDD Power-on Reset
Brown-out
Reset BOREN S
;' osTPWRT !
OST — __| Chip_Reset
10-bit Ripple Counter @ R Ql—=
0SCl | ’—L/

| PWRT

| o eI,y -E> 10-bit Ripple Counter |

L - - - - - - — - — —

|
|
|
|
I
|
|
|
-

Enable PWRT

Enable OST®

2. See Table 3-1 for time-out situations.

Note 1: Thisis a separate oscillator from the RC oscillator of the CLKIN pin.
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3.1 Power-On Reset (POR)

A Power-on Reset pulse is generated on-chip when
VDD rise is detected. To take advantage of the POR cir-
cuitry, tie the MCLR pin through a 1 kQ to 10 kQ resis-
tor to VDD. This will eliminate external RC components
usually needed to create a Power-on Reset delay. A
minimum rise rate for VDD is specified (parameter
D004). For a slow rise time, see Figure 3-2.

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

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

SLOW VDD POWER-UP)
VDD
D R

R1
MCLR
C PIC18FXX20

1

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

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

3: R1=1kQ to 10 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).

3.2 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
acceptable level. A configuration bit 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 detalils.

3.3 Oscillator Start-up Timer (OST)

The Oscillator Start-up Timer (OST) provides 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter #32). This ensures that
the crystal oscillator or resonator has started and
stabilized.

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

34 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).

3.5 Brown-out Reset (BOR)

A configuration bit, BOREN, can disable (if
clear/programmed) or enable (if set) the Brown-out
Reset circuitry. If VDD falls below parameter D005 for
greater than parameter #35, the brown-out situation will
reset the chip. A RESET may not occur if VDD falls
below parameter DOO5 for less than parameter #35.
The chip will remain in Brown-out Reset until VDD rises
above BVDD. If the Power-up Timer is enabled, it will be
invoked after VDD rises above BVDD; it then will keep
the chip in RESET for an additional time delay (param-
eter #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 exe-
cute the additional time delay.

3.6 Time-out Sequence

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.

Since the time-outs occur from the POR pulse, the
time-outs will expire if MCLR is kept low long enough.
Bringing MCLR high will begin execution immediately
(Figure 3-5). This is useful for testing purposes or to
synchronize more than one PIC18FXX20 device oper-
ating in parallel.

Table 3-2 shows the RESET conditions for some
Special Function Registers, while Table 3-3 shows the
RESET conditions for all of the registers.
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TABLE 3-1: TIME-OUT IN VARIOUS SITUATIONS
. Power-up(z) Wake-up from
Cc?nsfiu:?;ct)iron e — — Brown-out SLEEP or
9 PWRTE =0 PWRTE =1 Oscillator Switch
@]
HS with PLL enabled® 72 ms + 1024Tosc 1024Tosc 72 ms'“) + 1024Tosc 1024ToSC + 2 ms
+2ms +2ms +2ms
HS, XT, LP 72 ms + 1024Tosc 1024Tosc 72 ms®@ + 1024Tosc 1024Tosc
EC 72 ms 1.5 s 72 ms@ 1.5 ps®
External RC 72 ms — 72 ms®@ —
Note 1: 2 ms is the nominal time required for the 4x PLL to lock.
2: 72 ms is the nominal power-up timer delay, if implemented.
3: 1.5 pusis the recovery time from SLEEP. There is no recovery time from oscillator switch.
REGISTER 3-1: RCON REGISTER BITS AND POSITIONS
R/W-0 uU-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
IPEN — | — | ®m | 70 PD POR BOR
bit 7 bit 0
Note 1: Referto Section 4.14 (page 59) for bit definitions.
TABLE 3-2: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION FOR
RCON REGISTER
Condition Program RCON | 21 | 70 | PD | POR | BOR | STKFUL | STKUNF
Counter Register
Power-on Reset 0000h 0--1 1100 | 1 1 1 0 0 u u
MCLR Reset during normal 0000h O--u uuuu | u u u u u u u
operation
Software Reset during normal 0000h 0--0 uuuu | O u u u u u u
operation
Stack Full Reset during normal 0000h O--u uull | u u u u u u 1
operation
Stack Underflow Reset during 0000h O--u uull | u u u u u 1 u
normal operation
MCLR Reset during SLEEP 0000h 0--u 10uu | u 1 0 u u u u
WDT Reset 0000h 0--u OQluu | 1 0 1 u u u u
WDT Wake-up PC +2 u--u OOuu | u 0 0 u u u u
Brown-out Reset 0000h 0--1 11u0| 1 1 1 1 0 u u
Interrupt wake-up from SLEEP PC+20 | u--u 0Ouu | u 1 0 u u u u

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0'
Note 1. When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the
interrupt vector (0x000008h or 0x000018h).
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
TOSU PIC18F6X20 | PIC18F8X20 ---0 0000 ---0 0000 ---0 uuuu®
TOSH PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu®
TOSL PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu®
STKPTR | PIC18F6X20 | PIC18F8X20 00-0 0000 uu-0 0000 uu-u uuuu®
PCLATU | PIC18F6X20 | PIC18F8X20 ---0 0000 ---0 0000 ---U uuuu
PCLATH | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
PCL PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 PC + 2@
TBLPTRU | PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
TBLPTRH | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TBLPTRL | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TABLAT | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
PRODH PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
PRODL PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
INTCON | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu®
INTCON2 | PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu®
INTCON3 | PIC18F6X20 | PIC18F8X20 1100 0000 1100 0000 uuuu uuuu®
INDFO PIC18F6X20 | PIC18F8X20 N/A N/A N/A
POSTINCO | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
POSTDECO | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
PREINCO | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
PLUSWO | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
FSROH PIC18F6X20 | PIC18F8X20 - - - - XXXX ---- uuuu ---- uuuu
FSROL PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
WREG PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
INDF1 PIC18F6X20 | PIC18F8X20 N/A N/A N/A
POSTINC1 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
POSTDEC1 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
PREINC1 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
PLUSW1 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, q = 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:

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 hard-
ware 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: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.

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

DS39580A-page 32

AdvanceInformation

0 2001 Microchip Technology Inc.




PIC18FXX20

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

FSR1H PIC18F6X20 | PIC18F8X20 - - - - XXXX ---- uuuu ---- uuuu
FSR1L PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
BSR PIC18F6X20 | PIC18F8X20 ---- 0000 ---- 0000 ---- uuuu

INDF2 PIC18F6X20 | PIC18F8X20 N/A N/A N/A

POSTINC2 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A

POSTDEC?2 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A

PREINC2 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A

PLUSW2 | PIC18F6X20 | PIC18F8X20 N/A N/A N/A
FSR2H PIC18F6X20 | PIC18F8X20 - - - XXXX ---- uuuu ---- uuuu
FSR2L PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS PIC18F6X20 | PIC18F8X20 - - - X XXXX ---Uu uuuu ---Uu uuuu
TMROH PIC18F6X20 | PIC18F8X20 0000 0000 uuuu uuuu uuuu uuuu
TMROL PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
OSCCON | PIC18F6X20 | PIC18F8X20 ---- ---0 ---- ---0 ---- ---U
LVDCON | PIC18F6X20 | PIC18F8X20 --00 0101 --00 0101 --uu uuuu
WDTCON | PIC18F6X20 | PIC18F8X20 ---- ---0 ---- ---0 ---- ---u
RCON® | PIC18F6X20 | PIC18F8X20 0--q 11qq 0--g gquu u--u qquu
TMR1H PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
T1CON PIC18F6X20 | PIC18F8X20 0- 00 0000 u- uu uuuu u- uu uuuu
TMR2 PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
PR2 PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 1111 1111
T2CON PIC18F6X20 | PIC18F8X20 - 000 0000 -000 0000 - uuu uuuu
SSPBUF | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
SSPSTAT | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
SSPCONL1 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
SSPCON2 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, q = 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 hard-
ware 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: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets

Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT

Brown-out Reset RESET Instruction or Interrupt
Stack Resets
ADRESH | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
ADRESL | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO | PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
ADCON1 | PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
ADCON2 | PIC18F6X20 | PIC18F8X20 0--- -000 0--- -000 u--- -uuu
CCPR1H | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR1L | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCP1CON | PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
CCPR2H | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR2L | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCP2CON | PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
CCPR3H | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR3L | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCP3CON | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
CVRCON | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
CMCON PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TMR3H PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
TMR3L PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
T3CON PIC18F6X20 | PIC18F8X20 0000 0000 uuuu uuuu uuuu uuuu
PSPCON | PIC18F6X20 | PIC18F8X20 0000 ---- 0000 ---- uuuu - ---
SPBRG1 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
RCREG1 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TXREG1 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TXSTAL PIC18F6X20 | PIC18F8X20 0000 -010 0000 -010 uuuu - uuu
RCSTAl1 | PIC18F6X20 | PIC18F8X20 0000 000x 0000 000x uuuu uuuu
EEADRH | PIC18F6X20 | PIC18F8X20 ---- --00 ---- --00 ---- --uu
EEADR PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
EEDATA | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
EECON2 | PIC18F6X20 | PIC18F8X20 xx-0 x000 uu-0 u000 uu- 0 u000
EECON1 | PIC18F6X20 | PIC18F8X20 R S-e- ---- R
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, g = value depends on condition.

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

Note 1:

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

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

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the hard-
ware 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: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
IPR3 PIC18F6X20 | PIC18F8X20 --11 1111 --11 1111 --uu uuuu
PIR3 PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
PIE3 PIC18F6X20 | PIC18F8X20 --00 0000 --00 0000 --uu uuuu
IPR2 PIC18F6X20 | PIC18F8X20 -1-1 1111 -1-1 1111 -u-u uuuu
PIR2 PIC18F6X20 | PIC18F8X20 -0-0 0000 -0-0 0000 -u-u uuuu®
PIE2 PIC18F6X20 | PIC18F8X20 -0-0 0000 -0-0 0000 -u-u uuuu
IPR1 PIC18F6X20 | PIC18F8X20 0111 1111 0111 1111 uuuu uuuu
PIR1 PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu®
PIE1 PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
MEMCON | PIC18F6X20 | PIC18F8X20 0-00 --00 0-00 --00 u-uu --uu
TRISJ PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISH PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISG PIC18F6X20 | PIC18F8X20 ---1 1111 ---1 1111 ---Uu uuuu
TRISF PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISE PIC18F6X20 | PIC18F8X20 0000 -111 0000 -111 uuuu -uuu
TRISD PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISC PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISB PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
TRISA®H) | PIC18F6X20 | PIC18F8X20 -111 111160) -111 11110 -uuu uuuu®
LATJ PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATH PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATG PIC18F6X20 | PIC18F8X20 - - - X XXXX ---Uu uuuu ---Uu uuuu
LATF PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATE PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATD PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATC PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATB PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
LATAGS) | PIC18F6X20 | PIC18F8X20 -xxx xxxx® -uuu uuuu® -uuu uuuu®
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, q = 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 hard-
ware stack.

R

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: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.
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TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)
MCLR Resets
Register Applicable Devices Power-on Reset, WDT Reset_ Wake-up via WDT
Brown-out Reset RESET Instruction or Interrupt
Stack Resets
PORTJ PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
PORTH PIC18F6X20 | PIC18F8X20 0000 xxxx 0000 uuuu uuuu uuuu
PORTG PIC18F6X20 | PIC18F8X20 - - - X XXXX uuuu uuuu ---U uuuu
PORTF PIC18F6X20 | PIC18F8X20 x000 0000 u000 0000 u000 0000
PORTE PIC18F6X20 | PIC18F8X20 ---- -000 ---- -000 ---- -uuu
PORTD PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
PORTC PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
PORTB PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
PORTA®9) | PIC18F6X20 | PIC18F8X20 -x0x 0000®) -uou 00000 -uuu uuuu®
TMR4 PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
PR4 PIC18F6X20 | PIC18F8X20 1111 1111 1111 1111 uuuu uuuu
T4CON PIC18F6X20 | PIC18F8X20 - 000 0000 - 000 0000 - uuu uuuu
CCPR4H | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR4L | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCP4CON | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
CCPR5H | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCPR5L | PIC18F6X20 | PIC18F8X20 XXXX XXXX uuuu uuuu uuuu uuuu
CCP5CON | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
SPBRG2 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
RCREG2 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TXREG2 | PIC18F6X20 | PIC18F8X20 0000 0000 0000 0000 uuuu uuuu
TXSTA2 PIC18F6X20 | PIC18F8X20 0000 -010 0000 -010 uuuu -uuu
RCSTA2 | PIC18F6X20 | PIC18F8X20 0000 000x 0000 000x uuuu uuuu
Legend: u = unchanged, x = unknown, - = unimplemented bit, read as '0’, q = 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 hard-
ware 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: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read '0’.

DS39580A-page 36 Advance Information 0 2001 Microchip Technology Inc.



PIC18FXX20

FIGURE 3-3:

TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD VIA 1 kQ RESISTOR)
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FIGURE 3-4:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 1
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FIGURE 3-5:

TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2
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FIGURE 3-6: SLOW RISE TIME (MCLR TIED TO VDD VIA 1 kQ RESISTOR)
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FIGURE 3-7: TIME-OUT SEQUENCE ON POR W/ PLL ENABLED

(MCLR TIED TO VDD VIA 1 kQ RESISTOR)

VDD —/

MCLR

IINTERNAL POR —| X

TPWRT: !

PWRT TIME-OUT I

OST TIME-OUT [ TPLL—»

PLL TIME-OUT ‘

INTERNAL RESET ‘

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

DS39580A-page 38 Advance Information 0 2001 Microchip Technology Inc.




PIC18FXX20

40 MEMORY ORGANIZATION

There are three memory blocks in PIC18FXX20
devices. They are:

* Program Memory
* Data RAM
* Data EEPROM

Data and program memory use separate busses,
which allows for concurrent access of these blocks.
Additional detailed information for FLASH program
memory and Data EEPROM is provided in Section 5.0
and Section 7.0, respectively.

In addition to on-chip FLASH, the PIC18F8X20 devices
are also capable of accessing external program mem-
ory through an external memory bus. Depending on the
selected operating mode (discussed in Section 4.1.1),
the controllers may access either internal or external
program memory exclusively, or both internal and
external memory in selected blocks. Additional infor-
mation on the External Memory Interface is provided in
Section 6.0.

4.1 Program Memory Organization

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

The PIC18F6620 and PIC18F8620 each have
64 Kbytes of on-chip FLASH memory, while the
PIC18F6720 and PIC18F8720 have 128 Kbytes of
FLASH. This means that PIC18FX620 devices can
store internally up to 32,768 single word instructions,
and PIC18FX720 devices can store up to 65,536 single
word instructions.

The RESET vector address is at 0000h, and the inter-
rupt vector addresses are at 0008h and 0018h.

Figure 4-1 shows the Program Memory Map for
PIC18F6620/8620 devices, while Figure 4-2 shows the
Program Memory Map for PIC18F6720/8720 devices.

4.1.1 PIC18F8X20 PROGRAM MEMORY
MODES

PIC18F8X20 devices differ significantly from their
PIC18 predecessors in their utilization of program
memory. In addition to available on-chip FLASH pro-
gram memory, these controllers can also address up to
2 Mbyte of external program memory through external
memory interface. There are four distinct operating
modes available to the controllers:

* Microprocessor (MP)

» Microprocessor with Boot Block (MPBB)
« Extended Microcontroller (EMC)

« Microcontroller (MC)

The program memory mode is determined by setting
the two Least Significant bits of the CONFIG3L config-
uration byte, as shown in Register 4-1. (See also
Section 23.1 for additional details on the device config-
uration hits.)

The program memory modes operate as follows:

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

* The Microprocessor with Boot Block Mode
accesses on-chip FLASH memory from
addresses 000000h to 0001FFh. Above this,
external program memory is accessed all the way
up to the 2 MByte limit. Program execution auto-
matically switches between the two memories as
required.

« The Microcontroller Mode accesses only
on-chip FLASH memory. Attempts to read above
the physical limit of the on-chip FLASH (OFFFFh
for the PIC18F8620, 1FFFFh for the PIC18F8720)
causes a read of all ‘0’s (a NOP instruction).

The Microcontroller mode is also the only operat-
ing mode available to PIC18F6X20 devices.

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

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

Figure 4-3 compares the memory maps of the different
program memory modes. The differences between
on-chip and external memory access limitations are
more fully explained in Table 4-1.
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FIGURE 4-1:

INTER

NAL PROGRAM

MEMORY MAP AND
STACK FOR
PIC18F6620/8620

INTERNAL PROGRAM
MEMORY MAP AND
STACK FOR
PIC18F6720/8720

FIGURE 4-2:
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TABLE 4-1: MEMORY ACCESS FOR PIC18F8X20 PROGRAM MEMORY MODES
Internal Program Memory External Program Memory
Operating Mode ; ;
Execution Table Read Table Write To Execution Table Read Table Write To
From From From From

Microprocessor No Access No Access No Access Yes Yes Yes
Microprocessor

w/ Boot Block Yes Yes Yes Yes Yes Yes
Microcontroller Yes Yes Yes No Access No Access No Access
E>.<tended Yes Yes Yes Yes Yes Yes
Microcontroller
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REGISTER 4-1: CONFIG3L CONFIGURATION BYTE
R/P-1 U-0 u-0 u-0 U-0 u-0 R/P-1 R/P-1
WAIT — — — — — PM1 PMO
bit 7 bit 0
bit 7 WAIT: External Bus Data Wait Enable bit
1 = Wait selections unavailable, device will not wait
0 = Wait programmed by WAIT1 and WAITO bits of MEMCOM register (MEMCOM<5:4>)
bit 6-2 Unimplemented: Read as '0'
bit 1-0 PM1:PMO: Processor Data Memory Mode Select bits
11 = Microcontroller mode
10 = Microprocessor mode
01 = Microcontroller with Boot Block mode
00 = Extended Microcontroller mode
Legend:
R = Readable hit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value after erase 'l = Bitis set '0’ = Bit is cleared X = Bit is unknown
FIGURE 4-3: MEMORY MAPS FOR PIC18F8X20 PROGRAM MEMORY MODES
Microprocessor Mlicroprocessor Microcontroller . Extended
Mode with Boot Block Mode Microcontroller
Mode Mode
000000h On-Chip| | 000000h 000000h 000000h
Program On-Chip On-Chip On-Chip
Memory Program Program Program
N M
ac(ce(;s) SOV oorEFER® Memory 00FFFFh(Y) Memory
c 0001FFh 01FFFFh®) 01FFFFh(?
2 000200h 010000h() 010000h(®)
3 020000h( 020000h(?)
< External
Lg Program| el
§ Memory External 0's External
n Program Program
% Memory Memory
>
o
a
1FFFFFh 1FFFFFh 1FFFFFh 1FFFFFh
External On-Chip External ~ On-Chip On-Chip External  On-Chip
Memory FLASH Memory FLASH FLASH Memory FLASH
Note 1: PIC18F8620 and PIC18F6620.
2:  PIC18F8720 and PIC18F6720.
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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
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 RETFI E instruction.
PCLATU and PCLATH are not affected by any of the
RETURN or CALL instructions.

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

The stack space is not part of either program or data
space. The stack pointer is readable and writable, and
the address on the top of the stack is readable and writ-
able through SFR registers. Data can also be pushed
to, or popped from, the stack using the top-of-stack
SFRs. 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 hold the
contents of the stack location pointed to 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 must disable the global interrupt enable bits
during this time to prevent inadvertent stack
operations.

4.2.2 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 4-2 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 24.0 for a description of the device configura-
tion bits. If STVREN is set (default), the 31st push will
push the (PC + 2) value onto the stack, setthe 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.
Any additional pushes will not overwrite the 31st push,
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and sets the STKUNF bit, while the stack
pointer remains at 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 appro-
priate actions can be taken.
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REGISTER 4-2: STKPTR REGISTER

R/C-0 R/C-0 U-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

STKFULW | STKUNF®D —

SP4 SP3 SP2 SP1 SPO

bit 7

bit 7 STKFUL: Stack Full Flag bit

1 = Stack became full or overflowed

bit 0

0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit

1 = Stack underflow occurred

0 = Stack underflow did not occur

bit 5 Unimplemented: Read as '0’

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

Note 1: Bit 7 and bit 6 can only be cleared in user software, or by a POR.

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

FIGURE 4-4:

RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

Return Address Stack

11111
11110
11101
. STKPTR<4:0>
T e ] 00010
[ ]

00011/

TOSU TOSH TOSL
[ 0x00 | [ Ox1A ] [ 0x34 |
A A A
; Top-of-Stack

0x001A34 00010

0x000D58 |00001

00000

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 cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place a return address on the
stack.

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

4.2.4 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 Reset.

0 2001 Microchip Technology Inc.
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4.3 Fast Register Stack

A “fast interrupt return” option is available for interrupts.
A Fast Register Stack is provided for the STATUS,
WREG and BSR registers and is only one in depth. The
stack is not readable or writable and is loaded with the
current value of the corresponding register when the
processor vectors for an interrupt. The values in the
registers are then loaded back into the working regis-
ters, 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 inter-
rupt will be overwritten.

If high priority interrupts are not disabled during low pri-
ority 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 | N FAST REGQ STER
; STACK

CALL SuB1, FAST

SUB1 .

RETURN FAST ; RESTORE VALUES SAVED

; IN FAST REG STER 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 the PCL is fixed to a value of
'0’. The PC increments by 2 to address sequential
instructions in the program memory.

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

The contents of PCLATH and PCLATU will be trans-
ferred to the program counter by an operation that
writes PCL. Similarly, the upper two bytes of the pro-
gram counter will be transferred to PCLATH and
PCLATU by an operation that reads PCL. This is useful
for computed offsets to the PC (see Section 4.8.1).

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 pro-
gram counter (PC) is incremented every Q1, the
instruction is fetched from the program memory and
latched into the instruction register in Q4. The instruc-
tion is decoded and executed during the following Q1
through Q4. The clocks and instruction execution flow
are shown in Figure 4-5.

FIGURE 4-5: CLOCK/INSTRUCTION CYCLE

|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4IQ1|Q2|Q3|Q4|
oscil /v / v/ L/ /v /7 /L /v N
I\
/  \
T\
—

[\
-
|

PC PC X PC+2

OSC2/CLKOUT
(RC mode)

PC+4

|

! Execute INST (PC-2)
| Fetch INST (PC)
|

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

Execute INST (PC+2)
Fetch INST (PC+4)

Internal
Phase
Clock
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4.6 Instruction Flow/Pipelining

An “Instruction Cycle” consists of four Q cycles (Q1,
Q2, Q3 and Q4). The instruction fetch and execute are
pipelined, such that fetch takes one instruction cycle,
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 4-2).

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

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

EXAMPLE 4-2: INSTRUCTION PIPELINE FLOW
Tcy0 Tevl Tcy2 Tcy3 Tcy4 Tcy5

1. MOVLW 55h Fetch 1 Execute 1

2. MOWF PORTB Fetch 2 Execute 2

3. BRA SUB 1 Fetch 3 Execute 3

4. BSF PORTA, BIT3 (Forced NOP) Fetch 4 Flush (NOP)

5. Instruction @address SUB_1 Fetch SUB_1| Execute SUB_1
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.

4.7 Instructions in Program Memory

The program memory is addressed in bytes. Instruc-
tions are stored as two bytes or four bytes in program
memory. The Least Significant Byte of an instruction
word is always stored in a program memory location
with an even address (LSB ='0’). Figure 4-6 shows an
example of how instruction words are stored in the pro-
gram memory. To maintain alignment with instruction
boundaries, the PC increments in steps of 2 and the
LSB will always read '0’ (see Section 4.4).

The CALL and GOTOinstructions have an absolute pro-
gram memory address embedded into the instruction.
Since instructions are always stored on word bound-

FIGURE 4-6:

aries, the data contained in the instruction is a word
address. The word address is written to PC<20:1>,
which accesses the desired byte address in program
memory. Instruction #2 in Figure 4-6 shows how the
instruction “GOTO 000006h’ is encoded in the program
memory. Program branch instructions, which encode a
relative address offset, operate in the same manner.
The offset value stored in a branch instruction repre-
sents the number of single word instructions that the
PC will be offset by. Section 19.0 provides further
details of the instruction set.

INSTRUCTIONS IN PROGRAM MEMORY

Program Memory
Byte Locations —

Instruction 1: MOVLW 055h
Instruction 2: GOTO 000006h

Instruction 3: MOVFF 123h, 456h

Word Address
!

LSB =1 LSB=0
000000h
000002h
000004h
000006h
OFh 55h 000008h
EFh 03h 00000AR
FOh 00h 00000Ch
CIh 23h 00000Eh
F4h 56h 000010h
000012h
000014h
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4.7.1 TWO-WORD INSTRUCTIONS

The PIC18FXX20 devices have four two-word instruc-
tions: MOVFF, CALL, GOTOand LFSR. The second
word of these instructions has the 4 MSBs set to 1's
and is a special kind of NOP instruction. The lower 12
bits of the second word contain data to be used by the
instruction. If the first word of the instruction is exe-
cuted, the data in the second word is accessed. If the

EXAMPLE 4-3: TWO-WORD INSTRUCTIONS

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 pro-
gram example that demonstrates this concept is shown
in Example 4-3. Refer to Section 19.0 for further details
of the instruction set.

CASE 1:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REGL

is RAM | ocation 0?

1100 0001 0010 0011 | MOVFF REGL, RE®& No, execute 2-word instruction
1111 0100 0101 0110 2nd operand hol ds address of REQ
0010 0100 0000 0000 | ADDWF REG3 conti nue code

CASE 2:

Object Code Source Code

0110 0110 0000 0000 | TSTFSZ REGL

is RAM | ocation 0?

1100 0001 0010 0011 | MOVFF REGL, RE&R2 Yes
1111 0100 0101 0110 2nd operand becones NOP
0010 0100 0000 0000 | ADDWF REG3 conti nue code

4.8 Lookup Tables

Lookup tables are implemented two ways. These are:

* Computed GOTO
¢ Table Reads

48.1 COMPUTED GOTO

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

A lookup 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
instruction executed will be one of the RETLW 0xnn
instructions, that returns the value Oxnn 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.

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.

Lookup table data may be stored 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 5.0.
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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 4-7
shows the data memory organization for the
PIC18FXX20 devices.

The data memory map is divided into 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 imple-
mented.

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

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

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 pro-
vides a detailed description of the Access RAM.

49.1 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly or indi-
rectly. Indirect addressing operates using a File Select
Register and corresponding Indirect File Operand. The
operation of indirect addressing is shown in
Section 4.12.

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 general purpose reg-
isters by all instructions. The top section of Bank 15
(F60h to FFFh) contains SFRs. All other banks of data
memory contain GPR registers, starting with Bank 0.

49.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM. A list of these
registers is given in Table 4-2 and Table 4-3.

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 are unimplemented and
read as '0's. The addresses for the SFRs are listed in
Table 4-2.

0 2001 Microchip Technology Inc.
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FIGURE 4-7: DATA MEMORY MAP FOR PIC18FXX20 DEVICES
BSR<3:0> Data Memory Map
- 0000 00h|  Access RAM 8222
BankO [ — —_ — — 7 060h
GPRs
bon 260h
00h
| =0001 | ooki GPRs
o Soon
=0010 00h
—> Bank 2 GPRs
oon Zo0n
- 00h
= 0011 Bank 3 GPRs
i oo
=0100
Bank 4 GPRs Access Bank
4FFh 00h
500h
_Ac_cesi RﬁMEw_ 5Eh
Access RAM high 50h
(SFRs) EFh
Bank 5
to N N
Bank 13 T T
GPRs
When a =0,
the BSR is ignored and the
Access Bank is used.
The first 128 bytes are General
DFFh Purpose RAM (from Bank 0).
=1110 00h EOOh The second 128 bytes are
Bank 14 GPRs Special Function Registers
FFh EFFh (from Bank 15).
FOOh
=1111 00h Unused F5Fh
— Bank15 - — — — — - F&0h
FFh SFRs FFFh
Whena =1,

the BSR is used to specify the
RAM location that the instruction
uses.
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TABLE 4-2: SPECIAL FUNCTION REGISTER MAP

Address Name Address Name Address Name Address Name
FFFh TOSU FDFh| INDF2( FBFh| CCPR1H FOFh IPR1
FFEh TOSH FDEh| POSTINC2®) FBEh| CCPRIL F9Eh PIR1
FFDh TOSL FDDh | POSTDEC2() FBDh| CCP1CON F9Dh PIE1
FFCh| STKPTR FDCh| PREINC2®) FBCh| CCPR2H F9Ch | MEMCON®
FFBh| PCLATU FDBh| PLUSW2() FBBh| CCPR2L F9Bh —@
FFAh| PCLATH FDAh| FSR2H FBAh| CCP2CON F9Ah| TRISJ®
FFoh PCL FDSh FSR2L FBOh| CCPR3H Fo9h| TRISH®
FF8h| TBLPTRU FD8h| STATUS FB8h| CCPR3L Fosh| TRISG
FF7h| TBLPTRH FD7h| TMROH FB7h| CCP3CON F97h| TRISF
FF6h| TBLPTRL FD6h| TMROL FB6h —@ Fo6h| TRISE
FF5h|  TABLAT FD5h| TOCON FB5h| CVRCON F95h| TRISD
FF4h| PRODH FD4h —@ FB4h| CMCON F94h| TRISC
FF3h| PRODL FD3h| OSCCON FB3h| TMR3H Fo3h| TRISB
FF2h| INTCON FD2h| LVDCON FB2h| TMRS3L F92h| TRISA
FFlh| INTCON2 FD1h| WDTCON FBlh| T3CON Folh| LATI®
FFOh| INTCON3 FDOh RCON FBOh| PSPCON FO0h| LATH®@
FEFh| INDFO® FCFh| TMR1H FAFh| SPBRG1 F8Fh LATG
FEEh | POSTINCO®) FCEh| TMRIL FAEh| RCREG1 F8Eh LATF
FEDh | POSTDEC0®) FCDh| TI1CON FADh| TXREG1 F8Dh LATE
FECh| PREINCO®) FCCh TMR2 FACh| TXSTAL F8Ch LATD
FEBh| PLUSWO® FCBh PR2 FABh| RCSTA1 F8Bh LATC
FEAh| FSROH FCAh| T2CON FAAh| EEADRH F8Ah LATB
FE9h FSROL FCOh| SSPBUF FASh| EEADR F89h LATA
FE8h| WREG FC8h| SSPADD FA8h| EEDATA F8sh| PORTJ®
FE7h| INDF1® FC7h| SSPSTAT FA7h| EECON2 F87h| PORTH®@
FE6h | POSTINC1(®) FC6h| SSPCON1 FA6h| EECON1 F86h| PORTG
FE5h | POSTDEC1(® FC5h| SSPCON2 FA5h IPR3 F85h| PORTF
FE4h| PREINC1®) FC4h| ADRESH FA4h PIR3 F84h| PORTE
FE3h| PLUSW1®) FC3h| ADRESL FA3h PIE3 F83h| PORTD
FE2h| FSR1H FC2h| ADCONO FA2h IPR2 F82h| PORTC
FE1lh FSR1L FClh| ADCON1 FAlh PIR2 F8lh| PORTB
FEOh BSR FCOh| ADCON?2 FAOh PIE2 F80h| PORTA

Note 1: Unimplemented registers are read as '0'.
2. This register is not available on PIC18F6X20 devices.
3. This is not a physical register.
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TABLE 4-2: SPECIAL FUNCTION REGISTER MAP (CONTINUED)

Address Name Address Name Address Name Address Name
F7Fh —@ F5Fh —@ F3Fh —@ F1Fh —@
F7Eh —@ F5Eh —@ F3Eh —@ F1Eh —@
F7Dh —@ F5Dh —@ F3Dh —@ F1Dh —@
F7Ch —@ F5Ch —@ F3Ch —@ F1Ch —D
F7Bh —@ F5Bh —@ F3Bh —@ F1Bh —@
F7Ah —@ F5Ah —@ F3Ah —@ F1Ah —@
F79h —@ F59h —@ F39h —@ F19h —@
F78h TMR4 F58h —@ F38h —@ F18h —@
F77h PR4 F57h —@ F37h —@ F17h —@
F76h| T4CON F56h —@ F36h —@ F16h —@
F75h| CCPR4H F55h —@ F35h —@ F15h —@
F74h| CCPR4L F54h —@ F34h —@ F14h —@
F73h| CCP4CON F53h —@ F33h —@ F13h —@
F72h| CCPR5H F52h —@ F32h —@ F12h —@
F71h| CCPRS5L F51h —@ F31h —@ Fl1lh —@
F70h| CCP5CON F50h —@ F30h —@ F10h —@
F6Fh| SPBRG2 F4Fh —@ F2Fh —@ FOFh —@
F6Eh| RCREG2 FAEh —@ F2Eh —@ FOEh —@
F6Dh| TXREG2 F4Dh —@ F2Dh —@ FODh —@
F6Ch| TXSTA2 F4ACh —@ F2Ch —@ FOCh —@
F6Bh| RCSTA2 F4Bh —@ F2Bh —@ FOBh —@
F6Ah —@ F4Ah —@ F2Ah —@ FOAh —@
F69h —™ F49h —™ F29h —™ FO9h —@
F68h —@ F48h —@ F28h —@ Fosh —@
F67h —@ F47h —@ F27h —@ FO7h —@
F66h —™ F46h —™ F26h —™ FO6h —@
F65h —@ F45h —@ F25h —@ FO5h —@
F64h —@ F44h —@ F24h —@ FO4h —@
F63h —™ F43h —™ F23h —™ FO3h —@
F62h —@ F42h —@ F22h —@ FO2h —@
F61h —@ F41h —@ F21h —@ FO1h —@
F60h —™ F40h —™ F20h —@ FOOh —@

Note 1. Unimplemented registers are read as '0'.
2: This register is not available on PIC18F6X20 devices.
3: This is not a physical register.
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TABLE 4-3: REGISTER FILE SUMMARY

) . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR p;);e:
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000| 32,42
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000| 32,42
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000| 32,42
STKPTR STKFUL | STKUNF — Return Stack Pointer 00-0 0000| 32,43
PCLATU — — bit21 Holding Register for PC<20:16> --10 0000| 32,44
PCLATH Holding Register for PC<15:8> 0000 0000| 32,44
PCL PC Low Byte (PC<7:0>) 0000 0000| 32,44
TBLPTRU — | — | bitza® |Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) |--00 0000 32, 64
TBLPTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000| 32,64
TBLPTRL |Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000| 32, 64
TABLAT Program Memory Table Latch 0000 0000| 32, 64
PRODH Product Register High Byte XXXX XXXX | 32,81
PRODL Product Register Low Byte XXXX XXXX | 32, 81
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 0000| 32,85
INTCON2 RBPU INTEDGO | INTEDG1 | INTEDG2 | INTEDG3 | TMROIP INT3IP RBIP 1111 1111 32,86
INTCONS3 INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF INT2IF INT1IF |[1100 0000| 32, 87
INDFO Uses contents of FSRO to address data memory - value of FSRO not changed (not a physical register) n/a 56
POSTINCO |Uses contents of FSRO to address data memory - value of FSRO post-incremented n/a 56
(not a physical register)
POSTDECO |Uses contents of FSRO to address data memory - value of FSRO post-decremented n/a 56
(not a physical register)
PREINCO |Uses contents of FSRO to address data memory - value of FSRO pre-incremented (not a physical register) n/a 56
PLUSWO Uses conte_nts of ESRO to address data memory - value_ of FSRO pre-incremented n/a 56
(not a physical register) - value of FSRO offset by value in WREG
FSROH — — | — — Indirect Data Memory Address Pointer 0 High Byte |- --- 0000| 32, 56
FSROL Indirect Data Memory Address Pointer O Low Byte XXXX XXXX | 32, 56
WREG Working Register XXXX XXXX| 32
INDF1 Uses contents of FSR1 to address data memory - value of FSR1 not changed (not a physical register) n/a 56
POSTINC1 |Uses contents of FSR1 to address data memory - value of FSR1 post-incremented n/a 56
(not a physical register)
POSTDECL1 |Uses contents of FSR1 to address data memory - value of FSR1 post-decremented n/a 56
(not a physical register)
PREINCL Uses conte‘nts of ESRl to address data memory - value of FSR1 pre-incremented n/a 56
(not a physical register)
PLUSW1 Uses conte_nts of ESRl to address data memory - value_ of FSR1 pre-incremented n/a 56
(not a physical register) - value of FSR1 offset by value in WREG
FSR1H — | — | — | — | Indirect Data Memory Address Pointer 1 High Byte |- --- 0000| 33, 56
FSR1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XXXX | 33, 56
BSR — | — | — | — | Bank Select Register ---- 0000]| 33,55
INDF2 Uses contents of FSR2 to address data memory - value of FSR2 not changed (not a physical register) n/a 56
POSTING2 Uses conte.nts of ESRZ to address data memory - value of FSR2 post-incremented n/a 56
(not a physical register)
POSTDEC2 Uses contents of FSR2 to address data memory - value of FSR2 post-decremented n/a 56

(not a physical register)

Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1. 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.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3. These registers are unused on PIC18F6X20 devices; always maintain these clear.
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TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)

) . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR p;);e:
PREINC2 Uses contems of ESRZ to address data memory - value of FSR2 pre-incremented n/a 56
(not a physical register)
PLUSW2 Uses conte_ms of ESRZ to address data memory - value_ of FSR2 pre-incremented n/a 56
(not a physical register) - value of FSR2 offset by value in WREG
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High Byte |- - - - 0000| 33, 56
FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXX XXXX | 33, 56
STATUS — | - | = | ~ | ov z DC C |---x xxxx| 33,58
TMROH TimerO Register High Byte 0000 000033, 129
TMROL Timer0 Register Low Byte XXXX XXXX |33, 129
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO ([1111 1111)33,127
OSCCON — — — — — — — SCS ---- ---0|25,33
LVDCON — — IRVST LVDEN LvDL3 LVDL2 LVDL1 LVvDLO |--00 010133, 229
WDTCON — — — — — — — SWDTE |---- ---0|33,243
RCON IPEN — — RI TO PD POR BOR |0--1 11qql 33,59,
97
TMR1H Timerl Register High Byte XXXX XXXX |33, 131
TMR1L Timerl Register Low Byte XXXX XXXX |33, 131
T1CON RD16 | — | TICKPS1 | TICKPSO | TIOSCEN | TISYNC | TMRICS | TMRION [0-00 000033, 131
TMR2 Timer2 Register 0000 000033, 135
PR2 Timer2 Period Register 1111 1111(33,136
T2CON — | 120UTPS3|T20UTPS2| T20UTPS1| T20UTPSO| TMR20ON | T2CKPS1 | T2CKPSO |- 000 0000(33, 135
SSPBUF SSP Receive Buffer/Transmit Register XXXX XXXX |33, 151
SSPADD SSP Address Register in I2C Slave mode. SSP Baud Rate Reload Register in I2C Master mode. 0000 000033, 160
SSPSTAT SMP CKE D/A P s RIW UA BF  |0000 000033, 152
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 000033, 153
SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000(33, 163
ADRESH A/D Result Register High Byte XXXX XXXX |34, 215
ADRESL A/D Result Register Low Byte XXXX XXXX |34, 215
ADCONO — — CHS3 CHS2 CHS1 CHSO GO/DONE | ADON |--00 0000 |34, 207
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO |--00 000034, 208
ADCON2 ADFM — — — — ADCS2 ADCS1 ADCSO |[0--- -000|34, 209
CCPR1H Capture/Compare/PWM Registerl High Byte XXXX XXXX| 147,
149
CCPR1L Capture/Compare/PWM Registerl Low Byte XXXX XXXX| 147,
149
cceicoN | — | — | pciBL | DC1BO | CCPIM3 | CCPIM2 | CCPIML | CCPIMO |--00 0000 (34,143
CCPR2H Capture/Compare/PWM Register2 High Byte XXXX XXXX |34, 147
CCPR2L Capture/Compare/PWM Register2 Low Byte XXXX XXXX |34, 147
CCP2CON — | — ] bcze1 | bczeo | ccpams | ccpem2 | ccpemi | ccpamo |--00 0000(34, 143
CCPR3H Capture/Compare/PWM Register3 High Byte XXXX XXXX |34, 147
CCPR3L Capture/Compare/PWM Register3 Low Byte XXXX XXXX |34, 147
CCP3CON — — DCCP3X | DCCP3Y | CCP3M3 | CCP3M2 | CCP3M1 | CCP3MO |--00 0000|34, 143
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO |0000 000034, 223

Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition

Note 1:

modes.

2:

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

3. These registers are unused on PIC18F6X20 devices; always maintain these clear.

RA6 and associated bits are configured as port pins in RCIO and ECIO oscillator mode only and read '0" in all other oscillator
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TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)

) . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR p;);e:
CMCON C20UT C10uUT C2INV C1lINV CIS CM2 CM1 CMO 0000 0000|234, 217
TMR3H Timer3 Register High Byte XXXX XXXX |34, 137
TMR3L Timer3 Register Low Byte XXXX XXXX |34, 137
T3CON RD16 | T3CCP2 | T3CKPS1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON [0000 0000 |34, 137
PSPCON IBF OBF IBOV PSPMODE — — — — 0000 ----|34,125
SPBRG1 USART1 Baud Rate Generator 0000 000034, 198
RCREG1 USART1 Receive Register 0000 0000|234, 200
TXREG1 USART1 Transmit Register 0000 0000|34,198
TXSTA1l CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010(34, 192
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x |34, 193
EEADRH — — — — — — EE Adr Register High [---- --00| 34, 80
EEADR Data EEPROM Address Register 0000 0000| 34, 80
EEDATA Data EEPROM Data Register 0000 0000| 34, 80
EECON2 Data EEPROM Control Register 2 (not a physical register) ---- ----134,80
EECON1 EEPGD CFGS — FREE WRERR WREN WR RD 00-0 x000| 34,78
IPR3 — — RC2IP TX2IP TMRA4IP CCP5IP CCP4IP CCP3IP |--11 1111/ 35,96
PIR3 — — RC2IF TX2IF TMRA4IF CCPSIF CCP4IF CCP3IF |--00 0000| 35,90
PIE3 — — RC2IE TX2IE TMRA4IE CCP5IE CCP4IE CCP3IE |--00 0000| 35,93
IPR2 — CMIP — EEIP BCLIP LVDIP TMR3IP CCP2IP |-1-1 1111 35,95
PIR2 — CMIF — EEIF BCLIF LVDIF TMR3IF CCP2IF |[-0-0 0000] 35, 89
PIE2 — CMIE — EEIE BCLIE LVDIE TMR3IE CCP2IE |-0-0 0000| 35,92
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP [0111 1111] 35,94
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF {0000 0000| 35, 88
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE |[0000 0000| 35,91
MEMCON® | EBDIS — WAIT1 WAITO — — WM1 WMO |0-00 --00] 35,71
TRISI®) Data Direction Control Register for PORTJ 1111 1111(35,123
TRISH® Data Direction Control Register for PORTH 1111 1111(35,120
TRISG — — — Data Direction Control Register for PORTG ---1 111135, 117
TRISF Data Direction Control Register for PORTF 1111 111135, 115
TRISE Data Direction Control Register for PORTE 1111 111135,112
TRISD Data Direction Control Register for PORTD 1111 111135, 109
TRISC Data Direction Control Register for PORTC 1111 1111(35,105
TRISB Data Direction Control Register for PORTB 1111 1111(35,102
TRISA — | TRISA6® |Data Direction Control Register for PORTA ~111 1111 35,99
LATI® Read PORTJ Data Latch, Write PORTJ Data Latch XXXX XXXX |35, 123
LATH®) Read PORTH Data Latch, Write PORTH Data Latch XXXX XXXX |35, 120
LATG — | — | — |Read PORTG Data Latch, Write PORTG Data Latch ---X xxxx|35, 117
LATF Read PORTF Data Latch, Write PORTF Data Latch XXXX XxxX |35, 115
LATE Read PORTE Data Latch, Write PORTE Data Latch XXXX XXxXxX |35, 112
LATD Read PORTD Data Latch, Write PORTD Data Latch XXXX XXXX |35, 107
LATC Read PORTC Data Latch, Write PORTC Data Latch XXXX XXXX |35, 105
LATB Read PORTB Data Latch, Write PORTB Data Latch XXXX XXXX |35, 102

Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: RAG6 and associated bits are configured as port pins in RCIO and ECIO oscillator mode only and read '0' in all other oscillator
modes.
2. Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: These registers are unused on PIC18F6X20 devices; always maintain these clear.
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TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)

) . . . . . . . . Value on Details
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR p;);e:
LATA — LATA6® |Read PORTA Data Latch, Write PORTA Data Latch(® -XXX xxxx | 35,99
PORTJ®  |Read PORTJ pins, Write PORTJ Data Latch XXXX XXXX |36, 123
PORTH® |Read PORTH pins, Write PORTH Data Latch XXXX XXXX |36, 120
PORTG — — — Read PORTG pins, Write PORTG Data Latch --- X XXXx|36, 117
PORTF Read PORTF pins, Write PORTF Data Latch XXXX XXXX |36, 115
PORTE Read PORTE pins, Write PORTE Data Latch XXXX XXXX |36, 110
PORTD Read PORTD pins, Write PORTD Data Latch XXXX XXXX |36, 107
PORTC Read PORTC pins, Write PORTC Data Latch XXXX XXXX |36, 105
PORTB Read PORTB pins, Write PORTB Data Latch XXXX XXXX |36, 102
PORTA = | RA6W |Read PORTA pins, Write PORTA Data Latch(® -x0x 0000| 36, 99
TMRA4 Timer4 Register 0000 0000|36, 142
PR4 Timer4 Period Register 1111 111136, 142
T4CON —  |T140UTPS3|T40UTPS2| T40UTPS1| T4OUTPSO| TMR4ON | T4CKPS1 | TACKPSO |- 000 000036, 141
CCPR4H Capture/Compare/PWM Register 4 High Byte XXXX XXXX |36, 147
CCPRA4L Capture/Compare/PWM Register 4 Low Byte XXXX XXXX |36, 147
CCP4CON — | — | bccrax | pbccpay | ccpams | ccpam2 | ccpami | ccpamo (0000 000036, 143
CCPR5H Capture/Compare/PWM Register 5 High Byte XXXX XXXX |36, 147
CCPR5L Capture/Compare/PWM Register 5 Low Byte XXXX XXXX |36, 147
ccpscoN | — | — | pbcepsx | DCCPsY | cCPsM3 | cCP5M2 | CCP5ML | CCP5MO [0000 000036, 143
SPBRG2 USART2 Baud Rate Generator 0000 0000|36, 198
RCREG2 USART2 Receive Register 0000 0000 |36, 198
TXREG2 USART2 Transmit Register 0000 0000 |36, 198
TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010(36, 192
RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |0000 000x |36, 193
Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition
Note 1: 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.
2. Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: These registers are unused on PIC18F6X20 devices; always maintain these clear.
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4.10

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

Access Bank

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 RAM
High and Access RAM Low, respectively. Figure 4-7
indicates the Access RAM areas.

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

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

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 instruc-
tion 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 provides a description of indirect address-
ing, which allows linear addressing of the entire RAM
space.

FIGURE 4-8: DIRECT ADDRESSING
Direct Addressing
BSR<3:0> 7 From Opcode(® 0
AN y J
Bank Select® L Location Select® ‘
"~ ooh  o1h OEh OFh
000h 100h EOOh FOOh
Data XX
Memory@
OFFh 1FFh EFFh FFFh
Bank0  Bank 1 Bank 14 Bank 15
Note 1: For register file map detail, see Table 4-2.
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. An FSR register is used as a pointer to the
data memory location that is to be read or written. Since
this pointer is in RAM, the contents can be modified by
the program. This can be useful for data tables in the
data memory and for software stacks. Figure 4-9
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 pointed to by the File
Select Register, FSR. Reading the INDF register itself,
indirectly (FSR ="0’), will read 00h. Writing to the INDF
register indirectly, results in a no operation. The FSR
register contains a 12-bit address, which is shown in
Figure 4-10.

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

Example 4-4 shows a simple use of indirect addressing
to clear the RAM in Bank1l (locations 100h-1FFh) in a
minimum number of instructions.

EXAMPLE 4-4: HOW TO CLEAR RAM
(BANK1) USING INDIRECT
ADDRESSING
LFSR FSRO , 0x100
NEXT CLRF  PGSTI NCO ; Clear | NDF
; register and
; inc pointer
BTFSS FSROH, 1 ; Al done with
; Bank1?
GOTO NEXT ;. NO, clear next
CONTI NUE ; 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
pointed to by FSROH:FSROL. A read from INDF1 reads

the data from the address pointed to 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.

412.1 INDIRECT ADDRESSING
OPERATION

Each FSR register has an INDF register associated
with it, plus four additional register addresses. Perform-
ing an operation on one of these five registers deter-
mines 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) - POSTDECH.

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

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

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

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

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
stack pointer, in addition to its uses for table operations
in data memory.

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

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

If an indirect addressing 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 4-9: INDIRECT ADDRESSING OPERATION

Instruction
Executed

| Opcode | Address

A A
12

RAM

Instruction
Fetched

12

Oh

FFFh

Opcode | File

FSR

f E File Address = access of an indirect addressing register
/

FIGURE 4-10: INDIRECT ADDRESSING

Indirect Addressing
11 FSR Register 0

N

Location Select

J

0000h

Data
Memory@d)

OFFFh

Note 1: For register file map detail, see Table 4-2.
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4,13 STATUS Register

The STATUS register, shown in Register 4-3, 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. There-
fore, the result of an instruction with the STATUS regis-
ter 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 MOWAF 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 not affecting
any status bits, see Table 24-2.

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

REGISTER 4-3: STATUS REGISTER
U-0 U-0 u-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N ov z DC C
bit 7 bit 0

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

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

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

bit 3 QV: Overflow bit

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

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

0 = No overflow occurred
bit 2 Z: Zero bit

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

bit 1 DC: Digit carry/borrow bit

For ADDWF, ADDLW SUBLWand 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 two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the bit 4 or bit 3 of the source register.

bit 0 C: Carry/borrow bit

For ADDWF, ADDLW SUBLWand 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 two’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.

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

W = Writable bit
"1’ = Bitis set

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

X = Bit is unknown
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4.14

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

RCON Register

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

REGISTER 4-4:

bit

bit

bit 4

bit

bit

bit

bit

Note 1: If the BOREN configuration bit is set

(Brown-out Reset enabled), the BOR bit is
'l’ on a Power-on Reset. After a
Brown-out Reset has occurred, the BOR
bit will be cleared, and must be set by firm-
ware to indicate the occurrence of the next
Brown-out Reset.

2: Itisrecommended that the POR bit be set

after a Power-on Reset has been
detected, so that subsequent Power-on
Resets may be detected.

RCON REGISTER

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

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

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

Unimplemented: Read as '0'
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)

TO: Watchdog Time-out Flag bit

1 = After power-up, CLRVWDT instruction, or SLEEP instruction

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

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction

POR: Power-on Reset Status bit

1 = A Power-on Reset has not occurred
0 = A Power-on Reset occurred

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

BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred
0 = A Brown-out Reset occurred

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

Legend:
R = Readable bit

- n = Value at POR reset 1’ = Bit is set

W = Writable bit

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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5.0 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 pro-
gram memory cannot be accessed during the write or
erase, therefore, code cannot execute. An internal pro-
gramming 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 loca-
tion that forms an invalid instruction results in a NOP.

5.1 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 (TBLWI)

FIGURE 5-1: TABLE READ OPERATION

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

Table Read operations retrieve data from program
memory and places it into the data RAM space.
Figure 5-1 shows the operation of a Table Read with
program memory and data RAM.

Table Write operations store data from the data mem-
ory space into holding registers in program memory.
The procedure to write the contents of the holding reg-
isters into program memory is detailed in Section 5.5,
"Writing to FLASH Program Memory”. Figure 5-2
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
ﬂ_}

Note 1: Table Pointer points to a byte in program memory.
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FIGURE 5-2:

TABLE WRITE OPERATION

Instruction: TBLWI'™*

Program Memory
Holding Registers

Table Pointer)

TBLPTRU { TBLPTRH i TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT

Section 5.5.

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

5.2 Control Registers

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

« EECONLI1 register
« EECONB2 register
* TABLAT register

e TBLPTR registers

521 EECON1 AND EECON2 REGISTERS

EECONL1 is the control register for memory accesses.

EECON?2 is not a physical register. Reading EECON2
will read all '0's. The EECON2 register is used exclu-
sively 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, subse-
quent operations will operate on configuration regis-
ters, regardless of EEPGD (see “Special Features of
the CPU”, Section 23.0). When clear, memory selec-
tion 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.

The WR control bit, WR, initiates write operations. The
bit cannot be cleared, only set, in software; it is cleared
in hardware at the completion of the write operation.
The inability to clear the WR bit in software prevents the
accidental or premature termination of a write opera-
tion.

Note: Interrupt flag bit EEIF, in the PIR2 register,
is set when the write is complete. It must
be cleared in software.
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REGISTER 5-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS FA6h)

RIW-x RIW-x U-0 R/W-0 RIW-x RW-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 FLASH Program memory

0 = Access Data EEPROM memory

CFGS: FLASH Program/Data EEPROM or Configuration Select bit
1 = Access Configuration registers

0 = Access FLASH Program 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: FLASH Program/Data EEPROM Error Flag bit

1 = A write operation is prematurely terminated
(any 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: FLASH Program/Data EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

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 hit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bitis unknown
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5.2.2 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.

5.2.3 TBLPTR - TABLE POINTER
REGISTER

The Table Pointer (TBLPTR) addresses a byte within
the program memory. The TBLPTR is comprised of
three SFR registers: Table Pointer Upper Byte, Table
Pointer High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). These three regis-
ters join to form a 22-bit wide pointer. The low order 21
bits allow the device to address up to 2 Mbytes of pro-
gram memory space. 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
TBLWI instructions. These instructions can update the
TBLPTR in one of four ways, based on the table oper-
ation. These operations are shown in Table 5-1. These
operations on the TBLPTR only affect the low order 21
bits.

5.2.4 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 TBLW 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 mem-
ory block of 8 bytes is written to. For more detail, see
Section 5.5 (“Writing to FLASH Program Memory”).

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

Figure 5-3 describes the relevant boundaries of
TBLPTR based on FLASH program memory
operations.

TABLE 5-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWI INSTRUCTIONS

Example Operation on Table Pointer
IStsml?: TBLPTR is not modified
¥gt5m[_}:: TBLPTR is incremented after the read/write
¥gt5m[_}:: TBLPTR is decremented after the read/write
$gll:\|7\7lt'):: TBLPTR is incremented before the read/write
FIGURE 5-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0

A

ERASE - TBLPTR<20:6>

WRITE - TBLPTR<21:3>

READ - TBLPTR<21:0>
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53 Reading the FLASH Program TBLPTR points to a byte address in program space.
Memory Executing TBLRD places the byte pointed to into
TABLAT. In addition, TBLPTR can be modified auto-

The TBLRD instruction is used to retrieve data from pro- matically for the next Table Read operation.

gram memory and place into data

from program memory are performed one byte at a

RAM. Table Reads The internal program memory is typically organized by

words. The Least Significant bit of the address selects

time. between the high and low bytes of the word. Figure 5-4
shows the interface between the internal program
memory and the TABLAT.

FIGURE 5-4: READS FROM FLASH PROGRAM MEMORY

Program Memory

(Even Byte Address) (Odd Byte Address)

Instruction Register
(IR)

TBLPTR = xXxxx1 TBLPTR = xxxxx0

TABLAT
Read Register

FETCH TBLRD ——

EXAMPLE 5-1: READING A FLASH PROGRAM MEMORY WORD

MOWE  TBLPTRU
MOWAE  TBLPTRH
MOWAE  TBLPTRL
READ_WORD
TBLRD* +

MOVWWF  WWORD_EVEN
TBLRD* +

MOWWF  WWORD_ODD

MOVLW CODE_ADDR_UPPER : Load TBLPTR with the base
MOVLW  CODE_ADDR HI GH
MOVLW CODE_ADDR_LOW

MOVF TABLAT, W ; get data

MOVFW  TABLAT, W ; get data

address of the word

read into TABLAT and i ncrenent

read into TABLAT and i ncrenent

0 2001 Microchip Technology Inc.
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5.4  Erasing FLASH Program Memory

The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the FLASH array is not sup-
ported.

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

The EECONL1 register commands the erase operation.
The EEPGD bit must be set to point to the FLASH pro-
gram memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

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

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

54.1 FLASH PROGRAM MEMORY

ERASE SEQUENCE

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

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

2. Set the EECONL1 register for the erase opera-

tion:

« set EEPGD bit to point to program memory;

« clear the CFGS bit to access program memory;

+ set WREN bit to enable writes;

 set FREE bit to enable the erase.

Disable interrupts.

Write 55h to EECONZ2.

Write AAh to EECON2.

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

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

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

o gk ow

EXAMPLE 5-2: ERASING A FLASH PROGRAM MEMORY ROW
MOVLW  CODE_ADDR_UPPER ; load TBLPTR with the base
MOWWF  TBLPTRU ; address of the menory bl ock
MOVLW  CODE_ADDR _HI GH
MOVWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOV TBLPTRL
ERASE_ROW
BSF EECON1, EEPGD ; point to FLASH program nenory
BCF EECON1, CFGS ; access FLASH program nmenory
BSF EECON1, WREN ; enable wite to nenory
BSF EECON1, FREE ; enabl e Row Erase operation
BCF I NTCON, G E ; disable interrupts
Requi red MOVLW  55h
Sequence MOVWF  EECON2 ; wite 55H
MOVLW  AAh
MOVWWF  EECON2 ; Wwite AAH
BSF EECON1, VR ; start erase (CPU stall)
NOP
BSF I NTCON, G E ; re-enable interrupts
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5.5 Writing to FLASH Program
Memory

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

Table Writes are used internally to load the holding reg-
isters needed to program the FLASH memory. There
are 8 holding registers used by the Table Writes for pro-
gramming.

Since the Table Latch (TABLAT) is only a single byte,
the TBLWI instruction has to be executed 8 times for
each programming operation. All of the Table Write
operations will essentially be short writes, because only

FIGURE 5-5:

the holding registers are written. At the end of updating
8 registers, the EECONL1 register must be written to, to
start the programming operation with a long write.

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

The EEPROM on-chip timer controls the write time.
The write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device for byte or word operations.

TABLE WRITES TO FLASH PROGRAM MEMORY

TABLAT
Write Register

TBLPTR = xxxxx0 TBLPTR = xXxXXx1

TBLPTR = xxXxxx2

| Holding Register |

1| Holding Register |

TBLPTR = XXXXX7

1 Holding Register | e o0 { Holding Register |

Program Memory
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55.1 FLASH PROGRAM MEMORY WRITE

SEQUENCE

The sequence of events for programming an internal
program memory location should be:

1.

a s wbn

10.
11.
12.

13.
14.
15.

16.

Read 64 bytes into RAM.

Update data values in RAM as necessary.
Load Table Pointer with address being erased.
Do the row erase procedure.

Load Table Pointer with address of first byte
being written.

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

Set the EECONL1 register for the write operation:

« set EEPGD bit to point to program memory;

« clear the CFGS bit to access program memory;
* set WREN to enable byte writes.

Disable interrupts.

Write 55h to EECON2.

Write AAh to EECON2.

Set the WR bit. This will begin the write cycle.

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

Execute a NOP.
Re-enable interrupts.

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

Verify the memory (Table Read).

This procedure will require about 18 ms to update one
row of 64 bytes of memory. An example of the required
code is given in Example 5-3.

Note:  Before setting the WR bit, the Table Pointer
address needs to be within the intended
address range of the eight bytes in the

holding register.
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EXAMPLE 5-3: WRITING TO FLASH PROGRAM MEMORY

MOVLW D 64 ; nunber of bytes in erase block
MOWWF  COUNTER
MOVLW  BUFFER_ADDR_HI GH point to buffer
MOWFF  FSROH
MOVLW  BUFFER_ADDR_LOW
MOWAF  FSROL
MOVLW  CODE_ADDR_UPPER Load TBLPTR with the base
MOWWF  TBLPTRU address of the menory bl ock
MOVLW  CODE_ADDR_HI GH
MOWAWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL

READ_BLOCK
TBLRD* + read into TABLAT, and inc
MOVF TABLAT, W get data
MOVWF  POSTI NCO store data
DECFSZ COUNTER done?
BRA READ_BLOCK repeat

MCDI FY_WORD
MOVLW  DATA_ADDR_HI GH point to buffer
MOWFF  FSROH
MOVLW  DATA_ADDR_LOW
MOWF  FSROL
MOVLW  NEW DATA _LOW updat e buffer word
MOV PCSTI NCO
MOVLW  NEW DATA_H GH
MOWAF | NDFO

ERASE_BLOCK
MOVLW  CODE_ADDR_UPPER | oad TBLPTR with the base
MOWWF  TBLPTRU address of the menory bl ock
MOVLW  CODE_ADDR_HI GH
MOWWF  TBLPTRH
MOVLW  CODE_ADDR_LOW
MOWAF  TBLPTRL
BSF EECON1, EEPGD point to FLASH program nenory
BCF EECON1, CFGS access FLASH program nenory
BSF EECON1, WREN enable wite to nmenory
BSF EECON1, FREE enabl e Row Erase operation
BCF I NTCON, G E di sable interrupts
MOVLW  55h

Requi r ed MOWWF  EECON2 wite 55H

Sequence MOVLW  AAh
MOWIF  EECON2 wite AAH
BSF EECONL, VR start erase (CPU stall)
NOP
BSF I NTCON, G E re-enable interrupts
TBLRD* - dumy read decrenent

VRl TE_BUFFER_BACK
MOVLW 8 nurmber of wite buffer groups of 8 bytes
MOWAF  COUNTER_HI
MOVLW  BUFFER_ADDR_HI GH point to buffer
MOWFF  FSROH
MOVLW  BUFFER_ADDR_LOW
MOWAF  FSROL

PROGRAM_LOCOP
MOVLW 8 nunber of bytes in holding register
MOWWF  COUNTER

VRl TE_WORD_TO_HREGS
MOVFW  POSTI NCO, W get |low byte of buffer data
MOVWF  TABLAT present data to table latch
TBLWI+* wite data, performa short wite

to internal TBLWI hol ding register.

DECFSZ COUNTER loop until buffers are full
BRA VRl TE_WORD_TO_HREGS
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EXAMPLE 5-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
PROGRAM_MEMORY
BSF EECON1, EEPGD point to FLASH program nenory
BCF EECON1, CFGS access FLASH program nenory
BSF EECON1, WREN enable wite to nenory
BCF I NTCON, G E di sable interrupts
MOVLW  55h
Requi r ed MOWWF  EECON2 wite 55H
Sequence MOVLW  AAh
MOVWF  EECON2 wite AAH
BSF EECONL, VR start program (CPU stall)
NOP
BSF I NTCON, G E re-enable interrupts
DECFSZ COUNTER_HI | oop until done
BRA PROGRAM LOOP
BCF EECON1, WREN disable wite to nenory
55.2 WRITE VERIFY Time-out Reset during normal operation. In these situ-

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

553 UNEXPECTED TERMINATION OF

WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected RESET, the memory
location just programmed should be verified and repro-
grammed if needed. The WRERR bit is set when a write
operation is interrupted by a MCLR Reset, or a WDT

ations, users can check the WRERR bit and rewrite the

location.

554
WRITES

PROTECTION AGAINST SPURIOUS

To protect against spurious writes to FLASH program
memory, the write initiate sequence must also be fol-

lowed. See “Special
(Section 23.0) for more detail.

Features

the CPU”

5.6 FLASH Program Operation During

Code Protection

See “Special Features of the CPU” (Section 23.0) for
details on code protection of FLASH program memory.

TABLE 5-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY
Value on: Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
TBLPTRU | — — bit21 (PTrgfg"?‘Rtﬂ;g‘fg )Tab'e Pointer Upper Byte --00 0000 | --00 0000
TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 | 0000 0000
TBLPTRL |Program Memory Table Pointer High Byte (TBLPTR<7:0>) 0000 0000 | 0000 0000
TABLAT Program Memory Table Latch 0000 0000 | 0000 0000
INTCON GIE/GIEH PEIE/GIEL| TMROIE | INTE | RBIE | TMROIF | INTF RBIF 0000 0000 | 0000 0000
EECON2 |EEPROM Control Register2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xx-0 x000 | uu-0 u000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP | CCP2IP | ---1 1111 | ---1 1111
PIR2 — CMIF — EEIF BCLIF LVDIF | TMR3IF | CCP2IF | ---0 0000 | ---0 0000
PIE2 — CMIE — EEIE BCLIE LVDIE | TMR3IE | CCP2IE | ---0 0000 | ---0 0000
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as '0'.

Shaded cells are not used during FLASH/EEPROM access.
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6.0 EXTERNAL MEMORY
INTERFACE

Note: The External Memory Interface is not
implemented on PIC18F6X20 (64-pin)
devices.

The External Memory Interface is a feature of the
PIC18F8X20 devices that allows the controller to
access external memory devices (such as FLASH,
EPROM, SRAM, etc.) as program memory.

The physical implementation of the interface uses 27
pins. These pins are reserved for external address/data
bus functions; they are multiplexed with I/O port pins on
four ports. Three I/O ports are multiplexed with the
address/data bus, while the fourth port is multiplexed
with the bus control signals. The 1/O port functions are
enabled when the EBDIS bit in the MEMCON register
is set (see Register 6-1). A list of the multiplexed pins
and their functions is provided in Table 6-1.

As implemented in the PIC18F8X20 devices, the inter-
face operates in a similar manner to the external mem-
ory interface introduced on PIC18C601/801
microcontrollers. The most notable difference is that
the interface on PIC18F8X20 devices only operates in
16-bit modes. The 8-bit mode is not supported.

For a more complete discussion of the operating modes
that use the external memory interface, refer to Section
4.1.1 (“PIC18F8X20 Program Memory Modes”).

6.1 Program Memory Modes and the
External Memory Interface

As previously noted, PIC18F8X20 controllers are
capable of operating in any one of four program mem-
ory modes, using combinations of on-chip and exter-
nal program memory. The functions of the multiplexed
port pins depends on the program memory mode
selected, as well as the setting of the EBDIS bit.

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

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

In Microprocessor with Boot Block or Extended
Microcontroller Mode, the external program memory
bus shares 1/O port functions on the pins. When the
device is fetching or doing Table Read/Table Write
operations on the external program memory space,
the pins will have the external bus function. If the
device is fetching and accessing internal program
memory locations only, the EBDIS control bit will
change the pins from external memory to I/O port
functions. When EBDIS = ‘0’, the pins function as the
external bus. When EBDIS = ‘1’, the pins function as
1/0O ports.

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

bit 5-4 WAIT<1:0>: Table Reads and Writes Bus Cycle Wait Count bits
11 = Table reads and writes will wait 0 Tcy
10 = Table reads and writes will wait 1 Tcy
01 = Table reads and writes will wait 2 Tcy
00 = Table reads and writes will wait 3 Tcy

bit 3-2 Unimplemented: Read as '0'

bit 1-0 WM<1:0>: TABLWI Operation with 16-bit Bus bits
1X = Word Write mode: TABLATO and TABLAT1 word output, WRH active when TABLAT1 written
01 = Byte Select mode: TABLAT data copied on both MS and LS Byte, WRH and (UB or LB) will

activate

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

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bitis unknown
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If the device fetches or accesses external memory When the device is executing out of internal memory
while EBDIS = ‘1’, the pins will switch to external bus. (EBDIS = ‘0") in Microprocessor with Boot Block mode
If the EBDIS bit is set by a program executing from or Extended Microcontroller mode, the control signals
external memory, the action of setting the bit will be will NOT be active. They will go to a state where the
delayed until the program branches into the internal AD<15:0>, A<19:16> are tri-state; the OE, WRH, WRL,
memory. At that time, the pins will change from exter- UB and LB signals are ‘1’; and ALE and BAO are ‘0"

nal bus to 1/0 ports.

TABLE 6-1: PIC18F8X20 EXTERNAL BUS - I/O PORT FUNCTIONS

Name Port Bit Function

RDO/ADO PORTD bit0 |Input/Output or System Bus Address bit 0 or Data bit 0
RD1/AD1 PORTD bitl |Input/Output or System Bus Address bit 1 or Data bit 1
RD2/AD2 PORTD bit2 |Input/Output or System Bus Address bit 2 or Data bit 2
RD3/AD3 PORTD bit3 |Input/Output or System Bus Address bit 3 or Data bit 3
RD4/AD4 PORTD bit4 |Input/Output or System Bus Address bit 4 or Data bit 4
RD5/AD5 PORTD bit5 |Input/Output or System Bus Address bit 5 or Data bit 5
RD6/AD6 PORTD bit6 |Input/Output or System Bus Address bit 6 or Data bit 6
RD7/AD7 PORTD bit7 |Input/Output or System Bus Address bit 7 or Data bit 7
REO/AD8 PORTE bit0 |Input/Output or System Bus Address bit 8 or Data bit 8
RE1/AD9 PORTE bitl |Input/Output or System Bus Address bit 9 or Data bit 9
RE2/AD10 PORTE bit2 |Input/Output or System Bus Address bit 10 or Data bit 10
RE3/AD11 PORTE bit3 |Input/Output or System Bus Address bit 11 or Data bit 11
RE4/AD12 PORTE bit4 |Input/Output or System Bus Address bit 12 or Data bit 12
RE5/AD13 PORTE bit5 |Input/Output or System Bus Address bit 13 or Data bit 13
RE6/AD14 PORTE bit6 |Input/Output or System Bus Address bit 14 or Data bit 14
RE7/AD15 PORTE bit7 |Input/Output or System Bus Address bit 15 or Data bit 15
RHO/A16 PORTH bit0 |Input/Output or System Bus Address bit 16

RH1/A17 PORTH bitl |Input/Output or System Bus Address bit 17

RH2/A18 PORTH bit2 |Input/Output or System Bus Address bit 18

RH3/A19 PORTH bit3 |Input/Output or System Bus Address bit 19

RJO/ALE PORTJ bit0 |Input/Output or System Bus Address Latch Enable (ALE) Control pin

RJ1/OE PORTJ bitl |Input/Output or System Bus Output Enable (ﬁ) Control pin
RJ2/WRL PORTJ bit2 |Input/Output or System Bus Write Low (W) Control pin
RJ3/WRH PORTJ bit3 |Input/Output or System Bus Write High (W) Control pin
RJ4/BAO PORTJ bit4 |Input/Output or System Bus Byte Address bit 0

RJ6/LB PORTJ bit6 |Input/Output or System Bus Lower Byte Enable (ﬁ) Control pin

RJ7/UB PORTJ bit7 |Input/Output or System Bus Upper Byte Enable (@) Control pin
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6.2 16-bit Mode

The External Memory Interface implemented in
PIC18F8X20 devices operates only in 16-bit mode.
The mode selection is not software configurable, but is
programmed via the configuration bits.

The WM<1:0> bits in the MEMCON register determine
three types of connections in 16-bit mode. They are
referred to as:

« 16-bit Byte Write

¢ 16-bit Word Write

« 16-bit Byte Select

These three different configurations allow the designer

maximum flexibility in using 8-bit and 16-bit memory
devices.

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

In Byte Select mode, JEDEC standard FLASH memo-
ries will require BAO for the byte address line, and one
1/0 line, to select between Byte and Word mode. The
other 16-bit modes do not need BAO. JEDEC standard
static RAM memories will use the UB or UL signals for
byte selection.

6.2.1 16-BIT BYTE WRITE MODE

Figure 6-1 shows an example of 16-bit Byte Write
mode for PIC18F8X20 devices.

FIGURE 6-1: 16-BIT BYTE WRITE MODE EXAMPLE
D<7:0>
PIC18F8X20 (MSB) (LSB)
AD<7:0> 373 [ As190~ > A<x:0> P! A<x0>
—> .
D<15:8> D<7:0>
)| D<7:0> 4—(‘ D<7:0>
CE CE
AD<15:8> < | 373 OE WRW® OF WR®
ALE
<19:
A<19:16> > e
OE
WRH
WRL
) . . . . Address Bus —
Note 1: This signal only applies to Table Writes. See Section 5.1 (Table Reads and
Data Bus —

Writes).

2: De-multiplexing is only required when multiple memory devices are accessed.

Control Lines
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6.2.2 16-BIT WORD WRITE MODE

Figure 6-2 shows an example of 16-bit Word Write
mode for PIC18F8X20 devices.

FIGURE 6-2: 16-BIT WORD WRITE MODE EXAMPLE
PIC18F8X20
. A<20:1>
AD<7:0> 373 . JEDEC Word
> Asx0> EPROM Memory
—>
D<15:0>
P| D<15:0>
- N CE OFE WR®
< 8>
373 [Py
ALE
A<19:16> >133(2)
OE
WRH
Address Bus ——
Note 1: This signal only applies to Table Writes. See Section 5.1 (Table Reads and Data Bus ——
writes). Control Lines
2: De-multiplexing is only required when multiple memory devices are accessed.
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6.2.3 16-BIT BYTE SELECT MODE

Figure 6-3 shows an example of 16-bit Byte Select
mode for PIC18F8X20 devices.

FIGURE 6-3: 16-BIT BYTE SELECT MODE EXAMPLE
< >
PIC18F8X20 A<20:1>
AD<7:0> < P 373 : » A<x1>  JEDEC Word
e FLASH Memory
D<15:0>
D<15:0> |l
2 [—
AD<15:8> | > —P 138 CE
N 373 | A0
ALE BYTE/WORD OE WR®
A<19:16> }
OE
WRH
WRL A<20-1> p A<xi>  JEDEC Word
BAO SRAM Memory
1/0 D<15:0>
LJCE D<15:0> |
LB LB
uB UB OE WR®
Address Bus —
Note 1: This signal only applies to Table Writes. See Section 5.1 (Table Reads and Writes).  paia Bus —
2: De-multiplexing is only required when multiple memory devices are accessed. Control Li
ontrol Lines
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6.2.4 16-BIT MODE TIMING

Figure 6-4 shows the 16-bit mode external
for PIC18F8X20 devices.

bus timing

FIGURE 6-4: EXTERNAL PROGRAM MEMORY BUS TIMING (16-BIT MODE)
|
Apparent Q | Q1 l 3 Q4| o102 |03 |4 | Q4| Qs || s
Acual Q| Q1 3 Q4| Q1102 1 Q3 Q4 | Q1 1Q21q3laq4,
A<19:16> : o'p |>< ch DC
l i '
| :
AD<15:0> *'—< 3AABh >< OE55h :>—< CF33h >< 9256h |>»
| ;| | | l
BAO | : |/ Z N_
| : ! l
ALE 1/ A A |
I | | |
OE — | = ) i \ : Vo
| Co | : |
WRH 1| C | , T
N ' 1 | ' '
WRL 1T c : : o
[ Cod . I
' : 1Tcy Wait
: -t
Opcode Fetch Table Read -
MOVLW 55h of 92h
from 007556h from 199E67h
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7.0 DATA EEPROM MEMORY

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

There are five SFRs used to read and write the pro-
gram and data EEPROM memory. These registers are:

« EECON1
« EECON2
 EEDATA
« EEADRH
« 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. EEADR and
EEADRH hold the address of the EEPROM location
being accessed. These devices have 1024 bytes of
data EEPROM with an address range from 00h to
3FFh.

The EEPROM data memory is rated for high
erase/write cycles. A byte write automatically erases
the location and writes the new data
(erase-before-write). The write time is controlled by an
on-chip timer. The write time will vary with voltage and
temperature, as well as from chip to chip. Please refer
to parameter D122 (Electrical Characteristics,
Section 26.0) for exact limits.

7.1 EEADR and EEADRH

The address register pair can address up to a maxi-
mum of 1024 bytes of data EEPROM. The two MShits
of the address are stored in EEADRH, while the
remaining eight LSbits are stored in EEADR. The six
Most Significant bits of EEADRH are unused, and are
read as ‘0’

7.2 EECON1 and EECON2 Registers

EECONL1 is the control register for EEPROM memory
accesses.

EECON?2 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 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 the RESET condition forcing the con-
tents 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 7-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS FAG6h)

RW-x  RW-X U-0 RWO RWx RW-0 RS0  RISO
EEPGD | CFGS | — | FREE | WRERR | WREN | WR RD
bit 7 bit 0

EEPGD: FLASH Program/Data EEPROM Memory Select bit

1 = Access FLASH Program memory

0 = Access Data EEPROM memory

CFGS: FLASH Program/Data EEPROM or Configuration Select bit
1 = Access Configuration or Calibration registers

0 = Access FLASH Program 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: FLASH Program/Data EEPROM 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: FLASH Program/Data EEPROM Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM

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 U = Unimplemented bit, read as ‘0’
-n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bitis unknown
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7.3 Reading the Data EEPROM
Memory
To read a data memory location, the user must write the

address to the EEADRH:EEADR register pair, clear the
EEPGD control bit (EECON1<7>) and then set control

bit RD (EECON1<0>). The data is available for the very
next instruction cycle; therefore, the EEDATA register
can be read by the next instruction. EEDATA will hold
this value until another read operation, or until it is writ-
ten to by the user (during a write operation).

EXAMPLE 7-1: DATA EEPROM READ
MOVLW DATA_EE_ADDRH
MOVWF EEADRH ; Upper bits of Data Menory Address to read
MOVLW DATA EE_ADDR
MOVWF EEADR ; Lower bits of Data Menory Address to read
BCF EECON1, EEPGD ; Point to DATA nenory
BSF EECON1, RD ; EEPROM Read
MOVF EEDATA, W ;W= EEDATA

7.4 Writing to the Data EEPROM
Memory

To write an EEPROM data location, the address must
first be written to the EEADRH:EEADR register pair
and the data written to the EEDATA register. Then the
sequence in Example 7-2 must be followed to initiate
the write cycle.

The write will not initiate if the above sequence is not
exactly followed (write 55h to EECON2, write AAh 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, EECON1,
EEADRH, EEADR and EEDATA cannot be modified.
The WR bit will be inhibited from being set unless the
WREN bit is set. The WREN bit must be set on a pre-
vious instruction. 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 poll this bit. EEIF must be
cleared by software.

EXAMPLE 7-2: DATA EEPROM WRITE
MOVLW  DATA_EE_ADDRH
MOWNF  EEADRH ; Upper bits of Data Menory Address to wite
MOVLW  DATA_EE_ADDR ;
MOWWF  EEADR ; Lower bits of Data Menory Address to wite
MOVLW  DATA_EE_DATA
MOVWAF  EEDATA ; Data Menory Value to wite
BCF EECON1, EEPGD Poi nt to DATA nenory
BSF EECON1, WREN Enable wites
BCF I NTCON, G E Di sable Interrupts
MOVLW  55h ;
Requi red MOVWF  EECON2 ; Wite 55h
Sequence MOVLW  AAh ;
MOVWF  EECON2 ; Wite AAh
BSF EECON1, WR ; Set WR bit to begin wite
BSF I NTCON, G E ; Enable Interrupts
; User code execution
BCF EECON1, WREN ; Disable wites on wite conplete (EEIF set)
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7.5 Write Verify

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

7.6

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
help prevent an accidental write during brown-out,
power glitch, or software malfunction.

Protection Against Spurious Write

7.7 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 “Special
Features of the CPU” (Section 23.0) for additional
information.

TABLE 7-1: REGISTERS ASSOCIATED WITH DATA EEPROM MEMORY
Value on: Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 0000 0000 | 0000 0000
EEADRH — — — — — EE Addr Register High| ---- --00| ---- --00
EEADR EEPROM Address Register 0000 0000 | 0000 0000
EEDATA | EEPROM Data Register 0000 0000 | 0000 0000
EECON2 | EEPROM Control Register2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xX-0 x000 | uu-0 u000
IPR2 — CMIP — EEIP | BCLIP | LVDIP | TMR3IP | CCP2IP |---1 1111 ---1 1111
PIR2 — CMIF — EEIF | BCLIF | LVDIF | TMR3IF | CCP2IF |---0 0000 | ---0 0000
PIE2 — CMIE — EEIE | BCLIE | LVDIE | TMR3IE | CCP2IE |---0 0000 | ---0 0000
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as '0'.

Shaded cells are not used during FLASH/EEPROM access.
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8.0 8 X8 HARDWARE MULTIPLIER

8.1

An 8 x 8 hardware multiplier is included in the ALU of
the PIC18FXX20 devices. By making the multiply a
hardware operation, it completes in a single instruction
cycle. This is an unsigned multiply that gives a 16-bit
result. The result is stored in the 16-bit product register
pair (PRODH:PRODL). The multiplier does not affect
any flags in the ALUSTA register.

Introduction

8.2

Example 8-1 shows the sequence to do an 8 x 8
unsigned multiply. Only one instruction is required
when one argument of the multiply is already loaded in
the WREG register.

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

Operation

Making the 8 x 8 multiplier execute in a single cycle EXAMPLE 8-1: 8 x 8 UNSIGNED
gives the following advantages: MULTIPLY ROUTINE
« Higher computatilonal thr.oughput . NOVE ARGL, W :
» Reduces code size requirements for multiply MULWE ARG - ARGL * ARG ->
algorithms PRODH: PRODL
The performance increase allows the device to be used
in applications previously reserved for Digital Signal
Processors. EXAMPLE 8-2: 8 x 8 SIGNED MULTIPLY
Table 8-1 shows a performance comparison between ROUTINE
enhanced devices using the single cycle hardware mul- NOVE ARGL. W
tiply, and performing the same function without the MULWE ARG - ARGL * ARG ->
hardware multiply. . PRODH: PRODL
BTFSC ARX, SB ; Test Sign Bit
SUBWF PRODH, F PRODH = PRODH
- ARGL
MOVF ARG, W
BTFSC ARGl, SB ; Test Sign Bit
SUBWF PRODH, F PRODH = PRODH
- AR&X
TABLE 8-1: PERFORMANCE COMPARISON
Program Cveles Time
Routine Multiply Method Memory y
(Words) (Max) @40MHz | @ 10 MHz | @ 4 MHz
) Without hardware multiply 13 69 6.9 us 27.6 us 69 s
8 x 8 unsigned -
Hardware multiply 1 1 100 ns 400 ns 1lus
. Without hardware multiply 33 91 9.1us 36.4 us 91 ps
8 x 8 signed -
Hardware multiply 6 6 600 ns 2.4 us 6 ps
) Without hardware multiply 21 242 24.2 us 96.8 us 242 us
16 x 16 unsigned -
Hardware multiply 24 24 2.4 us 9.6 us 24 ps
) Without hardware multiply 52 254 25.4 us 102.6 ps 254 us
16 x 16 signed -
Hardware multiply 36 36 3.6 us 14.4 ys 36 us

0 2001 Microchip Technology Inc.

Advance Information

DS39580A-page 81




PIC18FXX20

Example 8-3 shows the sequence to do a 16 x 16 EQUATION 8-2: 16 x 16 SIGNED
unsigned multiply. Equation 8-1 shows the algorithm MULTIPLICATION
that is used. The 32-bit result is stored in four registers, ALGORITHM
RES3:RESO.

RES3: RESO
= ARGLH: ARGIL + ARGRH: ARG2L

EQUATION 8-1: 16 x 16 UNSIGNED — (ARGLH - ARGOH » 216+
MULTIPLICATION (ARGLH + ARGZL » 2%+
ALGORITHM (ARGLL » ARG2H « 28)+
(ARGIL « ARG2L)+
RES3: RES0O = ARGLH: ARGIL * ARG2H: ARG2L

(-1 « ARRH<7> + ARGLH ARGIL + 216)+

_ . . 516
= (ARGLH » ARRH + 2°°) + (-1 » ARGLHK7> » ARG2H ARR2L - 216

(ARGLH « ARG2L « 28+
(ARGLL * ARG2H « 28)+

(ARGLL + ARGL) EXAMPLE 8-4: 16 x 16 SIGNED
MULTIPLY ROUTINE
MOVF ARGIL, W
EXAMPLE 8-3: 16 x 16 UNSIGNED MULWF  ARG2L ARGIL * ARG2L ->
MULTIPLY ROUTINE ;  PRODH: PRODL
MOVFF  PRODH, RES1 ;
MOVF ARGLL, W MOVFF  PRCDL, RESO ;
MULWF  ARG2L ARGLIL * ARRL -> ;
; PRODH: PRODL MOVF ARGIH, W
MOVFF PRODH, RES1 ; MULWF  ARGQ2H ; ARGLH * AR&H - >
MOVFF PRODL, RESO ; ; PRODH: PRODL
: MOVFF  PRODH, RES3 ;
MOVF ARGIH, W MOVFF  PRCODL, RES2 ;
MULWF  ARG2H ; ARGIH * ARG&2H - > ;
; PRODH: PRODL MOVF ARGIL, W
MOVFF PRODH, RES3 ; MULWF  ARGQ2H ; ARGLL * AR&H - >
MOVFF PRODL, RES2 ; ; PRODH: PRODL
: MOVF  PRODL, W ;
MOVF ARGLL, W ADDW  RESL1, F ; Add cross
MULWF  ARG2H ; ARGLL * ARG2H - > MOVF PRODH, W ; products
; PRODH: PRODL ADDWC RES2, F ;
MOVF PRODL, W ; CLRF WREG :
ADDW  RESL1, F ; Add cross ADDWC RES3, F :
MOVF PRODH, W ; products ;
ADDWC RES2, F ; MOVF ARGIH, W :
CLRF WREG MULWF  ARG2L ; ARGLH * ARG2L - >
ADDWFC RES3, F ; ; PRODH: PRODL
MOVF PRCDL, W ;
MOVF ARGLH, W : ADDW  RES1, F ; Add cross
MULWF  ARG2L ; ARGLH * ARG2L -> MOVF PRODH, W ; products
; PRODH: PRODL ADDWC RES2, F :
MOVF PRODL, W ; CLRF VREG ;
ADDW  RESL1, F ; Add cross ADDWC RES3, F :
MOVF PRODH, W ; products
ADDWC RES2, F : BTFSS AR&RH, 7 ; ARGH:. ARG2L neg?
CLRF WREG ; BRA SI GN_ARGL ; no, check ARGL
ADDWFC RES3, F ; MOVF ARGIL, W :
SUBW RES2 ;
MOVF ARGIH, W ;
SUBWFB RES3
Example 8-4 shows the sequence to do a 16 x 16 ;SI N ARGL
signed multlply.. Equatlon 8-2 shovys the alg(_)rlthm BTESS ARGLH 7 . ARGLH ARGIL neg?
used. The 32-bit result is storeql in _four registers, BRA CONT_CODE " no. done
RES3:RESO. To account _for the S|gn t_)|.t5 of the argu- NOVE ARGZL., W :
ments, each argument pairs Most Significant bit (MSb) SUBWE RES? .
is tested and the appropriate subtractions are done. NOVE ARGZH, W
SUBWFB RES3
CONT_CODE
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9.0 INTERRUPTS

The PIC18FXX20 devices have multiple interrupt
sources and an interrupt priority feature that allows
each interrupt source to be assigned a high or a low pri-
ority level. The high priority interrupt vector is at
000008h, while the low priority interrupt vector is at
000018h. High priority interrupt events will override any
low priority interrupts that may be in progress.

There are thirteen registers which are used to control
interrupt operation. They are:

* RCON

* INTCON

e INTCON2

* INTCONS

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

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

Each interrupt source has three bits to control its oper-
ation. The functions of these bits are:

« Flag bit to indicate that an interrupt event
occurred

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

« Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts glo-
bally. Setting the GIEH bit (INTCON<7>) enables all
interrupts that have the priority bit set. Setting the GIEL
bit (INTCON<6>) enables all interrupts that have the
priority bit cleared. When the interrupt flag, enable bit
and appropriate global interrupt enable bit are set, the
interrupt will vector immediately to address 000008h or
000018h, depending on the priority level. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the inter-
rupt priority feature is disabled and interrupts are com-
patible with PICmicro® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
000008h in Compatibility mode.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High priority interrupt sources can interrupt a low
priority interrupt.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

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

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.
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FIGURE 9-1:

INTERRUPT LOGIC

Peripheral Interrupt Flag bit
Peripheral Interrupt Enable bit
Peripheral Interrupt Priority bit

XXXXIF
XXXXIE
XXXXIP

TMRLIF
TMRLIE
TMR1IP El} -

TMROIF
TMROIE
TMROIP
RBIF
RBIE
RBIP
INTOIF
INTOIE

INT1IF
INT1IE
INT1IP
INT2IF
INT2IE
INT2IP

IPE
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Additional Peripheral Interrupts

IPEN
GIEL/PEIE
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l Low Priority Interrupt Generation
Peripheral Interrupt Flag bit _'—\
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Peripheral Interrupt Priority bit —d_/ | -/
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| TMROIE
TMRLIE ﬂ TMROIP
TMRI1IE |
TMR1IP RBIE
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XXXXIF RBIP
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XXXXIP

INTLIF
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INT1IP
INT2IF
INT2IE
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Additional Peripheral Interrupts

Wake-up if in SLEEP mode

— -

Interrupt to CPU
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0008h
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Interrupt to CPU
Vector to Location
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GIEL/PEIE
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9.1 INTCON Registers Note: Interrupt flag bits are set when an interrupt

The INTCON Registers are readable and writable reg-
isters, which contain various enable, priority and flag

bits.

REGISTER 9-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

INTCON REGISTER

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

GIE/GIEH: Global Interrupt Enable bit

When IPEN (RCON<7>) = 0:

1 = Enables all unmasked interrupts

0 = Disables all interrupts

When IPEN (RCON<7>) = 1:

1 = Enables all high priority interrupts

0 = Disables all interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN (RCON<7>) = 0:

1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

When IPEN (RCON<7>) = 1:

1 = Enables all low priority peripheral interrupts

0 = Disables all low priority peripheral interrupts
TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt

0 = Disables the TMRO overflow interrupt

INTOIE: INTO External Interrupt Enable bit

1 = Enables the INTO external interrupt

0 = Disables the INTO external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt
TMROIF: TMRO Overflow Interrupt Flag bit

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

INTOIF: INTO External Interrupt Flag bit

1 = The INTO external interrupt occurred (must be cleared in software)
0 = The INTO external interrupt did not occur
RBIF: RB Port Change Interrupt Flag bit

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

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

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

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCONZ2 REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
RBPU | INTEDGO | INTEDGL1 | INTEDG2 | INTEDG3 | TMROIP INT3IP RBIP
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit
1 = All PORTB pull-ups are disabled

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

INTEDGO:External InterruptO Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDGZ1: External Interruptl Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDGZ2: External Interrupt2 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDGZ2: External Interrupt3 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

INT3IP: INT3 External Interrupt Priority bit

1 =High priority

0 =Low priority

RBIP: RB Port Change Interrupt Priority bit

1 =High priority

0 = Low priority

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

W = Writable bit
1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown

Note:

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

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

allows for software polling.
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REGISTER 9-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

INTCON3 REGISTER

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

R/W-0

R/W-0

R/W-0 R/W-0

INT2IP INT1IP INT3IE INT2IE

INT1IE

INT3IF

INT2IF INTL1IF

bit 7

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

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

INT2IE: INT2 External Interrupt Enable bit

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

INTLIE: INT1 External Interrupt Enable bit

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

INT3IF: INT3 External Interrupt Flag bit

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

INT2IF: INT2 External Interrupt Flag bit

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

INTLIF: INT1 External Interrupt Flag bit

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

bit 0

Legend:

R = Readable bit W = Writable bit

- n = Value at POR reset 1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared

X = Bit is unknown

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature

allows for software polling.
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9.2 PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are three Peripheral Interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

Flag Registers (PIR1, PIR2 and PIR3). 2: User software should ensure the appropriate

REGISTER 9-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

interrupt flag bits are cleared prior to enabling
an interrupt, and after servicing that interrupt.

PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1 (PIR1)

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PsPIFD |  ADIF RCLF | TXLF | SSPIF | CCPLF | TMR2IF | TMRILIF
bit 7 bit 0

PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit(1)

1 = Aread or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit

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

0 =The A/D conversion is not complete

RC1IF: USART1 Receive Interrupt Flag bit

1 =The USARTL1 receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The USART1 receive buffer is empty

TX1IF: USART Transmit Interrupt Flag bit

1 =The USARTL1 transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The USARTL transmit buffer is full

SSPIF: Master Synchronous Serial Port Interrupt Flag bit

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

0 = Waiting to transmit/receive

CCP1IF: CCP1 Interrupt Flag bit

Capture mode:

1 = A TMRL1 register capture occurred (must be cleared in software)

0 = No TMRL1 register capture occurred

Compare mode:

1 = A TMRL1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

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

0 =No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)

0 = MR1 register did not overflow

Note 1: Enabled only in Microcontroller mode for PIC18F8X20 devices.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset '1’' = Bit s set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-5: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2 (PIR2)

u-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CMIF — | EEF | BCLF | LVDIF | TMR3IF | CCP2IF
bit 7 bit 0
bit 7 Unimplemented: Read as '0’
bit 6 CMIF: Comparator Interrupt Flag bit

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

bit 5 Unimplemented: Read as '0'

bit 4 EEIF: Data EEPROM/FLASH Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete, or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred while the SSP module (configured in 12C Master mode)
was transmitting (must be cleared in software)
0 = No bus collision occurred
bit 2 LVDIF: Low Voltage Detect Interrupt Flag bit
1 = A low voltage condition occurred (must be cleared in software)
0 =The device voltage is above the Low Voltage Detect trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMR3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
bit 0 CCP2IF: CCP2 Interrupt Flag bit
Capture mode:
1 = A TMR1 or TMR3 register capture occurred (must be cleared in software)
0 =No TMR1 or TMR3 register capture occurred

Compare mode:
1 = A TMR1 or TMRS register compare match occurred (must be cleared in software)

0 =No TMR1 or TMR3 register compare match occurred

PWM mode:
Unused in this mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset '1' = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-6: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3 (PIR3)

u-0 u-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
— — RC2IF | TX2IF | TMR4IF | CCPSIF | CCP4IF | CCP3IF
bit 7 bit 0
bit 7- 6 Unimplemented: Read as '0’
bit 5 RC2IF: USART2 Receive Interrupt Flag bit

1 =The USART2 receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The USART?2 receive buffer is empty
bit 4 TX2IF: USART2 Transmit Interrupt Flag bit
1 = The USART2 transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The USART?2 transmit buffer is full
bit 3 TMR4IF: TMR3 Overflow Interrupt Flag bit
1 = TMRA4 register overflowed (must be cleared in software)
0 = TMRA4 register did not overflow
bit 2-0 CCP2IF: CCPx Interrupt Flag bit (CCP Modules 3,4 and 5)
Capture mode:
1 = A TMR1 or TMR3 register capture occurred (must be cleared in software)
0 =No TMR1 or TMR3 register capture occurred
Compare mode:
1 = A TMR1 or TMRS register compare match occurred (must be cleared in software)
0 =No TMR1 or TMR3 register compare match occurred
PWM mode:
Unused in this mode

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

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are three Peripheral Inter-
rupt Enable Registers (PIE1, PIE2 and PIE3). When
the IPEN bit (RCON<7>) is ‘0’, the PEIE bit must be set
to enable any of these peripheral interrupts.

REGISTER 9-7:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PERIPHERAL INTERRUPT ENABLE REGISTER 1 (PIE1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

PsPIE® | ADIE | RClLE | TX1LE | SSPIE | CCPLE | TMR2IE | TMRLIE

bit 7 bit O

PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit?)

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

ADIE: A/D Converter Interrupt Enable bit

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

RC1IE: USARTL1 Receive Interrupt Enable bit

1 = Enables the USART1 receive interrupt
0 = Disables the USART1 receive interrupt

TX1IE: USART1 Transmit Interrupt Enable bit

1 = Enables the USART1 transmit interrupt
0 = Disables the USARTL1 transmit interrupt

SSPIE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt

0 = Disables the MSSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

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

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

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

TMR1IE: TMR1 Overflow Interrupt Enable bit

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

Note 1: Enabled only in Microcontroller mode for PIC18F8X20 devices.

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 = Bitis unknown
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REGISTER 9-8:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

PERIPHERAL INTERRUPT ENABLE REGISTER 2 (PIE2)

u-0 R/W-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— CMIE — EEIE BCLIE | LVDIE | TMR3IE | CCP2IE
bit 7 bit 0

Unimplemented: Read as '0'

CMIE: Comparator Interrupt Enable bit

1 = Enables the comparator interrupt

0 = Disables the comparator interrupt
Unimplemented: Read as '0'

EEIE: Data EEPROM/FLASH Write Operation Interrupt Enable bit
1 = Enables the write operation interrupt

0 = Disables the write operation interrupt
BCLIE: Bus Collision Interrupt Enable bit

1 = Enables the bus collision interrupt

0 = Disables the bus collision interrupt

LVDIE: Low Voltage Detect Interrupt Enable bit
1 = Enables the Low Voltage Detect interrupt

0 = Disables the Low Voltage Detect interrupt
TMR3IE: TMR3 Overflow Interrupt Enable bit

1 = Enables the TMRS3 overflow interrupt

0 = Disables the TMR3 overflow interrupt

CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

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

bit 7-6
bit 5

bit 4

bit 3

bit 2-0

PERIPHERAL INTERRUPT ENABLE REGISTER 3 (PIE3)

U-0 U-0 RWO RW-0 RW-0 RW-O RMWO  RMW-0
— — RC2IE | TX2IE | TMR4IE | CCPSIE | CCP4IE | CCP3IE
bit 7 bit 0

Unimplemented: Read as '0'
RC2IE: USART2 Receive Interrupt Enable bit

1 = Enables the USART?2 receive interrupt
0 = Disables the USART?2 receive interrupt

TX2IE: USART2 Transmit Interrupt Enable bit

1 = Enables the USART2 transmit interrupt
0 = Disables the USART2 transmit interrupt

TMR4IE: TMR4 to PR4 Match Interrupt Enable bit

1 = Enables the TMR4 to PR4 match interrupt
0 = Disables the TMR4 to PR4 match interrupt

CCPXxIE: CCPx Interrupt Enable bit (CCP Modules 3, 4 and 5)

1 = Enables the CCPx interrupt
0 = Disables the CCPx interrupt

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 = Bitis unknown
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9.4 IPR Registers

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

REGISTER 9-10:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PERIPHERAL INTERRUPT PRIORITY REGISTER 1 (IPR1)

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

psPIPW | ADIP | RClP | TX1P | SSPIP | CCPLIP | TMR2IP | TMRLIP

bit 7 bit O

PSPIP: Parallel Slave Port Read/Write Interrupt Priority bit®)
1 = High priority

0 = Low priority

ADIP: A/D Converter Interrupt Priority bit

1 = High priority

0 = Low priority

RC1IP: USARTL1 Receive Interrupt Priority bit

1 = High priority

0 = Low priority

TX1IP: USART1 Transmit Interrupt Priority bit

1 = High priority

0 = Low priority

SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority

0 = Low priority

CCP1IP: CCP1 Interrupt Priority bit

1 = High priority

0 = Low priority

TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority

0 = Low priority

TMR1IP: TMR1 Overflow Interrupt Priority bit

1 = High priority

0 = Low priority

Note 1: Enabled only in Microcontroller mode for PIC18F8X20 devices.

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-11:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

PERIPHERAL INTERRUPT PRIORITY REGISTER 2 (IPR2)

U-0 RIW-1 U-0 RW-1  RW-1  RW-1 RMW-1  RMW-
— CMIP — EEIP | BCLIP | LvDIP | TMR3IP | ccp2ip
bit 7 bit 0

Unimplemented: Read as '0'

CMIP: Comparator Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as '0’

EEIP: Data EEPROM/FLASH Write Operation Interrupt Priority bit

1 = High priority

0 = Low priority

BCLIP: Bus Collision Interrupt Priority bit

1 = High priority

0 = Low priority

LVDIP: Low Voltage Detect Interrupt Priority bit
1 = High priority

0 = Low priority

TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

CCP2IP: CCP2 Interrupt Priority bit

1 = High priority

0 = Low priority

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

W = Writable bit
"1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 9-12: PERIPHERAL INTERRUPT PRIORITY REGISTER 3 (IPR3)

uU-0 uU-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — RC2IP TX2IP TMR4IP ‘ CCP5IP ‘ CCP4IP | CCP3IP
bit 7 bit 0
bit 7-6 Unimplemented: Read as '0’
bit 5 RC2IP: USART2 Receive Interrupt Priority bit

1 = High priority
0 = Low priority
bit 4 TX2IP: USART2 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 TMR4IP: TMR4 to PR4 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCPxIP: CCPx Interrupt Priority bit (CCP Modules 3, 4 and 5)
1 = High priority
0 = Low priority

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

The RCON register contains the IPEN bit, which is
used to enable prioritized interrupts. The functions of
the other bits in this register are discussed in more
detail in Section 4.14.

REGISTER 9-13: RCON REGISTER

R/W-0 uU-0 u-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
bit 7 bit 0
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16 compatibility mode)

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

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

For details of bit operation, see Register 4-4

bit 2 PD: Power-down Detection Flag bit

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

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

For details of bit operation, see Register 4-4

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

External interrupts on the RBO/INTO, RBL1/INTZ,
RB2/INT2 and RB3/INT3 pins are edge-triggered:
either rising, if the corresponding INTEDGX bit is set in
the INTCONZ2 register, or falling, if the INTEDGX bit is
clear. When a valid edge appears on the RBx/INTx pin,
the corresponding flag bit, INTxF is set. This interrupt
can be disabled by clearing the corresponding enable
bit, INTXE. Flag bit, INTxF, must be cleared in software
in the Interrupt Service Routine before re-enabling the
interrupt. All external interrupts (INTO, INT1, INT2 and
INT3) can wake-up the processor from SLEEP, if bit
INTXIE was set prior to going into SLEEP. If the global
interrupt enable bit GIE is set, the processor will branch
to the interrupt vector following wake-up.

The interrupt priority for INT, INT2 and INT3 is deter-
mined by the value contained in the interrupt priority
bits: INT1IP (INTCON3<6>), INT2IP (INTCON3<7>)
and INT3IP (INTCON2<1>). There is no priority bit
associated with INTO; it is always a high priority inter-
rupt source.

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh - 00h) will set flag bit TMROIF. In
16-bit mode, an overflow in the TMROH: TMROL regis-
ters (FFFFh - 0000h) will set flag bit TMROIF. The
interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
TimerO is determined by the value contained in the
interrupt priority bit, TMROIP (INTCON2<2>). See Sec-
tion 8.0 for further details on the Timer0 module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt pri-
ority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During an interrupt, the return PC value is saved on the
stack. Additionally, the WREG, STATUS and BSR regis-
ters are saved on the fast return stack. If a fast return
from interrupt is not used (See Section 4.3), the user
may need to save the WREG, STATUS and BSR regis-
ters in software. Depending on the user’s application,
other registers may also need to be saved. Example 6-1
saves and restores the WREG, STATUS and BSR regis-
ters during an Interrupt Service Routine.

EXAMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOWWF W TEMP ; WTEMP is in virtual bank
MOVFF  STATUS, STATUS_TEMP ; STATUS_TEMP | ocat ed anywhere
MOVFF  BSR, BSR_TEMP ; BSR | ocat ed anywhere

USER | SR CODE
MOVFF  BSR_TEMP, BSR ; Restore BSR
MOVF W _TEMP, W ; Restore WREG
MOVFF  STATUS_TEMP, STATUS ; Restore STATUS
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10.0 1/0 PORTS

Depending on the device selected, there are either
seven or nine /O ports available on PIC18FXX20
devices. Some of their pins are multiplexed with one or
more alternate functions from the other peripheral fea-
tures on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose 1/O pin.

Each port has three registers for its operation. These
registers are:

« TRIS register (data direction register)

* PORT register (reads the levels on the pins of the
device)

* LAT register (output latch)

The data latch (LAT register) is useful for read-mod-
ify-write operations on the value that the 1/0O pins are
driving.

A simplified version of a generic I/O port and its opera-
tion is shown in Figure 10-1.

FIGURE 10-1: SIMPLIFIED BLOCK
DIAGRAM OF
PORT/LAT/TRIS
OPERATION

RD LAT

WR LAT +
WR Port

Data Latch

Data Bus oﬂ (E
RD Port 1/0 pin

10.1 PORTA, TRISA and LATA
Registers

PORTA is a 7-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISA. Setting a
TRISA bit (= ‘1) will make the corresponding PORTA
pin an input (i.e., put the corresponding output driver in
a Hi-lImpedance mode). Clearing a TRISA bit (= ‘0") will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch.

The Data Latch register (LATA) is also memory
mapped. Read-modify-write operations on the LATA
register, read and write the latched output value for
PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The
RA4/TOCKI pin is a Schmitt Trigger input and an open
drain output. All other RA port pins have TTL input lev-
els and full CMOS output drivers.

The RAG6 pin is only enabled as a general 1/O pin in
ECIO and RCIO oscillator modes.

The other PORTA pins are multiplexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
control bits in the ADCONL register (A/D Control
Registerl).

Note: On a Power-on Reset, RA5 and RA3:RAO
are configured as analog inputs and read
as ‘0. RA6 and RA4 are configured as
digital inputs.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1:  INITIALIZING PORTA

CLRF PORTA ; Initialize PORTA by
; clearing output
; data latches
CLRF LATA ; Alternate nethod
; to clear output
; data latches
MOVLW OxOF ; Configure A/D

MOVWF  ADCON1 ; for digital inputs
MOVLW 0x CF ; Val ue used to

; initialize data

; direction

; Set RA<3:0> as inputs
; RA<5:4> as outputs

MOWWF TRI SA
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FIGURE 10-2: BLOCK DIAGRAM OF FIGURE 10-3: BLOCK DIAGRAM OF
RA3:RAO0AND RA5PINS RA4/TOCKI PIN
gﬁ;a Data
D Qr— Bus D Q
WR LATA WR LATA
7? KO PORTA | cKLQ @ . VO pin®
Data Latch _@ Data Latch
D Q 1/0 pin® — D Q Vss
WR TRISA = ey Schmi
WR TRISA 7—tCK chmitt
—_— cK L Q Analogss ? It Trigger K\7
TRIS Latch Input TRIS Latch Input
Mode J Buffer
RD TRISA
RD TRISA TTL
Inprfjt
Buffer
| Q D g Q D
EN r EN T
RD PORTA
RD PORTA > . {>o
__TMRO Clock Input
To A/D Converter and LVD Modules -
N ) ) . Note 1: 1/O pins have protection diodes to VDD and Vss.
Note 1: I/O pins have protection diodes to VbD and Vss.

FIGURE 10-4: BLOCK DIAGRAM OF RA6 (WHEN ENABLED AS 1/O)
ECRA6 or RCRA6 Enable
Data Bus
RD LATA
e D Q
WR LATA or PORTA cK -\_6
Data Latch J
S 9 1/0 pin®
WR TRISA cK _*_6
TRIS Latch
—
Oﬂ_@ TTL
RD TRISA Input
Buffer

ECRAG6 or RCRA6 Enable

EN
RD PORTA . {>c

Note 1: 1/O pins have protection diodes to VDD and Vss.
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TABLE 10-1: PORTA FUNCTIONS

Name Bit# Buffer Function

RAO/ANO bit0 TTL Input/output or analog input.

RA1/AN1 bitl TTL Input/output or analog input.

RA2/AN2/VREF- bit2 TTL Input/output or analog input or VREF-.

RA3/AN3/VREF+ bit3 TTL Input/output or analog input or VREF+.

RA4/TOCKI bit4 ST Input/output or external clock input for TimerO.
Output is open drain type.

RA5/AN4/LVDIN bit5 TTL Input/output or slave select input for synchronous serial port or analog
input, or low voltage detect input.

OSC2/CLKO/RA6 bit6 TTL | OSC2 or clock output, or I/0 pin.

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Value on Valueon all

Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit0 | bor BOR other
’ RESETS
PORTA — | RA6 | RA5 | RA4 RA3 RA2 RAL RAO |-x0x 0000]-uOu 0000
LATA — | LATA Data Output Register - XXX XXXX |-uuu uuuu
TRISA — | PORTA Data Direction Register -111 1111 |-111 1111
ADCON1 | — — ‘VCFGl‘VCFGO \ PCFG3‘ PCFG2 | PCFG1 | PCFGO |--00 0000 |--00 0000

Legend: x = unknown, u = unchanged, - = unimplemented locations read as '0'.
Shaded cells are not used by PORTA.
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10.2 PORTB, TRISB and LATB
Registers

PORTB is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISB. Setting a
TRISB bit (= ‘1") will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISB bit (= ‘0") will
make the corresponding PORTB pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register, read and write the latched output value for
PORTB.

EXAMPLE 10-2:
CLRF  PORTB

INITIALIZING PORTB

; Initialize PORTB by
; clearing output
; data |l atches
Al ternat e net hod
; to clear output
; data latches
; Value used to
; initialize data
; direction
; Set RB<3:0> as inputs
; RB<5:4> as outputs
; RB<7:6> as inputs

CLRF LATB

MOVLW Ox CF

MOVWWF TRI SB

Each of the PORTB pins has a weak internal pull-up. A
single control bit can turn on all the pull-ups. This is per-
formed by clearing bit RBPU (INTCON2<7>). The
weak pull-up is automatically turned off when the port
pin is configured as an output. The pull-ups are dis-
abled on a Power-on Reset.

Note: On a Power-on Reset, these pins are con-
figured as digital inputs.

Four of the PORTB pins (RB3:RBO0) are the external
interrupt pins, INT3 through INTO. In order to use these
pins as external interrupts, the corresponding TRISB
bit must be set to ‘1.

The other four PORTB pins (RB7:RB4) have an inter-
rupt-on-change feature. Only pins configured as inputs
can cause this interrupt to occur (i.e., any RB7:RB4 pin
configured as an output is excluded from the inter-
rupt-on-change comparison). The input pins (of
RB7:RB4) are compared with the old value latched on
the last read of PORTB. The “mismatch” outputs of
RB7:RB4 are OR’ed together to generate the RB Port
Change Interrupt with flag bit, RBIF (INTCON<O0>).

This interrupt can wake the device from SLEEP. The
user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF instruction). This will end the mismatch
condition.

b) Clear flag bit RBIF.

A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

For PIC18F8X20 devices, RB3 can be configured by
the configuration bit CCP2MX, as the alternate periph-
eral pin for the CCP2 module. This is only available
when the device is configured in Microprocessor,
Microprocessor with Boot Block, or Extended Micro-
controller operating modes.

The RB5 pin is used as the LVP programming pin.
When the LVP configuration bit is programmed, this pin
loses the 1/O function and become a programming test
function.

Note: When LVP is enabled, the weak pull-up on
RBS5 is disabled.

FIGURE 10-5: BLOCK DIAGRAM OF
RB7:RB4 PINS
VDD
RBPU® Weak
4:)0_‘ P Pull-up
Data Latch
Data Bus
D Q
WR LATB ;
or PORTB KT\ /O pin@®)
TRIS Latch
D Q
WR TRISB CK_\_ TTL \
Qg#ér 7 S‘I§7
< ; > Buffer
RD TRISB

[
RD LATB

Latch
1 Q D
RD PORTB \l\l
EN Q1
Set RBIF
C e o
RD PORTB
From other EN
RB7:RB4 pins Q3

RB7:RB5 in Serial Programming Mode

Note 1: 1/O pins have diode protection to VDD and Vss.

2:  Toenable weak pull-ups, set the appropriate TRIS bit(s)
and clear the RBPU bit (INTCON2<7>).
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FIGURE 10-6: BLOCK DIAGRAM OF RB2:RBO PINS
VDD
BRPUR
RBPU® 3 Weak
Pull-up
Data Latch
Data Bus D Q
1/0 pin®
WR Port
CK™
TRIS Latch
D Q
TTL
Input
WR TRIS CK™_ Buffer K7
'
RD TRIS
/‘ Q D
RD Port 7\1
EN
INTX <I| Z&
Schmitt Trigger ’ RD Port
Buffer
Note 1: /O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit (OPTION_REG<7>).

FIGURE 10-7: BLOCK DIAGRAM OF RB3

VDD

RBPU® D_{ 5 Weak
CCP2MX Pull-up

ccP output® 1
VDD
P
Enable® 0
CCP Output _‘E
Data Latch
Data Bus b Q | 1/0 pin®
WR LATB or
N
WR PORTB K\ ._D—1
TRIS Latch Vss
D
TTL
WR TRISB CK_\__ Input 7
Q e Buffer
q
RD TRISB
‘
RD LATB
RD PORTB 7\1
EN
RD PORTB
CCP2 or INT3 /\]
Schmitt Trigger }‘
Buffer CCP2MX =0

Note 1: 1/O pin has diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit INTCON2<7>).
3:  For PIC18F8X20 parts, the CCP2 input/output is multiplexed with RB3 if the CCP2MX bit is enabled (= ‘0") in the configuration reg-
ister and the device is operating in Microprocessor, Microprocessor with Boot Block or Extended Microcontroller mode.

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 103



PIC

18FXX20

TABLE 10-3: PORTB FUNCTIONS

Name Bit# Buffer Function

RBO/INTO bito | TTL/STD | Input/output pin or external interrupt inputO.

Internal software programmable weak pull-up.

RB1/INT1 bitt | TTL/STWD | Input/output pin or external interrupt inputl.

Internal software programmable weak pull-up.

RB2/INT2 bit2 TTLSTD Input/output pin or external interrupt input2.

Internal software programmable weak pull-up.

RB3/CCP2B)/INT3 bit3 TTL/ST® Input/output pin, or external interrupt input3. Capture2 input/Compare2

output/PWM output (when CCP2MX configuration bit is enabled, all
PIC18F8X20 operating modes except Microcontroller mode).
Internal software programmable weak pull-up.

RB4/KBIO bit4 TTL Input/output pin (with interrupt-on-change).

Internal software programmable weak pull-up.

RB5/KBI1/PGM bit5 TTL/ST® Input/output pin (with interrupt-on-change).

Internal software programmable weak pull-up.
Low voltage ICSP enable pin.

RB6/KBI2/PGC bit6 TTL/ST® Input/output pin (with interrupt-on-change).

Internal software programmable weak pull-up.
Serial programming clock.

RB7/KBI3/PGD bit7 TTL/ST® Input/output pin (with interrupt-on-change).

Internal software programmable weak pull-up.
Serial programming data.

Legend:
Note 1:
2:
3:

4.

TTL = TTL input, ST = Schmitt Trigger input

This buffer is a Schmitt Trigger input when configured as the external interrupt.

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

RC1 is the alternate assignment for CCP2 when CCP2MX is not set (all operating modes except Micro-
controller mode).

This buffer is a Schmitt Trigger input when configured as the CCP2 input.

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX [ uuuu uuuu
LATB LATB Data Output Register XXXX XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 0000 | 0000 0000
GIEH GIEL

INTCON2 | RBPU |INTEDGO | INTEDGL1 | INTEDG2 | INTEDG3 | TMROIP | INT3IP RBIP 1111 1111 | 1111 1111
INTCON3 | INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF | INT2IF | INT1IF | 1100 0000 | 1100 0000
Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.
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10.3 PORTC, TRISC and LATC

Registers

PORTC is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISC. Setting a
TRISC bit (= ‘1") will make the corresponding PORTC
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISC bit (= ‘0") will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register, read and write the latched output value for
PORTC.

PORTC is multiplexed with several peripheral functions
(Table 10-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the corre-
sponding peripheral section for the correct TRIS bit
settings.

The pin override value is not loaded into the TRIS reg-
ister. This allows read-modify-write of the TRIS register,
without concern due to peripheral overrides.

RC1 is normally configured by configuration bit,
CCP2MX, as the default peripheral pin of the CCP2
module (default/erased state, CCP2MX ='1").

EXAMPLE 10-3:
CLRF  PORTC ;

INITIALIZING PORTC

Initialize PORTC by
cl earing out put
data | atches
Al ternate nethod
to clear output

; data latches
MOVLW Ox CF ; Value used to
; initialize data
direction
Set RC<3:0> as inputs
RC<5: 4> as out puts
RC<7: 6> as inputs

CLRF LATC ;

MOVWF TRI SC ;

Note: On a Power-on Reset, these pins are con-
figured as digital inputs.
FIGURE 10-8: PORTC BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)
PORTC/Peripheral Out Select
Peripheral Data Out
0 VDD
) e
RD LATC 1
Data Bus b 0 P—%
_ in@
WR LATC or CKM_O I/0 pin
WR PORTC
Data Latch N TRIS OVERRIDE
P D Q Ves Pin | Override Peripheral
— TRIS
WR TRISC CK\_Q Override RCO Yes Timerl OSC for
TRIS Latch Logic Timerl/Timer3
. RC1 Yes Timerl OSC for
RD TRISC 1 Timerl/Timer3,
) Schmitt \\ CccP21/0
Peripheral Output Triager
B) 99 RC2 Yes CCP11/0
Enable T >
Q D RC3 Yes SPI/I*C
Master Clock
EN 2
RC4 Yes |1“C Data Out
RD PORTC
) * RC5 Yes SPI Data Out
Peripheral Data In RC6| Yes USART1 Async
Xmit, Sync Clock
Note 1: I/O pins have diode protection to VbD and Vss. RC7 Yes USARTL Sync
2. Peripheral Output Enable is only active if peripheral select is active. Data Out
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TABLE 10-5: PORTC FUNCTIONS
Name Bit# | Buffer Type Function

RCO/T10SO/T13CKI | bit0 ST Input/output port pin, Timerl oscillator output, or Timerl/Timer3
clock input.

RcuT10SI/ICCP2) | bitl ST Input/output port pin, Timerl oscillator input, or Capture2 input/
Compare2 output/PWM output (when CCP2MX configuration bit is
disabled).

RC2/CCP1 bit2 ST Input/output port pin or Capturel input/Comparel output/PWM1
output.

RC3/SCK/SCL bit3 ST RC3 can also be the synchronous serial clock for both SPI and 1’c
modes.

RC4/SDI/SDA bit4 ST RC4 can also be the SPI Data In (SPI mode) or Data I/O (IZC mode).

RC5/SDO bit5 ST Input/output port pin or Synchronous Serial Port data output.

RC6/TX1/CK1 bit6 ST Input/output port pin, Addressable USART1 Asynchronous Transmit,
or Addressable USART1 Synchronous Clock.

RC7/RX1/DT1 bit7 ST Input/output port pin, Addressable USART1 Asynchronous Receive,
or Addressable USART1 Synchronous Data.

Legend: ST = Schmitt Trigger input
Note 1: RB3is the alternate assignment for CCP2 when CCP2MX is set.

TABLE 10-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC
Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR. BOR other
' RESETS
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO | xXXX XXXX | uuuu uuuu
LATC LATC Data Output Register XXXX XXXX | uuuu uuuu
TRISC PORTC Data Direction Register 1111 12111 | 1111 1111

Legend: x = unknown, u = unchanged
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10.4 PORTD, TRISD and LATD FIGURE 10-9: PORTD BLOCK DIAGRAM
Registers IN I/O PORT MODE
PORTD is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISD. Setting a RD LATD
TRISD bit (= ‘1) will make the corresponding PORTD Data
pin an input (i.e., put the corresponding output driver in Bus 5
a Hi-Impedance mode). Clearing a TRISD bit (= ‘0") will WR LATD Q '_& L
make the corresponding PORTD pin an output (i.e., put grORTD Vo pin®
the contents of the output latch on the selected pin). —_&
The Data Latch register (LATD) is also memory Data Latch
mapped. Read-modify-write operations on the LATD e—{D Q
register, read and write the latched output value for Schmitt
PORTD. WR TRISD Trigger
E CK Input \7

PORTD is an 8-bit port with Schmitt Trigger input buff- TRIS Latch Buffer
ers. Each pin is individually configurable as an input or Py
output. RD TRISD N~

Note: On a Power-on Reset, these pins are con-

figured as digital inputs.
. . . d Q D

PORTD is multiplexed with the system bus as the
external memory interface; 1/0 port functions are only EN
available when the system bus is disabled, by setting T
the EBDIS bit in the MEMCOM register (MEM- RD PORTD . {>o
CON<7>). When operating as the external memory
interface, PORTD is the low order byte of the multi- Note 1:  1/O pins have diode protection to Vbb and Vss.
plexed address/data bus (AD7:ADO).

PORTD can also be configured as an 8-bit wide micro-
processor port (Parallel Slave Port) by setting control
bit PSPMODE (TRISE<4>). In this mode, the input
buffers are TTL. See Section 10.10 for additional infor-
mation on the Parallel Slave Port (PSP).

EXAMPLE 10-4:  INITIALIZING PORTD

CLRF PORTD ; Initialize PORTD by
; clearing output
; data latches
CLRF LATD ; Alternate nethod
; to clear output
; data latches

MOVLW Ox CF ; Value used to
; initialize data
; direction
MOWF TRISD ; Set RD<3:0> as inputs

; RD<5:4> as outputs
; RD<7:6> as inputs
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FIGURE 10-10: PORTD BLOCK DIAGRAM IN SYSTEM BUS MODE

Tli(? D
EN
RD PORTD {>o T

L /N
g

e
Port 1/0 pint®

Data Bus

X X
WR LATD Data 1
or PORTD
Data Latch
[ D Q *
q
WR TRISD N\ / TTL
Ko Input
TRIS Latch Buffer
RD TRISD
Bus Enable
System Bus
Control Data/TRIS Out
Drive Bus

Instruction Register Pl
Instruction Read j\l

Note 1: 1/O pins have protection diodes to VDD and Vss.
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TABLE 10-7: PORTD FUNCTIONS

Name Bit# Buffer Type Function
RDO/ADO/PSPO bit0 ST/TTLD Input/output port pin, address/data bus bitO or parallel slave port bitO.
RD1/AD1/PSP1 bitl sT/TTL® Input/output port pin, address/data bus bitl or parallel slave port bit1.
RD2/AD2/PSP2 bit2 sT/TTL® Input/output port pin, address/data bus bit2 or parallel slave port bit2.

RD3/AD3/PSP3 bit3 ST/TTLD Input/output port pin, address/data bus bit3 or parallel slave port bit3.

RD4/AD4/PSP4 bit4 sT/TTL® Input/output port pin, address/data bus bit4 or parallel slave port bit4.

RD5/AD5/PSP5 bit5 sT/TTL® Input/output port pin, address/data bus bit5 or parallel slave port bit5.

RD6/AD6/PSP6 bit6 ST/TTLD Input/output port pin, address/data bus bit6 or parallel slave port bit6.

RD7/AD7/PSP7 bit7 sT/TTL® Input/output port pin, address/data bus bit7 or parallel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in /O mode and TTL buffers when in System Bus or Parallel Slave
Port mode.

TABLE 10-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD

Value on Value on all
Name Bit7 | Bit6 | Bith Bit 4 Bit 3 Bit 2 Bitl | BitO POR. BOR other
' RESETS

PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO | xxxx XXXX | uuuu uuuu
LATD LATD Data Output Register XXXX XXXX | uuuu uuuu
TRISD PORTD Data Direction Register 1111 1111 | 1111 1111
PSPCON IBF OBF | IBOV | PSPMODE — — — — 0000 ---- | 0000 ----
MEMCON | EBDIS — | WAIT1 WAITO — — WM1 | WMO | 0-00 --00 | 0-00 --00

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by PORTD.
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10.5 PORTE, TRISE and LATE
Registers

PORTE is an 8-bit wide, bi-directional port. The corre-
sponding data direction register is TRISE. Setting a
TRISE bit (= ‘1") will make the corresponding PORTE
pin an input (i.e., put the corresponding output driver in
a high-Impedance mode). Clearing a TRISE bit (= ‘0")
will make the corresponding PORTE pin an output (i.e.,
put the contents of the output latch on the selected pin).

Read-modify-write operations on the LATE register,
read and write the latched output value for PORTE.

PORTE is an 8-bit port with Schmitt Trigger input buff-
ers. Each pin is individually configurable as an input or
output. PORTE is multiplexed with the CCP module
(Table 10-9).

On PIC18F8X20 devices, PORTE is also multiplexed
with the system bus as the external memory interface;
the I/O bus is available only when the system bus is dis-
abled, by setting the EBDIS bit in the MEMCON register
(MEMCONK<7>). If the device is configured in Micro-
processor or Extended Microcontroller mode, then the
PORTE<7:0> becomes the high byte of the
address/data bus for the external program memory
interface. In Microcontroller mode, the PORTE<2:0>
pins become the control inputs for the Parallel Slave
Port port when bit PSPMODE (PSPCON<4>) is set.
(Refer to Section 4.1.1 for more information on program
memory modes.)

When the Parallel Slave Port is active, three PORTE
pins (REO/AD/RD8, RE1/AD9/WR, and RE2/AD10/CS)
function as its control inputs. This automatically occurs
when the PSPMODE bit (PSPCON<4>) is set. Users
must also make certain that bits TRISE<2:0> are set to
configure the pins as digital inputs, and the ADCON1
register is configured for digital 1/0. The PORTE PSP
control functions are summarized in Table 10-9.

Pin RE7 can be configured as the alternate peripheral
pin for CCP module 2, when the device is operating in
Microcontroller mode. This is done by clearing the con-
figuration bit CCP2MX in configuration register,
CONFIG3H (CONFIG3H<0>).

Note: For PIC18F8X20 (80-pin) devices operat-
ing in Extended Microcontroller mode,
PORTE defaults to the system bus on
Power-on Reset.

EXAMPLE 10-5:  INITIALIZING PORTE

CLRF PORTE ; Initialize PORTE by
; clearing output
; data | atches

CLRF LATE ; Alternate nethod
; to clear output
; data | atches

MOVLW  0x03 ; Value used to
;initialize data
; direction

MOVWIF  TRISE ; Set REL: REO as inputs

RE7: RE2 as outputs
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FIGURE 10-11: PORTE BLOCK DIAGRAM IN I/O MODE

Peripheral Out Select
Peripheral Data Out 0 VDD
) e
RD LATE 1 1/0 pin®
Data Bus ’—%
WR LATE D Q
or WR PORTE K0
Data Latch N
Db Q v TRIS OVERRIDE
Ss
WR TRISE A TRIS
Q Override Pin | Override Peripheral
TRIS Latch REO Yes External Bus
.%ﬂi RE1 Yes External Bus
RD TRISE Ne /
] Schmitt \ RE2 Yes External Bus
Peripheral Enable Trigger RE3 Yes External Bus
d Q D RE4 Yes External Bus
EN RES5 Yes External Bus
RD PORTE . {><: _‘ RE6 Yes External Bus
Peripheral Data In RE7 Yes External Bus
Note 1: I/O pins have diode protection to VDD and Vss.

FIGURE 10-12: PORTE BLOCK DIAGRAM IN SYSTEM BUS MODE

Q D
EN
RD PORTE {>C T
- /A
RD LATE S\J
1/0 pin®
Port
Data Bus D Q 0 N X
WR LATE Data 1
or PORTE EEK—\_
Data Latch
4 D Q *
4
WR TRISE N\ / TTL
Ko Input
TRIS Latch Buffer
RD TRISE
Bus Enable
System Bus
Control Data/TRIS Out
Drive Bus
Instruction Register

]
Instruction Read ﬁ\l

Note 1: 1/O pins have protection diodes to VDD and Vss.
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TABLE 10-9: PORTE FUNCTIONS

Name Bit# | Buffer Type Function

REO/AD8/RD bit0 sT/TTL® Input/output port pin, address/data bit 8, or Read control for parallel
slave port

For RD (PSP Control mode):

1 = Not a read operation

0 = Read operation, reads PORTD register (if chip selected)

RE1/AD9/WR bit1 ST/TTLD | Input/output port pin, address/data bit 9, or Write control for parallel
slave port

For WR (PSP Control mode):

1 = Not a write operation

0 = Write operation, writes PORTD register (if chip selected)
RE2/AD10/CS bit2 sT/TTL® Input/output port pin or address/data bit 10, or Chip Select control for
parallel slave port

For CS (PSP Control mode):

1 = Device is not selected

0 = Device is selected

RE3/AD11 bit3 ST/TTLY | Input/output port pin or address/data bit 11
RE4/AD12 bit4 ST/TTLY | Input/output port pin or address/data bit 12
RE5/AD13 bit5 sT/TTL® Input/output port pin or address/data bit 13
RE6/AD14 bité sT/TTL® Input/output port pin or address/data bit 14

RE7/AD15/CCP2 bit7 sT/TTL® Input/output port pin, address/data bit 15, or Capture2 input/ Compare2

output/PWM output (PIC18F8X20 devices in Microcontroller mode only).

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in 1/O or CCP mode, and TTL buffers when in System Bus or PSP
Control mode.

TABLE 10-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE

value on: Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit3 | Bit2 | Bitl | BitO POR Boé other

' RESETS

TRISE PORTE Data Direction Control Register 1111 1111 | 1111 1111
PORTE Read PORTE pin/Write PORTE Data Latch XXXX XXXX | uuuu uuuu
LATE Read PORTE Data Latch/Write PORTE Data Latch XXXX XXXX | uuuu uuuu
MEMCON EBDIS — WAIT1 WAITO — — WM1 | WMO | 0-00 --00 | 0000 --00
PSPCON IBF OBF IBOV | PSPMODE — — — — 0000 ---- 0000 ----

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTE.
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10.6 PORTF, LATF, and TRISF
Registers

PORTF is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISF. Setting a
TRISF bit (= '1") will make the corresponding PORTF
pin an input (i.e., put the corresponding output driver in
a Hi-lImpedance mode). Clearing a TRISF bit (= ‘0") will
make the corresponding PORTF pin an output (i.e., put
the contents of the output latch on the selected pin).

Read-modify-write operations on the LATF register,
read and write the latched output value for PORTF.

PORTF is multiplexed with several analog peripheral
functions, including the A/D converter inputs and com-
parator inputs, outputs, and voltage reference.

Note 1: On a Power-on Reset, the RF6:RFO pins
are configured as inputs and read as '0'.

2: To configure PORTF as digital I/O, turn off
comparators and set ADCON1 value.

FIGURE 10-13:

EXAMPLE 10-6:

INITIALIZING PORTF

CLRF

MOVLW

MOVLW

MOVLW

PORTF

LATF

0x07

OxOF

ADCON1
OxCF

TR SF

Initialize PORTF by
cl earing out put
data | atches

Al ternate nethod

to cl ear output
data | atches

Turn of f conparators

Set PORTF as digital 1/0
Val ue used to

initialize data
direction

Set RF3: RFO as inputs
RF5: RF4 as out puts

RF7: RF6 as inputs

PORTF RF1/AN6/C20UT, RF2/AN5/C10UT BLOCK DIAGRAM

PORT/Comparator Select

Comparator Data Out

]
N 1
RD LATF
Data Bus D Q
\é¥R LATF CK_\_a
WR PORTF Data Latch
oD Q
WR TRISF CK_\_6
TRIS Latch
‘ ]
RD TRISF
]
RD PORTF

EN—‘

e

To A/D Converter

Analog
Input
Mode

Schmitt
Trigger

1/O pin

-4

Note 1: /O pins have diode protection to VDD and Vss.
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FIGURE 10-14: RF6:RF3 AND RFO PINS FIGURE 10-15: RF7 PIN BLOCK
BLOCK DIAGRAM DIAGRAM
RD LATF RD LATE
Dat Data
ata Bus X
D
Bus D Q Q
WR LATF or 1/O pin
XYR LATE VDD WR PORTF
WR PORTF CK
7—P CK Q N
Q M P Data Latch
Data Latch J _@
q D Q
— D Q N 1/0 pin Schmitt
Trigger
WRTRISE | .~ g %7
WR TRISF | CKLQ Vss TRIS Latch Buffer 7L
Analog P In
put
TRIS Latch nput W Buffer
,—C§ RD TRISF K7
RD TRISF ST
Input 1 -
| Buffer Q D
Q D
EN |—
EN RD PORTE I {>0
RD PORTF | >
ss Input
ATo A/D Converter or Comparator Input
Note 1: /O pins have diode protection to VDD and Vss. Note: /O pins have diode protection to VDD and Vss.
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TABLE 10-11: PORTF FUNCTIONS

Name Bit# | Buffer Type Function
RFO/AN5 bit0 ST Input/output port pin or analog input.
RF1/AN6/C20UT | bitl ST Input/output port pin, analog input or comparator 2 output.
RF2/AN7/C10UT | bit2 ST Input/output port pin, analog input or comparator 1 output.
RF3/AN8 bit3 ST Input/output port pin or analog input/comparator input.
RF4/AN9 bit4 ST Input/output port pin or analog input/comparator input.
RF5/AN10/ bit5 ST Input/output port pin, analog input/comparator input, or
CVREF comparator reference output.
RF6/AN11 bit6 ST Input/output port pin or analog input/comparator input.
RF7/SS bit7 ST/TTL Input/output port pin or Slave Select pin for Synchronous Serial Port.

Legend: ST = Schmitt Trigger input, TTL = TTL input

TABLE 10-12: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF

. . . . . . . . Value on: Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR BOR other
’ RESETS

TRISF PORTF Data Direction Control Register 1111 1211 | 1111 1111
PORTF | Read PORTF pin/Write PORTF Data Latch XXXX XXXX | uuuu uuuu
LATF Read PORTF Data Latch/Write PORTF Data Latch 0000 0000 | uuuu uuuu
ADCON1 — VCFGL1 | VCFGO | PCFG3 | PCFG2 | PCFG1 |PCFGO| --00 0000 | --00 0000
CMCON | C20UT | C10UT | C2INV | C1INV | CIS CM2 CM1 CMO | 0000 0000 | 0000 0000
CVRCON | CVREN | CVROE | CVRR |CVRSS | CVR3 | CVR2 | CVR1 | CVRO | 0000 0000 | 0000 0000

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTF.
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10.7 PORTG, TRISG and LATG

Registers

PORTG is a 5-bit wide, bi-directional port. The corre-
sponding data direction register is TRISG. Setting a
TRISG bit (= ‘1") will make the corresponding PORTG
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISG bit (= ‘0") will
make the corresponding PORTC pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATG) is also memory
mapped. Read-modify-write operations on the LATG
register, read and write the latched output value for
PORTG.

PORTG is multiplexed with both CCP and USART
functions (Table 10-13). PORTG pins have Schmitt
Trigger input buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTG pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to

make a pin an input. The user should refer to the corre-
sponding peripheral section for the correct TRIS bit

settings.

Note:

On a Power-on Reset, these pins are con-
figured as digital inputs.

The pin override value is not loaded into the TRIS reg-
ister. This allows read-modify-write of the TRIS register,

without concern due to peripheral overrides.

EXAMPLE 10-7:

INITIALIZING PORTG

CLRF PORTG ,
CLRF LATG ,
MOVLW  0x04 ,
MOVWF  TRI SG ,

Initialize PORTG by
cl earing out put
data | atches

Al ternate nethod

to clear output
data | atches

Val ue used to

;initialize data

direction
Set RGL: R as outputs
RG22 as input

R&4: RG3 as inputs

FIGURE 10-16: PORTG BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)
PORTG/Peripheral Out Select
Peripheral Data Out
0 VDD
) e
RD LATG 1
Data Bus D 0 P—%
_ in@
WR LATG or CK\_0Q I/O pin
WR PORTG
Data Latch N
e D Q
= TRIS Vss
WR TRISG CK\_0Q Over(ide
TRIS Latch Logic
r
RD TRISG —\—
. Schmitt
Peripheral Output Trigger TRIS OVERRIDE
Enable®
navie d Q D Pin | Override Peripheral
EN RGO Yes CCP31/0
berioneral Daa | . {>¢ Xmit, Sync Clock
t
eriphera’ ata In RG2 Yes USART1 Async
Rcv, Sync Data
Out
Note 1: I/O pins have diode protection to VDD and Vss. RG3 Yes CCP41/0
2. Peripheral Output Enable is only active if Peripheral Select is active. RG4 Yes CCP51/0
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TABLE 10-13: PORTG FUNCTIONS

Name Bit# | Buffer Type Function

RGO/CCP3 bit0 ST Input/output port pin or Capture3 input/Compare3 output/
PWM3 output.

RG1/TX2/CK2 bitl ST Input/output port pin, Addressable USART2 Asynchronous Transmit,
or Addressable USART2 Synchronous Clock.

RG2/RX2/DT2 bit2 ST Input/output port pin, Addressable USART2 Asynchronous Receive,
or Addressable USART2 Synchronous Data.

RG3/CCP4 bit3 ST Input/output port pin or Capture4 input/Compare4 output/
PWM4 output.

RG4/CCP5 bit4 ST Input/output port pin or Capture5 input/Compare5 output/
PWMS output.

Legend: ST = Schmitt Trigger input

TABLE 10-14: SUMMARY OF REGISTERS ASSOCIATED WITH PORTG

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR other
' RESETS
PORTG — — — Read PORTF pin/Write PORTF Data Latch ---X XXXX | ---U uuuu
LATG — — — LATG Data Output Register ---X XXXX | ---uU uuuu
TRISG — — — Data Direction Control Register for PORTG ---1 1111 |---1 1111

Legend: x = unknown, u = unchanged

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 117




PIC18FXX20

10.8 PORTH, LATH, and TRISH FIGURE 10-17: RH3:RHO PINS BLOCK
Registers DIAGRAM IN I/O MODE
Note: PORTH is available only on PIC18F8X20
devices. RD LATH
PORTH is an 8-bit wide, bi-directional 1/0 port. The cor- gg;a
responding data direction register is TRISH. Setting a D Q ’—%
TRISH bit (= ‘1’) will make the corresponding PORTH /0 pin®
pin an input (i.e., put the corresponding output driver in \éw CK
a Hi-Impedance mode). Clearing a TRISH bit (= ‘0") will PORTH Data Latch
make the corresponding PORTH pin an output (i.e., put
the contents of the output latch on the selected pin). — Db Q
Read-modify-write operations on the LATH register, WR TRISH Schmitt
read and write the latched output value for PORTH. t CK ;I;%gug:er :\7
Pins RH7:RH4 are multiplexed with analog inputs TRIS L@‘ Buffer
AN15:AN12. Pins RH3:RHO are multiplexed with the
: RD TRISH N
system bus as the external memory interface; they are
the high order address bits A19:A16. By default, pins
RH7:RH4 are enabled as A/D inputs and pins P
RH3:RHO are enabled as the system address bus. Q D
Register ADCONL1 configures RH7:RH4 as I/O or A/D
inputs. Register MEMCON configures RH3:RHO as I/O EN —‘
or system bus pins. RD PORTH . {>0
Note 1: On Power-on Reset, PORTH pins
RH7:RH4 default to A/D inputs and read Note 1: I/O pins have diode protection to VbD and Vss.
as’'0'.
2: On Power-on Reset, PORTH pins FIGURE 10-18: RH7:RH4 PINS BLOCK
RH3:RHO default to system bus signals. DIAGRAM IN I/O MODE
EXAMPLE 10-8: INITIALIZING PORTH RD LATH
CLRF PORTH ; Initialize PORTH by Data
; clearing output Bus D 0
; data latches W)
CLRF LATH ; Alternate method pin
; to clear output X‘M CK
; data | atches PORTH Data Latch
MOVLW  OFh ;
MOVWF ADCON1L ; — D Q Schmitt
MOVLW  OCFh ; Value used to Trigger
; initialize data WR TRISH | CcK U Input
; direction L Buﬁer<\7
MOWE TR SH : Set RH3:RHO as inputs TRIS Latch
; RH5: RH4 as out puts e
. RH7:RH6 as inputs RD TRISH N
/‘ Q D

EN
RD PORTH . D@ —‘

__To A/D Converter

Note 1: I/O pins have diode protection to VDD and Vss.
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FIGURE 10-19: RH3:RHO PINS BLOCK DIAGRAM IN SYSTEM BUS MODE

‘T]io D
EN
RD PORTH . {>0 T
e
<

A

RD LATD
I/0 pin®
Data Bus D 0 Port 0 g
Data 1 {E
\é\:R LATH CK_
PORTH Data Latch
q D Q \ d
L
WR TRISH N / TTL
oK Input
TRIS Latch Buffer
RD TRISH
External Enable.
System BUs ) agdress Out
Control

Drive System

To Instruction Register |
Instruction Read \FJ

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 10-15: PORTH FUNCTIONS

Name Bit# Buffer Type Function
RHO/AL16 bit0 sT/TTLD Input/output port pin or address bit 16 for external memory interface.
RH1/A17 bitl ST/TTL® Input/output port pin or address bit 17 for external memory interface.
RH2/A18 bit2 sST/TTL® Input/output port pin or address bit 18 for external memory interface.
RH3/A19 bit3 ST/TTLD Input/output port pin or address bit 19 for external memory interface.
RH4/AN12 bit4 ST Input/output port pin or analog input channel 12.
RH5/AN13 bit5 ST Input/output port pin or analog input channel 13.
RH6/AN14 bit6 ST Input/output port pin or analog input channel 14.
RH7/AN15 bit7 ST Input/output port pin or analog input channel 15.

Legend: ST = Schmitt Trigger input, TTL = TTL input
Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in System Bus or Parallel Slave
Port mode.

TABLE 10-16: SUMMARY OF REGISTERS ASSOCIATED WITH PORTH

Value on: Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR Boﬁ other
’ RESETS

TRISH PORTH Data Direction Control Register 1111 1111 | 1111 1111
PORTH Read PORTH pin/Write PORTH Data Latch XXXX XXXX uuuu uuuu
LATH Read PORTH Data Latch/Write PORTH Data Latch XXXX XXXX uuuu uuuu
ADCON1 — — VCFGL1 | VCFGO | PCFG3 | PCFG2 | PCFG1 |PCFGO| --00 0000 --00 0000
MEMCON | EBDIS — WAIT1 | WAITO — — WM1 | WMO | 0-00 --00 0-00 --00

Legend: x = unknown, u = unchanged, - = unimplemented. Shaded cells are not used by PORTH.
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10.9 PORTJ, TRISJ and LATJ
Registers

Note: PORTJ is available only on PIC18F8X20
devices.

PORTJ is an 8-bit wide, bi-directional port. The corre-
sponding Data Direction register is TRISJ. Setting a
TRISJ bit (= ‘1") will make the corresponding PORTJ
pin an input (i.e., put the corresponding output driver in
a Hi-Impedance mode). Clearing a TRISJ bit (= ‘0") will
make the corresponding PORTJ pin an output (i.e., put
the contents of the output latch on the selected pin).

The Data Latch register (LATJ) is also memory
mapped. Read-modify-write operations on the LATJ
register, read and write the latched output value for
PORTJ.

PORTJ is multiplexed with the system bus as the exter-
nal memory interface; I/O port functions are only avail-
able when the system bus is disabled. When operating
as the external memory interface, PORTJ provides the
control signal to external memory devices. The RJ5 pin
is not multiplexed with any system bus functions.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTJ pin. Some
peripherals override the TRIS bit to make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input. The user should refer to the corre-
sponding peripheral section for the correct TRIS bit
settings.

FIGURE 10-20: PORTJ BLOCK DIAGRAM
IN I/O MODE
RD LATJ
Data
Bus
D Q >—| g
1/0 pin®
WR LATJ
o T — CK
PORTJ Data Latch
e— D Q
Schmitt
WR TRISJ Trigger
S e sl input \V
TRIS Latch Buffer
e
RD TRISJ o~
el Q DL

EN
RD PORTJ {>0 T

Note 1: I/O pins have diode protection to VDD and Vss.

Note: On a Power-on Reset, these pins are con-
figured as digital inputs.

The pin override value is not loaded into the TRIS reg-
ister. This allows read-modify-write of the TRIS register,
without concern due to peripheral overrides.

EXAMPLE 10-9:  INITIALIZING PORTJ

CLRF PORTJ ; Initialize PORTG by
; clearing output

; data |l atches
CLRF LATJ ; Alternate method
; to clear output
; data |l atches
MOVLW Ox CF ; Value used to

;initialize data
; direction
MOVWF TRI SJ ; Set RJ3:RJO as inputs

RJ5: RJ4 as out put
RJ7: RJ6 as inputs

0 2001 Microchip Technology Inc.
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FIGURE 10-21: RJ4:RJO PINS BLOCK DIAGRAM IN SYSTEM BUS MODE

Q D
EN
RD PORTJ D@ _‘

/A

%

RD LATJ
1/0 pin®
Data Bus D Q Port 0 }_@
Data 1
\é\:R LATJ KL
PORTJ Data Latch

lw)
QO
b

WR TRISJ ! oK\

TRIS Latch

RD TRISJ

Control Out

System Bus ) External Enable
Control

Drive System

Note 1: I/O pins have diode protection to VbD and Vss.

FIGURE 10-22: RJ7:RJ6 PINS BLOCK DIAGRAM IN SYSTEM BUS MODE

< '7 Q D
EN —
RD PORTJ {>C
/A
L
RD LATJ
1/0 pin®
Data Bus D 0 Port | 4@
Data 1
\é\:R LATJ e
PORTJ Data Latch
[ D Q *
WR TRISJ cK LU
TRIS Latch
RD TRISJ
UB/LB Out
System Bus ) WM =01
Control \ Drive System

Note 1: I/O pins have diode protection to VDD and Vss.
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TABLE 10-17: PORTJ FUNCTIONS

Name Bit# | Buffer Type Function

RJO/ALE bit0 ST Input/output port pin or Address Latch Enable control for external
memory interface.

RJ1/OE bitl ST Input/output port pin or Output Enable control for external memory
interface.

RJ2/WRL bit2 ST Input/output port pin or Write Low Byte control for external memory
interface.

RJ3/WRH bit3 ST Input/output port pin or Write High Byte control for external memory
interface.

RJ4/BAO bit4 ST Input/output port pin or Byte Address O control for external memory
interface.

RJ5 bit5 ST Input/output port pin.

RJ6/LB bit6 ST Input/output port pin or Lower Byte Select control for external

memory interface.

RJ7/UB bit7 ST Input/output port pin or Upper Byte Select control for external
memory interface.

Legend: ST = Schmitt Trigger input

TABLE 10-18: SUMMARY OF REGISTERS ASSOCIATED WITH PORTJ

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR other
' RESETS
PORTJ Read PORTJ pin/Write PORTJ Data Latch XXXX XXXX | uuuu uuuu
LATJ LATJ Data Output Register XXXX XXXX | uuuu uuuu
TRISJ Data Direction Control Register for PORTJ 1111 1111 | 1111 1111

Legend: x = unknown, u = unchanged
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10.10 Parallel Slave Port

PORTD also operates as an 8-bit wide Parallel Slave
Port, or microprocessor port, when control bit
PSPMODE (TRISE<4>) is set. It is asynchronously
readable and writable by the external world through RD
control input pin, REO/RD and WR control input pin,
RE1/WR.

Note: For PIC18F8X20 devices, the Parallel
Slave Port is available only in Micro-
controller mode.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
bit PSPMODE enables port pin REO/RD to be the RD
input, REL/WR to be the WR input and RE2/CS to be
the CS (chip select) input. For this functionality, the cor-
responding data direction bits of the TRISE register
(TRISE<2:0>) must be configured as inputs (set). The
A/D port configuration bits PCFG2:PCFGO
(ADCON1<2:0>) must be set, which will configure pins
REZ2:REO as digital I/0.

A write to the PSP occurs when both the CS and WR
lines are first detected low. A read from the PSP occurs
when both the CS and RD lines are first detected low.

The PORTE I/O pins become control inputs for the
microprocessor  port  when bit PSPMODE
(PSPCON<4>) is set. In this mode, the user must make
sure that the TRISE<2:0> bits are set (pins are config-
ured as digital inputs), and the ADCONL1 is configured
for digital I/O. In this mode, the input buffers are TTL.

FIGURE 10-23: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)
r-—-—-—-— - - ---- - - - A
Data B
ata Bus 5 o ,I/\ IX
I RDx
\é\'{R LATD CK—\_ I Pin
PORTD Data Latch TTL I

RD PORTD

<

EN

<

RD LATD\I\I

=

One bit of PORTD

_, SetInterrupt Flag

I
I
I
TRIS Latch |
I
I
I

/7

o
PSPIF (PIR1<7>)

Note: 1/O pin has protection diodes to VDD and Vss.
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REGISTER 10-1: PSPCON REGISTER

R-0 R-0 R/W-0 R/W-0 uU-0 uU-0 uU-0 uU-0
IBF OBF IBOV | PSPMODE — — — —
bit 7 bit 0
bit 7 IBF: Input Buffer Full Status bit

1 = A word has been received and is waiting to be read by the CPU
0 = No word has been received

bit 6 OBF: Output Buffer Full Status bit
1 = The output buffer still holds a previously written word
0 =The output buffer has been read
bit 5 IBOV: Input Buffer Overflow Detect bit
1 = A write occurred when a previously input word has not been read
(must be cleared in software)
0 = No overflow occurred
bit 4 PSPMODE: Parallel Slave Port Mode Select bit

1 = Parallel Slave Port mode
0 = General Purpose I/O mode

bit 3-0 Unimplemented: Read as ‘0’
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

FIGURE 10-24: PARALLEL SLAVE PORT WRITE WAVEFORMS

QL | Q2 | @ | @ + Q1 | Q@ | Q3 | @4 . Q1 | Q2 | Q3 | Q4

rorTTe — ; AN
o : \\,/ :
OB 5 \_
o B
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FIGURE 10-25: PARALLEL SLAVE PORT READ WAVEFORMS

QL | @ | @3 | @ + Q1 | Q@ | Q@3 | @4 « Q1 | Q2 | Q3 | Q4

N
=5 _—\ N | \\7\
BF . | \
 —

'

OBF

. \
E S

PSPIF

TABLE 10-19: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR other
’ RESETS
PORTD | Port Data Latch when written; Port pins when read XXXX XXXX | uuuu uuuu
LATD LATD Data Output bits XXXX XXXX | uuuu uuuu
TRISD PORTD Data Direction bits 1111 1111 | 1111 1111
PORTE _ _ _ _ _ Read PORTE pin/ 0000 0000 | 0000 0000
Write PORTE Data Latch
LATE — — — — — LATE Data Output bits XXXX XXXX | uuuu uuuu
TRISE — — — — — PORTE Data Direction bits 1111 1111 | 1111 1111
PSPCON IBF OBF IBOV | PSPMODE — — — — 0000 ---- | 0000 ----
INTCON GIE/ PEIE/ TMROIF INTOIE RBIE | TMROIF | INTOIF RBIF 0000 0000 | 0000 0000
GIEH GIEL

PIR1 PsPIFD | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE®Y | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PsPIPW | ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.
Note 1: Enabled only in Microcontroller mode for PIC18F8X20 devices.
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112.0 TIMERO MODULE Figure 11-1 shows a simplified block diagram of the
TimerO module in 8-bit mode and Figure 11-2 shows a
The Timer0 module has the following features: simplified block diagram of the Timer0 module in 16-bit
« Software selectable as an 8-bit or 16-bit mode.
timer/counter The TOCON register (Register 11-1) is a readable and
« Readable and writable writable register that controls all the aspects of TimerO,
- Dedicated 8-bit software programmable prescaler including the prescale selection.

Clock source selectable to be external or internal

Interrupt-on-overflow from FFh to 00h in 8-bit
mode and FFFFh to 0000h in 16-bit mode

Edge select for external clock

REGISTER 11-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

TOCON: TIMERO CONTROL REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
TMROON TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 TOPSO
bit 7 bit 0

TMROON: Timer0 On/Off Control bit

1 = Enables Timer0

0 = Stops Timer0

TO8BIT: Timer0 8-bit/16-bit Control bit

1 = TimerO0 is configured as an 8-bit timer/counter

0 = Timer0 is configured as a 16-bit timer/counter
TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKOUT)

TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
PSA: Timer0O Prescaler Assignment bit

1 = TImerO prescaler is NOT assigned. Timer0 clock input bypasses prescaler.
0 = TimerO0 prescaler is assigned. Timer0 clock input comes from prescaler output.
TOPS2:TOPSO: Timer0 Prescaler Select bits

111 =1:256 prescale value

110 =1:128 prescale value

101 = 1:64 prescale value

100 = 1:32 prescale value

011 = 1:16 prescale value

010 =1:8 prescale value

001 =1:4 prescale value

000 =1:2 prescale value

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n=Value at POR reset 'l’' = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
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FIGURE 11-1: TIMERO BLOCK DIAGRAM IN 8-BIT MODE
Data Bus
Fosc/4 ——| 0
8
L4 0
Sync with
1 Internal — TMRO
RA4/TOCKI pin Programmable | | 1 Clocks
Prescaler
TOSE (2 Tey delay)
$ 3 PSA
Set Interrupt
TOPS2, TOPS1, TOPSO Flag bit TMROIF
Tocs on Overflow
Note: Upon RESET, TimerO is enabled in 8-bit mode with clock input from TOCKI max. prescale.
FIGURE 11-2: TIMERO BLOCK DIAGRAM IN 16-BIT MODE
Fosc/4 0
Sync with Set Interrupt
1 Internal [ — |  TMROL | TMRO Flag bit TMROIF
i Clocks High Byte
TOCKI pin Pr%grammable 8 on Overflow
T0SE rescaler (2 Tev delay)
3 | |
K LRead TMROL
TOPS2, TOPS1, TOPSO _
TOCS PSA Write TMROL
8
8
TMROH
8

Data Bus<7:0>

Note: Upon RESET, TimerO is enabled in 8-bit mode with clock input from TOCKI max. prescale.
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11.1 Timer0 Operation

TimerQ can operate as a timer or as a counter.

Timer mode is selected by clearing the TOCS bit. In
Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMRO regis-
ter is written, the increment is inhibited for the following
two instruction cycles. The user can work around this
by writing an adjusted value to the TMRO register.

Counter mode is selected by setting the TOCS bit. In
Counter mode, Timer0O will increment, either on every
rising or falling edge of pin RA4/TOCKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit (TOSE). Clearing the TOSE bit selects the ris-
ing edge. Restrictions on the external clock input are
discussed below.

When an external clock input is used for TimerO, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (Tosc). Also, there is a delay in the actual
incrementing of TimerO after synchronization.

11.2 Prescaler

An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not readable or writable.

The PSA and TOPS2:TOPSO bits determine the pres-
caler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4,..., 1:256 are
selectable.

When assigned to the TimerO module, all instructions
writing to the TMRO register (e.g., CLRF TMR0, MOVWF
TMRO, BSF TMRO, x....etc.) will clear the prescaler

11.2.1 SWITCHING PRESCALER ASSIGNMENT

The prescaler assignment is fully under software con-
trol, (i.e., it can be changed “on-the-fly” during program
execution).

11.3

The TMRO interrupt is generated when the TMRO reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMROIF
bit. The interrupt can be masked by clearing the
TMROIE bit. The TMROIE bit must be cleared in soft-
ware by the TimerO module Interrupt Service Routine,
before re-enabling this interrupt. The TMRO interrupt
cannot awaken the processor from SLEEP, since the
timer is shut-off during SLEEP.

TimerO Interrupt

16-Bit Mode Timer Reads and
Writes

11.4

TMROH is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of TimerO (refer to Figure 11-2). The high byte
of the TimerO counter/timer is not directly readable nor
writable. TMROH is updated with the contents of the
high byte of Timer0 during a read of TMROL. This pro-
vides the ability to read all 16-bits of TimerO without
having to verify that the read of the high and low byte
were valid, due to a rollover between successive reads
of the high and low byte.

A write to the high byte of Timer0 must also take place
through the TMROH buffer register. TimerO high byte is
updated with the contents of TMROH when a write
occurs to TMROL. This allows all 16-bits of TimerO to be
updated at once.

count.
Note:  Writing to TMRO when the prescaler is
assigned to Timer0 will clear the prescaler
count, but will not change the prescaler
assignment.
TABLE 11-1: REGISTERS ASSOCIATED WITH TIMERO
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
’ RESETS
TMROL |TimerO Module Low Byte Register XXXX XXXX [uuuu uuuu
TMROH [TimerO Module High Byte Register 0000 0000|0000 0000
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF| INTOIF | RBIF |0000 0000|0000 0000
TOCON | TMROON | TO8BIT TOCS | TOSE | PSA | TOPS2 | TOPS1 | TOPSO |1111 11111111 1111
TRISA — PORTA Data Direction Register -111 1111 -111 1111

Legend: x = unknown, u = unchanged, - = unimplemented locations, read as '0'. Shaded cells are not used by TimerO.
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12.0 TIMER1 MODULE Figure 12-1 is a simplified block diagram of the Timerl

The Timerl module timer/counter has the following

module.

Register 12-1 details the Timerl control register. This

features: register controls the operating mode of the Timerl
* 16-bit timer/counter module, and contains the Timerl oscillator enable bit

(two 8-bit registers; TMR1H and TMR1L) (TLOSCEN). Timer1 can be enabled or disabled by set-
* Readable and writable (both registers) ting or clearing control bit, TMR1ON (T1CON<0>).

« Internal or external clock select
« Interrupt-on-overflow from FFFFh to 0000h
« RESET from CCP module special event trigger

REGISTER 12-1:

bit 7

bit 6
bit 5-4

bit 3

bit 2

bit 1

bit 0

T1CON: TIMER1 CONTROL REGISTER

R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 — T1CKPS1 | TICKPSO | TIOSCEN | T1ISYNC | TMR1CS | TMR1ON
bit 7 bit 0

RD16: 16-bit Read/Write Mode Enable bit
1 = Enables register Read/Write of Timerl in one 16-bit operation
0 = Enables register Read/Write of Timerl in two 8-bit operations
Unimplemented: Read as '0’
T1CKPS1:T1CKPSO0: Timerl Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
T1OSCEN: Timerl Oscillator Enable bit
1 = Timerl Oscillator is enabled
0 = Timerl Oscillator is shut-off
The oscillator inverter and feedback resistor are turned off to eliminate power drain.
T1SYNC: Timerl External Clock Input Synchronization Select bit

When TMR1CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input

When TMRICS = 0:
This bit is ignored. Timerl uses the internal clock when TMR1CS = 0.
TMR1CS: Timerl Clock Source Select bit

1 = External clock from pin RCO/T1OSO/T13CKI (on the rising edge)
0 = Internal clock (Fosc/4)

TMR1ON: Timerl On bit

1 = Enables Timerl
0 = Stops Timerl

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

Timerl can operate in one of these modes:

¢ As atimer

 As a synchronous counter
« As an asynchronous counter

The operating mode is determined by the clock select

bit, TMR1CS (T1CON<1>).

When TMR1CS = 0, Timerl increments every instruc-
tion cycle. When TMR1CS = 1, Timerl increments on
every rising edge of the external clock input or the
Timerl oscillator, if enabled.

When the Timerl oscillator is enabled (TLOSCEN is
set), the RC1/T10SI and RCO/T10SO/T1CKI pins
become inputs. That is, the TRISC<1:0> value is
ignored, and the pins are read as ‘0’.

Timerl also has an internal “RESET input”. This
RESET can be generated by the CCP module
(Section 16.0).

FIGURE 12-1: TIMER1 BLOCK DIAGRAM
TMRLIF CCP Special Event Trigger
Overflow .
Interrupt TMR1 0 Synchronized
Flag Bit CLR Clock Input
TMR1H TMRI1L 1
TMR1ON
o On/Off TISYNC
T10SC PN
T1CKI/T10SO 2 2 1 -
@ | Eﬁyoﬁca\j [Prescaler Syncﬂronlze
T10SlI Xb_t_ nable Fosc/4 1,2,4,8 det
|OSCI||atOI'(l) Internal 0 J|
L Clock $ 2

Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

SLEEP Input
T1CKPS1:T1CKPSO

TMR1CS

FIGURE 12-2: TIMER1 BLOCK DIAGRAM: 16-BIT READ/WRITE MODE
Data Bus<7:0>
8
TMR1H
8
N g
Write TMR1L . .
_Z CCP Special Event Trigger
Read TMRle x K
TMRL1IF 8 TMR1 0 Synchronized
Overflow
Interrupt Timer 1 CLR Clock Input
Flag bit High Byte TMRI1L L
........ VRSN Tisvnc
» T10sC |
T13CKI/TLOSO % o 0 % 1 .
' ' Synchronize
! : | Prescaler
; —T10SCEN Foscl4 1,2,4,8 A det
. . Enable @ Internal 0
T10SI : : Oscillator Clock 2 ‘
........ TMR1CS SLEEP Input
T1CKPS1:T1CKPSO0

Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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12.2 Timerl Oscillator

A crystal oscillator circuit is built-in between pins T10SI
(input) and T1OSO (amplifier output). It is enabled by
setting control bit TAOSCEN (T1CON<3>). The oscilla-
tor is a low power oscillator rated up to 200 kHz. It will
continue to run during SLEEP. It is primarily intended
for a 32 kHz crystal. Table 12-1 shows the capacitor
selection for the Timerl oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timerl oscillator.

TABLE 12-1: CAPACITOR SELECTION FOR

THE ALTERNATE
OSCILLATOR
Osc Type Freq Cl A\ Cc2
LP 32 kHz T8D® N TBDW

%
Crystal to be Tested\<3

32.768 kHz | Epson C-001R32.768&A1 + 20 PPM

<A\\>
Note 1. Microchip sug e%?fpr as a starting

point in valida oscillator circuit.

2: Higher ca increases the stability
of the osc%, ut also increases the
start-ug time

3. Sin esonator/crystal has its own
c@istics, the user should consult the
o)
a

or/crystal manufacturer for appro-
values of external components.

@C pacitor values are for design guidance

only.

12.3 Timerl Interrupt

The TMR1 Register pair (TMR1H:TMR1L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR1 Interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit, TMR1IF
(PIR1<0>). This interrupt can be enabled/disabled by
setting/clearing TMR1 interrupt enable bit, TMR1IE
(PIE1<0>).

12.4 Resetting Timerl using a CCP
Trigger Output

If the CCP module is configured in Compare mode to
generate a “special event trigger” (CCP1M3:CCP1MO
= 1011), this signal will reset Timerl and start an A/D
conversion (if the A/D module is enabled).

Note:  The special event triggers from the CCP1
module will not set interrupt flag bit
TMRL1IF (PIR1<0>).

Timerl must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timerl is running in Asynchronous Counter mode,
this RESET operation may not work.

In the event that a write to Timerl coincides with a
special event trigger from CCP1, the write will take
precedence.

In this mode of operation, the CCPR1H:CCPRLL regis-
ters pair effectively becomes the period register for
Timerl.

12.5 Timerl 16-Bit Read/Write Mode

Timerl can be configured for 16-bit reads and writes
(see Figure 12-2). When the RD16 control bit
(TLCONK<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timerl. A read
from TMRL1L will load the contents of the high byte of
Timerl into the Timerl high byte buffer. This provides
the user with the ability to accurately read all 16-bits of
Timerl without having to determine whether a read of
the high byte, followed by a read of the low byte, is
valid, due to a rollover between reads.

A write to the high byte of Timerl must also take place
through the TMR1H buffer register. Timerl high byte is
updated with the contents of TMR1H when a write
occurs to TMR1L. This allows a user to write all 16 bits
to both the high and low bytes of Timerl at once.

The high byte of Timer1 is not directly readable or writ-
able in this mode. All reads and writes must take place
through the Timerl high byte buffer register. Writes to
TMR1H do not clear the Timerl prescaler. The
prescaler is only cleared on writes to TMR1L.
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TABLE 12-2: REGISTERS ASSOCIATED WITH TIMER1 AS A TIMER/COUNTER

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other

’ RESETS

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF | 0000 0000|0000 0000
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |0000 0000 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP |0111 1111|0111 1111
TMR1L |Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX |uuuu uuuu
TMR1H |Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX |uuuu uuuu
T1CON RD16 — T1CKPS1 | T1CKPSO0 | TLOSCEN | TISYNC | TMR1CS | TMR1ON | 0- 00 0000 | u- uu uuuu

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timerl module.
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13.0 TIMER2 MODULE

The Timer2 module timer has the following features:

¢ 8-hit timer (TMR2 register)

« 8-hit period register (PR2)

« Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

 Interrupt on TMR2 match of PR2

* SSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register shown in Register 13-1.
Timer2 can be shut-off by clearing control bit TMR20ON
(T2CON<2>) to minimize power consumption.
Figure 13-1 is a simplified block diagram of the Timer2
module. Register 13-1 shows the Timer2 control regis-
ter. The prescaler and postscaler selection of Timer2
are controlled by this register.

13.1 Timer2 Operation

Timer2 can be used as the PWM time-base for the
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
RESET. The input clock (Fosc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits,
T2CKPS1:T2CKPSO (T2CON<1:0>). The match out-
put of TMR2 goes through a 4-bit postscaler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a
TMR2 interrupt (latched in flag bit, TMR2IF (PIR1<1>)).

The prescaler and postscaler counters are cleared
when any of the following occurs:

* awrite to the TMR2 register

« awrite to the T2CON register

< any device RESET (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset)

TMR2 is not cleared when T2CON is written.

REGISTER 13-1: T2CON: TIMER2 CONTROL REGISTER

U-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

‘ — ‘TZOUTPSS T20UTPS2 | T20UTPS1 | T20UTPSO | TMR20ON | T2CKPS1 | T2CKPSO

bit 7

bit 7 Unimplemented: Read as '0’

bit 0

bit6-3  T20UTPS3:T20UTPSO0: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR2O0ON: Timer2 On bit

1 =Timer2 is on
0 = Timer2 is off

bit 1-0 T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR reset "1’ = Bit is set

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

X = Bit is unknown
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13.2 Timer2 Interrupt 13.3 Output of TMR2

The Timer2 module has an 8-bit period register, PR2. The output of TMR2 (before the postscaler) is fed to the
Timer2 increments from 00h until it matches PR2 and Synchronous Serial Port module, which optionally uses
then resets to 00h on the next increment cycle. PR2 is it to generate the shift clock.

a readable and writable register. The PR2 register is
initialized to FFh upon RESET.

FIGURE 13-1: TIMER2 BLOCK DIAGRAM
Sets Flag
Outped bit TMR2IF
F " Prescaler RESET
0S¢ 1:1, 1:4, 1:16
/l/z Postscaler

EQ | 1l1to1:16

}e

T20UTPS3:T20UTPSO

T2CKPS1:T2CKPSO

Note 1: TMR2 register output can be software selected by the SSP Module as a baud clock.

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
' RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF |0000 0000|0000 0000
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000|0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE {0000 0000({0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP (0111 1111|0111 1111
TMR2  |Timer2 Module Register 0000 0000|0000 0000
T2CON — T20UTPS3 | T20UTPS2|T20UTPS1|T20UTPS0| TMR20ON | T2CKPS1|T2CKPSO0 |- 000 0000|- 000 0000
PR2 Timer2 Period Register 1111 11111111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer2 module.
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14.0 TIMER3 MODULE

The Timer3 module timer/counter has the following
features:

¢ 16-bit timer/counter
(two 8-bit registers; TMR3H and TMR3L)
* Readable and writable (both registers)
« Internal or external clock select
« Interrupt-on-overflow from FFFFh to 0000h
« RESET from CCP module trigger

Figure 14-1 is a simplified block diagram of the Timer3
module.

Register 14-1 shows the Timer3 control register. This
register controls the operating mode of the Timer3
module and sets the CCP clock source.

Register 12-1 shows the Timerl control register. This
register controls the operating mode of the Timerl
module, as well as contains the Timerl oscillator
enable bit (TLOSCEN), which can be a clock source for
Timer3.

REGISTER 14-1: T3CON: TIMER3 CONTROL REGISTER

R/W-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

RD16 | T3CCP2 | T3CKPS1

T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON

bit 7

bit 0

bit 7 RD16: 16-bit Read/Write Mode Enable bit
1 = Enables register Read/Write of Timer3 in one 16-bit operation
0 = Enables register Read/Write of Timer3 in two 8-bit operations
bit 6,3 T3CCP2:T3CCP1: Timer3 and Timerl to CCPx Enable bits
11 =Timer3 and Timer4 are the clock sources for CCP1 through CCP5
10 =Timer3 and Timer4 are the clock sources for CCP3 through CCP5;
Timerl and Timer2 are the clock sources for CCP1 and CCP2
01 =Timer3 and Timer4 are the clock sources for CCP2 through CCP5;
Timerl and Timer2 are the clock sources for CCP1
00 =Timerl and Timer2 are the clock sources for CCP1 through CCP5

bit 5-4  T3CKPS1:T3CKPSO0: Timer3 Input Clock Prescale Select bits

11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value

bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the system clock comes from Timerl/Timer3.)

When TMR3CS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

When TMR3CS = 0:

This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit

1 = External clock input from Timerl oscillator or T1CKI
(on the rising edge after the first falling edge)

0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3

Legend:
R = Readable bit

W = Writable bit
-n=Value at POR reset 'l' = Bitis set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown
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14.1 Timer3 Operation When TMR3CS = 0, Timer3 increments every instruc-
] ] tion cycle. When TMR3CS = 1, Timer3 increments on

Timer3 can operate in one of these modes: every rising edge of the Timerl external clock input or

e As atimer the Timer1 oscillator, if enabled.

* As asynchronous counter When the Timerl oscillator is enabled (TLOSCEN is

¢ As an asynchronous counter set), the RC1/T10SI and RCO/T10SO/T1CKI pins

become inputs. That is, the TRISC<1:0> value is
ignored, and the pins are read as ‘0’.

Timer3 also has an internal “RESET input”. This RESET
can be generated by the CCP module (Section 14.0).

The operating mode is determined by the clock select
bit, TMR3CS (T3CON<1>).

FIGURE 14-1: TIMER3 BLOCK DIAGRAM
CCP Special Trigger
TMR3IF TacCh %
Overflow
Interrupt P Synchronized
Flag bit CLR N Clock Input
TMR3H TMR3L 4 .
14—
TMR3ON
on/Off T3SYNC
T10S0/ . T10SC No )
T13CKI ' ' 2 Synchronize
' ! | Prescaler n
; —T10SCEN  Fosc/4 1,2,4,8 _A det
' . Enable 1 Internal 0
T10SI : : Oscillator® Clock 2 ’
TMR3CS SLEEP Input

T3CKPS1:T3CKPSO

Note 1: When enable bit TLOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.

FIGURE 14-2: TIMER3 BLOCK DIAGRAM CONFIGURED IN 16-BIT READ/WRITE MODE
Data Bus<7:0> N
8
TMR3H
8 8
Write TMR3L u
Read TMRSL# K L/
—k M CCP Special Trigger
Set TMR3IF Flag bit 8 S/ TMR3\/ T3CCPx Synchronized
on Overflow 4 Timer3 CLR Clock Input
High Byte TMR3L
-
To Timerl Clock Input <+—— TMR3ON
P On/off T3SYNC
T10S0/ , T10SC N )
T13CKI : : Lz Erescalor Synchronize
! —T10SCEN Foscld | 1,2,4,8 A det
. . Enable Internal 0 I
T10SI + Oscillator™® Clock $ 2
' ' SLEEP Input

________ T3CKPS1:T3CKPSO
TMR3CS

Note 1: When the TLOSCEN bit is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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14.2 Timerl Oscillator

The Timerl oscillator may be used as the clock source
for Timer3. The Timerl oscillator is enabled by setting
the TLOSCEN (T1CON<3>) hit. The oscillator is a low
power oscillator rated up to 200 kHz. See Section 12.0
for further details.

14.3 Timer3 Interrupt

The TMR3 Register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR3 Interrupt, if enabled, is generated on overflow,
which is latched in interrupt flag bit, TMR3IF
(PIR2<1>). This interrupt can be enabled/disabled by
setting/clearing TMR3 interrupt enable bit, TMR3IE
(PIE2<1>).

14.4 Resetting Timer3 Using a CCP

Trigger Output
If the CCP module is configured in Compare mode to

generate a “special event trigger” (CCP1M3:CCP1MO
=1011), this signal will reset Timer3.

Note: The special event triggers from the CCP
module will not set interrupt flag bit,

TMR3IF (PIR1<0>).

Timer3 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer3 is running in Asynchronous Counter mode,
this RESET operation may not work. In the event that a
write to Timer3 coincides with a special event trigger
from CCP1, the write will take precedence. In this mode
of operation, the CCPR1H:CCPRI1L registers pair
effectively becomes the period register for Timer3.

TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
' RESETS
GIE/ PEIE/
INTCON TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 0000 | 0000 0000
GIEH GIEL
PIR2 — — — EEIF BCLIF LVDIF TMR3IF | CCP2IF |---0 0000 |---0 0000
PIE2 — — — EEIE BCLIE LVDIE TMR3IE | CCP2IE | ---0 0000 |---0 0000
IPR2 — — — EEIP BCLIP LVDIP TMR3IP | CCP2IP |---1 1111 |---1 1111
TMR3L |Holding Register for the Least Significant Byte of the 16-bit TMR3 Register XXXX XXXX [ uuuu uuuu
TMR3H |Holding Register for the Most Significant Byte of the 16-bit TMR3 Register XXXX XXXX [ uuuu uuuu
T1CON RD16 — T1CKPS1 | TICKPSO | TLOSCEN | TISYNC | TMR1CS | TMR1ON | 0- 00 0000 | u-uu uuuu
T3CON RD16 | T3CCP2 | T3CKPS1 |T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON | 0000 0000 | uuuu uuuu
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer3 module.
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15.0 TIMER4 MODULE

The Timer4 module timer has the following features:

e 8-hit timer (TMR4 register)

¢ 8-hit period register (PR4)

« Readable and writable (both registers)

« Software programmable prescaler (1:1, 1:4, 1:16)

« Software programmable postscaler (1:1 to 1:16)

¢ Interrupt on TMR4 match of PR4

Timer4 has a control register shown in Register 15-1.
Timer4 can be shut-off by clearing control bit TMR4ON
(TACON<2>) to minimize power consumption. The
prescaler and postscaler selection of Timer4 are also

controlled by this register. Figure 15-1 is a simplified
block diagram of the Timer4 module.

15.1 Timer4 Operation

Timer4 can be used as the PWM time-base for the
PWM mode of the CCP module. The TMR4 register is
readable and writable, and is cleared on any device
RESET. The input clock (Fosc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits
TACKPS1:T4CKPSO (T4CON<1:0>). The match out-
put of TMR4 goes through a 4-bit postscaler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a
TMR4 interrupt (latched in flag bit TMRA4IF, (PIR3<3>)).

The prescaler and postscaler counters are cleared
when any of the following occurs:

* awrite to the TMRA4 register

« awrite to the T4ACON register

< any device RESET (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset)

TMRA4 is not cleared when T4CON is written.

REGISTER 15-1: T4CON: TIMER4 CONTROL REGISTER

U-0 R/W-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

‘ — ‘T4OUTPSS TAOUTPS2 | TAOUTPS1 | TAOUTPSO | TMR4ON | TACKPS1 | TACKPSO

bit 7

bit 7 Unimplemented: Read as '0’

bit 0

bit6-3  T4OUTPS3:T4OUTPSO: Timerd Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR40N: Timer4 On bit

1 =Timer4 is on
0 = Timer4 is off

bit 1-0 T4CKPS1:T4CKPSO0: Timer4 Clock Prescale Select bits

00 = Prescaleris 1
01 = Prescaleris 4
1x = Prescaler is 16

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR reset "1’ = Bit is set

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

X = Bit is unknown
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15.2

The Timer4 module has an 8-bit period register, PR4,
which is both readable and writable. Timer4 increments
from 00h until it matches PR4 and then resets to 00h on
the next increment cycle. The PR4 register is initialized
to FFh upon RESET.

Timer4 Interrupt

15.3 Output of TMR4

The output of TMR4 (before the postscaler) is used
only as a PWM time-base for the CCP modules. It is not
used as a baud rate clock for the MSSP, as is the
Timer2 output.

FIGURE 15-1: TIMER4 BLOCK DIAGRAM
Sets Flag
TMR4 .
output® bit TMR4IF
Foscld Prescaler RESET
0S¢ 1:1, 1:4, 1:16
/l/z Postscaler
EQ | 1l1to1:16
T4CKPS1:T4CKPSO
4
T40UTPS3:TA0UTPSO
TABLE 15-1: REGISTERS ASSOCIATED WITH TIMER4 AS A TIMER/COUNTER
value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR BOR all other
' RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF |0000 0000|0000 0000
IPR3 — — RC2IP TX2IP TMR4IP CCP5IP | CCP4IP | CCP3IP |--11 1111|--00 0000
PIR3 — — RC2IF TX2IF TMRA4IF CCP5IF | CCP4IF | CCP3IF |--00 0000|--00 0000
PIE3 — — RC2IE TX2IE TMR4IE CCP5IE | CCP4IE | CCP3IE [--00 0000|--00 0000
TMR4 | Timer4 Module Register 0000 0000|0000 0000
T4CON — TAOUTPS3| T4AOUTPS2 | TAOUTPS1 | TAOUTPSO | TMR4ON | T4ACKPS1 | T4CKPSO |- 000 0000|-000 0000
PR4 Timer4 Period Register 1111 11111111 1111
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Timer4 module.
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16.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

The PIC18FXX20 devices all have five CCP (Cap-
ture/Compare/PWM) modules. Each module contains
a 16-bit register which can operate as a 16-bit Capture
register, a 16-bit Compare register or a Pulse Width
Modulation (PWM) Master/Slave Duty Cycle register.
Table 16-1 shows the timer resources of the CCP
module modes.

The operation of all CCP modules are identical, with
the exception of the special event trigger present on
CCP1 and CCP2.

REGISTER 16-1: CCPxCON REGISTER

For the sake of clarity, CCP module operation in the fol-
lowing sections is described with respect to CCP1. The
descriptions can be applied (with the exception of the
special event trigger) to any of the modules.

Note:  Throughout this section, references to reg-
ister and bit names that may be associated
with a specific CCP module are referred to
generically by the use of ‘x’ or 'y’ in place of
the specific module number. Thus,
“CCPxCON" might refer to the control reg-
ister for CCP1, CCP2, CCP3, CCP4 or
CCP5.

u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — DCxB1 DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO
bit 7 bit 0

bit 7-6 Unimplemented: Read as '0’

bit 5-4 DCxB1:DCxB0: PWM Duty Cycle bitl and bit0 for CCP module x

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

These bits are the two LShits (bitl and bit0) of the 10-bit PWM duty cycle. The eight MShits
(DCx9:DCx2) of the duty cycle are found in CCPRXxL.

bit3-0  CCPxM3:CCPxMO0: CCP Module x Mode Select bits
0000 = Capture/Compare/PWM disabled (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPxIF bit is set)

0011 = Reserved

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode,

Initialize CCP pin Low, on compare match force CCP pin High (CCPIF bit is set)

1001 = Compare mode,

Initialize CCP pin High, on compare match force CCP pin Low (CCPIF bit is set)

1010 = Compare mode,

Generate software interrupt on compare match (CCPIF bit is set, CCP pin is unaffected)
1011 = Compare mode, Trigger special event (CCPIF bit is set):

For CCP1 and CCP2: Timerl or Timer3 is reset on event

For all other modules: CCPx pin is unaffected and is configured as an I/O port

(same as CCPxM<3:0> =‘1010’, above)

11xx = PWM mode

Legend:
R = Readable bit

W = Writable bit
-n=Value at POR reset '1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bitis cleared X = Bit is unknown
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16.1 CCP Module Configuration

Each Capture/Compare/PWM module is associated
with a control register (generically, CCPxCON) and a
data register (CCPRXx). The data register in turn is com-
prised of two 8-bit registers: CCPRxL (low byte) and
CCPRxH (high byte). All registers are both readable
and writable.

16.1.1 CCP MODULES AND TIMER

RESOURCES

The CCP modules utilize Timers 1, 2, 3 or 4, depending
on the mode selected. Timerl and Timer3 are available
to modules in Capture or Compare modes, while
Timer2 and Timer4 are available for modules in PWM
mode.

FIGURE 16-1:

TABLE 16-1: CCP MODE - TIMER

RESOURCE

CCP Mode Timer Resource

Timerl or Timer3
Timerl or Timer3
Timer2 or Timer4

Capture
Compare
PWM

The assignment of a particular timer to a module is
determined by the Timer-to-CCP Enable bits in the
T3CON register (Register 14-1, page 137). Depending
on the configuration selected, up to four timers may be
active at once, with modules in the same configuration
(Capture/Compare or PWM) sharing timer resources.
The possible configurations are shown in Figure 16-1.

CCP AND TIMER INTERCONNECT CONFIGURATIONS

T3CCP<2:1>=00 T3CCP<2:1>=01

TMRL || TMR3 | | TMRL |

L |

N

TMR3

[ cer1 |

[_ccra |, [Ccor2 |
[ccrs | [_ccrs ]
{_ccpa ], [ ccrs |
[oors | oo |
| TJLZ |[ T™™R4 | | T™MR2 || TJL4 |

T3CCP<2:1>=10 T3CCP<2:1>=11

| T™MRL || TMR3 | | T™MRL || TMR3 |
[ ccpi | [ ccpt |
[cor | ooz |
T "'TIIEEH!IE [ ccpa |

= oo ]

[oors | [oors |
| TMR2 || TMR4 | | TMR2 |[ TMR4 |

Timerl is used for all Capture
and Compare operations for
all CCP modules. Timer2 is
used for PWM operations for
all CCP modules. Modules
may share either timer
resource as a common time-
base.

Timer3 and Timer4 are not
available.

Timerl and Timer2 are used
for Capture and Compare or
PWM operations for CCP1
only (depending on selected
mode).

All other modules use either
Timer3 or Timer4. Modules
may share either timer
resource as a common time-
base if they are in Cap-
ture/Compare or PWM
modes.

Timerl and Timer2 are used
for Capture and Compare or
PWM operations for CCP1
and CCP2 only (depending on
the mode selected for each
module). Both modules may
use a timer as a common
time-base if they are both in
Capture/Compare or PWM
modes.

The other modules use either
Timer3 or Timer4. Modules
may share either timer
resource as a common time-

base if they are in
Capture/Compare or PWM
modes.

Timer3 is used for all Capture
and Compare operations for
all CCP modules. Timer4 is
used for PWM operations for
all CCP modules. Modules
may share either timer
resource as a common time-
base.

Timerl and Timer2 are not
available.
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16.2 Capture Mode

In Capture mode, CCPR1H:CCPRI1L captures the
16-bit value of the TMR1 or TMR3 registers when an
event occurs on pin RC2/CCP1. An event is defined as
one of the following:

« every falling edge

< every rising edge

« every 4th rising edge

« every 16th rising edge

The event is selected by control bits, CCP1M3:CCP1MO
(CCP1CON<3:0>). When a capture is made, the inter-
rupt request flag bit, CCP1IF (PIR1<2>) is set; it must be
cleared in software. If another capture occurs before the

value in register CCPRL1 is read, the old captured value
is overwritten by the new captured value.

16.2.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be config-
ured as an input by setting the TRISC<2> bit.

Note: If the RC2/CCPL1 is configured as an out-
put, a write to the port can cause a capture
condition.

16.2.2 TIMER1/TIMER3 MODE SELECTION

The timers that are to be used with the capture feature
(Timerl and/or Timer3) must be running in Timer mode
or Synchronized Counter mode. In Asynchronous
Counter mode, the capture operation may not work.
The timer to be used with each CCP module is selected
in the T3CON register (see Section 16.1.1).

FIGURE 16-2:

16.2.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep bit
CCP1IE (PIE1<2>) clear to avoid false interrupts and
should clear the flag bit, CCP1IF, following any such
change in operating mode.

16.2.4 CCP PRESCALER

There are four prescaler settings, specified by bits
CCP1M3:CCP1MO0. Whenever the CCP module is
turned off or the CCP module is not in Capture mode,
the prescaler counter is cleared. This means that any
RESET will clear the prescaler counter.

Switching from one capture prescaler to another may
generate an interrupt. Also, the prescaler counter will
not be cleared, therefore, the first capture may be from
a non-zero prescaler. Example 16-1 shows the recom-
mended method for switching between capture pres-
calers. This example also clears the prescaler counter
and will not generate the “false” interrupt.

EXAMPLE 16-1: CHANGING BETWEEN
CAPTURE PRESCALERS

CLRF CCP1CON, F ; Turn CCP nodul e off
MOVLW NEW CAPT_PS; Load WREG with the
; new prescal er node
; value and CCP ON
Load CCP1CON with
; this value

MOV CCP1CON

CAPTURE MODE OPERATION BLOCK DIAGRAM

Set Flag bit CCP1IF

Prescaler
%— +1,4,16

CCP1 pin

|
T3CCP2 TMR3
ﬁ:) Enable
| ccPriH | ccpriL |

| TMRsH | TMRaL |

and
Edge Detect

)T/ CCP1CON<3:0>
Q's

T3CCP2

TMR1
Enable

-

| TMRiH | TMRIL |
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16.3 Compare Mode

In Compare mode, the 16-bit CCPRL1 register value is
constantly compared against either the TMR1 register
pair value, or the TMRS3 register pair value. When a
match occurs, the CCP1 pin is:

« driven High

e driven Low

 toggle output (High to Low or Low to High)

« remains unchanged

The action on the pin is based on the value of control

bits, CCP1M3:CCP1MO0. At the same time, interrupt
flag bit, CCP1IF (CCP2IF) is set.

16.3.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRIS bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the PORTC
I/O data latch.

FIGURE 16-3:

COMPARE MODE OPERATION BLOCK DIAGRAM

16.3.2 TIMER1/TIMER3 MODE SELECTION

Timerl and/or Timer3 must be running in Timer mode
or Synchronized Counter mode, if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

16.3.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen, the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

16.3.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of either CCP1 or
CCP2 resets the TMR1 or TMR3 register pair, depend-
ing on which timer resource is currently selected. This
allows the CCPR1 register to effectively be a 16-bit
programmable period register for Timerl or Timer3.

The CCP2 Special Event Trigger will also start an A/D
conversion if the A/D module is enabled.

Note: The special event trigger from the CCP2
module will not set the Timerl or Timer3

interrupt flag bits.

For CCP1 and CCP2 only, the Special Event Trigger will:

and set bit, GO/DONE (ADCON0<2>)
which starts an A/D conversion (CCP2 only)

Special Event Trigger

R T

Output

Reset Timerl or Timer3, but not set Timerl or Timer3 interrupt flag bit,

Set Flag bit CCP1IF

\/

Logic

RC2/CCP1 pin \TJ

TRISC<2>
Output Enable

CCP1CON<3:0>
Mode Select

Match

Comparator

TMR1H| TMRI1L TMR3H | TMR3L
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TABLE 16-2: REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 0000 | 0000 0000
RCON IPEN — = RI T0 PD POR BOR |0--1 11qq|0--g qquu
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP (0111 1111 |0111 1111
PIR2 — CMIE — EEIE BCLIF LVDIF | TMR3IF | CCP2IF |-0-0 0000 |---0 0000
PIE2 — CMIF — EEIF BCLIE LVDIE | TMR3IE | CCP2IE |-0-0 0000 |---0 0000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP | CCP2IP |-1-1 1111 |---1 1111
PIR3 — — RC2IF TX2IF TMRA4IF | CCP5IF | CCP4IF | CCP3IF |--00 0000 |--00 0000
PIE3 — — RC2IE TX2IE TMRA4IE | CCP5IE | CCP4IE | CCP3IE |--00 0000 |--00 0000
IPR3 — — RC2IP TX2IP TMR4IP | CCP5IP | CCP4IP | CCP3IP |--11 1111 |--11 1111
TRISC PORTC Data Direction Register 1111 1111|1111 1111
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX | uuuu uuuu
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX |uuuu uuuu
T1CON RD16 | —  [T1CKPS1|T1CKPSO|T10SCEN|TISYNC | TMRICS|TMRION|0-00 0000 |u-uu uuuu
TMR3H Timer3 Register High Byte XXXX XXXX |uuuu uuuu
TMR3L Timer3 Register Low Byte XXXX XXXX |uuuu uuuu
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR3ON [0000 0000 |uuuu uuuu
CCPRxL® Capture/Compare/PWM Register x (LSB) XXXX XXXX | uuuu uuuu
CCPRxH® Capture/Compare/PWM Register x (MSB) XXXX XXXX |uuuu uuuu
ccexcoN®|  — | — | DcxBL | DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPXMO | --00 0000 |--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0".
Shaded cells are not used by Capture and Compare, Timerl or Timer3.
Note 1: Generic term for all of the identical registers of this name for all CCP modules, where ‘X’ identifies the individual module

(CCP1 through CCP5). Bit assignments and RESET values for all registers of the same generic name are identical.

0 2001 Microchip Technology Inc.

Advance Information

DS39580A-page 147




PIC18FXX20

16.4 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note:  Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC 1/O data
latch.

Figure 16-4 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 16.4.3.
FIGURE 16-4: SIMPLIFIED PWM BLOCK
DIAGRAM

Duty Cycle Registers '/ CCP1CON<5:4>

‘ CCPRIL ‘

‘ CCPRIH (Slave)| ‘
‘ Comparator i R Q
RC2/CCP1
‘ TMR2 ‘ (Note l)‘
—|S
Comparator TRISC<2>
Clear Timer,
* CCP1 pin and
PR2 latch D.C.

Note: 8-bit timer is concatenated with 2-bit internal Q clock or 2
bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 16-5) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 16-5: PWM OUTPUT

Period

|
‘>
Duty Cycle

TMR2 = PR2

|
: TMR2 = Duty Cycle

TMR2 = PR2

16.4.1 PWM PERIOD

The PWM period is specified by writing to the PR2 reg-
ister. The PWM period can be calculated using the fol-
lowing formula:

PWM period = (PR2) + 1]+ 4+ ®sC*
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

* TMR2 is cleared

e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

e The PWM duty cycle is latched from CCPRL1L into
CCPR1H

Note: The Timer2 and Timer4 postscalers (see
Section 13.0) are not used in the determi-
nation of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

16.4.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRLL register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPR1L:CCP1CON<5:4>)
Tosc « (TMR2 prescale value)

CCPRL1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPRI1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

[Fosc

log
. O
PWM Resolution (max) = Mbits

log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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16.4.3

SETUP FOR PWM OPERATION

The following steps should be taken when configuring
the CCP module for PWM operation:

1. Setthe PWM period by writing to the PR2 register.
2. Set the PWM duty cycle by writing to the
CCPRLL register and CCP1CON<5:4> bits.
3. Make the CCP1 pin an output by clearing the
TRISC<2> hit.
4. Setthe TMR2 prescale value and enable Timer2
by writing to T2CON.
5. Configure the CCP1 module for PWM operation.
TABLE 16-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 40 MHz
PWM Frequency 2.44 kHz 9.77 kHz 39.06 kHz | 156.25 kHz | 312.50 kHz | 416.67 kHz
Timer Prescaler (1, 4, 16) 16 4 1 1 1 1
PR2 Value FFh FFh FFh 3Fh 1Fh 17h
Maximum Resolution (bits) 14 12 10 8 7 6.58
TABLE 16-4: REGISTERS ASSOCIATED WITH PWM, TIMER2 AND TIMER4
. . . . . . . . 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 0000{0000 0000
RCON IPEN — — RI TO PD POR BOR [0--1 11qq|0--q qquu
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF {0000 0000|0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE |0000 0000|0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP |0111 1111|0111 1111
PIR2 — CMIE — EEIE BCLIF LVDIF TMR3IF | CCP2IF |-0-0 0000(---0 0000
PIE2 — CMIF — EEIF BCLIE LVDIE TMR3IE | CCP2IE [-0-0 0000|---0 0000
IPR2 — CMIP — EEIP BCLIP LVDIP TMR3IP | CCP2IP |-1-1 1111}---1 1111
PIR3 — — RC2IF TX2IF TMR4IF | CCP5IF | CCP4IF | CCP3IF |[--00 0000(--00 0000
PIE3 — — RC2IE TX2IE TMR4IE | CCP5IE | CCP4IE | CCP3IE |--00 0000|--00 0000
IPR3 — — RC2IP TX2IP TMR4IP | CCP5IP | CCP4IP | CCP3IP |--11 1111}--11 1111
TMR2 Timer2 Module Register 0000 0000|0000 0000
PR2 Timer2 Module Period Register 1111 1111§1111 1111
T2CON — T20UTPS3|T20UTPS2(T20UTPS1|T20UTPS0| TMR20ON [ T2CKPS1|T2CKPSO0 |- 000 0000{- 000 0000
T3CON RD16 | T3CCP2 | T3CKPSL1 | T3CKPSO | T3CCP1 | T3SYNC | TMR3CS | TMR3ON (0000 0000|uuuu uuuu
TMRA4 Timer4 Register 0000 0000|uuuu uuuu
PR4 Timer4 Period Register 1111 1111{uuuu uuuu
TACON —  |T40UTPS3[T40UTPS2[T40UTPS1|T40UTPSO| TMR4ON | TACKPS1[T4CKPS0 |- 000 0000|uuuu uuuu
cCcPRxL® Capture/Compare/PWM Register x (LSB) XXXX XXXX|uuuu uuuu
CCPRxHW Capture/Compare/PWM Register x (MSB) XXXX XXXX|uuuu uuuu
ccexcoN®|  — [ — | DCxBL | DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO |--00 0000|--00 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PWM,Timer2 or Timer4.

Note 1: Generic term for all of the identical registers of this name for all CCP modules, where ‘x’ identifies the individual module
(CCP1 through CCP5). Bit assignments and RESET values for all registers of the same generic name are identical.
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17.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

17.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Serial Port (MSSP) module is
a serial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be serial EEPROMS, shift registers, dis-
play drivers, A/D converters, etc. The MSSP module
can operate in one of two modes:
« Serial Peripheral Interface (SPI)
« Inter-Integrated Circuit (12C)

- Full Master mode

- Slave mode (with general address call)
The I?C interface supports the following modes in
hardware:
¢ Master mode
¢ Multi-Master mode
« Slave mode

17.2 Control Registers

The MSSP module has three associated registers.
These include a status register (SSPSTAT) and two
control registers (SSPCON1 and SSPCONZ2). The use
of these registers and their individual configuration bits
differ significantly, depending on whether the MSSP
module is operated in SPI or 12C mode.

Additional details are provided under the individual
sections.

17.3 SPI Mode

The SPI mode allows 8 bits of data to be synchronously
transmitted and received simultaneously. All four
modes of SPI are supported. To accomplish communi-
cation, typically three pins are used:

¢ Serial Data Out (SDO) - RC5/SDO

« Serial Data In (SDI) - RC4/SDI/SDA

 Serial Clock (SCK) - RC3/SCK/SCL/LVDIN

Additionally, a fourth pin may be used when in a Slave
mode of operation:

« Slave Select (SS) - RF7/SS

Figure 17-1 shows the block diagram of the MSSP
module when operating in SPI mode.

FIGURE 17-1: MSSP BLOCK DIAGRAM

(SPI MODE)
< Internal
Data Bus

Read ‘@% Write

‘ SSPBUF reg ‘

RC4/SDI/SDA ‘ L

‘ SSPSR reg '—»

RC5/SDO bito Shift
d

Clock
RF7/SS SS Control
Enable

Edge
Select

Clock Select

SSPM3:SSPMO

RC3/SCK/ SMP:CKE 4 (TMRZ Output
2

SCL/LVDIN 12
X< S
| Select

Prescaler |TosC

4,16, 64

— Data to TX/RX in SSPSR
— TRIS bit
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17.31 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

¢ MSSP Control Registerl (SSPCON1)

* MSSP Status Register (SSPSTAT)

« Serial Receive/Transmit Buffer (SSPBUF)

« MSSP Shift Register (SSPSR) - Not directly
accessible

SSPCON1 and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCONL1 regis-
ter is readable and writable. The lower 6 bits of the
SSPSTAT are read only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.

REGISTER 17-1: SSPSTAT. MSSP STATUS REGISTER (SPI MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE DIA P | s | RrRW UA BF
bit 7 bit 0

bit 7 SMP: Sample bit
SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode

bit 6 CKE: SPI Clock Edge Select bit

When CKP = 0:

1 = Data transmitted on rising edge of SCK
0 = Data transmitted on falling edge of SCK

When CKP = 1.

1 = Data transmitted on falling edge of SCK
0 = Data transmitted on rising edge of SCK

bit5  DIA: Data/Address bit
Used in I12C mode only
bit4  P: STOP bit

Used in 1°C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is

cleared.
bit 3 S: START bit
Used in I12C mode only

bit 2 R/V_V: Read/Write bit information

Used in I1°C mode only
bit 1 UA: Update Address bit
Used in I12C mode only

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

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

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 17-2:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER1 (SPI MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0

WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared in software)

0 =No collision

SSPOV: Receive Overflow Indicator bit

SPI Slave mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode.The user
must read the SSPBUF, even if only transmitting data, to avoid setting overflow

(must be cleared in software).
0 = No overflow

Note: In Master mode, the overflow bit is not set, since each new reception (and transmis-
sion) is initiated by writing to the SSPBUF register.

SSPEN: Synchronous Serial Port Enable bit

1 = Enables serial port and configures SCK, SDO, SDI, and SS as serial port pins
0 = Disables serial port and configures these pins as I/0 port pins

Note: When enabled, these pins must be properly configured as input or output.

CKP: Clock Polarity Select bit

1 = IDLE state for clock is a high level
0 = IDLE state for clock is a low level

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

0101 = SPI Slave mode, clock = SCK pin, S__S pin control disabled, SS can be used as I/O pin
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled

0011 = SPI Master mode, clock = TMR2 output/2

0010 = SPI Master mode, clock = Fosc/64

0001 = SPI Master mode, clock = Fosc/16

0000 = SPI Master mode, clock = Fosc/4

Note: Bit combinations not specifically listed here are either reserved, or implemented in
12C mode only.

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

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0>) and SSPSTAT<7:6>.
These control bits allow the following to be specified:

« Master mode (SCK is the clock output)
¢ Slave mode (SCK is the clock input)
¢ Clock Polarity (IDLE state of SCK)

« Data input sample phase (middle or end of data
output time)

* Clock edge (output data on rising/falling edge of
SCK)

¢ Clock Rate (Master mode only)
* Slave Select mode (Slave mode only)

The MSSP consists of a transmit/receive Shift Register
(SSPSR) and a buffer register (SSPBUF). The SSPSR
shifts the data in and out of the device, MSb first. The
SSPBUF holds the data that was written to the SSPSR,
until the received data is ready. Once the 8 bits of data
have been received, that byte is moved to the SSPBUF
register. Then the buffer full detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF, are
set. This double buffering of the received data
(SSPBUF) allows the next byte to start reception before

reading the data that was just received. Any write to the
SSPBUF register during transmission/reception of data
will be ignored, and the write collision detect bit, WCOL
(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the follow-
ing write(s) to the SSPBUF register completed
successfully.

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
full bit, BF (SSPSTAT<0>), indicates when SSPBUF
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, the BF bit is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally, the MSSP Interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 17-1 shows the loading of the
SSPBUF (SSPSR) for data transmission.

The SSPSR is not directly readable or writable, and
can only be accessed by addressing the SSPBUF reg-
ister. Additionally, the MSSP status register (SSPSTAT)
indicates the various status conditions.

EXAMPLE 17-1: LOADING THE SSPBUF (SSPSR) REGISTER

LOOP BTFSS SSPSTAT, BF
BRA  LOCP ; No
MOVF  SSPBUF, W

; Has data been received(transnt conplete)?

; WREG reg = contents of SSPBUF
if data i s neaningful

MOVWF RXDATA ; Save in user RAM
MOVF  TXDATA, W i Wreg = contents of TXDATA
MOWF SSPBUF ;New data to xmit
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17.3.3 ENABLING SPI I/O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPlI mode, clear the SSPEN bit, re-initialize the
SSPCON registers, and then set the SSPEN bit. This
configures the SDI, SDO, SCK, and SS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

« SDl is automatically controlled by the SPI module
* SDO must have TRISC<5> bit cleared

¢ SCK (Master mode) must have TRISC<3> bit
cleared

¢ SCK (Slave mode) must have TRISC<3> bit set
« SS must have TRISF<7> bit set
Any serial port function that is not desired may be over-

ridden by programming the corresponding data direc-
tion (TRIS) register to the opposite value.

FIGURE 17-2:

17.3.4 TYPICAL CONNECTION

Figure 17-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge, and latched on the opposite
edge of the clock. Both processors should be pro-
grammed to the same Clock Polarity (CKP), then both
controllers would send and receive data at the same
time. Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

« Master sends data — Slave sends dummy data
* Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

SPI MASTER/SLAVE CONNECTION

SPI Master SSPM3:SSPMO0 = 00xxb

PROCESSOR 1

| | | |
| | | |
| SDO | | sDI |
I I T I
| | | |
: Serial Input Buffer : : Serial Input Buffer :
| (SSPBUF) | | (SSPBUF) |
| | | |
| | | |
| | | |
| | | |
: Shift Register SDI : - : Sbo Shift Register :
| (SSPSR) , , (SSPSR) |
| | | |
| MSb LSh | | MShb LSb |
: : Serial Clock : :
| SCK | ' scK |
| | | |
| | | |

PROCESSOR 2
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17.35 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 17-2) is to broad-
cast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately program-
ming the CKP bit (SSPCON1<4>). This then, would
give waveforms for SPI communication as shown in

FIGURE 17-3:

Figure 17-3, Figure 17-5, and Figure 17-6, where the
MSB is transmitted first. In Master mode, the SPI clock
rate (bit rate) is user programmable to be one of the fol-
lowing:

« Fosc/4 (or Tcy)

« Fosc/16 (or 4 « Tcy)

e Fosc/64 (or 16 « Tcy)

e Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 17-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF i

SCK
(CKP =0

CKE = 0)

SCK
(CKP=1

CKE = 0)

4 Clock
Modes

SCK
(CKP =0

CKE = 1)

scK
(CKP =1

CKE = 1)

SDO

| | | | | | | |
bitz X bit6 X bits X bita X bit3 X bitz X bit1, X bitg

(CKE = 0)

SDO

99 1--

|
bit7 I>< bit6 I>< bits I bit4! bit3i>< bit2!>< bit1!>< bitg X
I I I I I I I

(CKE = 1)

(SMP =0) I bicz | | |

Input |
Sample . T

| | | | bito

ot

(SMP = 0) ! ' ' '

nput _t t 1

(SMP =1) | bit7 bifo

t t t 1

Sample f
(SMP =1) |
SSPIF

SSPSR to
SSPBUF

Next Q4 cycle
after Q21
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17.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from SLEEP.

17.3.7 SLAVE SELECT

SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control
enabled (SSPCON1<3:0> = 04h). The pin must not
be driven low for the SS pin to function as an input.
The Data Latch must be high. When the SS pin is
low, transmission and reception are enabled and
the SDO pin is driven. When the SS pin goes high,

the SDO pin is no longer driven, even if in the mid-
dle of a transmitted byte, and becomes a floating
output. External pull-up/pull-down resistors may be
desirable, depending on the application.

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:0> =
0100), the SPI module will reset if the SS
pin is set to VVDD.

2: If the SPI is used in Slave mode with CKE
set, then the SS pin control must be
enabled.

When the SPI module resets, the bit counter is forced
to 0. This can be done by either forcing the SS pin to a
high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver, the SDO pin can be configured
as an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function),
since it cannot create a bus conflict.

FIGURE 17-4: SLAVE SYNCHRONIZATION WAVEFORM
s L E— ;
SCK | 557
(CKP =0 . L
CKE =0) ; . . . . . . . . :
(SCK : . ) B
CKP=1 ' . .
CKE =0) ! . , . ! ! . . S ,
Write to : 1 1 1 1 1 1 1 1 l :
sseBUF 1] | | | | | | | | |

: ! l l l l l ( .
SDO 7 . )}é X bito

Z : . : . . . . 7)) . .
i D O D @) I R
(SMP=0) L obit7 : : : b7 | : ! :
Input I : l l l l l l l ! I
Shople B N | | S S T N M
(SMP =0) i I l l l l l l o7 : I
SSPIF : ! : : : : ' : : : 7
Hterrupt (S
a9 ) Next Q4 cycle
SSPSR to after Q21
SSPBUF 55
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FIGURE 17-5: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)

ss ____“\ | | | | | | | _ /r———

Optional

ScK : :
(CKP=0 . .
CKE = 0) : . . . ;
scK l I
(CKP =1 ! !
CKE =0) : , . . '
Write to : ' f ' '
SSPBUF X

SDo :

SDI ,

(SMP = 0) .

Input :

Sample :

(SMP = 0) .

SSPIF ' ! | \ \ , ,

Interrupt : ' ' ' ' f ' f '

Flag | | : : : : : : A} NextQacycle
SSPSR to | : : : : : : | : after Q2.
SSPBUF

FIGURE 17-6: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)

Not Optional ! :
scK : I
(CKP=0 !

CKE = 1) : ) . . ) , : : : ;
SCK l l
(CKP=1 '

CKE = 1) : ; . . ! . . . . . |
Write to : : ' ) : ' ' : : : '
sspeuF ] | | | | | ' | | : |
SDO iz bit6 X bits X bita X bit3 o bitz X bitt X bito X7 7 —
(SMP =0) i . bit7 | ; : ; ; : ' bito | :
Input ' ' : : : : : : : '
T S S ST S S S
(SMP=0) | : | | | | | | |

SSPIF | | | | : | : ! ! @

Interrupt . . X . . . ' . .

Flag : : : : : : : : : + Next Q4 cycle
SSPSRto : ! ! ! ! : ! : f&ﬁmrQZi
SSPBUF ! : ' : . | . !
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17.3.8 SLEEP OPERATION

In Master mode, all module clocks are halted and the
transmission/reception will remain in that state until the
device wakes from SLEEP. After the device returns to
normal mode, the module will continue to
transmit/receive data.

In Slave mode, the SPI transmit/receive shift register
operates asynchronously to the device. This allows the
device to be placed in SLEEP mode and data to be
shifted into the SPI transmit/receive shift register.
When all 8 bits have been received, the MSSP interrupt
flag bit will be set and if enabled, will wake the device
from SLEEP.

17.3.9 EFFECTS OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

17.3.10 BUS MODE COMPATIBILITY

Table 17-1 shows the compatibility between the
standard SPI modes and the states the CKP and CKE
control bits.

TABLE 17-1: SPIBUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, O 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also a SMP bit, which controls when the data
is sampled.

TABLE 17-2: REGISTERS ASSOCIATED WITH SPI OPERATION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF INTOIF RBIF (0000 0000 {0000 0000
PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF |0000 0000 {0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE {0000 0000 |0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP [0111 1111 [0111 1111
TRISC PORTC Data Direction Register 1111 1111|1111 1111
TRISF TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO 1111 1111 [uuuu uuuu
SSPBUF  [Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX [uuuu uuuu
SSPCON WCOL SSPOV SSPEN CKP SSPM3 SSPM2 | SSPM1 | SSPMO |0000 0000 {0000 0000
SSPSTAT SMP CKE D/A P S RIW UA BF  |0000 0000 |0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as '0’. Shaded cells are not used by the MSSP in SPI mode.
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17.4 1°C Mode

The MSSP module in 12C mode fully implements all
master and slave functions (including general call sup-
port) and provides interrupts on START and STOP bits
in hardware to determine a free bus (multi-master func-
tion). The MSSP module implements the standard
mode specifications, as well as 7-bit and 10-bit
addressing.

Two pins are used for data transfer:

e Serial clock (SCL) - RC3/SCK/SCL
¢ Serial data (SDA) - RC4/SDI/SDA

The user must configure these pins as inputs or outputs
through the TRISC<4:3> bits.

FIGURE 17-7: MSSP BLOCK DIAGRAM

(1°C MODE)

< Internal
Data Bus
Read Write

SSPBUF reg ‘
>
@ -2 Snift

Clock ‘

@ <]<—‘ SSPSR reg

RC4/ Msb LSb

SDI/ »-l}

SDA N

‘ Match Detect }—» Addr Match

i

‘ SSPADD reg ‘

RC3/SCK/SCL ‘

START and Set, Reset

STOP bit Detect [~ S, P bits
(SSPSTAT reg)

1741 REGISTERS

The MSSP module has six registers for 1’c operation.
These are:

¢ MSSP Control Registerl (SSPCON1)

¢ MSSP Control Register2 (SSPCONZ2)

* MSSP Status Register (SSPSTAT)

¢ Serial Receive/Transmit Buffer (SSPBUF)

« MSSP Shift Register (SSPSR) - Not directly
accessible

* MSSP Address Register (SSPADD)

SSPCON, SSPCON2 and SSPSTAT are the control
and status registers in 1°C mode operation. The
SSPCON and SSPCON?2 registers are readable and
writable. The lower 6 bits of the SSPSTAT are read
only. The upper two bits of the SSPSTAT are
read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

SSPADD register holds the slave device address
when the SSP is configured in I2C Slave mode. When
the SSP is configured in Master mode, the lower
seven bits of SSPADD act as the baud rate generator
reload value.

In receive operations, SSPSR and SSPBUF together,
create a double buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double buff-
ered. A write to SSPBUF will write to both SSPBUF and
SSPSR.
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REGISTER 17-3:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPSTAT: MSSP STATUS REGISTER (1°C MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE pbA | p | s | RW UA BF
bit 7 bit 0

SMP: Slew Rate Control bit

In Master or Slave mode:

1 = Slew rate control disabled for standard speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for high speed mode (400 kHz)

CKE: SMBus Select bit

In Master or Slave mode:

1 = Enable SMBus specific inputs
0 = Disable SMBus specific inputs

D/A: Data/Address bit

In Master mode:

Reserved

In Slave mode:

1 = Indicates that the last byte received or transmitted was data

0 = Indicates that the last byte received or transmitted was address

P: STOP bit

1 = Indicates that a STOP bit has been detected last

0 = STOP bit was not detected last

Note: This bit is cleared on RESET and when SSPEN is cleared.

S: START bit
1 = Indicates that a START bit has been detected last
0 = START bit was not detected last

Note: This bit is cleared on RESET and when SSPEN is cleared.

R/W: Read/Write bit Information (I2C mode only)

In Slave mode:

1 =Read

0 = Write

Note: This bit holds the R/W bit information following the last address match. This bit is only
valid from the address match to the next START bit, STOP bit, or not ACK bit.

In Master mode:

1 = Transmit is in progress

0 = Transmit is not in progress

Note: ORing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is
in IDLE mode.

UA: Update Address bit (10-bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated

BF: Buffer Full Status bit

In Transmit mode:

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

In Receive mode: _

1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 17-4:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER1 (I°C MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WCOL | SSPOV | SSPEN | CKP | SSPM3 | SSPM2 | SSPM1 | SSPMO

bit 7 bit 0

WCOL: Write Collision Detect bit

In Master Transmit mode:

1 = A write to the SSPBUF register was attempted while the I2C conditions were not valid for
a transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be
cleared in software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit

SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must
be cleared in software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode

SSPEN: Synchronous Serial Port Enable bit
1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as I/O port pins

Note: When enabled, the SDA and SCL pins must be properly configured as input or output.
CKP: SCK Release Control bit

In Slave mode:
1 = Release clock
0 = Holds clock low (clock stretch), used to ensure data setup time

In Master mode:
Unused in this mode

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

1111 = I2C Slave mode, 10-bit address with START and STOP bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with START and STOP bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (Slave IDLE)

1000 = I2C Master mode, clock = Fosc / (4 * (SSPADD+1))

0111 = I°C Slave mode, 10-bit address

0110 = I2C Slave mode, 7-bit address

Note: Bit combinations not specifically listed here are either reserved, or implemented in
SPI mode only.
Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 17-5:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

SSPCON2: MSSP CONTROL REGISTER 2 (I2C MODE)
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

GCEN | ACKSTAT | ACKDT | ACKEN | RCEN | PEN | RSEN | SEN

bit 7 bit 0

GCEN: General Call Enable bit (Slave mode only)

1 = Enable interrupt when a general call address (0000h) is received in the SSPSR

0 = General call address disabled

ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave

0 = Acknowledge was received from slave

ACKDT: Acknowledge Data bit (Master Receive mode only)

1 = Not Acknowledge

0 = Acknowledge

Note: Value that will be transmitted when the user initiates an Acknowledge sequence at

the end of a receive.

ACKEN: Acknowledge Sequence Enable bit (Master Receive mode only)

1 = Initiate Acknowledge sequence on SDA and SCL pins, and transmit ACKDT data bit.
Automatically cleared by hardware.

0 = Acknowledge sequence IDLE

RCEN: Receive Enable bit (Master Mode only)

1 = Enables Receive mode for 1°C

0 = Receive IDLE

PEN: STOP Condition Enable bit (Master mode only)

1 = Initiate STOP condition on SDA and SCL pins. Automatically cleared by hardware.
0 = STOP condition IDLE

RSEN: Repeated START Condition Enabled bit (Master mode only)

1 = Initiate Repeated START condition on SDA and SCL pins.
Automatically cleared by hardware.
0 = Repeated START condition IDLE
SEN: START Condition Enabled/Stretch Enabled bit
In Master mode:
1 = Initiate START condition on SDA and SCL pins. Automatically cleared by hardware.
0 = START condition IDLE
In Slave mode:
1 = Clock stretching is enabled for both Slave Transmit and Slave Receive (stretch enabled)
0 = Clock stretching is disabled

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the [2C module is not in the IDLE
mode, this bit may not be set (no spooling) and the SSPBUF may not be written (or
writes to the SSPBUF are disabled).

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

The MSSP module functions are enabled by setting
MSSP Enable bit, SSPEN (SSPCON<5>).

The SSPCONL register allows control of the 12C oper-
ation. Four mode selection bits (SSPCON<3:0>) allow
one of the following 12C modes to be selected:

« 12C Master mode, clock = OSC/4 (SSPADD +1)
« 12C Slave mode (7-bit address)
« 12C Slave mode (10-bit address)

« 12C Slave mode (7-bit address), with START and
STOP bit interrupts enabled

« 12C Slave mode (10-bit address), with START and
STOP bit interrupts enabled

« 12C Firmware controlled master operation, slave
is IDLE

Selection of any 12C mode, with the SSPEN bit set,
forces the SCL and SDA pins to be open drain, pro-
vided these pins are programmed to inputs by setting
the appropriate TRISC bits. To ensure proper operation
of the module, pull-up resistors must be provided exter-
nally to the SCL and SDA pins.

17.4.3 SLAVE MODE

In Slave mode, the SCL and SDA pins must be config-
ured as inputs (TRISC<4:3> set). The MSSP module
will override the input state with the output data when
required (slave-transmitter).

The 12C Slave mode hardware will always generate an
interrupt on an address match. Through the mode
select bits, the user can also choose to interrupt on
START and STOP bits

When an address is matched or the data transfer after
an address match is received, the hardware automati-
cally will generate the Acknowledge (ACK) pulse and
load the SSPBUF register with the received value cur-
rently in the SSPSR register.

Any combination of the following conditions will cause
the MSSP module not to give this ACK pulse:

¢ The buffer full bit BF (SSPSTAT<0>) was set
before the transfer was received.

¢ The overflow bit SSPOV (SSPCON<6>) was set
before the transfer was received.

In this case, the SSPSR register value is not loaded
into the SSPBUF, but bit SSPIF (PIR1<3>) is set. The
BF bit is cleared by reading the SSPBUF register, while
bit SSPOV is cleared through software.

The SCL clock input must have a minimum high and
low for proper operation. The high and low times of the
12c specification, as well as the requirement of the
MSSP module, are shown in timing parameter #100
and parameter #101.

17.4.3.1  Addressing

Once the MSSP module has been enabled, it waits for
a START condition to occur. Following the START con-
dition, the 8-bits are shifted into the SSPSR register. All
incoming bits are sampled with the rising edge of the
clock (SCL) line. The value of register SSPSR<7:1> is
compared to the value of the SSPADD register. The
address is compared on the falling edge of the eighth
clock (SCL) pulse. If the addresses match, and the BF
and SSPOV bits are clear, the following events occur:

1. The SSPSR register value is loaded into the
SSPBUF register.

2. The buffer full bit BF is set.

An ACK pulse is generated.

4. MSSP interrupt flag bit, SSPIF (PIR1<3>) is set
(interrupt is generated, if enabled) on the falling
edge of the ninth SCL pulse.

w

In 10-bit Address mode, two address bytes need to be
received by the slave. The five Most Significant bits
(MSbs) of the first address byte specify if this is a 10-bit
address. Bit R/W (SSPSTAT<2>) must specify a write
so the slave device will receive the second address
byte. For a 10-bit address, the first byte would equal
‘11110 A9 A8 O0’, where ‘A9’ and ‘A8’ are the two
MSbs of the address. The sequence of events for 10-bit
address is as follows, with steps 7 through 9 for the
slave-transmitter:

1. Receive first (high) byte of Address (bits SSPIF,
BF and bit UA (SSPSTAT<1>) are set).

2. Update the SSPADD register with second (low)
byte of Address (clears bit UA and releases the
SCL line).

3. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

4. Receive second (low) byte of Address (bits
SSPIF, BF, and UA are set).

5. Update the SSPADD register with the first (high)
byte of Address. If match releases SCL line, this
will clear bit UA.

6. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.

7. Receive Repeated START condition.

8. Receive first (high) byte of Address (bits SSPIF
and BF are set).

9. Read the SSPBUF register (clears bit BF) and
clear flag bit SSPIF.
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17.4.3.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the No Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit BF (SSPSTAT<0>) is
set, or bit SSPOV (SSPCON1<6>) is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit SSPIF (PIR1<3>) must be cleared in soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

If SEN is enabled (SSPCON1<0>=1), RC3/SCK/SCL
will be held low (clock stretch) following each data
transfer. The clock must be released by setting bit CKP
(SSPCON<4>). See Section 17.4.4 (“Clock Stretch-
ing”), for more detail.

17.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low, regardless of SEN (see “Clock Stretching”,
Section 17.4.4, for more detail). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data.The
transmit data must be loaded into the SSPBUF register,
which also loads the SSPSR register. Then pin
RC3/SCK/SCL should be enabled by setting bit CKP
(SSPCON1<4>). The eight data bits are shifted out on
the falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 17-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is com-
plete. In this case, when the ACK is latched by the
slave, the slave logic is reset (resets SSPSTAT regis-
ter) and the slave monitors for another occurrence of
the START bhit. If the SDA line was low (ACK), the next
transmit data must be loaded into the SSPBUF register.
Again, pin RC3/SCK/SCL must be enabled by setting
bit CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.
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I2C SLAVE MODE TIMING WITH SEN =0 (RECEPTION, 7-BIT ADDRESS)

FIGURE 17-8:
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12C SLAVE MODE TIMING (TRANSMISSION, 7-BIT ADDRESS)

FIGURE 17-9:
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I°C SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS)

FIGURE 17-10:
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12C SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 17-11:
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17.4.4 CLOCK STRETCHING

Both 7- and 10-bit Slave modes implement automatic
clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

17.4.4.1 Clock Stretching for 7-bit Slave
Receive Mode (SEN = 1)

In 7-bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence, if the BF
bit is set, the CKP bit in the SSPCONL register is auto-
matically cleared, forcing the SCL output to be held
low. The CKP being cleared to ‘0’ will assert the SCL
line low. The CKP bit must be set in the user’'s ISR
before reception is allowed to continue. By holding the
SCL line low, the user has time to service the ISR and
read the contents of the SSPBUF before the master
device can initiate another receive sequence. This will
prevent buffer overruns from occurring (see
Figure 17-13).

17.4.4.3 Clock Stretching for 7-bit Slave
Transmit Mode

7-bit Slave Transmit mode implements clock stretching
by clearing the CKP bit after the falling edge of the
ninth clock, if the BF bit is clear. This occurs, regard-
less of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 17-9).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge of
the ninth clock, the CKP bit will not be
cleared and clock stretching will not occur.

2. The CKP bit can be set in software,

regardless of the state of the BF bit.

Note 1: If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software,
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence, in order to prevent an overflow
condition.

17.4.4.2 Clock Stretching for 10-bit Slave
Receive Mode (SEN = 1)

In 10-bit Slave Receive mode, during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address, and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs, and if
the user hasn'’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a data
sequence, not an address sequence.

17.4.4.4 Clock Stretching for 10-bit Slave
Transmit Mode

In 10-bit Slave Transmit mode, clock stretching is con-
trolled during the first two address sequences by the
state of the UA bit, just as it is in 10-bit Slave Receive
mode. The first two addresses are followed by a third
address sequence, which contains the high order bits
of the 10-bit address and the R/W bit set to ‘1. After
the third address sequence is performed, the UA bit is
not set, the module is now configured in Transmit
mode, and clock stretching is controlled by the BF flag,
as in 7-bit Slave Transmit mode (see Figure 17-11).
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17.4.4.5 Clock Synchronization and

the CKP bit

When the CKP bit is cleared, the SCL output is forced
to ‘0. However, setting the CKP bit will not assert the

already asserted the SCL line. The SCL output will
remain low until the CKP bit is set, and all other
devices on the 12C bus have de-asserted SCL. This
ensures that a write to the CKP bit will not violate the

SCL output low until the SCL output is already sam- E‘ilg;:rrguﬁ_lgl)gh time - requirement for SCL  (see
pled low. Therefore, the CKP bit will not assert the '
SCL line until an external 12C master device has
FIGURE 17-12: CLOCK SYNCHRONIZATION TIMING
Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4 Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4|Q1|Q2|Q3|Q4
I I ; I I : b I : I I
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| | o | | | | L |
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| | 1 | \\ | /f ----- - /-0—1
| | b | ' e | | |
| T | | Master device f | »? | |
CKP I’\ asserts clock I/
| | I . —$5 : /] |
| | : | | Master device | o |
| | | | de-asserts clock | I | |
WR | /—\ i |
SSPCON | | (. | | « | /1 \ |
| | b | | | | |

0 2001 Microchip Technology Inc.

Advance Information

DS39580A-page 171



PIC18FXX20

I2C SLAVE MODE TIMING WITH SEN =1 (RECEPTION, 7-BIT ADDRESS)

FIGURE 17-13:
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I°C SLAVE MODE TIMING SEN = 1 (RECEPTION, 10-BIT ADDRESS)

FIGURE 17-14:
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17.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 12C bus is such that
the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address,
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all 0's with R/W = 0.

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
set). Following a START bit detect, 8-bits are shifted
into the SSPSR and the address is compared against
the SSPADD. It is also compared to the general call
address and fixed in hardware.

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth
bit), and on the falling edge of the ninth bit (ACK bit),
the SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set, and the slave will begin receiving data after the
Acknowledge (Figure 17-15).

FIGURE 17-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)
Address is compared to General Call Address
l after ACK, set interrupt
.. W =0 Receiving Data ACK

SDA _:_\ X General Call Address mmmmmmm

SCL

SSPIF

BF (SSPSTAT<0>)

SSPOV (SSPCON1<6>)

I Cleared in software
SSPBUF is read

GCEN (SSPCON2<7>)
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17.4.6 MASTER MODE

Master mode is enabled by setting and clearing the
appropriate SSPM bits in SSPCONL1 and by setting the
SSPEN bit. In Master mode, the SCL and SDA lines
are manipulated by the MSSP hardware.

Master mode of operation is supported by interrupt
generation on the detection of the START and STOP
conditions. The STOP (P) and START (S) bits are
cleared from a RESET, or when the MSSP module is
disabled. Control of the 12C bus may be taken when the
P bit is set or the bus is IDLE, with both the S and P bits
clear.

In Firmware Controlled Master mode, user code con-
ducts all 1°C bus operations based on START and
STOP bit conditions.

Once Master mode is enabled, the user has six
options.
1. Assert a START condition on SDA and SCL.

2. Assert a Repeated START condition on SDA
and SCL.

3. Write to the SSPBUF register initiating transmis-
sion of data/address.

4. Configure the 12c port to receive data.

5. Generate an Acknowledge condition at the end
of a received byte of data.

6. Generate a STOP condition on SDA and SCL.

The MSSP Module, when configured in 12C
Master mode, does not allow queueing of
events. For instance, the user is not
allowed to initiate a START condition and
immediately write the SSPBUF register to
initiate transmission before the START
condition is complete. In this case, the
SSPBUF will not be written to and the
WCOL bit will be set, indicating that a write
to the SSPBUF did not occur.

Note:

The following events will cause SSP interrupt flag bit,
SSPIF, to be set (SSP interrupt if enabled):

¢ START condition

¢ STOP condition

« Data transfer byte transmitted/received

« Acknowledge Transmit

« Repeated START

FIGURE 17-16: MSSP BLOCK DIAGRAM (|2C MASTER MODE)
< Internal SSPM3:SSPMO
Data Bus SSPADD<6:0>
Read Write ‘
SSPBUF ‘ Baud
Rate
’ Generator
SDA Shift —
@ : lf\ SDA In Clock S
= SSPSR 8|p
o
_ L -] Msb LSb 2l3
i< o _ﬁ"’
= g - . E -
] START bit, STOP bit, 46_. = o8
g Acknowledge 5 Sle
= =5
g Generate X 2o
scL g 3 ME
X PN © -1
= O
| 7
[ ~
L START bit Detect
- STOP bit Detect
SCL In Write Collision Detect —» Set/Reset, S, P, WCOL (SSPSTAT)
Clock Arbitration Set SSPIF, BCLIF
Bus Collision State Counter for Reset ACKSTAT, PEN (SSPCON2)
end of XMIT/RCV
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17.4.6.1 12C Master Mode Operation

The master device generates all of the serial clock
pulses and the START and STOP conditions. A trans-
fer is ended with a STOP condition or with a Repeated
START condition. Since the Repeated START condi-
tion is also the beginning of the next serial transfer, the
12C bus will not be released.

In Master Transmitter mode, serial data is output
through SDA, while SCL outputs the serial clock. The
first byte transmitted contains the slave address of the
receiving device (7 bits) and the Read/Write (R/W) bit.
In this case, the R/W bit will be logic '0’. Serial data is
transmitted 8 bits at a time. After each byte is transmit-
ted, an Acknowledge bit is received. START and STOP
conditions are output to indicate the beginning and the
end of a serial transfer.

In Master Receive mode, the first byte transmitted con-
tains the slave address of the transmitting device
(7 bits) and the R/W bit. In this case, the R/W bit will be
logic '1. Thus, the first byte transmitted is a 7-bit slave
address followed by a '1’ to indicate receive bit. Serial
data is received via SDA, while SCL outputs the serial
clock. Serial data is received 8 bits at a time. After each
byte is received, an Acknowledge bit is transmitted.
START and STOP conditions indicate the beginning
and end of transmission.

The baud rate generator used for the SPI mode opera-
tion is used to set the SCL clock frequency for either
100 kHz, 400 kHz or 1 MHz I2C operation. See
Section 17.4.7 (“Baud Rate Generator”), for more
detail.

A typical transmit sequence would go as follows:

1. The user generates a START condition by set-
ting the START enable bit, SEN
(SSPCON2<0>).

2. SSPIF is set. The MSSP module will wait the
required start time before any other operation
takes place.

3. The user loads the SSPBUF with the slave
address to transmit.

4. Address is shifted out the SDA pin until all 8 bits
are transmitted.

5.  The MSSP Module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

6. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

7. The user loads the SSPBUF with eight bits of
data.

8. Data is shifted out the SDA pin until all 8 bits are
transmitted.

9. The MSSP Module shifts in the ACK bit from the
slave device and writes its value into the
SSPCON2 register (SSPCON2<6>).

10. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the SSPIF
bit.

11. The user generates a STOP condition by setting
the STOP enable bit PEN (SSPCON2<2>).

12. Interrupt is generated once the STOP condition
is complete.
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17.4.7 BAUD RATE GENERATOR

In 12C Master mode, the baud rate generator (BRG)
reload value is placed in the lower 7 bits of the
SSPADD register (Figure 17-17). When a write occurs
to SSPBUF, the baud rate generator will automatically
begin counting. The BRG counts down to 0O and stops
until another reload has taken place. The BRG count is
decremented twice per instruction cycle (Tcy) on the
Q2 and Q4 clocks. In I2C Master mode, the BRG is
reloaded automatically.

FIGURE 17-17:

Once the given operation is complete (i.e., transmis-
sion of the last data bit is followed by ACK), the internal
clock will automatically stop counting and the SCL pin
will remain in its last state.

Table 15-3 demonstrates clock rates based on instruc-
tion cycles and the BRG value loaded into SSPADD.

BAUD RATE GENERATOR BLOCK DIAGRAM

SSPM3:SSPMO :} SSPADD<6:0>

SSPM3:SSPMO i‘> Reload

SCL —P{ Control

Reload |

CLKOUT <—‘ BRG Down Counter [«~——Fosc/4

TABLE 17-3:  1°C CLOCK RATE W/BRG

Fey Fev:2 BRG VALUE (2 roIIovFeSrgLof BRG)
10 MHz 20 MHz 19h 400 kHz®
10 MHz 20 MHz 20h 312.5 kHz
10 MHz 20 MHz 3Fh 100 kHz
4 MHz 8 MHz 0Ah 400 kHz®
4 MHz 8 MHz 0Dh 308 kHz
4 MHz 8 MHz 28h 100 kHz
1 MHz 2 MHz 03h 333 kHz®
1 MHz 2 MHz 0Ah 100 kHz
1 MHz 2 MHz 00h 1 MHz®

Note 1: The I°C interface does not conform to the 400 kHz 12C specification (which applies to rates greater than
100 kHz) in all details, but may be used with care where higher rates are required by the application.
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17.4.7.1 Clock Arbitration

Clock arbitration occurs when the master, during any
receive, transmit or Repeated START/STOP condition,
de-asserts the SCL pin (SCL allowed to float high).
When the SCL pin is allowed to float high, the baud rate
generator (BRG) is suspended from counting until the
SCL pin is actually sampled high. When the SCL pin is

FIGURE 17-18:

sampled high, the baud rate generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
This ensures that the SCL high time will always be at
least one BRG rollover count, in the event that the clock
is held low by an external device (Figure 15-18).

BAUD RATE GENERATOR TIMING WITH CLOCK ARBITRATION

SDA DX ><

DX-1

SCL \

SCL de-asserted but slave holds
SCL low (clock arbitration)

r SCL allowed to transition high

BRG decrements on
Q2 and Q4 cycles

[ I | |

i Ao X o X X_oan X
value | 03h 02h 01h 00h (hold off) : 03h 02h

|

| SCL is sampled high, reload takes

place and BRG starts its count.

BRG
Reload
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I°C MASTER MODE START
CONDITION TIMING

To initiate a START condition, the user sets the START
condition enable bit, SEN (SSPCON2<0>). If the SDA
and SCL pins are sampled high, the baud rate genera-
tor is reloaded with the contents of SSPADD<6:0> and
starts its count. If SCL and SDA are both sampled high
when the baud rate generator times out (TBRG), the
SDA pin is driven low. The action of the SDA being
driven low, while SCL is high, is the START condition
and causes the S bit (SSPSTAT<3>) to be set. Follow-
ing this, the baud rate generator is reloaded with the
contents of SSPADD<6:0> and resumes its count.
When the baud rate generator times out (TBRG), the
SEN bit (SSPCON2<0>) will be automatically cleared
by hardware, the baud rate generator is suspended,
leaving the SDA line held low and the START condition
is complete.

17.4.8

Note: If at the beginning of the START condition,
the SDA and SCL pins are already sam-
pled low, or if during the START condition
the SCL line is sampled low before the
SDA line is driven low, a bus collision
occurs, the Bus Collision Interrupt Flag,
BCLIF is set, the START condition is
aborted, and the 12C module is reset into its

IDLE state.

FIGURE 17-19: FIRST START BIT TIMING

17.4.8.1  WCOL Status Flag

If the user writes the SSPBUF when a START
sequence is in progress, the WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the START

condition is complete.

Write to SEN bit occurs here

Set S bit (SSPSTAT<3>)

At completion of START bit,
Hardware clears SEN bit
l and sets SSPIF bit

Write to SSPBUF occurs here

/ 1t bit >< 2nd bit

SDA =1,

SCL=1

l

k—TerG ——Terc—
SDA é é
sct o

[« TBRG |

[«TBRG+|
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17.4.9 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated START condition occurs when the RSEN
bit (SSPCON2<1>) is programmed high and the 12c
logic module is in the IDLE state. When the RSEN bit is
set, the SCL pin is asserted low. When the SCL pin is
sampled low, the baud rate generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one baud rate
generator count (TBRG). When the baud rate generator
times out, if SDA is sampled high, the SCL pin will be
de-asserted (brought high). When SCL is sampled
high, the baud rate generator is reloaded with the con-
tents of SSPADD<6:0> and begins counting. SDA and
SCL must be sampled high for one TBRG. This action is
then followed by assertion of the SDA pin (SDA = 0) for
one TBRG while SCL is high. Following this, the RSEN
bit (SSPCON2<1>) will be automatically cleared and
the baud rate generator will not be reloaded, leaving
the SDA pin held low. As soon as a START condition is
detected on the SDA and SCL pins, the S bit
(SSPSTAT<3>) will be set. The SSPIF bit will not be set
until the baud rate generator has timed out.

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2. A bus collision during the Repeated
START condition occurs if:

* SDA is sampled low when SCL goes
from low to high.

¢ SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to
transmit a data "1".

Immediately following the SSPIF bit getting set, the
user may write the SSPBUF with the 7-bit address in
7-bit mode, or the default first address in 10-bit mode.
After the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

17.49.1  WCOL Status Flag

If the user writes the SSPBUF when a Repeated
START sequence is in progress, the WCOL is set and
the contents of the buffer are unchanged (the write
doesn’t occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated
START condition is complete.

FIGURE 17-20: REPEAT START CONDITION WAVEFORM
Set S (SSPSTAT<3>)
Write to SSPCON2 SDA =1
occurs here. scL B . At completion of START bit,
SDA=1, T hardware clear RSEN bit
SCL (no change) l and set SSPIF
l=TBrRGTBRG T’II‘—TE&;RG -
| 1st bit X
SDA [N
Falling edge of ninth clock | | Write to SSPBUF occurs here
scL™ | lTBRG
L 4
Sr = Repeated START
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17.4.10 1°C MASTER MODE
TRANSMISSION

Transmission of a data byte, a 7-bit address, or the
other half of a 10-bit address is accomplished by simply
writing a value to the SSPBUF register. This action will
set the buffer full flag bit, BF, and allow the baud rate
generator to begin counting and start the next transmis-
sion. Each bit of address/data will be shifted out onto
the SDA pin after the falling edge of SCL is asserted
(see data hold time specification parameter #106). SCL
is held low for one baud rate generator rollover count
(TBRrRG). Data should be valid before SCL is released
high (see data setup time specification parameter
#107). When the SCL pin is released high, itis held that
way for TBRG. The data on the SDA pin must remain
stable for that duration and some hold time, after the
next falling edge of SCL. After the eighth bit is shifted
out (the falling edge of the eighth clock), the BF flag is
cleared and the master releases SDA. This allows the
slave device being addressed to respond with an ACK
bit during the ninth bit time if an address match
occurred, or if data was received properly. The status
of ACK is written into the ACKDT bit on the falling edge
of the ninth clock. If the master receives an Acknowl-
edge, the Acknowledge status bit, ACKSTAT, is
cleared. If not, the bit is set. After the ninth clock, the
SSPIF bit is set and the master clock (baud rate gener-
ator) is suspended until the next data byte is loaded into
the SSPBUF, leaving SCL low and SDA unchanged
(Figure 17-21).

After the write to the SSPBUF, each bit of address will
be shifted out on the falling edge of SCL, until all seven
address bits and the R/W bit are completed. On the fall-
ing edge of the eighth clock, the master will de-assert
the SDA pin, allowing the slave to respond with an
Acknowledge. On the falling edge of the ninth clock, the
master will sample the SDA pin to see if the address
was recognized by a slave. The status of the ACK bit is
loaded into the ACKSTAT status bit (SSPCON2<6>).
Following the falling edge of the ninth clock transmis-
sion of the address, the SSPIF is set, the BF flag is
cleared and the baud rate generator is turned off until
another write to the SSPBUF takes place, holding SCL
low and allowing SDA to float.

17.4.10.1 BF Status Flag

In Transmit mode, the BF bit (SSPSTAT<0>) is set
when the CPU writes to SSPBUF and is cleared when
all 8 bits are shifted out.

17.4.10.2 WCOL Status Flag

If the user writes the SSPBUF when a transmit is
already in progress (i.e., SSPSR is still shifting out a
data byte), the WCOL is set and the contents of the
buffer are unchanged (the write doesn’t occur).

WCOL must be cleared in software.

17.4.10.3 ACKSTAT Status Flag

In Transmit mode, the ACKSTAT bit (SSPCON2<6>) is
cleared when the slave has sent an Acknowledge
(ACK = 0), and is set when the slave does not Acknowl-
edge (ACK = 1). A slave sends an Acknowledge when
it has recognized its address (including a general call),
or when the slave has properly received its data.

17.4.11  1°C MASTER MODE RECEPTION

Master mode reception is enabled by programming the
receive enable bit, RCEN (SSPCON2<3>).

Note: The MSSP module must be in an IDLE
state before the RCEN bit is set, or the
RCEN bit will be disregarded.

The baud rate generator begins counting, and on each
rollover, the state of the SCL pin changes (high to
low/low to high) and data is shifted into the SSPSR.
After the falling edge of the eighth clock, the receive
enable flag is automatically cleared, the contents of the
SSPSR are loaded into the SSPBUF, the BF flag bit is
set, the SSPIF flag bit is set and the baud rate genera-
tor is suspended from counting, holding SCL low. The
MSSP is now in IDLE state, awaiting the next com-
mand. When the buffer is read by the CPU, the BF flag
bit is automatically cleared. The user can then send an
Acknowledge bit at the end of reception, by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>).

17.4.11.1 BF Status Flag

In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

17.4.11.2 SSPOV Status Flag

In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

17.4.11.3 WCOL Status Flag

If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write doesn’t occur).
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12C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 17-21:

|

|

N3d

__‘ M
|F

21eMy0s Ul paleald

212MJ0S Ul UaNLM S| 4N9dSS J

ydnusiul 4SS woiS
QUIIN0J BJIAIBS SIBMYOS Ul pales|) |+

T =¢NODdSS
ul IV1SMOV

arempiey Aq palesjd NIS ‘UOIIPUOD | HVIS oYY

n

] N3S

usnum 4Ng9dss A

(<0>1V1SdSS) 49

aIemyos ui pases|d

1

41dSS 01 spuodsal |
y NdDeum

Mo| pIdy 10S

MY pue ssalppe }g-2 Yum ushum 4N9dSsS Ih !

$S8IppVv 10-0T Jo
feH puo2as 1o ereq Bunnwisuel |

<9>ZNOODdSS 1]q 1VISHIV Je3]0 dAe|S WolH

T ) @) G G G0 6 €

0=Mm

[ 41dss

10s

Jlwisuel) pyels !

vas
9AR|S 0] SSaIppY Nwsuel |
0=N3IS—

suibag uonpuod 19V1S
T = N3S <0>ZNOJdSS WM

0 2001 Microchip Technology Inc.

Advancelnformation

DS39580A-page 182



PIC18FXX20

12C MASTER MODE WAVEFORM (RECEPTION, 7-BIT ADDRESS)

FIGURE 17-22:
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17.4.12 ACKNOWLEDGE SEQUENCE
TIMING

An Acknowledge sequence is enabled by setting the
Acknowledge sequence enable bit, ACKEN
(SSPCON2<4>). When this bit is set, the SCL pin is
pulled low and the contents of the Acknowledge data bit
are presented on the SDA pin. If the user wishes to gen-
erate an Acknowledge, then the ACKDT bit should be
cleared. If not, the user should set the ACKDT bit before
starting an Acknowledge sequence. The baud rate gen-
erator then counts for one rollover period (TBRG) and the
SCL pin is de-asserted (pulled high). When the SCL pin
is sampled high (clock arbitration), the baud rate gener-
ator counts for TBRG. The SCL pin is then pulled low. Fol-
lowing this, the ACKEN bit is automatically cleared, the
baud rate generator is turned off and the MSSP module
then goes into IDLE mode (Figure 17-23).

17.4.12.1 WCOL Status Flag

If the user writes the SSPBUF when an Acknowledge
sequence is in progress, then WCOL is set and the con-
tents of the buffer are unchanged (the write doesn’t occur).

FIGURE 17-23:

17.4.13 STOP CONDITION TIMING

A STOP bhit is asserted on the SDA pin at the end of a
receive/transmit by setting the STOP sequence enable
bit, PEN (SSPCON2<2>). At the end of a
receive/transmit, the SCL line is held low after the fall-
ing edge of the ninth clock. When the PEN bit is set, the
master will assert the SDA line low. When the SDA line
is sampled low, the baud rate generator is reloaded and
counts down to 0. When the baud rate generator times
out, the SCL pin will be brought high, and one TBRG
(baud rate generator rollover count) later, the SDA pin
will be de-asserted. When the SDA pin is sampled high
while SCL is high, the P bit (SSPSTAT<4>) is set. A
TBRG later, the PEN bit is cleared and the SSPIF bit is
set (Figure 17-24).

17.4.13.1 WCOL Status Flag

If the user writes the SSPBUF when a STOP sequence
is in progress, then the WCOL bit is set and the con-
tents of the buffer are unchanged (the write doesn’t
occur).

ACKNOWLEDGE SEQUENCE WAVEFORM

Acknowledge sequence starts here,
Write to SSPCON2
ACKEN =1, ACKDT =0

J7 ACKEN automatically cleared

Cleared
software

Set SSPIF at the end —
of receive

Note: TBRG = one baud rate generator period.

F—TBRG—'!‘—TBRG—'I
on Xm0\ mE
| |
scL g | Vg
| | |

SSPIF ' —li

L Cleared in
software

Set SSPIF at the end

of Acknowledge sequence

in

FIGURE 17-24:

STOP CONDITION RECEIVE OR TRANSMIT MODE

Write to SSPCON2 __
Set PEN

Falling edge of

SCL =
after SDA sampled high. P bit (SSPSTAT<4>) is set.

1 for TBRG, followed by SDA = 1 for TBRG

PEN bit (SSPCON2<2>) is cleared by
hardware and the SSPIF bit is set

9th clock l - =
TBRG |

SCL \ f | |

| |

SDA ACK | |

L P

“— Tere —— Terc —l—

SDA asserted low before risi
to setup STOP condition

Note: TBRG = one baud rate generator period.

N
Terc —
SCL brought high after TBRG

ng edge of clock
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17.4.14 SLEEP OPERATION

While in SLEEP mode, the 1°C module can receive
addresses or data, and when an address match or
complete byte transfer occurs, wake the processor
from SLEEP (if the MSSP interrupt is enabled).

17.4.15 EFFECT OF A RESET

A RESET disables the MSSP module and terminates
the current transfer.

17.4.16 MULTI-MASTER MODE

In Multi-Master mode, the interrupt generation on the
detection of the START and STOP conditions allows
the determination of when the bus is free. The STOP
(P) and START (S) bits are cleared from a RESET or
when the MSSP module is disabled. Control of the 12C
bus may be taken when the P bit (SSPSTAT<4>) is set,
or the bus is idle with both the S and P bits clear. When
the bus is busy, enabling the SSP interrupt will gener-
ate the interrupt when the STOP condition occurs.

In multi-master operation, the SDA line must be moni-
tored for arbitration, to see if the signal level is the
expected output level. This check is performed in hard-
ware, with the result placed in the BCLIF bit.

The states where arbitration can be lost are:
¢ Address Transfer

¢ Data Transfer

¢ A START Condition

« A Repeated START Condition

* An Acknowledge Condition

17.4.17 MULTI-MASTER COMMUNICATION,
BUS COLLISION, AND BUS
ARBITRATION

Multi-Master mode support is achieved by bus arbitra-
tion. When the master outputs address/data bits onto
the SDA pin, arbitration takes place when the master
outputs a '1' on SDA, by letting SDA float high and
another master asserts a'0'. When the SCL pin floats
high, data should be stable. If the expected data on
SDA is a'1l' and the data sampled on the SDA pin ='0',
then a bus collision has taken place. The master will set
the Bus Collision Interrupt Flag, BCLIF and reset the
I2C port to its IDLE state (Figure 17-25).

If a transmit was in progress when the bus collision
occurred, the transmission is halted, the BF flag is
cleared, the SDA and SCL lines are de-asserted, and
the SSPBUF can be written to. When the user services
the bus collision Interrupt Service Routine, and if the
12C bus is free, the user can resume communication by
asserting a START condition.

If a START, Repeated START, STOP, or Acknowledge
condition was in progress when the bus collision
occurred, the condition is aborted, the SDA and SCL
lines are de-asserted, and the respective control bits in
the SSPCONZ2 register are cleared. When the user ser-
vices the bus collision Interrupt Service Routine, and if
the I2C bus is free, the user can resume communication
by asserting a START condition.

The master will continue to monitor the SDA and SCL
pins. If a STOP condition occurs, the SSPIF bit will be set.

A write to the SSPBUF will start the transmission of
data at the first data bit, regardless of where the trans-
mitter left off when the bus collision occurred.

In Multi-Master mode, the interrupt generation on the
detection of START and STOP conditions allows the
determination of when the bus is free. Control of the I2C
bus can be taken when the P bit is setin the SSPSTAT reg-
ister, or the bus is IDLE and the S and P bits are cleared.

FIGURE 17-25: BUS COLLISION TIMING FOR TRANSMIT AND ACKNOWLEDGE
SDA line pulled low Sample SDA. While SCL is high,
Data changes by another source data doesn’t match what is driven
while SCL =0 J by the master.
SDA released Bus collision has occurred.
l by master _l
SDA

BCLIF

scL —\—/—\—/

Set bus collision
l interrupt (BCLIF)
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17.4.17.1 Bus Collision During a START
Condition

During a START condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the START condition (Figure 17-26).

b) SCL is sampled low before SDA is asserted low
(Figure 17-27).

During a START condition, both the SDA and the SCL

pins are monitored.

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
« the START condition is aborted,
« the BCLIF flag is set, and
* the MSSP module is reset to its IDLE state

(Figure 17-26).
The START condition begins with the SDA and SCL
pins de-asserted. When the SDA pin is sampled high,
the baud rate generator is loaded from SSPADD<6:0>
and counts down to 0. If the SCL pin is sampled low
while SDA is high, a bus collision occurs, because it is
assumed that another master is attempting to drive a
data '1' during the START condition.

FIGURE 17-26:

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 17-28). If, however, a'l'is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The baud rate generator is then reloaded and
counts down to 0, and during this time, if the SCL pins
are sampled as '0', a bus collision does not occur. At
the end of the BRG count, the SCL pin is asserted low.

Note: The reason that bus collision is not a factor
during a START condition is that no two
bus masters can assert a START condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision, because the two masters must be
allowed to arbitrate the first address follow-
ing the START condition. If the address is
the same, arbitration must be allowed to
continue into the data portion, Repeated
START or STOP conditions.

BUS COLLISION DURING START CONDITION (SDA ONLY)

Set BCLIF,

SDA=0,SCL=1.

SDA \

SDA goes low before the SEN bit is set.

S bit and SSPIF set because

— e — - — —

SEN cleared automatically because of bus collision.

I
I
| SSP module reset into IDLE state.
I
I

| t_ SSPIF and BCLIF are
I cleared in software

SCL
Set SEN, enable START 3
condition if SDA = 1, SCL=1
SEN
SDA sampled low before |
START condition. Set BCLIF. J»
S bit and SSPIF set because
BCLIF SDA=0,SCL=1.
S
SSPIF

SSPIF and BCLIF are
cleared in software

DS39580A-page 186

Advancelnformation

0 2001 Microchip Technology Inc.



PIC18FXX20

FIGURE 17-27: BUS COLLISION DURING START CONDITION (SCL =0)
SDA=0,SCL=1
l— TBrG —— TBrRG —*
SDA N
scL Set SEN, enable START AR
sequence if SDA=1,SCL=1 >
T— SCL = 0 before SDA =0,
SEN bus collision occurs. Set BCLIF.
SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.
BCLIF |
T_ Interrupt cleared
in software
S 0 0’
SSPIF 0O 0
FIGURE 17-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
Set S i Set SSPIF
Less than TBRG —~| _ "—_l TBRG }
SDA  SDA pulled low by other m:aster. | I | . !
Reset BRG and assert SDA: | " l :
| |
I
! [ \
SCL : LS, \
| I SCL pulled low after BRG
SEN | : Time-out
T— Set SEN, enable START
sequence if SDA=1,SCL=1
BCLIF I | 0
| |
| |
! ]
S |
I
I
SSPIF k )
SDA =0, SCL :ﬂ L Interrupts cleared
Set SSPIF in software
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17.4.17.2 Bus Collision During a Repeated
START Condition

During a Repeated START condition, a bus collision
occurs if:

a) A low level is sampled on SDA when SCL goes
from low level to high level.

b) SCL goes low before SDA is asserted low, indi-
cating that another master is attempting to
transmit a data '1'.

When the user de-asserts SDA and the pin is allowed
to float high, the BRG is loaded with SSPADD<6:0>
and counts down to 0. The SCL pin is then de-asserted,
and when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data 'O,
Figure 17-29). If SDA is sampled high, the BRG is

reloaded and begins counting. If SDA goes from high to
low before the BRG times out, no bus collision occurs
because no two masters can assert SDA at exactly the
same time.

If SCL goes from high to low before the BRG times out
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data '1’ during the Repeated START condi-
tion, Figure 17-30.

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count,
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated START condition is
complete.

FIGURE 17-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN ‘
BCLIF \—
Cleared in software
s 0
SSPIF 0
FIGURE 17-30: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
] i TBRG i
SDA .

SCL /
SCL goes low before SDA;

BCLIF Set BCLIF. Release SDA and SCL. ‘

Interrupt cleared
in software
RSEN ‘
S o
SSPIF
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17.4.17.3 Bus Collision During a STOP
Condition

Bus collision occurs during a STOP condition if:

a) After the SDA pin has been de-asserted and
allowed to float high, SDA is sampled low after
the BRG has timed out.

b) After the SCL pin is de-asserted, SCL is sam-
pled low before SDA goes high.

The STOP condition begins with SDA asserted low.
When SDA is sampled low, the SCL pin is allowed to
float. When the pin is sampled high (clock arbitration),
the baud rate generator is loaded with SSPADD<6:0>
and counts down to 0. After the BRG times out, SDA is
sampled. If SDA is sampled low, a bus collision has
occurred. This is due to another master attempting to
drive adata '0’ (Figure 17-31). If the SCL pin is sampled
low before SDA is allowed to float high, a bus collision
occurs. This is another case of another master attempt-
ing to drive a data '0’ (Figure 17-32).

FIGURE 17-31: BUS COLLISION DURING A STOP CONDITION (CASE 1)
| Tere TBRG | TBRG | SDA sampled
low after TBRG,
"""""""""" Set BCLIF
SDA
!
SDA asserted low
SCL
PEN Q L
BCLIF
P 0’
SSPIF 0
FIGURE 17-32: BUS COLLISION DURING A STOP CONDITION (CASE 2)
TBRG ‘ TBRG ‘
Assert SDA SCL goes low before SDA goes high

SCL

\/SetBCLIF

PEN

|
SDA \T
|

BCLIF

SSPIF

L
h
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NOTES:
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18.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module (also known as a Serial
Communications Interface or SCI) is one of the two
types of serial I/0 modules available on PIC18FXX20
devices. Each device has two USARTSs, which can be
configured independently of each other. Each can be
configured as a full duplex asynchronous system that
can communicate with peripheral devices, such as
CRT terminals and personal computers, or as a
half-duplex synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMSs, etc.

The USART can be configured in the following modes:

¢ Asynchronous (full duplex)
« Synchronous - Master (half duplex)
¢ Synchronous - Slave (half duplex)
The pins of USART1 and USART?2 are multiplexed with
the functions of PORTC (RC6/TX1/CK1 and
RC7/RX1/DT1) and PORTG (RG1/TX2/CK2 and
RG2/RX2/DT2), respectively. In order to configure
these pins as a USART:
e For USARTL:

- bit SPEN (RCSTA1<7>) must be set (= 1)

- bit TRISC<7> must be set (= 1)

- bit TRISC<6> must be cleared (= 0)
* For USART2:

- bit SPEN (RCSTA2<7>) must be set (= 1)

- bit TRISG<2> must be set (= 1)

- bit TRISG<1> must be cleared (= 0)

Register 18-1 shows the layout of the Transmit Status
and Control Registers (TXSTAx) and Register 18-2
shows the layout of the Receive Status and Control
Registers (RCSTAx). USART1 and USART2 each
have their own independent and distinct pairs of trans-
mit and receive control registers, which are identical to
each other apart from their names. Similarly, each
USART has its own distinct set of transmit, receive and
baud rate registers.

Note:  Throughout this section, references to reg-
ister and bit names that may be associated
with a specific USART module are referred
to generically by the use of ‘X’ in place of
the specific module number. Thus,
“RCSTAX" might refer to the receive status

register for either USART1 or USART2.
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REGISTER 18-1:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

TXSTAx: TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN SYNC — BRGH TRMT TX9D

bit 7 bit 0

CSRC: Clock Source Select bit

Asynchronous mode:

Don't care

Synchronous mode:

1 = Master mode (clock generated internally from BRG)

0 = Slave mode (clock from external source)

TX9: 9-bit Transmit Enable bit

1 = Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit

1 = Transmit enabled

0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

SYNC: USART Mode Select bit

1 = Synchronous mode

0 = Asynchronous mode

Unimplemented: Read as '0'

BRGH: High Baud Rate Select bit

Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit

1 =TSR empty

0 =TSR full

TX9D: 9th bit of Transmit Data

Can be Address/Data bit or a parity bit

Legend:

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

- n = Value at POR reset "1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown
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REGISTER 18-2: RCSTAx: RECEIVE STATUS AND CONTROL REGISTER

RW-0  R/MW-0 RIW-0 RW-0  RW-0  R-0 R-0 R-X
| SPEN | Rx9 | SREN | CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

bit 7 SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled

bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-hit reception

bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don’t care
Synchronous mode - Master:
1 = Enables single receive
0 =Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - Slave:
Don't care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables receiver
0 = Disables receiver
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enables interrupt and load of the receive buffer
when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: 9th bit of Received Data
This can be Address/Data bit or a parity bit, and must be calculated by user firmware

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR reset "1’ = Bit is set '0’ = Bitis cleared X = Bit is unknown
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18.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USARTS. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTAx<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 18-1 shows the formula for computation of the
baud rate for different USART modes, which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRGX register can be calcu-
lated using the formula in Table 18-1. From this, the
error in baud rate can be determined.

EXAMPLE 18-1:

Example 18-1 shows the calculation of the baud rate
error for the following conditions:

e Fosc =16 MHz

¢ Desired Baud Rate = 9600

e« BRGH=0

¢« SYNC=0

It may be advantageous to use the high baud rate
(BRGH = ‘1", even for slower baud clocks. This is

because the equation in Example 18-1 can reduce the
baud rate error in some cases.

Writing a new value to the SPBRGX register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

18.1.1 SAMPLING

The data on the RXx pin (either RC7/RX1/DT1 or
RG2/RX2/DT2) is sampled three times by a majority
detect circuit to determine if a high or a low level is
present at the pin.

CALCULATING BAUD RATE ERROR

Desired Baud Rate = Fosc/ (64 (X +1))
Solving for X:
X = ((Fosc/ Desired Baud Rate)/64) -1
X = ((16000000/9600) / 64) - 1
X = [25.042] =25
Caculated Baud Rate = 16000000/ (64 (25 + 1))
= 09615
Error = (Calculated Baud Rate - Desired Baud Rate)
Desired Baud Rate
= (9615 - 9600) / 9600
= 0.16%
TABLE 18-1: BAUD RATE FORMULA
SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = FOsc/(64(X+1)) Baud Rate = FOsc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) N/A

Legend: X = value in SPBRGx (0 to 255)

TABLE 18-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, BOR |other RESETS
TXSTAX CSRC TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
RCSTAX SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
SPBRGXx |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented, read as '0'. Shaded cells are not used by the BRG.

Note:

Register names generically refer to both of the identically named registers for the two USART modules, where

‘X’ indicates the particular module. Bit names and RESET values are identical between modules.
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TABLE 18-3: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)
Fosc = 40 MHz Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE | Actual SPBRG | Actual SPBRG | Actual SPBRG |Actual SPBRG
9 % % %
(K) Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) | (K) (decimal) | (K) (decimal) | (K) (decimal)
0.3 NA — — NA — — NA — — NA — —
1.2 NA — — 1.221 +1.73 255 1.202 +0.16 207 1.202 +0.16 129
2.4 2.441 -1.70 255 2.404 +0.16 129 2.404 +0.16 103 2.404  +0.16 64
9.6 9.615 -0.16 64 9.469 -1.36 32 9.615 +0.16 25 9.766  +1.73 15
19.2 18.94 +1.38 32 19.53 +1.73 15 19.23  +0.16 12 19.53 +1.73 7
76.8 | 78.13  -1.70 78.13  +1.73 3 83.33 +8.51 2 78.13 +1.73 1
96 89.29 +7.52 104.2 +8.51 2 NA — — NA — —
300 3125 -4.00 312.5 +4.17 0 NA — — NA —_ —_
500 625.0 -20.0 NA — — NA — — NA — —
HIGH | 2.441 — 255 3125 — 0 250 — 0 156.3 — 0
LOW | 625.0 — 0 1.221 — 255 0.977 — 255 0.6104 — 255
Fosc = 7.15909 MHz Fosc = 5.0688 MHz Fosc = 4 MHz Fosc = 3.579545 MHz
BAUD
RATE | Actual SPBRG | Actual SPBRG | Actual SPBRG | Actual SPBRG
% 9 % %
(K) Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) | (K) (decimal) | (K) (decimal)
0.3 NA — — 0.31 +3.13 255 0.3005 -0.17 207 0.301 +0.23 185
1.2 1.203 +0.23 92 12 0 65 1.202  +1.67 51 1190 -0.83 46
24 2380 -0.83 46 24 32 2404  +1.67 25 2432 +1.32 22
9.6 9.322 -2.90 11 9.9 +3.13 7 NA — — 9.322 -2.90
19.2 | 1864 -2.90 5 19.8 +3.13 3 NA — — 18.64  -2.90
76.8 NA — — 79.2 +3.13 0 NA — —_ NA — —_
96 NA — — NA — — NA — — NA — —
300 NA — — NA — — NA — — NA — —
500 NA — — NA — — NA — — NA — —
HIGH | 111.9 — 0 79.2 — 0 62.500 — 0 55.93 — 0
LOW | 0.437 — 255 0.3094 — 255 3.906 — 255 0.2185 — 255
Fosc = 1 MHz Fosc = 32.768 kHz
BAUD
RATE |Actual o SPBRG | Actual 0 SPBRG
(K) Rate Erroor value Rate Error value
(K) (decimal) | (K) (decimal)
0.3 0.300 +0.16 51 0.256  -14.67 1
1.2 1.202 +0.16 12 NA — —_
2.4 2232 -6.99 6 NA — —
9.6 NA — — NA — —
19.2 NA — — NA — —
76.8 NA — — NA — —
96 NA — — NA — —
300 NA — — NA — —
500 NA — — NA — —
HIGH | 15.63 — 0 0.512 — 0
LOW |0.0610 — 255 0.0020 — 255
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TABLE 18-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH =1)
Fosc = 40 MHz Fosc = 20 MHz Fosc = 16 MHz Fosc = 10 MHz
BAUD
RATE | Actual SPBRG | Actual SPBRG | Actual SPBRG | Actual SPBRG
% % % %
(K) Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) | (K) (decimal) | (K) (decimal) | (K) (decimal)
9.6 9.766 -1.70 255 9.615 +0.16 129 9.615 +0.16 103 9.615 +0.16 64
19.2 |19.231 -0.16 129 19.230 +0.16 64 19.230 +0.16 51 18.939 -1.36 32
38.4 |38.461 -0.16 64 37878 -1.36 32 38.461 +0.16 25 39.062 +1.7 15
57.6 |58.139 -0.93 42 56.818 -1.36 21 58.823 +2.12 16 56.818 -1.36 10
115.2 | 113.64 1.38 21 113.63 -1.36 10 11111 -3.55 8 125 +8.51 4
250 250 0 9 250 0 250 0 NA — —
625 625 0 3 625 NA — — 625 0 0
1250 1250 0 1 1250 NA — — NA — —
Fosc = 7.16MHz Fosc = 5.068 MHz Fosc = 4 MHz Fosc = 3.579545 MHz
BAUD
RATE | Actual SPBRG | Actual SPBRG | Actual SPBRG | Actual SPBRG
9 % % %
(K) Rate Error value Rate Error value Rate Error value Rate Error value
(K) (decimal) (K) (decimal) | (K) (decimal) | (K) (decimal)
9.6 9.520 -0.83 46 9.6 0 32 NA — — 9.727  +1.32 22
19.2 | 19.454 +1.32 22 18.645 -2.94 16 1.202 +0.17 207 18.643 -2.90 11
38.4 | 37.286 -2.90 1 39.6 +3.12 7 2.403 +0.13 103 37.286 -2.90 5
57.6 | 55.930 -2.90 7 52.8 -8.33 5 9.615 +0.16 25 55.930 -2.90 3
115.2 |111.860 -2.90 3 105.6 -8.33 2 19.231 +0.16 12 111.86  -2.90 1
250 NA — — NA — — NA — — 223.72 -10.51 0
625 NA — — NA — — NA — — NA — —
1250 NA — — NA — — NA — — NA — —
Fosc =1 MHz Fosc = 32.768 kHz
BAUD
RATE |Actual 0 SPBRG | Actual o SPBRG
(K) Rate value Rate value
®  EF"O" (deciman| (k) EF"O"  (decimal)
9.6 8.928  -6.99 6 NA — —
19.2 |20.833 +8.51 2 NA — —
384 | 3125 -18.61 1 NA — —
57.6 62.5 +8.51 0 NA — —
115.2 NA — — NA — —
250 NA — — NA — —
625 NA — — NA — —
1250 NA — — NA — —
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18.2 USART Asynchronous Mode

In  this mode, the USARTs use standard
non-return-to-zero (NRZ) format (one START bit, eight
or nine data bits and one STOP bit). The most common
data format is 8 bits. An on-chip dedicated 8-bit baud
rate generator can be used to derive standard baud
rate frequencies from the oscillator. The USART trans-
mits and receives the LShit first. The USART'’s trans-
mitter and receiver are functionally independent, but
use the same data format and baud rate. The baud rate
generator produces a clock, either 16 or 64 times the
bit shift rate, depending on bit BRGH (TXSTAx<2>).
Parity is not supported by the hardware, but can be
implemented in software (and stored as the ninth data
bit). Asynchronous mode is stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTAX<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

» Baud Rate Generator

« Sampling Circuit

¢ Asynchronous Transmitter
¢ Asynchronous Receiver

18.2.1 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 18-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer, TXREGx.
The TXREGx register is loaded with data in software.
The TSR register is not loaded until the STOP bit has
been transmitted from the previous load. As soon as
the STOP bit is transmitted, the TSR is loaded with new
data from the TXREGXx register (if available). Once the
TXREGX register transfers the data to the TSR register
(occurs in one Tcy), the TXREGX register is empty and

FIGURE 18-1:

flag bit, TXx1IF (PIR1<4> for USART1, PIR3<4> for
USART2) is set. This interrupt can be enabled/disabled
by setting/clearing enable bit, TXXIE (PIE1<4> for
USART], PIE<4> for USART2). Flag bit TXxIF will be
set, regardless of the state of enable bit TXxIE and can-
not be cleared in software. It will reset only when new
data is loaded into the TXREGXx register. While flag bit
TXIF indicated the status of the TXREGXx register,
another bit, TRMT (TXSTAx<1>), shows the status of
the TSR register. Status bit TRMT is a read only bit,
which is set when the TSR register is empty. No inter-
rupt logic is tied to this bit, so the user has to poll this
bit in order to determine if the TSR register is empty.

Note 1. The TSR register is not mapped in data
memory, So it is not available to the user.

2. Flag bit TXIF is set when enable bit TXEN
is set.

To set up an asynchronous transmission:

1. Initialize the SPBRGx register for the appropri-
ate baud rate. If a high speed baud rate is
desired, set bit BRGH (Section 18.1).

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

3. Ifinterrupts are desired, set enable bit TXXIE in
the appropriate PIE register.

4. If 9-bit transmission is desired, set transmit bit
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit TXEN,
which will also set bit TXxIF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Load data to the TXREGX register (starts trans-
mission).

8. Ifusing interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are
set.

USART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG Register ‘

Interrupt

Baud Rate Generator

{8
; LSb .
... ! Pin Buffer
‘ 0 ‘ . and Control K
_______ TSRRegister _ _ _ _ _ . ___ | TX pin
|TRMT | | spen |
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FIGURE 18-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG I (¢
BRG Output Word 1 ’
utpu !
(Shift Clock) —! L j | '_
RC6/TXICK (pi L ' '
(pin) " \__START bit <__bit0 bt X ¢ bt . /sToPbit |
TXIF bit L Word 1 ' :
(Transmit Buffer ' cc X
Reg. Empty Flag) |_| JJ [
] Word1l — '
TRMT bit o .
(Transmit Shift Transmit Shift Reg X
Reg. Empty Flag) —| cc
JJ
FIGURE 18-3: ASYNCHRONOUS ITRANSMISSION (BACK TO BACK)
Write to TXREG 1 1 cc
BRG Output Word 1 Word 2 J)
utpu
(Shift Clock) ' ' ' ' S
RC6/TX/CK (pi ! . X
TXIF bit o N.START bit < bit0 X bit1 X_ §¢ X bit7/8 7 sToP bit \START bit < bit0
(Interrupt Reg. Flag) 'I Word 1 I Word 2
L | cc
T JJ
TRMT bit Wordl —— Word 2 "
gégr]sETr:E)g/hflifltag) Transmit Shift Reg. Transmit Shift Reg.
] (C
JJ
Note: This timing diagram shows two consecutive transmissions.
TABLE 18-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 0000 0000 | 0000 0000
PIR1 PSPIF ADIF RC1IF TX1IF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RC1IE | TX1IE | SSPIE | CCPlIE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RC1IP | TX1IP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111
PIR3 — — RC2IF TX2IF | TMR4IF | CCP5IF | CCP4IF | CCP3IF | --00 0000 | --00 0000
PIE3 — — RC2IE | TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE | --00 0000 | --00 0000
IPR3 — — RC2IP | TX2IP | TMRA4IP | CCP5IP | CCP4IP | CCP3IP | --11 1111 |--11 1111
RCSTAX® SPEN RX9 SREN CREN | ADDEN FERR OERR RX9D 0000 000x | 0000 000x
TXREGXY) |USART Transmit Register 0000 0000 | 0000 0000
TxsTAXD | CSRC 7x9 | T™xen | syne | — | BRH | TRMT | Tx9D | 0000 -010 | 0000 -010
SPBRGx( |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Transmission.

Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘X’ indicates
the particular module. Bit names and RESET values are identical between modules.
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18.2.2 USART ASYNCHRONOUS
RECEIVER

The USART receiver block diagram is shown in
Figure 18-4. The data is received on the pin
(RC7/RX1/DT1 or RG2/RX2/DT2) and drives the data
recovery block. The data recovery block is actually a
high speed shifter operating at 16 times the baud rate,
whereas the main receive serial shifter operates at the
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.

To set up an Asynchronous Reception:

1. |Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 18.1).

2. Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, set enable bit RCXxIE.

If 9-bit reception is desired, set bit RX9.

Enable the reception by setting bit CREN.

Flag bit RCxIF will be set when reception is com-

plete and an interrupt will be generated if enable

bit RCxIE was set.

7. Read the RCSTAX register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. Ifany error occurred, clear the error by clearing
enable bit CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

o 0 s w

FIGURE 18-4:

18.2.3 SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1. |Initialize the SPBRGx register for the appropri-
ate baud rate. If a high speed baud rate is
required, set the BRGH bit.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. Ifinterrupts are required, set the RCEN bit and

select the desired priority level with the RCIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.

Enable reception by setting the CREN bit.

The RCxIF bit will be set when reception is com-

plete. The interrupt will be acknowledged if the

RCxIE and GIE bits are set.

8. Read the RCSTAX register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREGXx to determine if the device is
being addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

No a s

USART RECEIVE BLOCK DIAGRAM

X64 Baud Rate CLK

CREN

: : *6a
\ SPBRG ——1 or

Pin Buffer Data
and Control Recovery

SPEN

Interrupt

RX9D RCREG Register

FIFO

RCIF Data Bus
RCIE
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FIGURE 18-5: ASYNCHRONOUS RECEPTION
RX (pin) START _ _ START START
bit -bltO -bltl S Xbit7/8/STOP\ _bit bit0 X 5 bit7/8 /STOP\ bit £ 5’5 Xbit?/S; STOP
‘ bit \ /( 9< bit \ . bit
Reg MM € n C n qd :
Rcv Buffer Reg :T Word 1. Word 2 T !
Read Rcv . RCREG RCREG :
Buffer Reg C)C) T ()() C)C) T i
RCREG ! ' ,)
RCIF C | ()() C)() pp—
(Interrupt Flag) J) '
i CC CQ CC
OERR bit S 59 S |
CREN C C Q 3
) J) ) ) |
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.

TABLE 18-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other

' RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF | 0000 0000 | 0000 0000

GIEH GIEL

PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 0111 1111
PIR3 — — RC2IF TX2IF | TMR4IF | CCP5IF | CCP4IF | CCP3IF | --00 0000 --00 0000
PIE3 — — RC2IE TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE | --00 0000 --00 0000
IPR3 — — RC2IP TX2IP | TMR4IP | CCP5IP | CCP4IP | CCP3IP | --11 1111 --11 1111
RCSTAX®D | SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
TXREGx() |USART Receive Register 0000 0000 0000 0000
TXSTAXD) CSRC ‘ TX9 ‘ TXEN ‘ SYNC ‘ — ‘ BRGH ‘ TRMT ‘ TX9D 0000 -010 0000 -010
SPBRGx( |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented locations read as '0'. Shaded cells are not used for Asynchronous Reception.
Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘X’
indicates the particular module. Bit names and RESET values are identical between modules.
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18.3 USART Synchronous Master
Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTAx<4>). In
addition, enable bit SPEN (RCSTAX<7>) is set in order
to configure the appropriate I/O pins to CK (clock) and
DT (data) lines, respectively. The Master mode indi-
cates that the processor transmits the master clock on
the CK line. The Master mode is entered by setting bit
CSRC (TXSTAX<7>).

18.3.1 USART SYNCHRONOUS MASTER

TRANSMISSION

The USART transmitter block diagram is shown in
Figure 18-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer register,
TXREG. The TXREGXx register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREGx (if available). Once the
TXREGXx register transfers the data to the TSR register
(occurs in one TcycLE), the TXREGx is empty and
interrupt bit TXxIF (PIR1<4> for USART1, PIR3<4> for
USART2) is set. The interrupt can be enabled/disabled

by setting/clearing enable bit TXxIE (PIE1<4> for
USART1, PIE3<4> for USARTZ2). Flag bit TXxIF will be
set, regardless of the state of enable bit TXxIE, and
cannot be cleared in software. It will reset only when
new data is loaded into the TXREGx register. While flag
bit TXxIF indicates the status of the TXREGX register,
another bit TRMT (TXSTAx<1>) shows the status of the
TSR register. TRMT is a read only bit, which is set
when the TSR is empty. No interrupt logic is tied to this
bit, so the user has to poll this bit in order to determine
if the TSR register is empty. The TSR is not mapped in
data memory, so it is not available to the user.

To set up a Synchronous Master Transmission:
1. |Initialize the SPBRG register for the appropriate
baud rate (Section 18.1).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

3. Ifinterrupts are desired, set enable bit TXXIE in
the appropriate PIE register.

4. If 9-bit transmission is desired, set bit TX9.

5. Enable the transmission by setting bit TXEN.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Start transmission by loading data to the
TXREGX register.

8. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 18-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Value on Value on all
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, other
BOR RESETS
INTCON GIE/ PEIE/ | tMRoIE | INTOIE | RBIE | TMROIE | INTOIF RBIF | 0000 0000 | 0000 0000
GIEH | GIEL

PIR1 PSPIF | ADIF | RCIF | TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE | ADIE | RCIE | TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP | ADIP | RCIP | TXIP | SSPIP | cCPiIlP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111
PIR3 = = RC2IF | TX2IF | TMRA4IF | CCP5IF | CCP4IF | CCP3IF | --00 0000 | --00 0000
PIE3 = = RC2IE | TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE | --00 0000 | --00 0000
IPR3 = = RC2IP | TX2IP | TMR4IP | ccP5sIP | ccP4lP | cCP3IP | --11 1111 | --11 1111
RcsTAX® | SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
TXREGx® |USART Transmit Register 0000 0000 | 0000 0000
TxsTAx® | csrc | o | Txen [ sywc | — | BreH | TRWT | TxeD | 0000 -010 | 0000 -010
SPBRGx( |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for Synchronous Master Transmission.
Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘x’ indicates
the particular module. Bit names and RESET values are identical between modules.

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 201



PIC18FXX20

FIGURE 18-6: SYNCHRONOUS TRANSMISSION
Q1|QZ‘Q3)QAiQ1’Q2|Q3’Q4EQ1‘Q2)Q3‘QAin‘QZ)Q3’Q4!01’Q2‘Q3)QA ’Q3|QA | Q1)Q2’Q3|Q4.Q1|QZ’Q3|QA.Q1)QZ |Q3’Q4Q1’Q2|Q3‘QA|Q1‘Q2)Q ‘QAQl’Q2|Q3 )QA
RC7/RX/DT I BT BT XS 5:>< BT X T B0 X T B X_§ m‘
pin ) Word 1 —t [ Word 2
;(n:m XICK : l_| !_‘_\_I_'_\_I_S mw
Write to ,—i | ,_| : ‘C . ' ' : (¢
TXREG Reg ertle Wordl : WmeI Word2 : 2) : : : : )) :
1 1 [ [ 1 ' (( [
Z?tlgrrlﬂgt Flag) : : )()( : : : 2 :
TRMT bit : : | : I . Ige
. . D) . . . ) |
TXEN bit ' , ' : g ' Igs ' 1

Note:  Sync Master mode; SPBRG ='0". Continuous transmission of two 8-bit words.

FIGURE 18-7: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X b0 X bin ><bit2 SS )( bte X bit7

RCB/TX/CK pin M m
TXRVI\E/rCisterég j >/ )/
TXIF bi j: (¢
it (s :
TRMT bit 4‘ )()(
(C
TXEN bit ))
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18.3.2 USART SYNCHRONOUS MASTER
RECEPTION

Once Synchronous mode is selected, reception is

enabled by setting either enable bit SREN

(RCSTAx<5>), or enable bit CREN (RCSTAx<4>).
Data is sampled on the RXx pin (RC7/RX1/DT1 or
RG2/RX2/DT2) on the falling edge of the clock. If
enable bit SREN is set, only a single word is received.
If enable bit CREN is set, the reception is continuous
until CREN is cleared. If both bits are set, then CREN
takes precedence.

FIGURE 18-8:

To set up a Synchronous Master Reception:

1. |Initialize the SPBRGXx register for the appropri-
ate baud rate (Section 18.1).

2. Enable the synchronous master serial port by

setting bits SYNC, SPEN and CSRC.

Ensure bits CREN and SREN are clear.

4. If interrupts are desired, set enable bit RCxIE in
the appropriate PIE register.

5. If 9-bit reception is desired, set bit RX9.

6. If a single reception is required, set bit SREN.
For continuous reception, set bit CREN.

7. Interrupt flag bit RCxIF will be set when recep-
tion is complete and an interrupt will be gener-
ated if the enable bit RCxIE was set.

8. Read the RCSTAX register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

9. Read the 8-bit received data by reading the
RCREGX register.

10. If any error occurred, clear the error by clearing
bit CREN.

11. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

w

SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

QZiQ#Q‘#QJJQJQ#Q‘iQllQiQ#Q‘{QJlQ%Q#Q‘iQJIQ#Q#Q‘{QllQﬁQMQJlQ%Q%Q“IQJlQ#QiQ4QJIQ4Q4Q4|Q11Q40#Q4IQ11Q4<?#Q4I

RC7/RX/DT pin

>< bit0 >< bitl >< bit2 >< bit3 >< bit4 >< b|t5>< bit6 b|t7

RCBITX/CK pin |; L I; |

Write to

U : . :
I

bit SREN : : ] . . \
SREN bit : : : : : : S
crenbit 2 : : : : : : : 0.
RCIF bit i i i i I I I I . '
(Interrupt) ; . .
Read l i i i I I I I I I
RXREG ' ' ' ' ' ' ' ' '
Note:  Timing diagram demonstrates Sync Master mode with bit SREN = '1’ and bit BRGH ="0".
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TABLE 18-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, other

BOR RESETS
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF | 0000 0000 | 0000 0000
PIR1 PSPIF ADIF RC1IF | TX1IF | SSPIF | ccP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RC1IE | TX1IE | SSPIE | CCP1IE | TMR2IE | TMRLIE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RC1IP | TX1IP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111
PIR3 = = RC2IF | TX2IF | TMR4IF | ccPsIF | ccP4IF | ccP3IF | --00 0000 | --00 0000
PIE3 = = RC2IE | TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE | --00 0000 | --00 0000
IPR3 = = RC2IP | TX2IP | TMR4IP | CCP5IP | CCP4IP | CCP3IP | --11 1111 | --11 1111
RCSTAX®D | SPEN RX9 SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
TXREGX(®) |USART Receive Register 0000 0000 | 0000 0000
TXSTAXY | CSRC TX9 \ TXEN \ SYNC \ = \ BRGH \ TRMT \ TX9D | 0000 -010 | 0000 -010
SPBRGx(® |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for Synchronous Master Reception.

Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘X’ indicates
the particular module. Bit names and RESET values are identical between modules.
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18.4 USART Synchronous Slave Mode To set up a Synchronous Slave Transmission:

1. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
CSRC.

Synchronous Slave mode differs from the Master mode
in the fact that the shift clock is supplied externally at
the TXx pin (RC6/TX1/CK1 or RG1/TX2/CK2), instead

of being supplied internally in Master mode. This allows 2. Clear bits CREN and SREN.

the device to transfer or receive data while in SLEEP 3. Ifinterrupts are desired, set enable bit TXXIE.

mode. Slave mode is entered by clearing bit CSRC 4. If 9-bit transmission is desired, set bit TX9.

(TXSTAX<T7>). 5. Enable the transmission by setting enable bit

18.41  USART SYNCHRONOUS SLAVE 3 ;XQE';',; S,
TRANSMIT . -bit transmission is selected, the nin i

should be loaded in bit TX9D.

The operation of the Synchronous Master and Slave 7. Start transmission by loading data to the

modes are identical, except in the case of the SLEEP TXREGX register.

mode. 8. Ifusing interrupts, ensure that the GIE and PEIE

If two words are written to the TXREG and then the bits in the INTCON register (INTCON<7:6>) are

SLEEP instruction is executed, the following will occur: set.

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXxIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREGx register will transfer the second
word to the TSR and flag bit TXxIF will now be
set.

e) If enable bit TXXIE is set, the interrupt will wake
the chip from SLEEP. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

. . . . . . . ) Value on Value on all

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR |other RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIFE | 0000 0000 | 0000 0000

GIEH GIEL

PIR1 PSPIF | ADIF | RC1IF | TX1IF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE | ADIE | RC1IE | TX1IE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP | ADIP | RC1IP | TX1IP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111
PIR3 = = RC2IF | TX2IF | TMR4IE | CCP5IF | CCP4IF | CCP3IF | --00 0000 | --00 0000
PIE3 = = RC2IE | TX2IE | TMR4IE | CCP5IE | CCP4IE | CCP3IE | --00 0000 | --00 0000
IPR3 = = RC2IP | TX2IP | TMR4IP | ccPsIP | ccP4iP | ccP3IP | --11 1111 | --11 1111
RcSTAX®D | SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR RX9D | 0000 000x | 0000 000x
TXREGx(®) |USART Transmit Register 0000 0000 | 0000 0000
TxsTAX®D | csrc | Txo | Txen [ sync | — | BrReH | TRMT | Tx9p | 0000 -010 | 0000 -010
SPBRGx(®) |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for Synchronous Slave Transmission.
Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘X’ indicates
the particular module. Bit names and RESET values are identical between modules.
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18.4.2 USART SYNCHRONOUS SLAVE To set up a Synchronous Slave Reception:
RECEPTION 1. Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit

The operation of the Synchronous Master and Slave

modes is identical, except in the case of the SLEEP CSRC.

mode and bit SREN, which is a “don't care” in Slave 2. Ifinterrupts are desired, set enable bit RCxIE.
mode. 3. If 9-bit reception is desired, set bit RX9.

If receive is enabled by setting bit CREN prior to the 4. To enable reception, set enable bit CREN.
SLEEP instruction, then a word may be received during 5. Flag bit RCxIF will be set when reception is com-
SLEEP. On completely receiving the word, the RSR plete. An interrupt will be generated if enable bit
register will transfer the data to the RCREG register, RCXIE was set.

and if enable bit RCIE bit is set, the interrupt generated 6. Read the RCSTAX register to get the ninth bit (if
will wake the chip from SLEEP. If the global interrupt is enabled) and determine if any error occurred
enabled, the program will branch to the interrupt vector. during reception.

7. Read the 8-bit received data by reading the
RCREGX register.

8. If any error occurred, clear the error by clearing
bit CREN.

9. Ifusing interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 18-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR BOR all other
: RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF | RBIF | 0000 0000 | 0000 0000
GIEH GIEL
PIR1 PSPIF ADIF | RC1IF | TXWIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE | ADIE | RCILIE | TX1IE | SSPIE | CCP1IE | TMR2IE | TMRIIE | 0000 0000 | 0000 0000
IPR1 PSPIP | ADIP | RC1LIP | TX1IP | SSPIP | CCP1IP | TMR2IP | TMRLIP | 0111 1111 | 0111 1111
PIR3 = = RC2IF | TX2IF | TMRAIF | CCP5IF | CCP4IF | CCP3IF | --00 0000 | --00 0000
PIE3 = = RC2IE | TX2IE | TMRAIE | CCP5IE | CCP4IE | CCP3IE | -- 00 0000 | --00 0000
IPR3 — = RC2IP | TX2IP | TMR4IP | CCP5IP | CCP4IP | CCP3IP | --11 1111 | --11 1111
rRcsTAx® | SPEN RX9 SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000x
TXREGx® |USART Receive Register 0000 0000 | 0000 0000
TxsTAx® | csrc | tx9 | t™xen [ synxc | — [ BRoH | TRMT | Tx9D | 0000 -010 | 0000 -010
SPBRGx( |Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented, read as '0". Shaded cells are not used for Synchronous Slave Reception.
Note 1: Register names generically refer to both of the identically named registers for the two USART modules, where ‘X’
indicates the particular module. Bit names and RESET values are identical between modules.
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19.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The analog-to-digital (A/D) converter module has 12
inputs for the PIC18F6X20 devices and 16 for the
PIC18F8X20 devices. This module allows conversion
of an analog input signal to a corresponding 10-bit
digital number.

REGISTER 19-1: ADCONO REGISTER

The module has five registers:

« A/D Result High Register (ADRESH)

¢ A/D Result Low Register (ADRESL)

< A/D Control Register 0 (ADCONO)

« A/D Control Register 1 ((ADCON1)

« A/D Control Register 2 ((ADCON2)

The ADCONO register, shown in Register 19-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 19-2, configures the func-

tions of the port pins. The ADCON2, shown in Register
16-3, configures the A/D clock source and justification.

uU-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
— — CHS3 CHS2 CHS1 CHSO GO/DONE | ADON
bit 7 bit 0

bit 7-6 Unimplemented: Read as '0’

bit5-2  CHS3:CHSO0: Analog Channel Select bits

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (AN5)
0110 = Channel 6 (AN6)
0111 = Channel 7 (AN7)
1000 = Channel 8 (AN8)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)(®)
1101 = Channel 13 (AN13)()
1110 = Channel 14 (AN14)®
1111 = Channel 15 (AN15)®)

Note 1. These channels are not available on the PIC18F6X20 (64-pin) devices.

bit 1 GO/DONE: A/D Conversion Status bit

When ADON =1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion, which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

bit 0 ADON: A/D On bit

1 = A/D converter module is enabled
0 = A/D converter module is disabled

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR reset "1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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REGISTER 19-2: ADCON1 REGISTER

u-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

R/W-0

— — VCFG1 VCFGO PCFG3 PCFG2 PCFG1

PCFGO

bit 7

bit 7-6 Unimplemented: Read as '0’
bit 5-4  VCFG1:VCFGO: Voltage Reference Configuration bits:

bit 0

VCFG1

VCEGO A/D VREF+ A/D VREF-

00 AVDD AVss

01 External VREF+ AVss

10 AVDD External VREF-

11 External VREF+ External VREF-

bit 3-0 PCFG3:PCFGO0: A/D Port Configuration Control bits:

PCFG3
PCFGO

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

U|0|0|0|0|0|0|0|0|0|0|0|0|0|0|X>||AN15
U|0|0|0|0|0|0|0|0|0|0|0|0|0|0|X>|AN14

U|0|0|0|0|0|0|0|0|0|0|0|0|0|>|>|AN13
U|0|0|0|0|0|o|o|o|o|o|o|g|>|>|>||AN12
U|0|0|0|0|0|0|0|0|g|o|g|>|>|>|>|AN11

U|0|0|g|g|g|o|o|g|g|g|X>»|>|>|>|>||AN10

U|0|0|0|0|0|o|g|g|g|>| > > >|>| >|| AN9

U|0|0|0|O|o|o|o|g|>|>|>|>|>|>|>|| AN8

U|0|0|0|o|o|o|g|(>| > > > > > > >||AN7

U|0|0|0|g|o|g|>|> > > > > > > >| AN6

U|0|0|0|0|0|> (> > > > > > > > >|AN5

O|O|0|0|0(>(>|>|> > > >|> > > >|AN4

O|O0|0|0|>>(>|>|>|> > >|>|>>>|| AN3

1111

O|O|O|>|> > >>|>> > > > > >>|AN2

OO >|>|>|> > > > > > > > > > > ANl

O(>|>|>|> > > > > > > > > > > >|ANO

A = Analog input D = Digital 110

Note:  Shaded cells indicate A/D channels available only on PIC18F8X20 devices.

Legend:

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

- n = Value at POR "1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 19-3: ADCON2 REGISTER

R/W-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0
ADFM — — — — ADCS2 ADCS1 ADCSO0
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit

1 = Right justified
0 = Left justified

bit 6-3 Unimplemented: Read as '0’

bit 2-0 ADCS1:ADCSO0: A/D Conversion Clock Select bits
000 = Fosc/2
001 = Fosc/8

010 = Fosc/32

011 = Frc (clock derived from an RC oscillator = 1 MHz max)
100 = Fosc/4

101 = Fosc/16

110 = Fosc/64

111 = FRrRc (clock derived from an RC oscillator = 1 MHz max)

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

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 209



PIC18FXX20

The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(VDbD and Vss), or the voltage level on the RA3/AN3/
VREF+ pin and RA2/AN2/VREF- pin.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device RESET forces all registers to their RESET
state. This forces the A/D module to be turned off and
any conversion is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input (RA3 can also be a volt-
age reference), or as a digital I/0. The ADRESH and
ADRESL registers contain the result of the A/D conver-
sion. When the A/D conversion is complete, the result
is loaded into the ADRESH/ADRESL registers, the GO/
DONE bit (ADCONQO register) is cleared, and A/D inter-
rupt flag bit, ADIF, is set. The block diagram of the A/D
module is shown in Figure 19-1.

FIGURE 19-1: A/D BLOCK DIAGRAM
CHS3:CHSO0
_____ |
' 1111
: 1110
| \O——‘E AN14®)
: 1101
' 0 : AN13()
! 1100 L
. 0 : AN12()
l 1011
. —O AN11
: 1010 .
. ¢—O AN10
: \_ 1001 . %
. AN9
: 1000 .
. 7 ANS8
' 0111
: t*-————%————ﬁég AN7
! 0110 -
: \\a—————ﬁ—————{zgﬂ ANG
: 0101 -
: \__ 0100 - % AN
VAIN : ;
10-bit (Input Voltage) : 0Ll . »—'E AN3
Converter : :
A/D . 0010 .
VCFG1:VCFGO : \o 0001 . @ AN1
rtohoe : \\O 0000
. VDD @ANO
r— — — 7 Vv X o
REF+ \ |
! Reference 'O/O
| Voltage VREE- : <
L — — — 5 O S
"""" Vss
Note 1: Channels AN15 through AN12 are not available on PIC18F6X20 devices.
2: 1/0O pins have diode protection to VDD and Vss.
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The value in the ADRESH/ADRESL registers is not
modified for a Power-on Reset. The ADRESH/
ADRESL registers will contain unknown data after a
Power-on Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 19.1.
After this acquisition time has elapsed, the A/D conver-
sion can be started.

FIGURE 19-2: ANALOG INPUT MODEL

The following steps should be followed to do an A/D
conversion:

1. Configure the A/D module:

« Configure analog pins, voltage reference and
digital I/O (ADCONZ1)

¢ Select A/D input channel (ADCONO)

¢ Select A/D conversion clock (ADCONZ2)

e Turn on A/D module (ADCONO)

2. Configure A/D interrupt (if desired):
¢ Clear ADIF bit
e Set ADIE hit
e Set GIE bit

3. Wait the required acquisition time.

4. Start conversion:

* Set GO/DONE bit (ADCONO register)

5. Wait for A/D conversion to complete, by either:
¢ Polling for the GO/DONE bit to be cleared
OR
« Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);
clear bit ADIF, if required.

7. For next conversion, go to step 1 or step 2, as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before next acquisition starts.

VDD

VT =0.6V

Sampling
Switch

Rc<lk !SS Rss !

@ ! CPIN l
' 5 p|: VT =0.6V

Legend: CPIN = input capacitance
VT = threshold voltage

various junctions

| LEAKAGE = leakage current at the pin due to

| leakage —— CHoLD =120 pF
+500 nA
_‘L Vss
6V
5V
Vop 4V
3V

Ric = interconnect resistance

SS = sampling switch

CHoOLD = sample/hold capacitance (from DAC)
Rss = sampling switch resistance

2V

56 78910 11
Sampling Switch (kQ)
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19.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHoLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 19-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHoLD. The sampling
switch (Rss) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5kQ. After the analog input channel is
selected (changed), this acquisition must be done
before the conversion can be started.

Note: When the conversion is started, the hold-
ing capacitor is disconnected from the
input pin.

EQUATION 19-1: ACQUISITION TIME

To calculate the minimum acquisition time,
Equation 19-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

Example 19-1 shows the calculation of the minimum
required acquisition time, TAcQ. This calculation is
based on the following application system assump-
tions:

CHOLD = 120pF

Rs = 25kQ

Conversion Error < 1/2LSb

VDD = 5V 5 Rss=7kQ
Temperature = 50°C (system max.)
VHOLD = OV@time=0

TACQ =

= TAMP + TC + TCOFF

Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

EQUATION 19-2: A/D MINIMUM CHARGING TIME

VHOLD =  (VREF - (VREF/2048)) » (1 - §TC/CHOLD(RIC + Rss + Rs))y
or
Tc = -(120 pF)(1 R + Rss + Rs) In(1/2047)

EXAMPLE 19-1: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMP + TC + TCOFF

TACQ = 2ps + Tc + [(Temp - 28C)(0.05us/C)]
Tc = -CHOLD (RIC + Rss + Rs) In(1/2047)
-120 pF (10.5 K) In(0.0004885)

-1.26ps (-7.6241)
9.61ps

TACQ
11.61pus + 1.25us
12.86us

Temperature coefficient is only required for temperatures’€25

-120 pF (1 K + 7 kQ + 2.5 K2) In(0.0004885)

2us + 9.61us + [(BCOC - 25°C)(0.05us C)]
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19.2 Selecting the A/D Conversion
Clock

The A/D conversion time per bit is defined as TaD. The
A/D conversion requires 12 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. There are seven possible options for TAD:

» 2TosC

* 4Tosc

» 8Tosc

e 16Tosc

e 32Tosc

e 64Tosc

¢ Internal RC oscillator
For correct A/D conversions, the A/D conversion clock

(TAaD) must be selected to ensure a minimum TAD time
of 1.6 ps.

Table 19-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

19.3 Configuring Analog Port Pins

The ADCONL1, TRISA, TRISF and TRISH registers
control the operation of the A/D port pins. The port pins
needed as analog inputs must have their correspond-
ing TRIS bits set (input). If the TRIS bit is cleared (out-
put), the digital output level (VoH or VoL) will be
converted.

The A/D operation is independent of the state of the
CHS3:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins
configured as analog input channels will
read as cleared (a low level). Pins config-
ured as digital inputs will convert an ana-
log input. Analog levels on a digitally
configured input will not affect the conver-
sion accuracy.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume current out of the device’s spec-

ification limits.

TABLE 19-1: Tabp vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD)

Maximum Device Frequency

Operation ADCS2:ADCSO0 PIC18FXX20 PIC18LFXX20®)
2Tosc 000 1.25 MHz 666 kHz
4Tosc 100 2.50 MHz 1.33 MHz
8Tosc 001 5.00 MHz 2.67 MHz
16Tosc 101 10.0 MHz 5.33 MHz
32Tosc 010 20.0 MHz 10.67 MHz
64Tosc 110 40.0 MHz 21.33 MHz

RC x11 — —

Note

: The RC source has a typical TAD time of 4 ms.
: The RC source has a typical TAD time of 6 ms.

For faster conversion times, the selection of another clock source is recommended.
For device frequencies above 1 MHz, the device must be in SLEEP for the entire conversion or the A/D

accuracy may be out of specification.
6: This column is for the LF devices only.

1
2
3. These values violate the minimum required TAD time.
4:
5
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19.4 A/D Conversions

Figure 19-3 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversion will abort the current conver-
sion. The A/D result register pair will NOT be updated
with the partially completed A/D conversion sample.
That is, the ADRESH:ADRESL registers will continue
to contain the value of the last completed conversion
(or the last value written to the ADRESH:ADRESL reg-
isters). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, acquisition on the selected channel is
automatically started.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

FIGURE 19-3:

A/D CONVERSION Tab CYCLES

19.5 Use of the CCP2 Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP2 module. This requires that the
CCP2M3:CCP2MO0O bits (CCP2CON<3:0>) be pro-
grammed as 1011 and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the GO/
DONE bit will be set, starting the A/D conversion, and
the Timerl (or Timer3) counter will be reset to zero.
Timerl (or Timer3) is reset to automatically repeat the
A/D acquisition period with minimal software overhead
(moving ADRESH/ADRESL to the desired location).
The appropriate analog input channel must be selected
and the minimum acquisition done before the “special
event trigger” sets the GO/DONE bit (starts a conver-
sion).

If the A/D module is not enabled (ADON is cleared), the
“special event trigger” will be ignored by the A/D mod-
ule, but will still reset the Timerl (or Timer3) counter.

'I:'CY-TAD TAaD1l TAD2  TAD3  TAD4 . TADS  TAD6 TAD7  TAD8 TAD9 ,TADlO:TADll

Conversion Starts

Tbg b8 b7 b6 b5 b4 b3

Holding capacitor is disconnected from analog input (typically 100 ns)

b2 bl o]0] b0

Set GO bit i

Next Q4: ADRESH/ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.
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TABLE 19-2: SUMMARY OF A/D REGISTERS

. . . . . . . . Value on Value on all
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR. BOR other
' RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF INTOIF RBIF 0000 0000 | 0000 0000
GIEH GIEL

PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 0111 1111 | 0111 1111
PIR2 — CMIF — — BCLIF LVDIF TMR3IF | CCP2IF | -0-- 0000 | -0-- 0000
PIE2 — CMIE — — BCLIE | LVDIE TMR3IE | CCP2IE | -0-- 0000 | -0-- 0000
IPR2 — CMIP — — BCLIP LVDIP TMR3IP | CCP2IP | -0-- 0000 | -0-- 0000
ADRESH | A/D Result Register High Byte XXXX XXXX | uuuu uuuu
ADRESL | A/D Result Register Low Byte XXXX XXXX | uuuu uuuu
ADCONO — — CHS3 CHS3 | CHS1 CHSO | GO/DONE| ADON | --00 0000 | --00 0000
ADCON1 — — VCFG1 | VCFGO | PCFG3 | PCFG2 PCFG1 PCFGO | --00 0000 | --00 0000
ADCON2 ADFM — — — — ADCS2 | ADCS1 ADCSO | 0--- -000 | 0--- -000
PORTA — RA6 RA5 RA4 RA3 RA2 RA1 RAO --0x 0000 | --0u 0000
TRISA — PORTA Data Direction Register --11 1111 | --11 1111
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO x000 0000 | u000 0000
LATF LATF7 LATF6 LATF5 LATF4 | LATF3 LATF2 LATF1 LATFO | XXXX XXXX [ uuuu uuuu
TRISF PORTF Data Direction Control Register 1111 1111 | 1111 1111
PORTH® | RH7 RH6 RH5 RH4 RH3 RH2 RH1 RHO | 0000 xxxx | 0000 xxxx
LATH® LATH7 LATH6 | LATH5 | LATH4 | LATH3 | LATH2 LATH1 LATHO | XXXX XXXX | uuuu uuuu
TRISH® |PORTH Data Direction Control Register 1111 1111 | 1111 1111

Legend: x =unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used for A/D conversion.
Note 1: Only available on PIC18F8X20 devices.
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NOTES:
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20,0 COMPARATOR MODULE The CMCON register, shown as Register 20-1, con-

trols the comparator input and output multiplexers. A
The comparator module contains two analog compara- block diagram of the various comparator configurations
tors. The inputs to the comparators are multiplexed is shown in Figure 20-1.

with the RF1 through RF6 pins. The on-chip Voltage
Reference (Section 21.0) can also be an input to the
comparators.

REGISTER 20-1: CMCON REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
C20UT C1ouT C2INV C1lINV CIS CM2 CMm1 CMO
bit 7 bit 0
bit 7 C20UT: Comparator 2 Output bit

When C2INV = 0:

1 =C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-
When C2INV = 1.

1 =C2VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-

bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:

1 =C1VIN+ > C1l VIN-
0 = C1 VIN+ < C1 VIN-
When C1INV = 1.

1 =C1VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-
bit 5 C2INV: Comparator 2 Output Inversion bit

1 = C2 output inverted
0 = C2 output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit

1 = C1 Output inverted
0 = C1 Output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM2:CMO0 = 110:

1 = C1 VIN- connects to RF5/AN10
C2 VIN- connects to RF3/AN8
0 = C1 VIN- connects to RF6/AN11
C2 VIN- connects to RF4/AN9
bit 2 CM2:CMO0: Comparator Mode bits

Figure 20-1 shows the Comparator modes and CM2:CMO bit settings

Legend:
R = Readable hit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set '0’ = Bit is cleared X = Bit is unknown
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20.1

There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 20-1 shows the eight possible modes.
The TRISF register controls the data direction of the
comparator pins for each mode. If the Comparator

FIGURE 20-1:

Comparator Configuration

mode is changed, the comparator output level may not
be valid for the specified mode change delay shown in
Electrical Specifications (Section 26.0).

Note:  Comparator interrupts should be disabled
during a Comparator mode change. Other-

wise, a false interrupt may occur.

COMPARATOR 1/O OPERATING MODES

CM2:CMO0 = 000

RF6/AN11-A VIV
RF5/AN10-A Vint
RF4/ANg —A Vv
RF3/ANS A Vint

Comparators Reset (POR Default Value)

= RF6/AN1L-2 VYN |~

Off (Read 0’ Off (Read 0’
+ & (Read as 0) RF5/ANIO-D. v+ ], C1 (Read as0)
= RF4/ANG —2—  g¥N- | °

Off (Read 0’ Off (Read 0’
n Cc2 (Read as '0") RF3/ANS _D_ VIN+ n Cc2 (Read as '0")

Comparators Off
CM2:CM0 =111

CM2:CM0 =010

RF6/AN11-A— Vv
RF5/AN10-A Vint
RF4/ANg A VIN-
RF3/ANg A VIN*

Two Independent Comparators

~ RF6/AN11-A— VN |~
C1 >-¢— C1OUT
RF2/AN7/C1OUT
_ A VIN-
RF4/ANg —~—— VN |
c2 c20uUT
C2 >-#— C20UT
+ RF3/ANG A ViNt |
RF1/AN6/C20UT

Two Independent Comparators with Outputs
CM2:CM0 =011

CM2:CMO =100

Two Common Reference Comparators

RF6/AN1L-A VN | - RF6/AN11-A— ViN- | -
ciouT ciouT
RF5/AN10-2 vine |, C1 RF5/AN10-A vine | C1
RF2/AN7/C1OUT
RF4/ANg —A [ ViN- | - .
RF3/ANg D v+ | C2 c20uT RF4/AN9 viN- -
c2 C20UT
RF3/ANS B [Vn+ ]
RF1/AN6/C20UT

Two Common Reference Comparators with Outputs
CM2:CMO0 =101

CM2:CM0 =001

One Independent Comparator with Output

A
RF6/ANT1-A— VIN- | ° RFGIANLLE—0 o 0y I
RE5/ANIOA  vn+ |, Cl clout RFSANI0-A o  CIS=1 La c10UT
RF2/AN7/C10UT .

RFAANS —° i5-0 | vin- D

A "*Cis=

RF4/AN9 —2 ViN- RF3/AN -0 CIS=1 ) L C2 c20UT
Cc2 Off (Read as '0")
RF3/ANS D ¢ VIN* |
1 CVREF From VREF Module

Four Inputs Multiplexed to Two Comparators
CM2:CMO0 =110

A = Analog Input, port reads zeros always

D = Digital Input CIS (CMCON<3>) is the Comparator Input Switch
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20.2 Comparator Operation

A single comparator is shown in Figure 20-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 20-2 represent
the uncertainty, due to input offsets and response time.

20.3 Comparator Reference

An external or internal reference signal may be used,
depending on the comparator operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+, and the digital output of the comparator is
adjusted accordingly (Figure 20-2).

FIGURE 20-2: SINGLE COMPARATOR
VIN+
Output
VIN-

20.3.1 EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same, or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between Vss and VDD, and can be applied to either
pin of the comparator(s).

20.3.2 INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the
comparators. Section 21.0 contains a detailed descrip-
tion of the Comparator Voltage Reference Module that
provides this signal. The internal reference signal is
used when comparators are in mode CM<2:0>=110
(Figure 20-1). In this mode, the internal voltage refer-
ence is applied to the VIN+ pin of both comparators.

20.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the
comparator output has a valid level. If the internal ref-
erence is changed, the maximum delay of the internal
voltage reference must be considered when using the
comparator outputs. Otherwise, the maximum delay of
the comparators should be used (Section 26.0).

20.5 Comparator Outputs

The comparator outputs are read through the CMCON
Register. These bits are read only. The comparator
outputs may also be directly output to the RF1 and RF2
1/0 pins. When enabled, multiplexors in the output path
of the RF1 and RF2 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 20-3 shows the com-
parator output block diagram.

The TRISA bits will still function as an output
enable/disable for the RF1 and RF2 pins while in this
mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<4:5>).

Note 1: When reading the PORT register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input, according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a dig-
ital input, may cause the input buffer to
consume more current than is specified.
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FIGURE 20-3: COMPARATOR OUTPUT BLOCK DIAGRAM
Port Pins
MULTIPLEX
-
CXINV
To RF1 or
RF2 Pin <=
Bus ﬁ\J Q D
Data
Read CMCON EN
Set
cmm{jf@ Q D
bit From
Other EN >
Comparator
CL Read CMCON
RESET
20.6 Comparator Interrupts Note: If a change in the CMCON register

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR registers) is the comparator interrupt flag. The
CMIF bit must be RESET by clearing ‘0’. Since itis also
possible to write a '1' to this register, a simulated inter-
rupt may be initiated.

The CMIE bit (PIE registers) and the PEIE bit (INTCON
register) must be set to enable the interrupt. In addition,
the GIE bit must also be set. If any of these bits are
clear, the interrupt is not enabled, though the CMIF bit
will still be set if an interrupt condition occurs.

(C1OUT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR regis-
ters) interrupt flag may not get set.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the mis-
match condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition, and
allow flag bit CMIF to be cleared.
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20.7 Comparator Operation During
SLEEP

When a comparator is active and the device is placed
in SLEEP mode, the comparator remains active and
the interrupt is functional, if enabled. This interrupt will
wake-up the device from SLEEP mode, when enabled.
While the comparator is powered up, higher SLEEP
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in SLEEP mode, turn off the comparators,
CM<2:0> =111, before entering SLEEP. If the device
wakes up from SLEEP, the contents of the CMCON
register are not affected.

20.8 Effects of a RESET

A device RESET forces the CMCON register to its
RESET state, causing the comparator module to be in
the comparator RESET mode, CM<2:0> = 000. This
ensures that all potential inputs are analog inputs.
Device current is minimized when analog inputs are
present at RESET time. The comparators will be
powered down during the RESET interval.

20.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 20-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to Vbb
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latchup condition may
occur. A maximum source impedance of 10 kQ is rec-
ommended for the analog sources. Any external com-
ponent connected to an analog input pin, such as a
capacitor or a Zener diode, should have very little leak-
age current.

FIGURE 20-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT =0.6V RIC
* * AN p Comparator
l Input
ILEAKAGE
ETF T vr=06v (§)+500nA
- e

Vss

Legend: CPIN Input Capacitance
VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance

Rs = Source Impedance

VA = Analog Voltage
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TABLE 20-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
CMCON | C20UT | C10UT | C2INV | C1INV CIs CM2 CM1 CMO | 0000 0000 [0000 0000
CVRCON | CVREN | CVROE | CVRR |CVRSS | CVR3 | CVR2 | CVR1 | CVRO | 0000 0000 {0000 0000
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF| INTOIF | RBIF | 0000 0000|0000 0000

GIEH GIEL

PIR2 — CMIF — — BCLIF | LVDIF | TMR3IF | CCP2IF | - 0-- 0000 |- 0-- 0000
PIE2 — CMIE — — BCLIE | LVDIE |TMRS3IE | CCP2IE |-0-- 0000 |-0-- 0000
IPR2 — CMIP — — BCLIP | LVDIP |TMR3IP | CCP2IP |-1-- 1111 |-1-- 1111
PORTF RF7 RF6 RF5 RF4 RF3 RF2 RF1 RFO | x000 0000 |u000 0000
LATF LATF7 | LATF6 | LATF5 | LATF4 | LATF3 | LATF2 | LATF1 | LATFO | XXXX XXXX |uuuu uuuu
TRISF TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO | 1111 1111 (1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented, read as "0".
Shaded cells are unused by the comparator module.
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21.0 COMPARATOR VOLTAGE
REFERENCE MODULE

The Comparator Voltage Reference is a 16-tap resistor
ladder network that provides a selectable voltage refer-
ence. The resistor ladder is segmented to provide two
ranges of CVREF values and has a power-down func-
tion to conserve power when the reference is not being
used. The CVRCON register controls the operation of
the reference as shown in Register 21-1. The block dia-
gram is given in Figure 21-1.

The comparator reference supply voltage can come
from either VDD or Vss, or the external VREF+ and
VREF- that are multiplexed with RA3 and RA2. The
comparator reference supply voltage is controlled by
the CVRSS bit.

REGISTER 21-1: CVRCON REGISTER

R/W-0 R/W-0 R/W-0

21.1 Configuring the Comparator
Voltage Reference

The Comparator Voltage Reference can output 16 dis-
tinct voltage levels for each range. The equations used
to calculate the output of the Comparator Voltage Ref-
erence are as follows:

IfCVRR = 1:
CVREF= (CVR<3:0>/24) x CVRSRC
If CVRR = 0:

CVREF = (CVDD x 1/4) + (CVR<3:0>/32) x CVRSRC

The settling time of the Comparator Voltage Reference
must be considered when changing the CVREF output
(Section 26.0).

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO
bit 7 bit 0
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit powered on

0 = CVREF circuit powered down

bit 6 CVROE: Comparator VREF Output Enable bit(D)

1 = CVREF voltage level is also output on the RF5/AN10/CVREF pin
0 = CVREF voltage is disconnected from the RF5/AN10/CVREF pin

bit 5 CVRR: Comparator VREF Range Selection bit

1 =0.00 CVRSRC to 0.75 CVRsSRC, with CVRSRC/24 step size
0 =0.25 CVRSRc to 0.75 CVRSRC, with CVRSRC/32 step size

bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source CVRSRC = VREF+ - VREF-

bit 3-0

0 = Comparator reference source CVRSRC = VDD - VSS

CVR3:CVRO0: Comparator VREF Value Selection bits (0 < VR3:VRO < 15)
When CVRR = 1:

CVREF = (CVR<3:0>/ 24) » (CVRSRC)

When CVRR = 0:

CVREF = 1/4 « (CVRSRC) + (CVR3:CVRO0/ 32) * (CVRSRC)

Note 1:
to ‘1.

If enabled for output, RF5 must also be configured as an input by setting TRISF<5>

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

W = Writable bit

"1’ = Bitis set '0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

X = Bit is unknown
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FIGURE 21-1: VOLTAGE REFERENCE BLOCK DIAGRAM
VDD VREF+
CVRSS =0 CVRSS =1 16 Stages
NG
CVREN > 0—O
8R R R R R
\\\ o o 00 s \N\—A AN\ *
CVRR
8R
] CVRSS =0
CVRSS=1
L
VREF-
CVR3
CVREF - 16-1 Analog Mux [ (From CVRCON<3:0>)
CVRO
Note: R is defined in Section 26.0.

21.2 Voltage Reference Accuracy/Error

The full range of voltage reference cannot be realized
due to the construction of the module. The transistors
on the top and bottom of the resistor ladder network
(Figure 21-1) keep CVREF from approaching the refer-
ence source rails. The voltage reference is derived
from the reference source; therefore, the CVREF output
changes with fluctuations in that source. The tested
absolute accuracy of the voltage reference can be
found in Section 26.0.

21.3 Operation During SLEEP

When the device wakes up from SLEEP through an
interrupt or a Watchdog Timer time-out, the contents of
the CVRCON register are not affected. To minimize
current consumption in SLEEP mode, the voltage
reference should be disabled.

21.4 Effects of a RESET

A device RESET disables the voltage reference by
clearing bit CVREN (CVRCON<7>). This RESET also
disconnects the reference from the RA2 pin by clearing
bit CVROE (CVRCON<6>) and selects the high volt-
age range by clearing bit CVRR (CVRCON<5>). The
VRSS value select bits, CVRCON<3:0>, are also
cleared.

21.5 Connection Considerations

The voltage reference module operates independently
of the comparator module. The output of the reference
generator may be connected to the RF5 pin if the
TRISF<5> bit is set and the CVROE bit is set. Enabling
the voltage reference output onto the RF5 pin, with an
input signal present, will increase current consumption.
Connecting RF5 as a digital output with VRSS enabled
will also increase current consumption.

The RF5 pin can be used as a simple D/A output with
limited drive capability. Due to the limited current drive
capability, a buffer must be used on the voltage refer-
ence output for external connections to VREF.
Figure 21-2 shows an example buffering technique.
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FIGURE 21-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE
1
CVREr rR® RF5
WX ' >
Module _>——¢—— CVREF Output
Voltage
Reference
Output
Impedance
Note 1: R is dependent upon the Voltage Reference Configuration bits CVRCON<3:0> and CVRCON<5>.
TABLE 21-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE
Value On Value On
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR All Other
RESETS
CVRCON | CVREN | CVROE | CVRR |CVRSS| CVR3 CVR2 CVR1 CVRO |[0000 0000|0000 0000
CMCON | C20UT | C10UT | C2INV | C1INV CIS CM2 CM1 CMO |0000 0000|0000 0000
TRISF TRISF7 | TRISF6 | TRISF5 | TRISF4 | TRISF3 | TRISF2 | TRISF1 | TRISFO ({1111 1111 (1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented, read as "0".
Shaded cells are not used with the comparator voltage reference.
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22.0 LOW VOLTAGE DETECT

In many applications, the ability to determine if the
device voltage (VDD) is below a specified voltage level
is a desirable feature. A window of operation for the
application can be created, where the application soft-
ware can do “housekeeping tasks” before the device
voltage exits the valid operating range. This can be
done using the Low Voltage Detect module.

This module is a software programmable circuitry,
where a device voltage trip point can be specified.
When the voltage of the device becomes lower then the
specified point, an interrupt flag is set. If the interrupt is
enabled, the program execution will branch to the inter-
rupt vector address and the software can then respond
to that interrupt source.

FIGURE 22-1:

The Low Voltage Detect circuitry is completely under
software control. This allows the circuitry to be “turned
off” by the software, which minimizes the current con-
sumption for the device.

Figure 22-1 shows a possible application voltage curve
(typically for batteries). Over time, the device voltage
decreases. When the device voltage equals voltage VA,
the LVD logic generates an interrupt. This occurs at
time Ta. The application software then has the time,
until the device voltage is no longer in valid operating
range, to shut-down the system. Voltage point VB is the
minimum valid operating voltage specification. This
occurs at time TB. The difference TB - TA is the total
time for shut-down.

TYPICAL LOW VOLTAGE DETECT APPLICATION

Voltage

Legend:
VA = LVD trip point
VB = Minimum valid device
operating voltage

The block diagram for the LVD module is shown in
Figure 22-2. A comparator uses an internally gener-
ated reference voltage as the set point. When the
selected tap output of the device voltage crosses the
set point (is lower than), the LVDIF bit is set.

Each node in the resistor divider represents a “trip
point” voltage. The “trip point” voltage is the minimum
supply voltage level at which the device can operate
before the LVD module asserts an interrupt. When the

supply voltage is equal to the trip point, the voltage
tapped off of the resistor array is equal to the 1.2V
internal reference voltage generated by the voltage
reference module. The comparator then generates an
interrupt signal setting the LVDIF bit. This voltage is
software programmable to any one of 16 values (see
Figure 22-2). The trip point is selected by program-
ming the LVDL3:LVDLO bits (LVDCON<3:0>).
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FIGURE 22-2: LOW VOLTAGE DETECT (LVD) BLOCK DIAGRAM
VDD LVDIN LVD3:LVDO LVDCON
\{ Register

} LVDIF

16 to 1 MUX

A LA AAM 4

LVDEN —{ Internally Generated
Reference Voltage
(Parameter #D423)
The LVD module has an additional feature that allows LVDIN (Figure 22-3). This gives users flexibility,
the user to supply the trip voltage to the module from because it allows them to configure the Low Voltage
an external source. This mode is enabled when bits Detect interrupt to occur at any voltage in the valid
LVDL3:LVDLO are setto ‘1111". In this state, the com- operating range.

parator input is multiplexed from the external input pin,

FIGURE 22-3: LOW VOLTAGE DETECT (LVD) WITH EXTERNAL INPUT BLOCK DIAGRAM

VDD r—-—"""—-" " - - - - - - — — — — — — — — T
| VDD |
’—‘E . \£ Register |

[
/ LVDIN | X LVDEN |
Externally Generated | = |

Trip Point : ~NY
| E 4/— VD |
3

| |
| VXEN |
: BODEN :
| j |
§ | |
e [L |
] | 1 @ |
= | - |
Lo _|
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22.1

Control Register

The Low Voltage Detect Control register controls the

operation of the Low Voltage Detect circuitry.

REGISTER 22-1:

bit 7-6
bit 5

bit 4

bit 3-0

LVDCON REGISTER

u-0 u-0 R-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-1
— — IRVST LVDEN LVDL3 LvDL2 LvDL1 LvDLO
bit 7 bit 0

Unimplemented: Read as '0'

IRVST: Internal Reference Voltage Stable Flag bit

1 = Indicates that the Low Voltage Detect logic will generate the interrupt flag at the
specified voltage range
0 = Indicates that the Low Voltage Detect logic will not generate the interrupt flag at the

specified voltage range and the LVD interrupt should not be enabled
LVDEN: Low Voltage Detect Power Enable bit

1 = Enables LVD, powers up LVD circuit
0 = Disables LVD, powers down LVD circuit

LVDL3:LVDLO: Low Voltage Detection Limit bits
1111 = External analog input is used (input comes from the LVDIN pin)

1110 =45V -4.77V
1101 =4.2V - 4.45V
1100 = 4.0V - 4.24V
1011 =3.8V - 4.03V
1010 = 3.6V - 3.82V
1001 =3.5V - 3.71V
1000 = 3.3V - 3.50V
0111 =3.0V - 3.18V
0110 =2.8V-2.97V
0101 =2.7V - 2.86V
0100 = 2.5V - 2.65V
0011 = 2.4V - 2.54V
0010 =2.2V - 2.33V
0001 = 2.0V - 2.12V
0000 = Reserved

Note:

of the device, are not tested.

LVDL3:LVDLO modes, which result in a trip point below the valid operating voltage

Legend:
R = Readable bit

- n =Value at POR

W = Writable bit
"1’ = Bitis set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared

X = Bit is unknown
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22.2

Depending on the power source for the device voltage,
the voltage normally decreases relatively slowly. This
means that the LVD module does not need to be con-
stantly operating. To decrease the current require-
ments, the LVD circuitry only needs to be enabled for
short periods, where the voltage is checked. After
doing the check, the LVD module may be disabled.

Operation

Each time that the LVD module is enabled, the circuitry
requires some time to stabilize. After the circuitry has
stabilized, all status flags may be cleared. The module
will then indicate the proper state of the system.

FIGURE 22-4:

The following steps are needed to set up the LVD
module:

1. Write the value to the LVDL3:LVDLO bits
(LVDCON register), which selects the desired
LVD Trip Point.

2. Ensure that LVD interrupts are disabled (the
LVDIE hit is cleared or the GIE bit is cleared).

3. Enable the LVD module (set the LVDEN bit in
the LVDCON register).

4. Wait for the LVD module to stabilize (the IRVST
bit to become set).

5. Clear the LVD interrupt flag, which may have
falsely become set, until the LVD module has
stabilized (clear the LVDIF bit).

6. Enable the LVD interrupt (set the LVDIE and the
GIE bits).

Figure 22-4 shows typical waveforms that the LVD
module may be used to detect.

LOW VOLTAGE DETECT WAVEFORMS

CASE 1:

LVDIF may not be set

VDD -_—___—,\%

LVDIF

Enable LVD |
|
|

Internally Generated

«— TIVRST —»]

Reference Stable

LVDIF cleared in software

LVDIF

Enable LVD

Internally Generated

~<— TIVRST |

Reference Stable

LVDIF cleared in software

LVDIF cleared in software,
LVDIF remains set since LVD condition still exists
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2221 REFERENCE VOLTAGE SET POINT

The Internal Reference Voltage of the LVD module,
specified in electrical specification parameter #D423,
may be used by other internal circuitry (the Programma-
ble Brown-out Reset). If these circuits are disabled
(lower current consumption), the reference voltage cir-
cuit requires a time to become stable before a low volt-
age condition can be reliably detected. This time is
invariant of system clock speed. This start-up time is
specified in electrical specification parameter #36. The
low voltage interrupt flag will not be enabled until a stable
reference voltage is reached. Refer to the waveform in
Figure 22-4.

22.2.2 CURRENT CONSUMPTION

When the module is enabled, the LVD comparator and
voltage divider are enabled and will consume static cur-
rent. The voltage divider can be tapped from multiple
places in the resistor array. Total current consumption,
when enabled, is specified in electrical specification
parameter #D022B.

22.3 Operation During SLEEP

When enabled, the LVD circuitry continues to operate
during SLEEP. If the device voltage crosses the trip
point, the LVDIF bit will be set and the device will
wake-up from SLEEP. Device execution will continue
from the interrupt vector address if interrupts have
been globally enabled.

22.4 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the LVD module to be turned off.
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23.0 SPECIAL FEATURES OF THE
CPU

There are several features intended to maximize sys-
tem reliability, minimize cost through elimination of
external components, provide power saving operating
modes and offer code protection. These are:

¢ OSC Selection
e RESET
- Power-on Reset (POR)
- Power-up Timer (PWRT)
- Oscillator Start-up Timer (OST)
- Brown-out Reset (BOR)
* Interrupts
* Watchdog Timer (WDT)
e SLEEP
« Code Protection
¢ ID Locations
« In-Circuit Serial Programming

All PIC18FXX20 devices have a Watchdog Timer,
which is permanently enabled via the configuration bits,
or software controlled. It runs off its own RC oscillator
for added reliability. There are two timers that offer nec-
essary delays on power-up. One is the Oscillator
Start-up Timer (OST), intended to keep the chip in
RESET until the crystal oscillator is stable. The other is
the Power-up Timer (PWRT), which provides a fixed
delay on power-up only, designed to keep the part in
RESET while the power supply stabilizes. With these
two timers on-chip, most applications need no external
RESET circuitry.

SLEEP mode is designed to offer a very low current
power-down mode. The user can wake-up from SLEEP
through external RESET, Watchdog Timer Wake-up, or
through an interrupt. Several oscillator options are also
made available to allow the part to fit the application.
The RC oscillator option saves system cost, while the
LP crystal option saves power. A set of configuration
bits are used to select various options.

23.1 Configuration Bits

The configuration bits can be programmed (read as '0"),
or left unprogrammed (read as '1'), to select various
device configurations. These bits are mapped, starting
at program memory location 300000h.

The user will note that address 300000h is beyond the
user program memory space. In fact, it belongs to the
configuration memory space (300000h through
3FFFFFh), which can only be accessed using Table
Reads and Table Writes.

Programming the configuration registers is done in a
manner similar to programming the FLASH memory.
The EECONL1 register WR bit starts a self-timed write
to the configuration register. In normal operation mode,
a TBLWI instruction with the TBLPTR pointed to the
configuration register sets up the address and the data
for the configuration register write. Setting the WR bit
starts a long write to the configuration register. The con-
figuration registers are written a byte at a time. To write
or erase a configuration cell, a TBLWI instruction can
write a ‘1’ or a ‘0’ into the cell.
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TABLE 23-1: CONFIGURATION BITS AND DEVICE IDS

Default/
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Unprogrammed
Value
300001h |CONFIGIH| — — | OSCSEN — = FOSC2 | FOSC1 | FOSCO | --1- -111
300002h |CONFIG2L = = = = BORV1 | BORVO | BODEN |PWRTEN| ---- 1111
300003h |CONFIG2H| — = = = WDTPS2 | WDTPS1 | WDTPSO | WDTEN | ---- 1111
300004h)| CONFIG3L | WAIT = = = = = PM1 PMO 1--- --11
300005h |CONFIG3H| — = = — = = — CCP2MX | ---- ---1
300006h |CONFIGAL | DEBUG = = — = LVP — STVREN | 1--- -1-1
300008h |CONFIG5L | cP7®@ | cpe®@ | cp5@ | cp4®@ cP3 cP2 cP1 CPO 1111 1111
300009h |CONFIG5H| CPD CcPB = = = = = = 11-- ----
30000Ah |CONFIG6L | WRT7® | WRT6@ | WRT5@ | WRT4®@ | WRT3 WRT2 WRT1 WRTO 1111 1111
30000Bh |CONFIG6H | WRTD | WRTB | WRTC = = = = = 111- ----
30000Ch |CONFIG7L |EBTR7®|EBTR6(? | EBTR5® |EBTR4@| EBTR3 | EBTR2 | EBTR1 | EBTRO | 1111 1111
30000Dh |CONFIG7H| — EBTRB = = = = — — -
3FFFFEh |DEVID1 DEV2 | DEV1 DEVO REV4 REV3 REV2 REV1 REVO (3)
3FFFFFh |DEVID2 DEV10 | DEV9 DEVS DEV7 DEV6 DEV5 DEV4 DEV3 0000 0110

Legend: x =unknown, u = unchanged, - = unimplemented, q = value depends on condition.
Shaded cells are unimplemented, read as ‘0'.
Note 1: Unimplemented in PIC18F6X20 devices; maintain this bit set.
2: Unimplemented in PIC18FX620 devices; maintain this bit set.
3: See Register 23-13 for DEVID1 values.
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REGISTER 23-1:

bit 7-6
bit 5

bit 4-3
bit 2-0

REGISTER 23-2:

bit 7-4
bit 3-2

bit 1

bit 0

CONFIGURATION REGISTER 1 HIGH (CONFIG1H: BYTE ADDRESS 300001h)

u-0 u-0 RIP-1 u-0 U0 RP1  RP1  RP-1
— — |osesen|] — | — | Fosc2 | Fosci | Fosco |
bit 7 bit 0

Unimplemented: Read as ‘0’
OSCSEN: Oscillator System Clock Switch Enable bit

1 = Oscillator system clock switch option is disabled (main oscillator is source)
0 = Timerl Oscillator system clock switch option is enabled (oscillator switching is enabled)

Unimplemented: Read as ‘0’
FOSC2:FOSCO: Oscillator Selection bits

111 = RC oscillator w/ OSC2 configured as RA6

110 = HS oscillator with PLL enabled/Clock frequency = (4 x FOsc)
101 = EC oscillator w/ OSC2 configured as RA6

100 = EC oscillator w/ OSC2 configured as divide-by-4 clock output
011 = RC oscillator w/ OSC2 configured as divide-by-4 clock output
010 = HS oscillator

001 = XT oscillator

000 = LP oscillator

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

CONFIGURATION REGISTER 2 LOW (CONFIG2L: BYTE ADDRESS 300002h)

U-0 U-0 U-0 U-0 RP-1  RP1 RP1  RP1
— — — | — | Borvi | BORVO | BOREN | PWRTEN |
bit 7 bit 0

Unimplemented: Read as ‘0’
BORV1:BORVO: Brown-out Reset Voltage bits
11 = VBOR set to 2.5V

10 = VBOR set to 2.7V

01 = VBOR set to 4.2V

00 = VBOR set to 4.5V

BOREN: Brown-out Reset Enable bit!)

1 = Brown-out Reset enabled

0 = Brown-out Reset disabled

PWRTEN: Power-up Timer Enable bit(})

1 = PWRT disabled
0 = PWRT enabled

Legend:
R = Readable hit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-3: CONFIGURATION REGISTER 2 HIGH (CONFIG2H: BYTE ADDRESS 300003h)

U-0 U-0 U-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1
— — — | — | wDTPS2 | wDTPSL1 | WDTPSO | WDTEN |
bit 7 bit 0

bit 7-4  Unimplemented: Read as ‘0’

bit3-1  WDTPS2:WDTPSO0: Watchdog Timer Postscale Select bits
111 =1:128
110 = 1:64
101 =1:32
100 = 1:16
011 =1:8
010=1:4
001 =1:2
0o0=1:1
bit 0 WDTEN: Watchdog Timer Enable bit

1 =WDT enabled
0 = WDT disabled (control is placed on the SWDTEN bit)

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-4: CONFIGURATIONREGISTER3LOW (CONFIG3L: BYTEADDRESS 300004h)(l)

RIP-1 U-0 U-0 U-0 U-0 U-0 R/P-1 R/P-1
WAIT — — [ = 1 = — pvi® | pmo® |
bit 7 bit O

bit 7 WAIT: External Bus Data Wait Enable bit
1 = Wait selections unavailable for Table Reads and Table Writes
0 =Wait selections for Table Reads and Table Writes are determined by WAIT1:WAITO bits
(MEMCOM<5:4>)
bit 6-2 Unimplemented: Read as ‘0’
bit 1-0 PM1:PMO: Processor Mode Select bits
11 = Microcontroller mode
10 = Microprocessor mode

01 = Microprocessor with Boot Block mode
00 = Extended Microcontroller mode

Note 1: This register in unimplemented for PIC18F6X20 devices; maintain these bits set.

Legend:
R = Readable hit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-5:

bit 7-1
bit 0

REGISTER 23-6:

bit 7

bit 6-3
bit 2

bit 1
bit 0

CONFIGURATION REGISTER 3HIGH (CONFIG3H: BYTE ADDRESS 300005h)

U-0 u-0 U-0 u-0 U-0 U-0 u-0 RIP-1
— — — [ = T = — — | ccpamx |
bit 7 bit 0

Unimplemented: Read as ‘0’
CCP2MX: CCP2 Mux bit
In Microcontroller mode:

1 = CCP2 input/output is multiplexed with RC1
0 = CCP2 input/output is multiplexed with RE7

In Microprocessor, Microprocessor with Boot Block and Extended Microcontroller modes
(PIC18F8X20 devices only):

1 = CCP2 input/output is multiplexed with RC1

0 = CCP2 input/output is multiplexed with RB3

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

CONFIGURATION REGISTER 4 LOW (CONFIGA4L: BYTE ADDRESS 300006h)

R/P-1 U-0 U-0 U-0 U-0 RIP-1 u-0 RIP-1
DEBUG — — | — | = | wp | — |sTvReN]
bit 7 bit 0

DEBUG: Background Debugger Enable bit

1 = Background Debugger disabled. RB6 and RB7 configured as general purpose I/O pins.
0 = Background Debugger enabled. RB6 and RB7 are dedicated to In-Circuit Debug.
Unimplemented: Read as ‘0’

LVP: Low Voltage ICSP Enable bit

1 = Low Voltage ICSP enabled
0 = Low Voltage ICSP disabled

Unimplemented: Read as ‘0’
STVREN: Stack Full/Underflow Reset Enable bit

1 = Stack Full/lUnderflow will cause RESET
0 = Stack Full/Underflow will not cause RESET

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-7:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

REGISTER 23-8:

bit 7

bit 6

bit 5-0

CONFIGURATION REGISTER 5 LOW (CONFIG5L: BYTE ADDRESS 300008h)
R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

cp7® | cpe® | cps® | cp4® | cP3 CP2 cPL | cPo

bit 7 bit 0

CP7: Code Protection bit(!)

1 = Block 7 (01C000-01FFFFh) not code protected
0 = Block 7 (01C000-01FFFFh) code protected

CP6: Code Protection bit(!)

1 = Block 6 (018000-01BFFFh) not code protected
0 = Block 6 (018000-01BFFFh) code protected

CP5: Code Protection bit(!)

1 =Block 5 (014000-017FFFh) not code protected
0 = Block 5 (014000-017FFFh) code protected

CP4: Code Protection bit(!)

1 = Block 4 (010000-013FFFh) not code protected
0 = Block 4 (010000-013FFFh) code protected

CP3: Code Protection bit

1 = Block 3 (00C000-00FFFFh) not code protected
0 = Block 3 (00C000-00FFFFh) code protected

CP2: Code Protection bit

1 = Block 2 (008000-00BFFFh) not code protected
0 = Block 2 (008000-00BFFFh) code protected

CP1: Code Protection bit

1 = Block 1 (004000-007FFFh) not code protected
0 = Block 1 (004000-007FFFh) code protected

CPO0: Code Protection bit

1 = Block 0 (000200-003FFFh) not code protected
0 = Block 0 (000200-003FFFh) code protected

Note 1: Unimplemented in PIC18FX620 devices; maintain this bit set.

Legend:
R = Readable hit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

CONFIGURATION REGISTER 5 HIGH (CONFIG5H: BYTE ADDRESS 300009h)

R/IC-1  R/C-1 U-0 U-0 U-0 U-0 U-0 U-0
Lco e | = | = | = | = | = ] = |
bit 7 bit 0

CPD: Data EEPROM Code Protection bit

1 = Data EEPROM not code protected
0 = Data EEPROM code protected

CPB: Boot Block Code Protection bit

1 = Boot Block (000000-0001FFh) not code protected
0 = Boot Block (000000-0001FFh) code protected

Unimplemented: Read as ‘0’

Legend:
R = Readable bit C = Clearable hit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-9:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

CONFIGURATION REGISTER 6 LOW (CONFIG6L: BYTE ADDRESS 30000Ah)

R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

R/P-1 R/P-1 R/P-1

WRT7® [ wrTe® | wrTs® | wrRT4® | WRT3

WRT2 | WRTL | WRTO |

bit 7

WR7: Write Protection bit(®)

1 = Block 7 (01C000-01FFFFh) not write protected
0 = Block 7 (01C000-01FFFFh) write protected

WR6: Write Protection bit(V)

1 = Block 6 (018000-01BFFFh) not write protected
0 = Block 6 (018000-01BFFFh) write protected

WRS5: Write Protection bit(V)

1 = Block 5 (014000-017FFFh) not write protected
0 = Block 5 (014000-017FFFh) write protected

WRA4: Write Protection bit(®)

1 = Block 4 (010000-013FFFh) not write protected
0 = Block 4 (010000-013FFFh) write protected

WR3: Write Protection bit

1 = Block 3 (00C000-00FFFFh) not write protected
0 = Block 3 (00C000-00FFFFh) write protected

WR2: Write Protection bit

1 = Block 2 (008000-00BFFFh) not write protected
0 = Block 2 (008000-00BFFFh) write protected

WR1: Write Protection bit

1 = Block 1 (004000-007FFFh) not write protected
0 = Block 1 (004000-007FFFh) write protected

WRO: Write Protection bit

1 = Block 0 (000200-003FFFh) not write protected
0 = Block 0 (000200-003FFFh) write protected

bit 0

Note 1: Unimplemented in PIC18FX620 devices; maintain this bit set.

Legend:
R = Readable hit P = Programmable bit

U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-10: CONFIGURATION REGISTER 6 HIGH (CONFIG6H: BYTE ADDRESS 30000Bh)

RP-1L  RIP-1 R-1 U-0 U-0 U-0 U-0 U-0
WRTD | WRTB [wrTc® | — | — — — | = ]
bit 7 bit 0

bit 7 WRTD: Data EEPROM Write Protection bit

1 = Data EEPROM not write protected
0 = Data EEPROM write protected

bit 6 WRTB: Boot Block Write Protection bit

1 = Boot Block (000000-0001FFh) not write protected
0 = Boot Block (000000-0001FFh) write protected

bit 5 WRTC: Configuration Register Write Protection bit(H)

1 = Configuration registers (300000-3000FFh) not write protected
0 = Configuration registers (300000-3000FFh) write protected

Note 1: This bitis read only, and cannot be changed in user mode.
bit 4-0 Unimplemented: Read as ‘0’

Legend:
R = Readable bit P =Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-11: CONFIGURATIONREGISTER7LOW (CONFIG7L: BYTE ADDRESS 30000Ch)

RPL RP1 RP1 RP1 RP1 RP1 RPLl RPL
eBTR7® | EBTR6® | EBTR5® | EBTR4W | EBTR3 | EBTR2 | EBTRL | EBTRO |
bit 7 bit 0

bit 7 EBTR7: Table Read Protection bit(1)
1 = Block 3 (01C000-01FFFFh) not protected from Table Reads executed in other blocks
0 = Block 3 (01C000-01FFFFh) protected from Table Reads executed in other blocks

bit 6 EBTR6: Table Read Protection bit(%)
1 = Block 2 (018000-01BFFFh) not protected from Table Reads executed in other blocks
0 = Block 2 (018000-01BFFFh) protected from Table Reads executed in other blocks

bit 5 EBTRS5: Table Read Protection bit(®)
1 =Block 1 (014000-017FFFh) not protected from Table Reads executed in other blocks
0 = Block 1 (014000-017FFFh) protected from Table Reads executed in other blocks

bit 4 EBTR4: Table Read Protection bit(?)
1 = Block 0 (010000-013FFFh) not protected from Table Reads executed in other blocks
0 = Block 0 (010000-013FFFh) protected from Table Reads executed in other blocks

bit 3 EBTRS3: Table Read Protection bit
1 = Block 3 (00C000-00FFFFh) not protected from Table Reads executed in other blocks
0 = Block 3 (00C000-00FFFFh) protected from Table Reads executed in other blocks

bit 2 EBTR2: Table Read Protection bit
1 = Block 2 (008000-00BFFFh) not protected from Table Reads executed in other blocks
0 = Block 2 (008000-00BFFFh) protected from Table Reads executed in other blocks

bit 1 EBTR1: Table Read Protection bit
1 = Block 1 (004000-007FFFh) not protected from Table Reads executed in other blocks
0 = Block 1 (004000-007FFFh) protected from Table Reads executed in other blocks

bit 0 EBTRO: Table Read Protection bit
1 = Block 0 (000200-003FFFh) not protected from Table Reads executed in other blocks
0 = Block 0 (000200-003FFFh) protected from Table Reads executed in other blocks

Note 1: Unimplemented in PIC18FX620 devices; maintain this bit set.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 23-12: CONFIGURATION REGISTER 7 HIGH (CONFIG7H: BYTE ADDRESS 30000Dh)

uU-0 R/P-1 uU-0 uU-0 uU-0 uU-0 uU-0 uU-0
— EBTRB — | = T = — — | = ]
bit 7 bit 0
bit 7 Unimplemented: Read as ‘0’
bit 6 EBTRB: Boot Block Table Read Protection bit

1 = Boot Block (000000-0001FFh) not protected from Table Reads executed in other blocks
0 = Boot Block (000000-0001FFh) protected from Table Reads executed in other blocks

bit 5-0 Unimplemented: Read as ‘0’

Legend:
R = Readable bit P =Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-13: DEVICE ID REGISTER 1 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFEh)

R R R R R R R R
DEV2 | DEVL | DEVO | REV4 | REV3 | REV2 | REV1 | REVO |
bit 7 bit 0

bit 7-5 DEV2:DEVO: Device ID bits

000 = PIC18F8720
001 = PIC18F6720
100 = PIC18F8620
101 = PIC18F6620

bit 4-0 REV4:REVO0: Revision ID bits
These bits are used to indicate the device revision

Legend:
R = Readable bit P =Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-14: DEVICE ID REGISTER 2 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFFh)

R R R R R R R R
DEVIO | DEV9 | DEV8 | DEV7 | DEV6 | DEV5 | DEV4 | DEV3 |
bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits
These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the
part number

Legend:
R = Readable bit P =Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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23.2 Watchdog Timer (WDT)

The Watchdog Timer is a free running on-chip RC oscil-
lator, which does not require any external components.
This RC oscillator is separate from the RC oscillator of
the OSC1/CLKI pin. That means that the WDT will run,
even if the clock on the OSC1/CLKI and
OSC2/CLKO/RAG pins of the device has been stopped,
for example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the RCON register
will be cleared upon a WDT time-out.

The Watchdog Timer is enabled/disabled by a device
configuration bit. If the WDT is enabled, software exe-
cution may not disable this function. When the WDTEN
configuration bit is cleared, the SWDTEN bit
enables/disables the operation of the WDT.

REGISTER 23-15: WDTCON REGISTER

The WDT time-out period values may be found in the
Electrical Specifications section under parameter #31.
Values for the WDT postscaler may be assigned using
the configuration bits.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and the postscaler, if
assigned to the WDT and prevent it from
timing out and generating a device
RESET condition.

2: When a CLRWDT instruction is executed
and the postscaler is assigned to the
WDT, the postscaler count will be cleared,
but the postscaler assignment is not
changed.

23.2.1 CONTROL REGISTER

Register 23-15 shows the WDTCON register. This is a
readable and writable register, which contains a control
bit that allows software to override the WDT enable
configuration bit, only when the configuration bit has
disabled the WDT.

u-0 U-0 u-0 u-0 u-0 U-0 u-0 RIW-0
— — — — — — — SWDTEN
bit 7 bit 0

bit 7-1 Unimplemented: Read as '0’

bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit

1 = Watchdog Timer is on

0 = Watchdog Timer is turned off if the WDTEN configuration bit in the configuration

register = ‘0’

Legend:
R = Readable bit

W = Writable bit
- n = Value at POR reset ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bitiscleared  x = Bit is unknown
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23.2.2

WDT POSTSCALER

The WDT has a postscaler that can extend the WDT
Reset period. The postscaler is selected at the time of
the device programming, by the value written to the

CONFIG2H configuration register.

FIGURE 23-1:

WATCHDOG TIMER BLOCK DIAGRAM

WDT Timer

WDTEN J

Configuration bit

Note: WDPS2:WDPSO are bits in register CONFIG2H.

SWDTEN bit

Postscaler

8

Y

8 -to-1MUX

~*— WDTPS2:WDTPSO0

WDT
Time-out

TABLE 23-2: SUMMARY OF WATCHDOG TIMER REGISTERS
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CONFIG2H = = = = WDTPS2 | WDTPS2 | WDTPSO | WDTEN
RCON IPEN — — RI TO PD POR BOR
WDTCON = = = = = = = SWDTEN

Legend: Shaded cells are not used by the Watchdog Timer.
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23.3 Power-down Mode (SLEEP)

Power-down mode is entered by executing a SLEEP
instruction.

If enabled, the Watchdog Timer will be cleared, but
keeps running, the PD bit (RCON<3>) is cleared, the
TO (RCON<4>) bhit is set, and the oscillator driver is
turned off. The 1/O ports maintain the status they had
before the SLEEP instruction was executed (driving
high, low, or hi-impedance).

For lowest current consumption in this mode, place all
1/0 pins at either VDD or Vss, ensure no external cir-
cuitry is drawing current from the 1/0O pin, power-down
the A/D and disable external clocks. Pull all I/O pins
that are hi-impedance inputs, high or low externally, to
avoid switching currents caused by floating inputs. The
TOCKI input should also be at VDD or Vss for lowest
current consumption. The contribution from on-chip
pull-ups on PORTB should be considered.

The MCLR pin must be at a logic high level (VIHMC).

23.3.1 WAKE-UP FROM SLEEP

The device can wake-up from SLEEP through one of
the following events:
1. External RESET input on MCLR pin.

2. Watchdog Timer Wake-up (if WDT was
enabled).

3. Interrupt from INT pin, RB port change or a
Peripheral Interrupt.

The following peripheral interrupts can wake the device
from SLEEP:
1. PSP read or write.

2. TMRL1 interrupt. Timerl must be operating as
an asynchronous counter.

3. TMR3 interrupt. Timer3 must be operating as
an asynchronous counter.

4. CCP Capture mode interrupt.

5. Special event trigger (Timerl in Asynchronous
mode using an external clock).

6. MSSP (START/STOP) bit detect interrupt.

7. MSSP transmit or receive in Slave mode
(SPI/I%C).

8. USART RX or TX (Synchronous Slave mode).

9. A/D conversion (when A/D clock source is RC).

10. EEPROM write operation complete.

11. LVD interrupt.

Other peripherals cannot generate interrupts, since
during SLEEP, no on-chip clocks are present.

External MCLR Reset will cause a device RESET. All
other events are considered a continuation of program
execution and will cause a “wake-up”. The TO and PD
bits in the RCON register can be used to determine the
cause of the device RESET. The PD bit, which is set on
power-up, is cleared when SLEEP is invoked. The TO
bit is cleared if a WDT time-out occurred (and caused
wake-up).

When the SLEEP instruction is being executed, the next
instruction (PC + 2) is pre-fetched. For the device to
wake-up through an interrupt event, the corresponding
interrupt enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the GIE bit is
clear (disabled), the device continues execution at the
instruction after the SLEEP instruction. If the GIE bit is
set (enabled), the device executes the instruction after
the SLEEP instruction and then branches to the inter-
rupt address. In cases where the execution of the
instruction following SLEEP is not desirable, the user
should have a NOP after the SLEEP instruction.

23.3.2 WAKE-UP USING INTERRUPTS

When global interrupts are disabled (GIE cleared) and
any interrupt source has both its interrupt enable bit
and interrupt flag bit set, one of the following will occur:

« If an interrupt condition (interrupt flag bit and inter-
rupt enable bits are set) occurs before the execu-
tion of a SLEEP instruction, the SLEEP instruction
will complete as a NOP. Therefore, the WDT and
WDT postscaler will not be cleared, the TO bit will
not be set and PD bits will not be cleared.

« If the interrupt condition occurs during or after
the execution of a SLEEP instruction, the device
will immediately wake-up from SLEEP. The
SLEEP instruction will be completely executed
before the wake-up. Therefore, the WDT and
WDT postscaler will be cleared, the TO bit will be
set and the PD bit will be cleared.

Even if the flag bits were checked before executing a
SLEEP instruction, it may be possible for flag bits to
become set before the SLEEP instruction completes. To
determine whether a SLEEP instruction executed, test
the PD bit. If the PD bit is set, the SLEEP instruction
was executed as a NOP.

To ensure that the WDT is cleared, a CLRWDT instruc-
tion should be executed before a SLEEP instruction.
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FIGURE 23-2: WAKE-UP FROM SLEEP THROUGH INTERRUPT(®:2)
. Q11 Q2 Q31 Q4; Q1l Q2| Q3 Q4; Q1 : . Q1 Q4 Q3 4, Q1] Q21 Q31 Q4; Q1l Q4 Q3| Q4; Q1l Q2| Q3| Q4
OSCL/\/ N\ Tl \ O\
CLKOUT®)  /~—\ 2\ ' Tost® ! / \ \ A I
INT pin | | 1\ L | | | |
I(E\INTTFC%‘I%<1>)I l l / E 1Interrupt Latency®
GIEH bit : I — \
(INTCON<7>), Processor in,

-
SLEEP !

INSTRUCTION FLOW : .
PC X PC X PC+2 X PC+4 X PC+4 X PC+4 X 0008h X___000Ah

InStction ' inst(pC) = SLEEP!  Inst(PC +2) ' InSt(PC +4) ' Inst(0008h) ' Inst(000AN)
Exsgcuuctg%n : Inst(PC - 1) : SLEEP : : Inst(PC + 2) : Dummy Cycle : Dummy Cycle : Inst(0008h)
Note 1: XT, HS or LP oscillator mode assumed.
2:  GIE ="1"assumed. In this case, after wake-up, the processor jumps to the interrupt routine. If GIE ='0’, execution will continue in-line.
3: TosT = 1024Tosc (drawing not to scale). This delay will not occur for RC and EC osc modes.
4: CLKOUT is not available in these osc modes, but shown here for timing reference.
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23.4 Program Verification and

Code Protection

The overall structure of the code protection on the
PIC18 FLASH devices differs significantly from other
PICmicro devices.

The user program memory is divided on binary bound-
aries into eight blocks of 16 Kbyte each. The first block is
further divided into a boot block of 512 bytes and a second
block (Block 0) of 15.5 Kbyte, for a total of nine blocks.

Each of the blocks has three code protection bits asso-
ciated with them. They are:

« Code Protect bit (CPn)

« Write Protect bit (WRTn)

< External Block Table Read bit (EBTRn)

Figure 23-3 shows the program memory organization
for 64 and 128 Kbyte devices, and the specific code

protection bit associated with each block. The actual
locations of the bits are summarized in Table 23-3.

FIGURE 23-3: CODE PROTECTED PROGRAM MEMORY FOR PIC18FXX20 DEVICES
MEMORY SIZE / DEVICE
Block Code Protection
64 Kbytes 128 Kbytes Address Controlled By:
(PIC18FX620) (PIC18FX720) Range
000000h
Boot Block Boot Block 0001FEh CPB, WRTB, EBTRB
000200h
Block 0 Block 0 003EFEh CPO, WRTO, EBTRO
004000h
Block 1 Block 1 CP1, WRT1, EBTR1
007FFFh
008000h
Block 2 Block 2 CP2, WRT2, EBTR2
00BFFFh
00C000h
Block 3 Block 3 CP3, WRTS3, EBTR3
OOFFFFh
010000h
Block 4 CP4, WRT4, EBTR4
013FFFh
014000h
Block 5 CP5, WRT5, EBTR5
Unimplemented 017FFFh
Read 0s 018000h
Block 6 CP6, WRT6, EBTR6
01BFFFh
01C000h
Block 7 CP7, WRT7, EBTR7
01FFFFh
TABLE 23-3: SUMMARY OF CODE PROTECTION REGISTERS
File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
300008h CONFIG5L CP7* CP6* CP5* CP4* CP3 CP2 CP1 CPO
300009h CONFIG5H CPD CPB — — — — — —
30000Ah CONFIG6L | WRT7* WRT6* WRT5* WRT4* WRT3 WRT2 WRT1 WRTO
30000Bh CONFIG6H| WRTD WRTB WRTC — — — — —
30000Ch CONFIG7L | EBTR7* | EBTR6* | EBTR5* | EBTR4* | EBTR3 EBTR2 EBTR1 EBTRO
30000Dh CONFIG7H — EBTRB — — — — — —

Legend: Shaded cells are unimplemented.
* Unimplemented in PIC18FX620 devices.
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234.1 PROGRAM MEMORY
CODE PROTECTION

The user memory may be read to or written from any
location using the Table Read and Table Write instruc-
tions. The device ID may be read with Table Reads.
The configuration registers may be read and written
with the Table Read and Table Write instructions.

In user mode, the CPn bits have no direct effect. CPn
bits inhibit external reads and writes. A block of user
memory may be protected from Table Writes if the
WRTn configuration bit is ‘0’. The EBTRn bits control
Table Reads. For a block of user memory with the
EBTRnN bit setto ‘0’, a Table Read instruction that exe-
cutes from within that block is allowed to read. A Table
Read instruction that executes from a location outside

FIGURE 23-4:

of that block is not allowed to read, and will result in
reading ‘0O’s. Figures 23-4 through 23-6 illustrate Table
Write and Table Read protection.

Note: Code protection bits may only be written to
a ‘0’ from a ‘1’ state. It is not possible to
write a ‘1’ to a bit in the ‘0’ state. Code pro-
tection bits are only set to ‘1’ by a full chip
erase or block erase function. The full chip
erase and block erase functions can only
be initiated via ICSP or an external
programmer.

TABLE WRITE (WRTn) DISALLOWED

Register Values

Program Memory

Configuration Bit Settings

000000h

0001FFh WRTB,EBTRB = 11

TBLPTR = 000FFFh e g
]

PC = 003FFEh

TBLW *

000200h

WRTO,EBTRO =01
003FFFh

004000h
WRT1,EBTR1 =11

007FFFh

PC = 008FFEh

TBLWT *

008000h

WRT2,EBTR2 =11

00BFFFh

00CO000h

WRT3,EBTR3 =11

00FFFFh

N

\T\

Results: All Table Writes disabled to Block n whenever WRTn = ‘0",
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FIGURE 23-5: EXTERNAL BLOCK TABLE READ (EBTRn) DISALLOWED
Register Values Program Memory Configuration Bit Settings
000000h _

0001FFh WRTB,EBTRB =11
000200h

TBLPTR = 000FFFh WRTO,EBTRO = 10
003FFFh
004000h

PC = 004FFEh TBLRD * WRT1,EBTRL = 11
007FFFh
008000h

WRT2,EBTR2 =11
00BFFFh
00CO000h

WRT3,EBTR3 =11
00FFFFh

Ny NN
N ~
Results: All Table Reads from external blocks to Block n are disabled whenever EBTRn = ‘0.
TABLAT register returns a value of “0”.

FIGURE 23-6: EXTERNAL BLOCK TABLE READ (EBTRn) ALLOWED

Register Values Program Memory Configuration Bit Settings

000000h

0001FFh
000200h

TBLPTR = 000FFFh : WRTO,EBTRO = 10
PC = 003FFEh TBLRD * | 003FFFh

004000h

WRTB,EBTRB = 11

WRT1,EBTR1 =11

007FFFh
008000h

WRT2,EBTR2 =11

0OBFFFh
00CO000h

WRT3,EBTR3 =11

00FFFFh

U NS

e N

Results: Table Reads permitted within Block n, even when EBTRBn =‘0’.
TABLAT register returns the value of the data at the location TBLPTR.
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23.4.2 DATA EEPROM
CODE PROTECTION

The entire Data EEPROM is protected from external
reads and writes by two bits: CPD and WRTD. CPD
inhibits external reads and writes of Data EEPROM.
WRTD inhibits external writes to Data EEPROM. The
CPU can continue to read and write Data EEPROM,
regardless of the protection bit settings.

23.4.3 CONFIGURATION REGISTER
PROTECTION

The configuration registers can be write protected. The
WRTC bit controls protection of the configuration regis-
ters. In user mode, the WRTC bit is readable only. WRTC
can only be written via ICSP or an external programmer.

23.5 ID Locations

Eight memory locations (200000h - 200007h) are des-
ignated as ID locations, where the user can store
checksum or other code identification numbers. These
locations are accessible during normal execution
through the TBLRD and TBLWI instructions, or during
program/verify. The ID locations can be read when the
device is code protected.

23.6  In-Circuit Serial Programming

PIC18FXX20 microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data, and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices, and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom firm-
ware to be programmed.

23.7 In-Circuit Debugger

When the DEBUG bit in configuration register
CONFIGA4L is programmed to a '0', the In-Circuit
Debugger functionality is enabled. This function allows
simple debugging functions when used with MPLAB®
IDE. When the microcontroller has this feature
enabled, some of the resources are not available for
general use. Table 23-4 shows which features are con-
sumed by the background debugger.

TABLE 23-4: DEBUGGER RESOURCES

I/O pins RB6, RB7
Stack 2 levels
Program Memory 512 bytes
Data Memory 10 bytes

To use the In-Circuit Debugger function of the micro-
controller, the design must implement In-Circuit Serial
Programming connections to MCLR/VppP, VDD, GND,
RB7 and RB6. This will interface to the In-Circuit
Debugger module available from Microchip or one of
the third party development tool companies.

23.8 Low Voltage ICSP Programming

The LVP bit configuration register, CONFIGA4L, enables
low voltage ICSP programming. This mode allows the
microcontroller to be programmed via ICSP using a
VDD source in the operating voltage range. This only
means that VPP does not have to be brought to ViHH,
but can instead be left at the normal operating voltage.
In this mode, the RB5/PGM pin is dedicated to the pro-
gramming function and ceases to be a general purpose
1/0O pin. During programming, VDD is applied to the
MCLR/VPP pin. To enter Programming mode, VDD must
be applied to the RB5/PGM, provided the LVP bit is set.
The LVP bit defaults to a (‘1’) from the factory.

Note 1: The High Voltage Programming mode is
always available, regardless of the state
of the LVP bit, by applying VIHH to the
MCLR pin.

2: While in Low Voltage ICSP mode, the
RB5 pin can no longer be used as a gen-
eral purpose I/O pin, and should be held
low during normal operation.

3: When using low voltage ICSP program-
ming (LVP) and the pull-ups on PORTB
are enabled, bit 5 in the TRISB register
must be cleared to disable the pull-up on
RB5 and ensure the proper operation of
the device.

If Low Voltage Programming mode is not used, the LVP
bit can be programmed to a '0' and RB5/PGM becomes
a digital I/O pin. However, the LVP bit may only be pro-
grammed when programming is entered with VIHH on
MCLR/VPP.

It should be noted that once the LVP bit is programmed
to 0, only the High Voltage Programming mode is avail-
able and only High Voltage Programming mode can be
used to program the device.

When using low voltage ICSP, the part must be sup-
plied 4.5V to 5.5V, if a bulk erase will be executed. This
includes reprogramming of the code protect bits from
an on-state to off-state. For all other cases of low volt-
age ICSP, the part may be programmed at the normal
operating voltage. This means unique user IDs, or user
code can be reprogrammed or added.
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24.0 INSTRUCTION SET SUMMARY

The PIC18 instruction set adds many enhancements to
the previous PICmicro instruction sets, while maintain-
ing an easy migration from these PICmicro instruction
sets.

Most instructions are a single program memory word
(16 bits), but there are three instructions that require
two program memory locations.

Each single word instruction is a 16-bit word divided
into an OPCODE, which specifies the instruction type
and one or more operands, which further specify the
operation of the instruction.

The instruction set is highly orthogonal and is grouped
into four basic categories:

« Byte-oriented operations

« Bit-oriented operations

« Literal operations

e Control operations

The PIC18 instruction set summary in Table 24-2 lists

byte-oriented, bit-oriented, literal and control oper-
ations. Table 24-1 shows the opcode field descriptions.

Most byte-oriented instructions have three operands:
1. The file register (specified by ‘")
2. The destination of the result

(specified by ‘d’)
3. The accessed memory

(specified by ‘a’)
The file register designator 'f' specifies which file regis-
ter is to be used by the instruction.

The destination designator ‘d’ specifies where the
result of the operation is to be placed. If 'd" is zero, the
result is placed in the WREG register. If 'd' is one, the
result is placed in the file register specified in the
instruction.

All bit-oriented instructions have three operands:
1. The file register (specified by ‘")
2. The bitin the file register
(specified by ‘b’)
3. The accessed memory
(specified by ‘a’)

The bit field designator 'b' selects the number of the bit
affected by the operation, while the file register desig-
nator 'f' represents the number of the file in which the
bit is located.

The literal instructions may use some of the following
operands:

« A literal value to be loaded into a file register
(specified by ‘k’)

* The desired FSR register to load the literal value
into (specified by ‘f")

* No operand required
(specified by ‘—)

The control instructions may use some of the following
operands:

« A program memory address (specified by ‘n’)

* The mode of the Call or Return instructions
(specified by ‘s’)

¢ The mode of the Table Read and Table Write
instructions (specified by ‘m’)

« No operand required
(specified by ‘—)

All instructions are a single word, except for three dou-
ble-word instructions. These three instructions were
made double-word instructions so that all the required
information is available in these 32 bits. In the second
word, the 4 MSbs are 1's. If this second word is exe-
cuted as an instruction (by itself), it will execute as a
NOP.

All single word instructions are executed in a single
instruction cycle, unless a conditional test is true or the
program counter is changed as a result of the instruc-
tion. In these cases, the execution takes two instruction
cycles with the additional instruction cycle(s) executed
as a NOP.

The double-word instructions execute in two instruction
cycles.

One instruction cycle consists of four oscillator periods.
Thus, for an oscillator frequency of 4 MHz, the normal
instruction execution time is 1 ps. If a conditional test is
true, or the program counter is changed as a result of
an instruction, the instruction execution time is 2 ps.
Two-word branch instructions (if true) would take 3 us.

Figure 24-1 shows the general formats that the instruc-
tions can have.

All examples use the format ‘nnh’ to represent a
hexadecimal number, where ‘h’ signifies a hexa-
decimal digit.

The Instruction Set Summary, shown in Table 24-2,
lists the instructions recognized by the Microchip
Assembler (MPASM™),

Section 24.1 provides a description of each instruction.
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TABLE 24-1: OPCODE FIELD DESCRIPTIONS
Field Description
a RAM access bit
a = 0: RAM location in Access RAM (BSR register is ignored)
a = 1: RAM bank is specified by BSR register
bbb Bit address within an 8-bit file register (0 to 7)
BSR Bank Select Register. Used to select the current RAM bank.
d Destination select bit
d = 0: store result in WREG
d = 1: store result in file register f.
dest Destination either the WREG register or the specified register file location
f 8-bit Register file address (0x00 to OxFF)
fs 12-bit Register file address (0x000 to OxFFF). This is the source address.
fd 12-bit Register file address (0x000 to OxFFF). This is the destination address.
k Literal field, constant data or label (may be either an 8-bit, 12-bit or a 20-bit value)
| abel Label name
nm The mode of the TBLPTR register for the Table Read and Table Write instructions.
Only used with Table Read and Table Write instructions:
* No Change to register (such as TBLPTR with Table reads and writes)
*+ Post-Increment register (such as TBLPTR with Table reads and writes)
*- Post-Decrement register (such as TBLPTR with Table reads and writes)
+* Pre-Increment register (such as TBLPTR with Table reads and writes)
n The relative address (2's complement number) for relative branch instructions, or the direct address for
Call/Branch and Return instructions
PRODH Product of Multiply high byte
PRODL Product of Multiply low byte
s Fast Call/Return mode select bit
s = 0: do not update into/from shadow registers
s = 1: certain registers loaded into/from shadow registers (Fast mode)
u Unused or Unchanged
WREG Working register (accumulator)
X Don't care (0 or 1)
The assembler will generate code with x = 0. It is the recommended form of use for compatibility with all
Microchip software tools.
TBLPTR 21-bit Table Pointer (points to a Program Memory location)
TABLAT 8-bit Table Latch
TOS Top-of-Stack
PC Program Counter
PCL Program Counter Low Byte
PCH Program Counter High Byte
PCLATH Program Counter High Byte Latch
PCLATU Program Counter Upper Byte Latch
G E Global Interrupt Enable bit
WDT Watchdog Timer
TO Time-out bit
PD Power-down bit
C DC Z O, ALU status bits Carry, Digit Carry, Zero, Overflow, Negative
[ 1 Optional
() Contents
N Assigned to
< > Register bit field
0 In the set of
italics User defined term (font is courier)
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FIGURE 24-1:

GENERAL FORMAT FOR INSTRUCTIONS

Byte-oriented file register operations

15 10 9 87 0
OPCODE | d | a | f (FILE #) |

d = 0 for result destination to be WREG register
d = 1 for result destination to be file register (f)
a = 0 to force Access Bank

a =1 for BSR to select bank

f = 8-bit file register address

Byte to Byte move operations (2-word)

15 12 11 0
| OPCODE | f (Source FILE #) |
15 12 11 0
‘ 1111 ‘ f (Destination FILE #) ‘

f = 12-bit file register address

Bit-oriented file register operations

15 1211 98 7 0
OPCODE [b (BIT#| a | f(FILE#)

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a =1 for BSR to select bank

f = 8-bit file register address

Literal operations

15 8 7 0
OPCODE k (literal)

k = 8-bit immediate value

Control operations

CALL, GOTO and Branch operations
15 87 0
| OPCODE | n<7:0> (ltera)) |
15 12 11 0
| 1111 | n<19:8> (literal) |

n = 20-bit immediate value

15 8 7 0
| OPCODE | S | n<7:0> (literal) |
15 12 11 0
| | n<19:8> (literal) |
S = Fast bit
15 11 10 0
| OPCODE | n<10:0> (literal) |
15 87 0
| OPCODE | n<7:0> (literal) |

Example Instruction

ADDWF MYREG, W, B

MOVFF MYREG1, MYREG2

BSF MYREG, bit, B

MOVLW Ox7F

GOTO Label

CALL MYFUNC

BRA MYFUNC

BC MYFUNC
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TABLE 24-2: PIC18FXXX INSTRUCTION SET
Mnemonic o 16-Bit Instruction Word Status
' Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 0i1da ffff ffff |C,DC,Z 0OV,N|1, 2
ADDWFC f,d,a |Add WREG and Carry bit to f 1 0010 ooda ffff ffff |C,DC,Z 0OV,N|1, 2
ANDWF f,d, a |AND WREG with f 1 0001 Olda ffff ffff |Z,N 1,2
CLRF f,a Clear f 1 0110 101a ffff ffff |Z 2
COMF f, d, a |{Complement f 1 0001 1lilda ffff ffff (Z,N 1,2
CPFSEQ f,a Compare fwith WREG, skip= [1(20r3)|0110 00la ffff ffff [None 4
CPFSGT f,a Compare f with WREG, skip> [1(20r3)|0110 010a ffff ffff [None 4
CPFSLT f, a Compare f with WREG, skip< [1(20r3)|0110 000a ffff ffff [None 1,2
DECF f, d, a |Decrement f 1 0000 O1da ffff ffff |C,DC,Z, OV,N|1, 23,4
DECFSz f,d, a |Decrementf, Skip if 0 1(20r3)|0010 11da ffff ffff |None 1,2,3,4
DCFSNzZ f,d,a |Decrement f, Skip if Not O 1(20r3)|0100 11lda ffff ffff |None 1,2
INCF f,d, a |Increment f 1 0010 10da ffff ffff |C,DC,Z,0OV,N|1 23,4
INCFSZ f, d, a |Increment f, Skip if O 1(20r3)|0011 11da ffff ffff |None 4
INFSNZ f, d, a |Increment f, Skip if Not O 1(20r3)|0100 10da ffff ffff |None 1,2
IORWF f, d, a |Inclusive OR WREG with f 1 0001 0O0da ffff ffff |Z,N 1,2
MOVF f,d,a |Move f 1 0101 0O0da ffff ffff (Z,N 1
MOVFF fs, fy |Move fg (source) to 1st word 2 1100 ffff ffff ffff |None
fy (destination)2nd word 1111 ffff ffff ffff
MOVWF f, a Move WREG to f 1 0110 111a ffff ffff |None
MULWF f, a Multiply WREG with f 1 0000 001a ffff ffff |None
NEGF f, a Negate f 1 0110 110a ffff ffff |C,DC,Z OV,N|1, 2
RLCF f, d, a |Rotate Left f through Carry 1 0011 Olda ffff ffff |C,Z N
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 0Olda ffff ffff (Z,N 1,2
RRCF f, d, a |Rotate Right f through Carry 1 0011 00da ffff ffff |C,Z, N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 00da ffff ffff (Z,N
SETF f, a Set f 1 0110 100a ffff ffff |None
SUBFWB f,d,a |Subtract f from WREG with 1 0101 0i1da ffff ffff |C,DC,Z 0OV,N|1,2
borrow
SUBWF f, d, a |Subtract WREG from f 1 0101 1ida ffff ffff |C,DC,Z OV,N
SUBWFB f,d, a |Subtract WREG from f with 1 0101 10da ffff ffff |C,DC,Z, 0OV,N|1, 2
borrow
SWAPF f, d, a |Swap nibbles in f 1 0011 10da ffff ffff |None 4
TSTFSZ f, a Test f, skip if O 1(20r3)|0110 0Ol1la ffff ffff |None 1,2
XORWF f, d, a |Exclusive OR WREG with f 1 0001 10da ffff ffff |Z,N
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff ffff |None 1,2
BSF f,b,a |Bit Setf 1 1000 bbba ffff ffff [None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20r3)|1011 bbba ffff ffff |None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20r3)[ 1010 bbba ffff ffff |None 3,4
BTG f, d, a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that

value present on the pins themselves. For example, if the data latch is 1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a '0’.
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if

assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

5: If the Table Write starts the write cycle to internal memory, the write will continue until terminated.
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TABLE 24-2: PIC18FXXX INSTRUCTION SET (CONTINUED)
Mnemonic o 16-Bit Instruction Word Status
' Description Cycles Notes
Operands MSb LSb Affected
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn |None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn |None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn |None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn |None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn |None
BNz n Branch if Not Zero 2 1110 0001 nnnn nnnn |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn |None
BRA n Branch Unconditionally 1(2) 1101 Onnn nnnn nnnn |None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn |None
CALL n, Call subroutinelst word 2 1110 110s kkkk kkkk |None
2nd word 1111 kkkk kkkk kkkk|
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 |TO,PD
DAW — Decimal Adjust WREG 1 0000 0000 0000 0111 |C
GOTO n Go to address1st word 2 1110 1111 kkkk kkkk [None
2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation (Note 4) 1 1111 xxxx XxXxX xxxx |None
POP — Pop top of return stack (TOS) 1 0000 0000 0000 0110 |None
PUSH — Push top of return stack (TOS) |1 0000 0000 0000 0101 |None
RCALL n Relative Call 2 1101 1Innn nnnn nnnn [None
RESET Software device RESET 1 0000 0000 1111 1111 |All
RETFIE S Return from interrupt enable 2 0000 0000 0001 000s |GIE/GIEH,
PEIE/GIEL
RETLW k Return with literal in WREG 2 0000 1100 Kkkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into standby mode 1 0000 0000 0000 0011 |TO,PD
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that

value present on the pins themselves. For example, if the data latch is '1' for a pin configured as input and is
driven low by an external device, the data will be written back with a '0'".
If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if

assigned.

If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP,

unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.
If the Table Write starts the write cycle to internal memory, the write will continue until terminated.
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TABLE 24-2: PIC18FXXX INSTRUCTION SET (CONTINUED)
Mnemonic o 16-Bit Instruction Word Status
' Description Cycles Notes
Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC, Z, OV, N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk |z, N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |z, N
LFSR f, k Move literal (12-bit) 2nd word 2 1110 1110 OOff kkkk [None
to FSRx 1st word 1111 0000 kkkk  kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 Kkkkk |None
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk |None
MULLW k Multiply literal with WREG 1 0000 1101 kkkk kkkk |None
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z, OV, N
XORLW k Exclusive OR literal with WREG |1 0000 1010 kkkk kkkk |Z, N
DATA MEMORY « PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 |None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2(5) 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 |None
Note 1: When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be that

value present on the pins themselves. For example, if the data latch is '1’ for a pin configured as input and is
driven low by an external device, the data will be written back with a '0’.
2: If this instruction is executed on the TMRO register (and, where applicable, d = 1), the prescaler will be cleared if

assigned.

3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.

4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP,
unless the first word of the instruction retrieves the information embedded in these 16-bits. This ensures that all
program memory locations have a valid instruction.

5: If the Table Write starts the write cycle to internal memory, the write will continue until terminated.
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24.1 Instruction Set
ADDLW ADD literal to W ADDWF ADD W to f
Syntax: [ label] ADDLW  k Syntax: [ label] ADDWF f[,d[,a]f[,d[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: W)+k - W d 0 [o,1]
a[0,1]
Status Affected: N, OV, C,DC, Z o ) d
eration: + (f) - dest
Encoding: | 0000 | 1111 | kkkk | Kkkk | P W)+ (@
- Status Affected: N, OV, C,DC, Z
Description: The contents of W are added to the )
8-bit literal 'k’ and the result is Encoding: ‘ 0010 ‘ Oida ‘ fret ‘ fref ‘
placed in W. Description: Add W to register 'f. If 'd’is 0, the
Words: 1 result is stored in W. If 'd’ is 1, the
) result is stored back in register 'f’
Cycles: 1 (default). If ‘a’ is 0, the Access
Q Cycle Activity: Bank will be selected. If ‘a’ is 1, the
Q1 Q2 Q3 Q4 BSR is used.
Decode Read Process Write to W Words: 1
literal 'K’ Data
Cycles: 1
Example: ADDLW  0x15 Q Cycle Activity:
Before Instruction Q1 Q2 Q3 Q4
Decode Read Process Write to
w 0x10 register f’ Data destination
After Instruction
W = 0x25 Example: ADDWE REG 0, O
Before Instruction
W = 0x17
REG = 0xC2
After Instruction
W = 0xD9
REG = 0xC2
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ADDWFC ADD W and Carry bit to f
Syntax: [ label] ADDWFC  f[,d[,a]
Operands: 0<f<255
d0[0,1]
ad[o,1]
Operation: (W) + (f) + (C) - dest
Status Affected: N,0V, C,DC, Z
Encoding: ‘ 0010 ‘ 00da ‘ fEf ‘ fEff ‘
Description: Add W, the Carry Flag and data
memory location 'f’. If 'd’ is 0, the
result is placed in W. If 'd’is 1, the
result is placed in data memory loca-
tion 'f'. If ‘a’ is 0, the Access Bank
will be selected. If ‘a’ is 1, the BSR
will not be overridden.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f’ Data destination
Example: ADDWFC REG 0, 1
Before Instruction
Carry bit = 1
REG = 0x02
W = 0x4D
After Instruction
Carrybit = 0
REG = 0x02
w = 0x50

ANDLW AND literal with W
Syntax: [ label] ANDLW  k
Operands: 0<k<255
Operation: (W) .AND. k - W
Status Affected: N,z
Encoding: | 0000 | 1011 | Kkkkk | Kkkk |
Description: The contents of W are ANDed with
the 8-bit literal 'k'. The result is
placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Ql Q2 Q3 Q4
Decode Read literal Process Write to W
K Data
Example: ANDLW Ox5F
Before Instruction
W = OxA3
After Instruction
W = 0x03

DS39580A-page 258

Advancelnformation

0 2001 Microchip Technology Inc.




PIC18FXX20

ANDWF AND W with f BC Branch if Carry
Syntax: [ label] ANDWF  f[,d[,a] Syntax: [label] BC n
Operands: 0<f<255 Operands: -128<n< 127
dU[0,1] Operation: if carry bit is '1’
aldf[o,1] (PC)+2+2n - PC
Operation: (W) .AND. (f) - dest Status Affected:  None
Status Affected:  N.Z Encoding: ‘ 1110 ‘ 0010 ‘ nnnn ‘ nnnn ‘
Encoding: ‘ 0001 ‘ 0lda ‘ frf ‘ frff ‘ Description: If the Carry bit is '1’, then the
Description: The contents of W are AND’ed with program will branch.
register 'f'. If 'd" is O, the result is The 2's complement number '2n’ is
stored in W. If 'd" is 1, the result is added to the PC. Since the PC will
stored back in register 'f' (default). If have incremented to fetch the next
‘a’ is 0, the Access Bank will be instruction, the new address will be
selected. If ‘@’ is 1, the BSR will not PC+2+2n. This instruction is then
be overridden (default). a two-cycle instruction.
Words: 1 Words: 1
Cycles: 1 Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
01 Q2 Q3 Q4 If Jump:
Decode Read Process Write to Q1 Q2 Q3 Q4
register 'f’ Data destination Decode Read literal Process | Write to PC
n’ Data
Example: ANDWF REG 0, O N0‘ No_ No_ No‘
. operation operation operation operation
Before Instruction If No Jump:
w = 0x17
REG = OxC2 Q1 Q2 Q3 Q4
After Instruction Decode Reaq Ijteral Process NO.
n Data operation
W = 0x02
REG = 0xC2
Example: HERE BC 5
Before Instruction
PC = address (HERE)
After Instruction
If Carry = 1
PC = address (HERE+12)
If Carry = 0
PC =  address ( HERE+2)
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BCF Bit Clear f
Syntax: [ label]l BCF f,b[,a]
Operands: 0<f<255
0<b<s7
ad[o,1]
Operation: 0 - f<b>
Status Affected:  None
Encoding: | 1001 | bbba | fref | ffef |
Description: Bit 'b" in register 'f' is cleared. If ‘a’
is 0, the Access Bank will be
selected, overriding the BSR value.
If ‘a’ = 1, then the bank will be
selected as per the BSR value
(default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register 'f’ Data register 'f’
Example: BCF FLAGREG 7, O

Before Instruction
FLAG_REG = 0xC7

After Instruction
FLAG_REG = 0x47

BN Branch if Negative
Syntax: [label] BN n
Operands: -128<n< 127
Operation: if negative bit is '1’
(PC)+2+2n - PC
Status Affected:  None
Encoding: ‘ 1110 ‘ 0110 ‘ nnnn ‘ nnnn ‘
Description: If the Negative bit is '1’, then the
program will branch.
The 2's complement number '2n’ is
added to the PC. Since the PC will
have incremented to fetch the next
instruction, the new address will be
PC+2+2n. This instruction is then
a two-cycle instruction.
Words: 1
Cycles: 1(2)
Q Cycle Activity:
If Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n Data
No No No No
operation operation operation operation
If No Jump:
Q1 Q2 Q3 Q4
Decode Read literal Process No
n’ Data operation
Example: HERE BN  Junp

Before Instruction

PC

= address ( HERE)

After Instruction

If Negative
PC

If Negative
PC

1
address (Junp)
0

address ( HERE+2)
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: [label] BNC n Syntax: [label] BNN n
Operands: -128<n< 127 Operands: -128<n< 127
Operation: if carry bit is '0’ Operation: if negative bit is '0’
(PC)+2+2n - PC (PC)+2+2n - PC
Status Affected:  None Status Affected:  None
Encoding: ‘ 1110 ‘ 0011 ‘ nnnn ‘ nnnn ‘ Encoding: ‘ 1110 ‘ 0111 ‘ nnnn ‘ nnnn ‘
Description: If the Carry bit is '0’, then the Description: If the Negative bit is '0’, then the
program will branch. program will branch.
The 2's complement number '2n’ is The 2's complement number '2n’ is
added to the PC. Since the PC will added to the PC. Since the PC will
have incremented to fetch the next have incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC+2+2n. This instruction is then PC+2+2n. This instruction is then
a two-cycle instruction. a two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process | Write to PC Decode Read literal Process | Write to PC
n Data n Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
n’ Data operation n’ Data operation
Example: HERE BNC Junp Example: HERE BNN Junp
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If Carry = 0 If Negative = 0
PC = address (Junp) PC = address (Junp)
If Carry = 1 If Negative = 1
PC = address (HERE+2) PC = address (HERE+2)
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BNOV Branch if Not Overflow BNZ Branch if Not Zero
Syntax: [ label] BNOV n Syntax: [label] BNZ n
Operands: -128<n< 127 Operands: -128<n< 127
Operation: if overflow bit is '0’ Operation: if zero bitis 'O’
(PC)+2+2n - PC (PC)+2+2n - PC
Status Affected:  None Status Affected:  None
Encoding: ‘ 1110 ‘ 0101 ‘ nnnn ‘ nnnn ‘ Encoding: ‘ 1110 ‘ 0001 ‘ nnnn ‘ nnnn ‘
Description: If the Overflow bit is "0, then the Description: If the Zero bit is '0’, then the pro-
program will branch. gram will branch.
The 2's complement number '2n’ is The 2's complement number '2n’ is
added to the PC. Since the PC will added to the PC. Since the PC will
have incremented to fetch the next have incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC+2+2n. This instruction is then PC+2+2n. This instruction is then
a two-cycle instruction. a two-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC Decode Read literal Process Write to PC
n Data n Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
n’ Data operation n’ Data operation
Example: HERE BNOV  Junp Example: HERE BNZ Junp
Before Instruction Before Instruction
PC = address (HERE) PC = address ( HERE)
After Instruction After Instruction
If Overflow = 0 If Zero = 0
= address (Junp) PC = address (Jump)
If Overflow = 1 If Zero = 1
= address (HERE+2) PC = address ( HERE+2)
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After Instruction

PC

= address (Junp)

BRA Unconditional Branch BSF Bit Set f
Syntax: [label] BRA n Syntax: [ label] BSF f,b[,a]
Operands: -1024 < n <1023 Operands: 0<f<255
Operation: (PC)+2+2n - PC Os<bs<7
ad[o,1]
Status Affected:  None i
) Operation: 1 - f<b>
Encoding: ‘ 1101 ‘ onnn ‘ nnnn ‘ nnnn ‘
o Status Affected:  None
Description: Add the 2's complement number .
'2n’ to the PC. Since the PC will Encoding: ‘ 1000 ‘ bbba ‘ fret ‘ fret ‘
have incremented to fetch the next Description: Bit 'b" in register 'f' is set. If ‘a’ is 0
instruction, the new address will be Access Bank will be selected, over-
PC+2+2n. This instruction is a riding the BSR value. If ‘a’ = 1, then
two-cycle instruction. the bank will be selected as per the
Words: 1 BSR value.
Cycles: 2 Words: 1
Q Cycle Activity: Cycles: 1
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode Read literal Process Write to PC Q1 Q2 Q3 Q4
n Data Decode Read Process Write
No No No No register 'f’ Data register 'f’
operation operation operation operation
Example: BSF FLAG REG 7, 1
Example: HERE BRA Junp Before Instruction
. FLAG_REG = Ox0A
Before Instruction i
PC = address (HERE) After Instruction
FLAG_REG = Ox8A
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BTFSC Bit Test File, Skip if Clear BTFSS Bit Test File, Skip if Set
Syntax: [ label] BTFSC f,b[,a] Syntax: [ label] BTFSS f,b[,a]
Operands: 0<f<255 Operands: 0<f<255

0<b<7 0<b<7

ad[o,1] a[o,1]
Operation: skip if (f<b>) =0 Operation: skip if (f<b>) =1

Status Affected: None Status Affected: None

Encoding: ‘ 1011 ‘ bbba ‘ frff ‘ fiff ‘ Encoding: ‘ 1010 ‘ bbba ‘ fiff ‘ fiff ‘
Description: If bit 'b" in register 'f' is 0, then the Description: If bit 'b" in register 'f' is 1, then the
next instruction is skipped. next instruction is skipped.
If bit 'b" is 0, then the next instruction If bit 'b' is 1, then the next instruction
fetched during the current instruction fetched during the current instruc-
execution is discarded, and a NOP is tion execution, is discarded and a
executed instead, making this a NOP is executed instead, making this
two-cycle instruction. If ‘a’ is 0, the a two-cycle instruction. If ‘a’ is 0, the
Access Bank will be selected, over- Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the the bank will be selected as per the
BSR value (default). BSR value (default).
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Note: 3 cycles if skip and followed Note: 3 cycles if skip and followed
by a 2-word instruction. by a 2-word instruction.
Q Cycle Activity: Q Cycle Activity:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read Process Data No Decode Read Process Data No
register 'f’ operation register 'f’ operation
If skip: If skip:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
If skip and followed by 2-word instruction: If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
Example: HERE  BTFSC FLAG 1, 0 Example: HERE ~ BTFSS FLAG 1, 0
FALSE FALSE
TRUE : TRUE
Before Instruction Before Instruction
PC =  address ( HERE) PC = address (HERE)
After Instruction After Instruction
If FLAG<1> = 0; If FLAG<1> = 0;
PC = address ( TRUE) PC = address (FALSE)
If FLAG<1> = 1; If FLAG<1> = 1;
PC = address (FALSE) PC = address ( TRUE)
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BTG Bit Toggle f BOV Branch if Overflow
Syntax: [ label] BTG f,b[,a] Syntax: [ label] BOV n
Operands: 0<f<255 Operands: -128<n< 127
0sb<7 Operation: if overflow bit is "1’
aldf[o,1] (PC)+2+2n - PC
Operation: (f<b>) - f<b> Status Affected:  None
Status Affected:  None Encoding: ‘ 1110 ‘ 0100 ‘ nnnn ‘ nnnn ‘
Encoding: ‘ o111 ‘ bbba ‘ frff ‘ frff ‘ Description: If the Overflow bit is '1’, then the
Description: Bit 'b’ in data memory location 'f’ is program will branch.
inverted. If ‘a’ is 0, the Access Bank The 2's complement number '2n’ is
will be selected, overriding the BSR added to the PC. Since the PC will
value. If ‘a’ = 1, then the bank will be have incremented to fetch the next
selected as per the BSR value instruction, the new address will be
(default). PC+2+2n. This instruction is then
Words: 1 a two-cycle instruction.
Cycles: 1 Words: 1
Q Cycle Activity: Cycles: 12)
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode Read Process Write If Jump:
register f' Data register f’ Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
Example: BTG PORTC, 4, O n Data
. No No No No
Before Instruction: operation operation operation operation
PORTC = 0111 0101 [0x75] If No Jump:
After Instruction: '
PORTC = 0110 0101 [0x65] Qi Q2 Q3 Q4
Decode Read literal Process No
n’ Data operation
Example: HERE BOV Junp

Before Instruction

PC

= address (HERE)

After Instruction

If Overflow

If Overflow

1
address (Junp)
0

address ( HERE+2)
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BZ Branch if Zero CALL Subroutine Call
Syntax: [label] BZ n Syntax: [ label]l CALL k[,s]
Operands: -128<n< 127 Operands: 0 <k <1048575
Operation: if Zero bit is '1’ sto1]
(PC)+2+2n - PC Operation: (PC)+4 - TOS,
Status Affected:  None I; S" P1(3<20:1>,
| =
Encoding: ‘ 1110 ‘ 0000 ‘ nnnn ‘ nnnn ‘ (W) - WS,
Description: If the Zero bit is '1", then the pro- (STATUS) - STATUSS,
gram will branch. (BSR) - BSRS
The 2's complemen_t number '2n’ i_s Status Affected:  None
added to the PC. Since the PC will -
have incremented to fetch the next Encoding:
instruction, the new address will be Istword (k<7:0>) | 1110 | 110s | kokkk | kkkkg
PC+2+2n. This instruction is then 2nd word(k<19:8>)| 1111 |kyokkk| kkkk | kkkks
a two-cycle instruction. Description: Subroutine call of entire 2 Mbyte
Words: 1 memory range. First, return
' address (PC+ 4) is pushed onto the
Cycles: 1(2) return stack. If’s’=1, the W,
Q Cycle Activity: STATUS and BSR registers are
If Jump: also pushed into their respective
Q1 Q2 Q3 Q4 shadow registers, WS, STATUSS
Decode Read literal Process Write to PC and BSRS. f's'=0, no update_
" Data occurs (default). Then, the 20-bit
NoO No NO NoO value 'K’ is loaded into PC<20:1>.
operation operation operation operation CALL is a two-cycle instruction.
If No Jump: Words: 2
Q1 Q2 Q3 Q4 Cycles: 2
Decode Read literal Process NO. Q Cycle Activity:
n Data operation
Q1 Q2 Q3 Q4
) Decode Read literal | Push PC to | Read literal
Example: HERE BZ Jump K'<7:0>, stack k'<19:8>,
Before Instruction Write to PC
PC = address (HERE) No No No No
After Instruction operation operation operation operation
If Zero = 1
it Zemns = address (Junp) Example: HERE ~ CALL THERE 1
PC = address (HERE+2) Before Instruction

PC

= address ( HERE)

After Instruction

PC = address ( THERE)
TOS = address (HERE + 4)
WS = W

BSRS = BSR

STATUSS=  STATUS
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CLRF Clear f CLRWDT Clear Watchdog Timer
Syntax: [labell CLRF f[,a] Syntax: [ label] CLRWDT
Operands: 0<f<255 Operands: None
alf01] Operation: 000h _ WDT,
Operation: 000h - f 000h - WDT postscaler,
1-2 1-T0,
Status Affected: Z 1_" E)
Encoding: [ o110 [ 101a [ tref [ fetf | Status Affected:  TO, PD
Description: Clears the contents of the specified Encoding: ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0100 ‘
register. If ‘a’ is 0, the Access Bank Description: CLRWDT instruction resets the
will be selected, overriding the BSR Watchdog Timer. It also resets the
value. If ‘a’ = 1, then the bank will postscaler of the WDT. Status bits
be selected as per the BSR value TO and PD are set.
(default). Words: 1
Words: 1 Cycles: 1
Cycles: 1 Q Cycle Activity:
Q Cycle Activity: Q1 Q2 Q3 Q4
Q1 Q2 Q3 Q4 Decode No Process No
Decode Read Process Write operation Data operation
register 'f’ Data register 'f’
Example: CLRWDT
Example: CLRF FLAGREG 1 Before Instruction
Before Instruction WDT Counter = 2
FLAG_REG =  Ox5A After Instruction
After Instruction WDT Counter = 0x00
FLAG_ REG = 0x00 WDT Postscaler = 0
10 = 1
PD = 1
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COMF Complement f
Syntax: [label] COMF f[d[,a]
Operands: 0<f<255
d d[o,1]
a([o,1]
Operation: () - dest
Status Affected: N, Z
Encoding: | ooo1 | 11da | fref | gfef |
Description: The contents of register 'f are com-
plemented. If 'd’ is 0, the result is
stored in W. If 'd’ is 1, the result is
stored back in register 'f' (default). If
‘a’ is 0, the Access Bank will be
selected, overriding the BSR value.
If ‘a’ = 1, then the bank will be
selected as per the BSR value
(default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example: COVF REG 0, O
Before Instruction
REG = 0x13
After Instruction
REG = 0x13
W = OXEC

CPFSEQ

Compare f with W, skip if f =W

Syntax:
Operands:

Operation:

Status Affected:

Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

[label] CPFSEQ f[,a]
0<f<255
a[o,1]

- W),
skip if (f) = (W)

(unsigned comparison)

None

‘ 0110 ‘ 001a ‘ fEff ‘ fEff

Compares the contents of data
memory location 'f' to the contents
of W by performing an unsigned
subtraction.
If 'f = W, then the fetched instruc-
tion is discarded and a NOP is exe-
cuted instead, making this a
two-cycle instruction. If ‘a’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).

1
1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE CPFSEQ REG, 0
NEQUAL
EQUAL
Before Instruction
PC Address = HERE
w = ?
REG = ?
After Instruction
If REG = W,
PC = Address (EQUAL)
If REG Z W;
PC = Address (NEQUAL)
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CPFSGT Compare f with W, skip if f >W CPFSLT Compare f with W, skip if f <W
Syntax: [ label] CPFSGT f[,a] Syntax: [ label] CPFSLT f[,a]
Operands: 0<f<255 Operands: 0<f<255
ad[0,1] a[o,1]
Operation: ) - (W), Operation: H - (W),
skip if (f) > (W) skip if (f) < (W)
(unsigned comparison) (unsigned comparison)
Status Affected:  None Status Affected:  None
Encoding: | o110 | ot0a | fef |ttt | Encoding: | o110 | oooa | fef |ttt |
Description: Compares the contents of data Description: Compares the contents of data
memory location 'f’ to the contents memory location 'f' to the contents
of the W by performing an of W by performing an unsigned
unsigned subtraction. subtraction.
If the contents of 'f' are greater than If the contents of 'f' are less than
the contents of WREG, then the the contents of W, then the fetched
fetched instruction is discarded and instruction is discarded and a NOP
a NOP is executed instead, making is executed instead, making this a
this a two-cycle instruction. If ‘a’ is two-cycle instruction. If ‘a’ is 0, the
0, the Access Bank will be Access Bank will be selected. If 'a’
selected, overriding the BSR value. is 1, the BSR will not be overridden
If ‘a’ = 1, then the bank will be (default).
selected as per the BSR value Words: 1
(default). '
. Cycles: 1(2)
Words: 1 Note: 3 cycles if skip and followed
Cycles: 1(2) by a 2-word instruction.
Note: 2 cz\c;es grzklﬁs?rni tf.glrl]owed Q Cycle Activity:
N y word instruction. 01 Q2 Q3 04
Q Cycle Activity: Decode Read Process No
Q1 Q2 Q3 Q4 register ' Data operation
Decode Read Process No If skip:
register 'f’ Data operation Q1 Q2 Q3 Q4
If skip: No No No No
Q1 Q2 Q3 Q4 operation operation operation operation
No No No No If skip and followed by 2-word instruction:
operation operation operation operation Q1 Q2 Q3 Q4
If skip and followed by 2-word instruction: No No No No
Q1 Q2 Q3 Q4 operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No
operation operation operation operation Example: HERE CPFSLT REG, 1
NLESS
Example: HERE CPFSGT REG, 0 LESS
NGREATER Before Instruction
CREATER PC = Address (HERE)
Before Instruction W = 7
PC =  Address (HERE) After Instruction
W = ? If REG < W
After Instruction PC = Address (LESS)
) If REG 2w
It REG > W PC = Address (NLESS)
PC = Address ( GREATER)
If REG < W;
PC = Address ( NGREATER)
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DAW Decimal Adjust W Register DECF Decrement f
Syntax: [label] DAW Syntax: [ label] DECF f[,d[,a]
Operands: None Operands: 0<f<255
Operation: If [W<3:0> >9] or [DC = 1] then do[o,1]
(W<3:0>) + 6 — W<3:0>; at[o.1]
else Operation: (H -1 - dest
(W<3:0>) - W<3:0>; Status Affected:  C, DC, N, OV, Z
If [W<7:4> >9] or [C = 1] then Encoding: | o000 | otda | fef |ttt |
(W<7:4>) + 6 - W<T7:4>; Description: Decrement register 'f'. If 'd' is 0, the
else result is stored in W. If 'd' is 1, the
(W<7:4>) - W<T7:4>, result is stored back in register 'f'
Status Affected: C (default). If 'a’is O, the Access
o Bank will be selected, overriding
Encoding: ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0111 ‘ the BSR value. If 'a’ = 1, then the
Description: DAW adjusts the eight-bit value in bank will be selected as per the
W, resulting from the earlier addi- BSR value (default).
tion of two variables (each in Words: 1
packed BCD format) and produces '
a correct packed BCD result. Cycles: 1
Words: 1 Q Cycle Activity:
Cycles: 1 Q1 Q2 Q3 Q4
o Decode Read Process Write to
Q Cycle Activity: register Data destination
Q1 Q2 Q3 Q4
Decode Read Process Write Example: DECF CNT, 1, 0
register W Data W )
Before Instruction
CNT = 0x01
Examplel: DAW 7 - 0
Before Instruction After Instruction
CNT = 0x00
w =  OxA5 -
c - 0 z = 1
DC = 0
After Instruction
w =  0x05
C = 1
DC = 0
Example 2:
Before Instruction
w = OxCE
C = 0
DC = 0
After Instruction
w =  0x34
Cc = 1
DC = 0
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DECFSZ

Decrement f, skip if O

Syntax:
Operands:

Operation:

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

[ label] DECFSZ f[d[a]l

0<f<255
d 0[0,1]
a0[o0,1]

-1 - dest,
skip if result =0

None
‘ 0010 ‘ 11da ‘ fEff ‘ fEff ‘

The contents of register 'f' are dec-
remented. If 'd' is 0, the result is
placed in W. If 'd" is 1, the result is
placed back in register 'f' (default).
If the result is 0, the next instruc-
tion, which is already fetched, is
discarded and a NOP is executed
instead, making it a two-cycle
instruction. If 'a’ is 0, the Access
Bank will be selected, overriding
the BSR value. If 'a’ = 1, then the
bank will be selected as per the
BSR value (default).

1

1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DECFSZ CNT, 1, 1
GOTO LOOP
CONTI NUE
Before Instruction
PC = Address (HERE)
After Instruction
CNT = CNT-1
IfCNT = 0;
PC =  Address ( CONTI NUE)
IfCNT =z O
PC = Address (HERE+2)

DCFSNZ

Decrement f, skip if not O

Syntax:
Operands:

Operation:

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

[labe] DCFSNZ f[,d[a]

0<f<255
d0[0,1]
a0[o,1]

(-1 - dest,
skip if result # 0

None
‘ 0100 ‘ 11da ‘ fEff ‘ fEff ‘

The contents of register 'f' are dec-
remented. If 'd' is 0, the result is
placed in W. If 'd" is 1, the result is
placed back in register 'f' (default).
If the result is not 0, the next
instruction, which is already
fetched, is discarded, and a NOP is
executed instead, making it a
two-cycle instruction. If 'a’ is 0, the
Access Bank will be selected,
overriding the BSR value. If'a’ = 1,
then the bank will be selected as
per the BSR value (default).

1

1(2)

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE DCFSNz TEMP, 1, O
ZERO
NZERO
Before Instruction
TEMP = 2
After Instruction
TEMP = TEMP-1,
If TEMP = 0;
PC = Address (ZERO
If TEMP Z 0;
PC =  Address (NZERO)
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GOTO Unconditional Branch INCF Increment f
Syntax: [label] GOTO k Syntax: [label]l INCF f[d[,a]
Operands: 0<k<1048575 Operands: 0<f<255
Operation: k - PC<20:1> d 0 [0,1]
ad[o,1]
Status Affected:  None i
. Operation: (f)+1 - dest
Encoding: ]
1stword (k<7:0%) | 1110 | 1111 | kskkk | kkkkg Status Affected:  C, DC, N, OV, 2
2nd word(k<19:8>)| 1111 |kyokkk | kkkk | kkkkg Encoding: | o010 | 1oda | fref | gt |
Description: GOrOallows an unconditional Description: The contents of register 'f’ are
branch anywhere within entire incremented. If 'd’ is O, the result is
2 Mbyte memory range. The 20-bit placed in W. If 'd’ is 1, the result is
value 'K’ is loaded into PC<20:1>. placed back in register 'f' (default).
GOTOis always a two-cycle If'a’ is 0, the Access Bank will be
instruction. selected, overriding the BSR value.
Words: 2 If 'a’ = 1, then the bank will be
selected as per the BSR value
Cycles: 2 (default).
Q Cycle Activity: Words: 1
Q1 Q2 Q3 Q4 Cycles: 1
Decode Read literal No Read literal o
k<7:0>, | operation | 'k'<19:8>, Q Cycle Activity:
Write to PC Q1 Q2 Q3 Q4
No No No No Decode Read Process Write to
operation operation operation operation register f’ Data destination
Example: GOTO THERE Example: I NCF CNT, 1, O
After Instruction Before Instruction
PC = Address ( THERE) CNT = OxFF
4 = 0
C = ?
DC = ?
After Instruction
CNT = 0x00
z = 1
C = 1
DC = 1
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INCFSZ Increment f, skip if O INFSNZ Increment f, skip if not 0

Syntax: [label] INCFSz f[d[,a] Syntax: [labell INFSNz f[,d[,a]

Operands: 0<f<255 Operands: 0<f<255
d d[o,1] dd[o,1]
a([o,1] aldf[o,1]

Operation: f +1 - dest, Operation: () +1 - dest,
skip if result =0 skip if result # 0

Status Affected:  None Status Affected:  None

Encoding: | oo11 | 11da | fref | gref | Encoding: | 0100 | 10da | fref | ftf |

Description: The contents of register '’ are Description: The contents of register 'f' are
incremented. If 'd’ is O, the result is incremented. If 'd' is O, the result is
placed in W. If 'd’ is 1, the result is placed in W. If 'd" is 1, the result is
placed back in register 'f'. (default) placed back in register 'f' (default).
If the result is 0, the next instruc- If the result is not 0, the next
tion, which is already fetched, is instruction, which is already
discarded, and a NOP is executed fetched, is discarded, and a NOP is
instead, making it a two-cycle executed instead, making it a
instruction. If 'a’ is 0, the Access two-cycle instruction. If 'a’ is 0, the
Bank will be selected, overriding Access Bank will be selected, over-
the BSR value. If 'a’ = 1, then the riding the BSR value. If'a’ = 1, then
bank will be selected as per the the bank will be selected as per the
BSR value (default). BSR value (default).

Words: 1 Words: 1

Cycles: 1(2) Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Before Instruction
= Address (HERE)

After Instruction

PC

CNT
IfCNT
PC

If CNT
PC

CNT +1

IR SRR

0;
Address ( ZERO)
0;
Address ( NZERO)

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HEFEQEO I NCFSZ CNT, 1, O
ZERO

Before Instruction
= Address (HERE)

After Instruction

PC

REG
If REG
PC

If REG
PC

0:

(IR TR TS N

REG + 1

Address ( NZERO)
0;

Address ( ZERO)

Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: QE% INFSNZ REG 1, O
NZERO
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IORLW Inclusive OR literal with W
Syntax: [ label] 10RLW k
Operands: 0<k<255
Operation: (W) .OR. k - W
Status Affected: N, Z
Encoding: | 0000 | 1001 | Kkkkk | Kkkk |
Description: The contents of W are OR’ed with
the eight-hit literal 'k'. The result is
placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example: | ORLW 0x35
Before Instruction
W = Ox9A
After Instruction
W = OxBF

IORWF Inclusive OR W with f
Syntax: [ label] 1O0RWF f[,d[,a]
Operands: 0<f<255
dd10,1]
ad[o,1]
Operation: (W) .OR. (f) - dest
Status Affected: N, Z
Encoding: | o001 | ooda | fef |ttt |
Description: Inclusive OR W with register 'f'. If 'd’
is 0, the result is placed in W. If 'd’
is 1, the result is placed back in
register 'f' (default). If 'a’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If'a’ = 1, then
the bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example: | ORWF RESULT, 0, 1
Before Instruction
RESULT = 0x13
W = 0x91
After Instruction
RESULT = 0x13
W = 0x93
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LFSR Load FSR MOVF Move f
Syntax: [ label]l LFSR fk Syntax: [ label] MOVF f[.d[,a]
Operands: 0<sf<g2 Operands: 0<f<255
0 <k <4095 dd[o,1]
Operation: k —» FSRf atfo.1]
Status Affected:  None Operation: f — dest
Encoding: 1110 | 1110 | 00ff |kjqkkk Status Affected: N, Z
1111 | 0000 | kokkk | kkkk Encoding: | o101 | ooda | fref |ttt |
DeSCfiption: The 12-bit literal 'k’ is loaded into Description: The contents of register 'f are
the file select register pointed to moved to a destination dependent
by 'f. upon the status of 'd". If 'd" is 0, the
Words: 2 result is placed in W. If 'd" is 1, the
Cveles: 5 result is placed back in register 'f'
ycles: (default). Location 'f' can be any-
Q Cycle Activity: where in the 256 byte bank. If 'a’ is
Q1 Q2 Q3 Q4 0, the Access Bank will be
Decode |Read literal | Process Write selected, overriding the BSR value.
'k’ MSB Data literal 'k’ If ‘a’ = 1, then the bank will be
MSB to selected as per the BSR value
FSRfH (default).
Decode Read literal Process Write literal Words: 1
k' LSB Data k' to FSRIL '
Cycles: 1
Example: LFSR 2, 0x3AB Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
FSR2H =  0x03 Decode Read Process Write W
FSR2L = OxAB register 'f’ Data
Example: MOVF  REG 0, O
Before Instruction
REG = 0x22
w = OxFF
After Instruction
REG = 0x22
w = 0x22
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MOVFF Move f to f MOVLB Move literal to low nibble in BSR
Syntax: [labell MOVFF fg,fy Syntax: [ label] MOVLB k
Operands: 0 < fg < 4095 Operands: 0<k<255
0=fg<4095 Operation: k - BSR
Operation: (fs) - fa Status Affected:  None
Status Affected:  None Encoding: [ 0000 [ ooo1 | kkkk [ kkkk |
Encoding: Description: The 8-bit literal 'k’ is loaded into
1st word (source) 1100 | ffff fEff | ffffg the Bank Select Register (BSR)
2nd word (destin.) 1111 frff frff ffffy ’
o - Words: 1
Description: The contents of source register 'fg’
are moved to destination register Cycles: 1
fq. Location of source 'fg’ can be Q Cycle Activity:
anywhere in the 4096 byte data Q1 Q2 Q3 Q4
space (Ooqh to FFFh), and location Decode Read literal Process Write
of destination fy’ can also be any- K’ Data literal 'Kk’ to
where from 000h to FFFh. BSR
Either source or destination can be
W (a useful special situation). )
MOVFF is particularly useful for Example: MOVLE 5
transferring a data memory location Before Instruction
to a peripheral register (such as the BSRregister =  0x02
transmit buffer or an 1/0O port). After Instruction
BSR register =  0x05
The MOVFF instruction cannot use
the PCL, TOSU, TOSH or TOSL as
the destination register
Words: 2
Cycles: 2(3)
Q Cycle Activity:
Q1 Q2 Qs Q4
Decode Read Process No
register f’ Data operation
(src)
Decode No No Write
operation operation register 'f’
No dummy (dest)
read
Example: MOVFF  REGL, REQX
Before Instruction
REG1 = 0x33
REG2 = 0x11
After Instruction
REG1 = 0x33,
REG2 = 0x33
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MOVLW Move literal to W MOVWF Move W to f
Syntax: [ label] MOVLW k Syntax: [ label] MOVWF f[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: k - W atfo1]
Status Affected:  None Operation: W) -~ f
Encoding: [ 0000 [ 1120 | kkkk [ kkkk | Status Affected:  None
Description: The eight-bit literal 'k’ is loaded into Encoding: ‘ 0110 ‘ tila ‘ fret ‘ fref ‘
W. Description: Move data from W to register 'f'.
Words: 1 Location 'f’ can be ar_1ywhere in the
256 byte bank. If ‘a’ is 0, the
Cycles: 1 Access Bank will be selected, over-
Q Cycle Activity: riding the BSR value. If ‘a’ = 1, then
Q1 Q2 Q3 Q4 the bank will be selected as per the
Decode Read Process Write to W BSR value (default).
literal 'k’ Data Words: 1
Cycles: 1
Example: MOVLW O0x5A Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
w = Ox5A Decode Read Process Write
register 'f’ Data register 'f’
Example: MOVWE REG, 0
Before Instruction
W = Ox4F
REG = OxFF
After Instruction
W = Ox4F
REG = Ox4F
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MULLW Multiply Literal with W MULWF Multiply W with f
Syntax: [ labell] MULLW k Syntax: [ labell] MULWF f[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) x k — PRODH:PRODL at[o1]
Status Affected:  None Operation: (W) x (f) -~ PRODH:PRODL
Encoding: [ 0000 [ 1101 [ kkkk | kkkk ] Status Affected:  None
Description: An unsigned multiplication is car- Encoding: ‘ 0000 ‘ 001a ‘ fref ‘ fref ‘
ried out between the contents of Description: An unsigned multiplication is car-
W and the 8-bit literal 'k’. The ried out between the contents of
16-bit result is placed in W and the register file location 'f'.
PRODH:PRODL register pair. The 16-bit result is stored in the
PRODH contains the high byte. PRODH:PRODL register pair.
W is unchanged. PRODH contains the high byte.
None of the status flags are Both W and 'f’ are unchanged.
affected. None of the status flags are
Note that neither overflow nor affected.
carry is possible in this opera- Note that neither overflow nor
tion. A zero result is possible but carry is possible in this opera-
not detected. tion. A zero result is possible but
Words: 1 not detected. If_‘a’ is 0, the
Access Bank will be selected,
Cycles: 1 overriding the BSR value. If
Q Cycle Activity: ‘a’= 1, then the bank will be
Q1 Q2 Q3 Q4 selected as per the BSR value
Decode Read Process Write (default).
literal 'k’ Data registers Words: 1
PRODH: Cveles: 1
PRODL ycles:
Q Cycle Activity:
Example: MILLW  OxCA Q1 Q2 Q3 Q4
Before Instruction Decode Read 3 Process Wr|te
register f Data registers
w = OxE2 PRODH:
PRODH = 2
PRODL = 2 PRODL
After Instruction
w = OxE2 Example: MW REG 1
PRODH = OxAD Before Instruction
PRODL = 0x08 W - oxca
REG = O0xB5
PRODH = 2
PRODL = 2
After Instruction
W = 0OxC4
REG = 0xB5
PRODH = Ox8A
PRODL =  0x9%
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NEGF Negate f NOP No Operation
Syntax: [labell NEGF f[,a] Syntax: [ label] NOP
Operands: 0<f<255 Operands: None
a_IZI [0.1] Operation: No operation
Operation: (f)+1-f Status Affected:  None
Status Affected: N, OV, C, BC, Z Encoding: 0000 | 0000 | 0000 | 0000
Encoding: | o110 | 110a | fref | tref | 1111 | XXXX | XXXX | XXXX
Description: Location ‘f is negated using two’s Description: No operation.
complement. The resultis placed in Words: 1
the data memory location 'f'. If 'a’ is Cveles: 1
0, the Access Bank will be ycles:
selected, overriding the BSR value. Q Cycle Activity:
If'a’ = 1, then the bank will be Q1 Q2 Q3 Q4
selected as per the BSR value. Decode No No No
Words: 1 operation operation operation
Cycles: 1 £ |
xample:
Q Cycle Activity:
Q1 Q2 Q3 Q4 None
Decode Read Process Write '
register 'f’ Data register 'f’
Example: NEGF REG, 1
Before Instruction
REG = 0011 1010 [0x3A]
After Instruction
REG = 1100 0110 [0XC6]
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POP Pop Top of Return Stack PUSH Push Top of Return Stack
Syntax: [ label] POP Syntax: [ label] PUSH
Operands: None Operands: None
Operation: (TOS) - bit bucket Operation: (PC+2) - TOS
Status Affected:  None Status Affected:  None
Encoding: | 0000 | 0000 | oooo | o110 | Encoding: | 0000 | 0000 | oooo | o101 |
Description: The TOS value is pulled off the Description: The PC+2 is pushed onto the top of
return stack and is discarded. The the return stack. The previous TOS
TOS value then becomes the previ- value is pushed down on the stack.
ous value that was pushed onto the This instruction allows implement-
return stack. ing a software stack by modifying
This instruction is provided to TOS, and then pushing it onto the
enable the user to properly manage return stack.
the return stack to incorporate a Words: 1
software stack.
Cycles: 1
Words: 1 o
cvel 1 Q Cycle Activity:
cles:
/ o Ql Q2 Q3 Q4
Q Cycle Activity: Decode |PUSH PC+2 No No
Q1 Q2 Q3 Q4 onto return | operation operation
Decode No POP TOS No stack
operation value operation
Example: PUSH
Example: PoP Before Instruction
ESUS NEW TOS = 00345Ah
Before Instruction PC = 000124h
TOS = 0031A2h _
Stack (1 level down) = 014332h After Instruction
PC = 000126:’1]
After Instruction TOS = 000126
TOS - 014332h Stack (1 level down) = 00345Ah
PC = NEW
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RCALL Relative Call RESET Reset
Syntax: [label] RCALL n Syntax: [ label] RESET
Operands: -1024 < n <1023 Operands: None
Operation: (PC)+2 - TOS, Operation: Reset all registers and flags that
(PC)+2+2n - PC are affected by a MCLR Reset.
Status Affected:  None Status Affected: Al
Encoding: | 1201 | 1nnn | nnon | nonn | Encoding: | 0000 | oooo | 1111 | 1111 |
Description: Subroutine call with a jump up to Description: This instruction provides a way to
1K from the current location. First, execute a MCLR Reset in software.
return address (PC+2) is pushed Words: 1
onto the stack. Then, add the 2’s '
complement number '2n’ to the PC. Cycles: 1
Since the PC will have incremented Q Cycle Activity:
to fetch the next instruction, the Q1 Q2 Q3 Q4
new Qddress_ W|I_I be PC+2+2n. Decode Start NO NoO
ThIS |ns_truct|on is a two-cycle reset operation operation
instruction.
Words: 1 Example: RESET
Cycles: 2 After Instruction
Q Cycle Activity: Registers =  Reset Value
Flags* = Reset Value
Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC
n Data
Push PC to
stack
No No No No
operation operation operation operation
Example: HERE RCALL Junp
Before Instruction
PC = Address (HERE)
After Instruction
PC = Address (Jump)
TOS=  Address (HERE+2)
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RETFIE Return from Interrupt RETLW Return Literal to W
Syntax: [label] RETFIE [s] Syntax: [label] RETLW k
Operands: s 0[0,1] Operands: 0<k<255
Operation: (TOS) - PC, Operation: k - W,
1 - GIE/GIEH or PEIE/GIEL, (TOS) - PC,
ifs=1 PCLATU, PCLATH are unchanged
(WS) - W, Status Affected:  None
(STATUSS) - STATUS, )
(BSRS) _ BSR, Encoding: | 0000 | 1100 | kkkk | Kkkk |
PCLATU, PCLATH are unchanged. Description: W is loaded with the eight-bit literal
Status Affected:  GIE/GIEH, PEIE/GIEL. 'k'. The program counter is loaded

from the top of the stack (the return

Encoding: ‘ 0000 ‘ 0000 ‘ 0001 ‘ 000s ‘ address). The high address latch
Description: Return from Interrupt. Stack is (PCLATH) remains unchanged.
popped and Top-of-Stack (TOS) is Words: 1
loaded into the PC. Interrupts are
enabled by setting either the high Cycles: 2
or low priority global interrupt Q Cycle Activity:
enable bit. If ‘s’ = 1, the contents of Q1 Q2 Q3 Q4
the shadow registers WS, Decode Read Process  |pop PC from
STATUSS and BSRS are loaded literal 'k’ Data stack. Write
into their corresponding registers, to W
W, STATUS and BSR. If ‘s’ = 0, no No No No No
update of these registers occurs operation | operation | operation | operation
(default).
Words: 1 Example:
Cycles: 2
L CALL TABLE ; Wcontains table
Q Cycle Activity: ; of fset val ue
Q1 Q2 Q3 Q4 ; Wnow has
Decode No No pop PC from ; table value
operation operation stack :
Set GIEH or TABLE
GIEL ADDW PCL ; W= offset
RETLW kO ; Begin table
No No No No RETLW k1 .
operation operation operation operation . '
Example: RETFIE 1 RETLW kn ; End of table
After Interrupt
PC =  TOS Before Instruction
W = WS —
BSR = BSRS w = 07
STATUS = STATUSS After Instruction
GIE/GIEH, PEIE/GIEL = 1

W = value of kn
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RETURN Return from Subroutine RLCF Rotate Left f through Carry
Syntax: [label] RETURN [s] Syntax: [labell RLCF f[,d[,a]
Operands: s 0[0,1] Operands: 0<f<255
Operation: (TOS) - PC, d0[0,1]
ifs=1 ad[o,1]
(WS) - W, Operation: (f<n>) - dest<n+1>,
(STATUSS) - STATUS, (f<7>) - C,
(BSRS) - BSR, (C) - dest<0>
PCLATU, PCLATH are unchanged Status Affected: C.N,Z
Status Affected:  None Encoding: [ o011 [ otda [ fref [ rifr |
Encoding: ‘ 0000 ‘ 0000 ‘ ooo1 ‘ 001s ‘ Description: The contents of register 'f' are
Description: Return from subroutine. The stack rotated one bit to the left through
is popped and the top of the stack the Carry Flag. If 'd" is 0, the result
(TOS) is loaded into the program is placed in W. If 'd" is 1, the result
counter. If ‘'s’= 1, the contents of the is stored back in register 'f'
shadow registers WS, STATUSS (default). If ‘a’ is O, the Access
and BSRS are loaded into their cor- Bank will be selected, overriding
responding registers, W, STATUS the BSR value. If 'a’ = 1, then the
and BSR. If ‘'s’ = 0, no update of bank will be selected as per the
these registers occurs (default). BSR value (default).
words: 1 [regsert |
Cycles: 2
- Words:
Q Cycle Activity:
01 Q2 Q3 Q4 Cycles:
Decode No Process  |pop PC from Q Cycle Activity:
operation Data stack Q1 Q2 Q3 Q4
No No No No Decode Read Process Write to
operation operation operation operation register 'f’ Data destination
Example: RLCF REG 0, O
Example: RETURN Before Instruction
After Interrupt REG = 1110 0110
PC =TOS C = 0
After Instruction
REG = 1110 0110
W = 1100 1100
C = 1
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RLNCF Rotate Left f (no carry) RRCF Rotate Right f through Carry
Syntax: [ labell] RLNCF f[,d[,a] Syntax: [label] RRCF f[,d[,a]
Operands: 0<f<255 Operands: 0<f<255
dd[o,1] dOd[o,1]
a(d[o,1] ad[o,1]
Operation: (f<n>) - dest<n+1>, Operation: (f<n>) - dest<n-1>,
(f<7>) - dest<0> (f<0>) - C,
Status Affected: N, Z (C) - dest<7>
Encoding: [ o100 [ otda [ fetf [ tetf | Status Affected:  C, N, Z
Description: The contents of register 'f’ are Encoding: ‘ o011 ‘ 00da ‘ free ‘ frer ‘
rotated one bit to the left. If 'd’ is O, Description: The contents of register 'f' are
the result is placed in W. If 'd"is 1, rotated one bit to the right through
the result is stored back in register the Carry Flag. If 'd" is 0, the result
'f' (default). If 'a’ is 0, the Access is placed in W. If 'd" is 1, the result
Bank will be selected, overriding is placed back in register 'f'
the BSR value. If 'a’ is 1, then the (default). If ‘a’ is 0, the Access
bank will be selected as per the Bank will be selected, overriding
BSR value (default). the BSR value. If 'a’ is 1, then the
. bank will be selected as per the
register f
~ BSR value (default).
Words: 1 - emai -
Cycles: 1
- Words: 1
Q Cycle Activity:
o1 Q2 03 Q4 Cycles: 1
Decode Read Process Write to Q Cycle Activity:
register 'f’ Data destination Q1 Q2 Q3 Q4
Decode Read Process Write to
Example: RLNCF REG 1, O register f’ Data destination
Before Instruction
REG = 1010 1011 Example: RRCF REG 0, 0
After Instruction Before Instruction
REG = 0101 0111 REG = 1110 0110
c = 0
After Instruction
REG = 1110 0110
W = 0111 0011
c = 0
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RRNCF Rotate Right f (no carry) SETF Set f
Syntax: [label] RRNCF f[,d[,a] Syntax: [labell SETF f[,a]
Operands: 0<f<255 Operands: 0<f<255
d d[o,1] ad[o,1]
at[od] Operation: FFh - f
Operation: (f<n>)  dest<n-1>, Status Affected:  None
(f<0>) - dest<7>
_ Encoding: | o110 | 100a | fref | frtf |
Status Affected: N, Z
. Description: The contents of the specified regis-
Encoding: ‘ 0100 ‘ 00da ‘ fref ‘ fref ‘ ter are set to FFh. If'a’ is O, the
Description: The contents of register '’ are Access Bank will be selected, over-
rotated one bit to the right. If 'd’is O, riding the BSR value. If 'a’ is 1, then
the result is placed in W. If 'd"is 1, the bank will be selected as per the
the result is placed back in register BSR value (default).
'f' (default). If 'a’ is 0, the Access Words: 1
Bank will be selected, overriding
the BSR value. If 'a’ is 1, then the Cycles: 1
bank will be selected as per the Q Cycle Activity:
BSR value (default). Q1 Q2 Q3 Q4
|—> Decode Read Process Write
register 'f’ Data register 'f’
Words: 1
Cycles: 1 Example: SETF REG, 1
Q Cycle Activity: Before Instruction
01 Q2 03 Q4 REG - = Ox5A
Decode Read Process Write to After Instruction
register 'f’ Data destination REG = OxFF
Example 1: RRNCF  REG 1, O
Before Instruction
REG = 1101 0111
After Instruction
REG = 1110 1011
Example 2: RRNCF  REG 0, O
Before Instruction
W = ?
REG = 1101 0111
After Instruction
w = 1110 1011
REG = 1101 0111
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SLEEP Enter SLEEP mode
Syntax: [ label]l SLEEP
Operands: None
Operation: 00h - WDT,
0 - WDT postscaler,
1-T0,
0- PD
Status Affected: ~ TO, PD
Encoding: ‘ 0000 ‘ 0000 ‘ 0000 ‘ 0011 ‘
Description: The power-down status bit (PD) is
cleared. The time-out status bit
(TO) is set. Watchdog Timer and
its postscaler are cleared.
The processor is put into SLEEP
mode with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data sleep
Example: SLEEP
Before Instruction
0 = 2
PD = ?
After Instruction
TO = 1t
PD = 0

T If WDT causes wake-up, this bit is cleared.

SUBFWB Subtract f from W with borrow
Syntax: [ labell] SUBFWB f[,d[,a]
Operands: 0<f<255
d 0][0,1]
ad[o,1]
Operation: (W) = (f) - (C) - dest
Status Affected: N, OV, C, DC, Z
Encoding: ‘ 0101 ‘ 0lda ‘ fEff ‘ fEff ‘
Description: Subtract register 'f and carry flag
(borrow) from W (2's complement
method). If 'd' is O, the result is
stored in W. If 'd"is 1, the result is
stored in register ' (default). If 'a’ is
0, the Access Bank will be selected,
overriding the BSR value. If 'a’is 1,
then the bank will be selected as
per the BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example 1: SUBFWB REG 1, O
Before Instruction
REG = 3
W = 2
C = 1
After Instruction
REG = FF
W = 2
C = 0
Z = 0
N = 1 ;resultis negative
Example 2: SUBFWB  REG, 0, 0
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
W = 3
C = 1
Z = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG 1, O
Before Instruction
REG = 1
w = 2
C = 0
After Instruction
REG = 0
W = 2
C = 1
4 = 1 ;resultiszero
N = 0
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SUBLW Subtract W from literal SUBWF Subtract W from f
Syntax: [ label] SUBLW k Syntax: [ label] SUBWF f[,d[,a]
Operands: 0<k<255 Operands: 0<f<255
Operation: k—(W) - W d0[0,1]
a[0,1]
Status Affected: N, OV, C,DC, Z )
) Operation: () = (W) - dest
Encoding: ‘ 0000 ‘ 1000 ‘ kkkk ‘ kkkk ‘
o - - - Status Affected: N, QV, C,DC, Z
Description: W is subtracted from the eight-bit .
literal 'k'. The result is placed in Encoding: ‘ 0101 ‘ 11da ‘ et ‘ fref ‘
W. Description: Subtract W from register 'f' (2's
Words: 1 complement method). If 'd"is O,
the result is stored in W. If 'd"is 1,
Cycles: 1 the result is stored back in regis-
Q Cycle Activity: ter 'f' (default). If 'a’ is 0, the
Q1 Q2 Q3 Q4 Access Bank will be selected,
Decode Read Process Write to W overriding the BSR_ value. Ifa’is
literal "k’ Data 1, then the bank will be selected
as per the BSR value (default).
Example 1: SUBLW 0x02 Words: 1
Before Instruction Cycles: 1
W = 1 .
C = 2 Q Cycle Activity:
After Instruction Q1 Q2 Q3 Q4
W = 1 Decode Read Process Write to
C = 1 ;resultis positive register 'f’ Data destination
4 = 0
N = 0 Example 1: SUBW REG 1, 0
Example 2: SUBLW 0x02 Before Instruction
Before Instruction REG = 3
W = 2
W = 2 C = ?
C = ? After Instruction
After Instruction REG = 1
W = 0 W = 2
C = 1 : result is zero C = 1 ;resultis positive
7 = 1 Z = 0
N = 0 N = 0
Example 3: SUBLW 0x02 Example 2: SUBW REG 0, 0
Before Instruction Before Instruction
W - 3 REG = 2
C = 2 w = 2
After Instruction c =7
After Instruction
w = FF ;(2's complement) REG = 2
C = 0 ;resultis negative w - 0
ﬁ ; (1) C = 1 ;resultiszero
z = 1
N = 0
Example 3: SUBW REG 1, 0
Before Instruction
REG = 1
W = 2
C = ?
After Instruction
REG = FFh ;(2's complement)
W = 2
C = 0 ;resultis negative
4 = 0
N = 1
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SUBWFB Subtract W from f with Borrow
Syntax: [ label] SUBWFB f[,d[.a]
Operands: 0<f<255
d 0J[0,1]
a J[0,1]
Operation: (f) - (W) — (C) - dest
Status Affected: N, OV, C,DC, Z
Encoding: | o101 | toda [ fref | feef |
Description: Subtract W and the carry flag (bor-
row) from register 'f' (2's complement
method). If 'd' is O, the result is stored
inW. If'd'is 1, the result is stored
back in register 'f' (default). If 'a’ is O,
the Access Bank will be selected,
overriding the BSR value. If 'a’is 1,
then the bank will be selected as per
the BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example 1: SUBWB REG 1, O
Before Instruction
REG = 0x19 (0001 1001)
w = O0xOD (0000 1101)
C = 1
After Instruction
REG = 0x0C (0000 1011)
w = O0xOD (0000 1101)
C = 1
z = 0
N = 0 ; result is positive
Example 2: SUBWB REG 0, 0
Before Instruction
REG = O0x1B (0001 1011)
w = Ox1A (0001 1010)
C = 0
After Instruction
REG = 0x1B (0001 1011)
w = 0x00
C = 1
Z = 1 ; result is zero
N = 0
Example 3: SUBWB REG 1, O
Before Instruction
REG = 0x03 (0000 0011)
w = OxOE (0000 1101)
C = 1
After Instruction
REG =  OxF5 (1111 0100)
; [2's comp]
w = OxOE (0000 1101)
C = 0
z = 0
N = 1 ; result is negative

SWAPF Swap f
Syntax: [ label] SWAPF f[,d[,a]
Operands: 0<f<255
d0[0,1]
al[o,1]
Operation: (f<3:0>) - dest<7:4>,
(f<7:4>) - dest<3:0>
Status Affected:  None
Encoding: | o011 | 1oda | tref | tftf |
Description: The upper and lower nibbles of reg-
ister 'f are exchanged. If 'd’is 0, the
result is placed in W. If 'd’is 1, the
result is placed in register ’f’
(default). If 'a’ is 0, the Access
Bank will be selected, overriding
the BSR value. If 'a’ is 1, then the
bank will be selected as per the
BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register 'f’ Data destination
Example: SWAPF  REG 1, O
Before Instruction
REG = 0x53
After Instruction
REG = 0x35
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TBLRD Table Read TBLRD Table Read (cont'd)
Syntax: [label] TBLRD (*; *+; *-; +*) Examplel: TBLRD *+ ;
Operands: None Before Instruction
Operation: if TBLRD *, %E;#TR z 8§88A356
(Prog Mem (TBLPTR)) — TABLAT, MEMORY(0x00A356) = 0x34
TBLPTR - No Change; After Instruction
if TBLRD "+, _ TABLAT = ox34
(Prog Mem (TBLPTR)) - TABLAT; TBLPTR =  0x00A357
(TBLPTR) +1 - TBLPTR;
if TBLRD *-, Example2: TBLRD +* ;
(Prog Mem (TBLPTR)) - TABLAT; Before Instruction
(TBLPTR) -1 - TBLPTR; TABLAT = OxAA
if TBLRD +*, TBLPTR = 0x01A357
(TBLPTR) +1 - TBLPTR; MEMORY(0x01A357) =  0x12
(Prog Mem (TBLPTR)) — TABLAT: MEMORY(0x01A358) =  Ox34
After Instruction
Status Affected:None TABLAT - ox34
Encoding: 0000 0000 0000 10nn TBLPTR = O0x01A358
nn=0 *
=1 *+H
=2 *-
=3 +*

Description: This instruction is used to read the con-
tents of Program Memory (P.M.). To
address the program memory, a pointer
called Table Pointer (TBLPTR) is used.
The TBLPTR (a 21-bit pointer) points
to each byte in the program memory.
TBLPTR has a 2 Mbyte address range.

TBLPTR[0] = 0: Least Significant
Byte of Program
Memory Word
TBLPTR[0] = 1: Most Significant
Byte of Program
Memory Word
The TBLRD instruction can modify the
value of TBLPTR as follows:
e no change

post-increment

post-decrement

* pre-increment

Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No No
operation operation operation
No No operation No No operation
operation |(Read Program | operation |(Write TABLAT)
Memory)
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TBLWT Table Write TBLWT Table Write (Continued)

Syntax: [ label] TBLWT (*; *+; *-; +*) Words: 1

Operands: None Cycles: 2

Operation: if TBLWT*, Q Cycle Activity:
(TABLAT) - Holding Register;
TBLPTR - No Change; Q1 Q2 Q3 Q4
if TBLWT*+, Decode No No No
(TABLAT) - Holding Register; operation | operation | operation
(TBLPTR) +1 - TBLPTR; NoO No No No
if TBLWT*, . . operation operation operation operation
(TABLAT) - Holding Register; (Read (Write to
(TBLPTR) -1 — TBLPTR; TABLAT) Holding
if TBLWT+*, Register )
(TBLPTR) +1 - TBLPTR;

(TABLAT) - Holding Register;

. * .
Status Affected: None Examplel: TBLW  *+;
. Before Instruction
: 0000 0000 0000 11
Encoding: An=0 nf TABLAT = 0x55
. TBLPTR =  O0x00A356
=1+ HOLDING REGISTER
=2 *. (OXO0A356) = OXFF
=3 + After Instructions (table write completion)
Description:  This instruction uses the 3 LSBs of %?F-#TR = 8§88A357
TBLETR to_determlne which qf the_8 HOLDING REGISTER
holding registers the TABLAT is writ- (Ox00A356) =  0x55
ten to. The holding registers are used Example 2: TBLWE  +*:
to program the contents of Program ]
Memory (P.M.). (Refer to Section 5.0 Befo;iérll_sAt_lr_uctlon oxaa
e . . = X
for additional details on programming TBLPTR —  0x01389A
FLASH memory.) HOLDING REGISTER
The TBLPTR (a 21-bit pointer) points (0x01389A) = OxFF
to each b?]/te in the progra(r;:j memory. ("cl)%‘lelggB;?EGISTER = OxFF
TBLPTR has a 2 MBtye address After Instruction (table write completion)
range. The LSb of the TBLPTR TABLAT - ox34
selects which byte of the program TBLPTR =  0x01389B
memory location to access. HOLDING REGISTER
_— (0x01389A) = OXFF
TBLPTR[O] = 0: Least Significant HOLDING REGISTER
Byte of Program (0x01389B) = 0x34

Memory Word

TBLPTR[O] = 1: Most Significant
Byte of Program
Memory Word

The TBLWI instruction can modify
the value of TBLPTR as follows:

* no change

* post-increment
e post-decrement
e pre-increment
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TSTFSZ Test f, skip if 0

Syntax: [ label] TSTFSZ f[,a]

Operands: 0<f<255
ad][0,1]

Operation: skipiff=0

Status Affected:  None

Encoding: | o110 | o11a | feft | feft |

Description: If 'f = 0, the next instruction,
fetched during the current instruc-
tion execution, is discarded and a
NOP is executed, making this a
two-cycle instruction. If 'a’ is 0, the
Access Bank will be selected, over-
riding the BSR value. If 'a’ is 1,
then the bank will be selected as
per the BSR value (default).

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed

by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT, 1
NZERO
ZERO

Before Instruction

PC

= Address (HERE)

After Instruction

If CNT
PC
IfCNT
PC

0x00,
Address ( ZERO)
0x00,
Address ( NZERO)

1B ST

XORLW Exclusive OR literal with W
Syntax: [ label1 XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k - W
Status Affected: N, Z
Encoding: ‘ 0000 ‘ 1010 ‘ kkkk ‘ kkkk ‘
Description: The contents of W are XORed
with the 8-bit literal 'k'. The result
is placed in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Ql Q2 Q3 Q4
Decode Read Process Write to W
literal 'k’ Data
Example: XORLW OxAF
Before Instruction
w = 0xB5
After Instruction
w = Ox1A
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XORWF Exclusive OR W with f
Syntax: [ label] XORWF f[,d[,a]
Operands: 0<f<255
d d[o,1]
a([o,1]
Operation: (W) .XOR. (f) - dest
Status Affected: N, Z
Encoding: | o001 | 1oda | fref | gt |
Description: Exclusive OR the contents of W

with register 'f'. If 'd’ is O, the result
is stored in W. If 'd’is 1, the result is
stored back in the register 'f’
(default). If ‘a’is 0, the Access
Bank will be selected, overriding
the BSR value. If 'a’ is 1, then the
bank will be selected as per the
BSR value (default).

Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register f’ Data destination
Example: XORW REG 1, O
Before Instruction
REG = OxAF
W = 0xB5
After Instruction
REG = Ox1A
W = 0xB5
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25.0 DEVELOPMENT SUPPORT

The PICmicro® microcontrollers are supported with a
full range of hardware and software development tools:
« Integrated Development Environment

- MPLAB® IDE Software
¢ Assemblers/Compilers/Linkers

- MPASM™ Assembler

- MPLAB C17 and MPLAB C18 C Compilers

- MPLINK™ Obiject Linker/
MPLIB™ Object Librarian

¢ Simulators
- MPLAB SIM Software Simulator
¢ Emulators
- MPLAB ICE 2000 In-Circuit Emulator
- ICEPIC™ In-Circuit Emulator
 In-Circuit Debugger
- MPLAB ICD
« Device Programmers
- PRO MATE® Il Universal Device Programmer

- PICSTART® Plus Entry-Level Development
Programmer

¢ Low Cost Demonstration Boards
- PICDEM™ 1 Demonstration Board
- PICDEM 2 Demonstration Board
- PICDEM 3 Demonstration Board
- PICDEM 17 Demonstration Board
- KeeLoq® Demonstration Board

25.1 MPLAB Integrated Development
Environment Software

The MPLAB IDE software brings an ease of software
development previously unseen in the 8-bit microcon-
troller market. The MPLAB IDE is a Windows®-based
application that contains:
« An interface to debugging tools
- simulator
- programmer (sold separately)
- emulator (sold separately)
- in-circuit debugger (sold separately)
« A full-featured editor
« A project manager
¢ Customizable toolbar and key mapping
* A status bar
¢ On-line help

The MPLAB IDE allows you to:

« Edit your source files (either assembly or ‘C’)

¢ One touch assemble (or compile) and download
to PICmicro emulator and simulator tools (auto-
matically updates all project information)

« Debug using:
- source files
- absolute listing file
- machine code

The ability to use MPLAB IDE with multiple debugging
tools allows users to easily switch from the
cost-effective simulator to a full-featured emulator with
minimal retraining.

25.2 MPASM Assembler

The MPASM assembler is a full-featured universal
macro assembler for all PICmicro MCU'’s.

The MPASM assembler has a command line interface
and a Windows shell. It can be used as a stand-alone
application on a Windows 3.x or greater system, or it
can be used through MPLAB IDE. The MPASM assem-
bler generates relocatable object files for the MPLINK
object linker, Intel® standard HEX files, MAP files to
detail memory usage and symbol reference, an abso-
lute LST file that contains source lines and generated
machine code, and a COD file for debugging.

The MPASM assembler features include:

 Integration into MPLAB IDE projects.

* User-defined macros to streamline assembly
code.

« Conditional assembly for multi-purpose source
files.

« Directives that allow complete control over the
assembly process.

25.3 MPLAB C17 and MPLAB C18
C Compilers

The MPLAB C17 and MPLAB C18 Code Development
Systems are complete ANSI ‘C' compilers for
Microchip’s PIC17CXXX and PIC18CXXX family of
microcontrollers, respectively. These compilers provide
powerful integration capabilities and ease of use not
found with other compilers.

For easier source level debugging, the compilers pro-
vide symbol information that is compatible with the
MPLAB IDE memory display.
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25.4 MPLINK Object Linker/
MPLIB Object Librarian

The MPLINK object linker combines relocatable
objects created by the MPASM assembler and the
MPLAB C17 and MPLAB C18 C compilers. It can also
link relocatable objects from pre-compiled libraries,
using directives from a linker script.

The MPLIB object librarian is a librarian for
pre-compiled code to be used with the MPLINK object
linker. When a routine from a library is called from
another source file, only the modules that contain that
routine will be linked in with the application. This allows
large libraries to be used efficiently in many different
applications. The MPLIB object librarian manages the
creation and modification of library files.

The MPLINK object linker features include:

« Integration with MPASM assembler and MPLAB
C17 and MPLAB C18 C compilers.

¢ Allows all memory areas to be defined as sections
to provide link-time flexibility.

The MPLIB object librarian features include:

« Easier linking because single libraries can be
included instead of many smaller files.

« Helps keep code maintainable by grouping
related modules together.

« Allows libraries to be created and modules to be
added, listed, replaced, deleted or extracted.

25,5 MPLAB SIM Software Simulator

The MPLAB SIM software simulator allows code devel-
opment in a PC-hosted environment by simulating the
PICmicro series microcontrollers on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a file, or user-defined key press, to any of the pins. The
execution can be performed in single step, execute
until break, or trace mode.

The MPLAB SIM simulator fully supports symbolic debug-
ging using the MPLAB C17 and the MPLAB C18 C com-
pilers and the MPASM assembler. The software simulator
offers the flexibility to develop and debug code outside of
the laboratory environment, making it an excellent
multi-project software development tool.

25.6 MPLAB ICE High Performance
Universal In-Circuit Emulator with
MPLAB IDE

The MPLAB ICE universal in-circuit emulator is intended
to provide the product development engineer with a
complete microcontroller design tool set for PICmicro
microcontrollers (MCUs). Software control of the
MPLAB ICE in-circuit emulator is provided by the
MPLAB Integrated Development Environment (IDE),
which allows editing, building, downloading and source
debugging from a single environment.

The MPLAB ICE 2000 is a full-featured emulator sys-
tem with enhanced trace, trigger and data monitoring
features. Interchangeable processor modules allow the
system to be easily reconfigured for emulation of differ-
ent processors. The universal architecture of the
MPLAB ICE in-circuit emulator allows expansion to
support new PICmicro microcontrollers.

The MPLAB ICE in-circuit emulator system has been
designed as a real-time emulation system, with
advanced features that are generally found on more
expensive development tools. The PC platform and
Microsoft® Windows environment were chosen to best
make these features available to you, the end user.

25.7 ICEPIC In-Circuit Emulator

The ICEPIC low cost, in-circuit emulator is a solution
for the Microchip Technology PIC16C5X, PIC16C6X,
PIC16C7X and PIC16CXXX families of 8-bit
One-Time-Programmable (OTP) microcontrollers. The
modular system can support different subsets of
PIC16C5X or PIC16CXXX products through the use of
interchangeable personality modules, or daughter
boards. The emulator is capable of emulating without
target application circuitry being present.
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25.8 MPLAB ICD In-Circuit Debugger

Microchip’s In-Circuit Debugger, MPLAB ICD, is a pow-
erful, low cost, run-time development tool. This tool is
based on the FLASH PICmicro MCUs and can be used
to develop for this and other PICmicro microcontrollers.
The MPLAB ICD utilizes the in-circuit debugging capa-
bility built into the FLASH devices. This feature, along
with Microchip’s In-Circuit Serial Programming™ proto-
col, offers cost-effective in-circuit FLASH debugging
from the graphical user interface of the MPLAB
Integrated Development Environment. This enables a
designer to develop and debug source code by watch-
ing variables, single-stepping and setting break points.
Running at full speed enables testing hardware in
real-time.

25.9 PRO MATE Il Universal Device
Programmer

The PRO MATE Il universal device programmer is a
full-featured programmer, capable of operating in
stand-alone mode, as well as PC-hosted mode. The
PRO MATE Il device programmer is CE compliant.

The PRO MATE Il device programmer has program-
mable VDD and VPP supplies, which allow it to verify
programmed memory at VDD min and VDD max for max-
imum reliability. It has an LCD display for instructions
and error messages, keys to enter commands and a
modular detachable socket assembly to support various
package types. In stand-alone mode, the PRO MATE Il
device programmer can read, verify, or program
PICmicro devices. It can also set code protection in this
mode.

25.10 PICSTART Plus Entry Level
Development Programmer

The PICSTART Plus development programmer is an
easy-to-use, low cost, prototype programmer. It con-
nects to the PC via a COM (RS-232) port. MPLAB
Integrated Development Environment software makes
using the programmer simple and efficient.

The PICSTART Plus development programmer sup-
ports all PICmicro devices with up to 40 pins. Larger pin
count devices, such as the PIC16C92X and
PIC17C76X, may be supported with an adapter socket.
The PICSTART Plus development programmer is CE
compliant.

25.11 PICDEM 1 Low Cost PICmicro
Demonstration Board

The PICDEM 1 demonstration board is a simple board
which demonstrates the capabilities of several of
Microchip’s microcontrollers. The microcontrollers sup-
ported are: PIC16C5X (PIC16C54 to PIC16C58A),
PIC16C61, PIC16C62X, PIC16C71, PIC16C8X,
PIC17C42, PIC17C43 and PIC17C44. All necessary
hardware and software is included to run basic demo
programs. The user can program the sample microcon-
trollers provided with the PICDEM 1 demonstration
board on a PRO MATE Il device programmer, or a
PICSTART Plus development programmer, and easily
test firmware. The user can also connect the
PICDEM 1 demonstration board to the MPLAB ICE
in-circuit emulator and download the firmware to the
emulator for testing. A prototype area is available for
the user to build some additional hardware and connect
it to the microcontroller socket(s). Some of the features
include an RS-232 interface, a potentiometer for simu-
lated analog input, push button switches and eight
LEDs connected to PORTB.

25.12 PICDEM 2 Low Cost PIC16CXX
Demonstration Board

The PICDEM 2 demonstration board is a simple dem-
onstration board that supports the PIC16C62,
PIC16C64, PIC16C65, PIC16C73 and PIC16C74
microcontrollers. All the necessary hardware and soft-
ware is included to run the basic demonstration pro-
grams. The wuser can program the sample
microcontrollers provided with the PICDEM 2 demon-
stration board on a PRO MATE Il device programmer,
or a PICSTART Plus development programmer, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 2 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding additional hardware and
connecting it to the microcontroller socket(s). Some of
the features include a RS-232 interface, push button
switches, a potentiometer for simulated analog input, a
serial EEPROM to demonstrate usage of the 1°C™ bus
and separate headers for connection to an LCD
module and a keypad.
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25.13 PICDEM 3 Low Cost PIC16CXXX
Demonstration Board

The PICDEM 3 demonstration board is a simple dem-
onstration board that supports the PIC16C923 and
PIC16C924 in the PLCC package. It will also support
future 44-pin PLCC microcontrollers with an LCD Mod-
ule. All the necessary hardware and software is
included to run the basic demonstration programs. The
user can program the sample microcontrollers pro-
vided with the PICDEM 3 demonstration board on a
PRO MATE Il device programmer, or a PICSTART Plus
development programmer with an adapter socket, and
easily test firmware. The MPLAB ICE in-circuit emula-
tor may also be used with the PICDEM 3 demonstration
board to test firmware. A prototype area has been pro-
vided to the user for adding hardware and connecting it
to the microcontroller socket(s). Some of the features
include a RS-232 interface, push button switches, a
potentiometer for simulated analog input, a thermistor
and separate headers for connection to an external
LCD module and a keypad. Also provided on the
PICDEM 3 demonstration board is a LCD panel, with 4
commons and 12 segments, that is capable of display-
ing time, temperature and day of the week. The
PICDEM 3 demonstration board provides an additional
RS-232 interface and Windows software for showing
the demultiplexed LCD signals on a PC. A simple serial
interface allows the user to construct a hardware
demultiplexer for the LCD signals.

25.14 PICDEM 17 Demonstration Board

The PICDEM 17 demonstration board is an evaluation
board that demonstrates the capabilities of several
Microchip microcontrollers, including PIC17C752,
PIC17C756A, PIC17C762 and PIC17C766. All neces-
sary hardware is included to run basic demo programs,
which are supplied on a 3.5-inch disk. A programmed
sample is included and the user may erase it and
program it with the other sample programs using the
PRO MATE Il device programmer, or the PICSTART
Plus development programmer, and easily debug and
test the sample code. In addition, the PICDEM 17 dem-
onstration board supports downloading of programs to
and executing out of external FLASH memory on board.
The PICDEM 17 demonstration board is also usable
with the MPLAB ICE in-circuit emulator, or the
PICMASTER emulator and all of the sample programs
can be run and modified using either emulator. Addition-
ally, a generous prototype area is available for user
hardware.

25.15 KEeeLoqQ Evaluation and
Programming Tools

KEELOQ evaluation and programming tools support
Microchip’s HCS Secure Data Products. The HCS eval-
uation kit includes a LCD display to show changing
codes, a decoder to decode transmissions and a pro-
gramming interface to program test transmitters.
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DEVELOPMENT TOOLS FROM MICROCHIP
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NOTES:
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26.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings U

Ambient temperature UNAEI DIAS...........oiiiiiiiiiie et e e e s st ae e e e e stbabeeeaeeanees -5 ¢+125°C

SEOrAGE LEIMPEIALUIE ...ttt ettt e e e e e e e e e ettt et e e e e e eeeeaeasaaeaa s e bbb bbe s b e b be e e e e eeaaaaeaaaaaaaeeanaaaann \ 50°C

Voltage on any pin with respect to Vss (except VDD, MCLR, and RA4) ........c.ccceecvvvvveeeens
Voltage on VDD With reSPECE 10 VSS ....eiiiiiiiiiiie et

Voltage on MCLR with respect to Vss (Note 2)
Voltage on RA4 with respect to Vss

Total power dissipation (NOTE 1) .....c.ueviieiiiiiiiee e
Maximum current out of Vss pin

Maximum current into VDD PiN ......oeeeeviiieeeeeiiiiieee e
Input clamp current, lik (VI <0 or VI > VDD).............
Output clamp current, lok (Vo <0 or Vo > VD
Maximum output current sunk by any I/

Maximum output current sourced

Maximum current sunk by all

Maximum current soukced

Note 1: iSSI ation is calculated as follows:
=A/DD X {IDD - 5 I0H} + ¥ {(VDD-VOH) X loH} + ¥ (Vol x loL)

oftage spikes below Vss at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latchup.
Thus, a series resistor of 50-100Q should be used when applying a “low” level to the MCLR/VPP pin, rather
than pulling this pin directly to Vss.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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FIGURE 26-1: PIC18FXX20 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

6.0V+ @@

5.5V 2

5.0Vt PIC18FXX20 §§ %
4.5V
@ 4.2V

4.0V @)

SR

2.5V

2.0V %®

Voltage

®

Frequency

FIGURE 26-2: PIC18LFXX20 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)

Voltage

Frequency

FMAX = (16.36 MHz/V) (VDDAPPMIN - 2.0V) + 4 MHz
Note: VDDAPPMIN is the minimum voltage of the PICmicro® device in the application.
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26.1

PIC18LFXX20 (Industrial)

DC Characteristics: PIC18FXX20 (Industrial, Extended)

PIC18LFXX20 Standard Operating Conditions (unless otherwise stated
(Industrial) Operating temperature -40°C < TA £ +85°C for industrial&
PIC18EXX20 Standqrd Operating Conditioons (unless otf:erwis_e staw
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for i trial
-40°C < TA £ +125°C fof exten
P?\rlng Symbol Characteristic Min | Typ |Max | Units ﬁm
VDD Supply Voltage
D001 PIC18LFXX20| 20 | — |55 | V |XT,RC ar@gaﬁg: mdde
D001 PIC18FXX20| 4.2 — 55 V /\7
D002 |VbR  |RAMDataRetention | 15 | — | — | Vv \ \}
Voltage™® /\\
D003 VPOR VDD Start Voltage — — 0.7 \Y E%L@n on Power-on Reset for details
to ensure internal _ @L
Power-on Reset signal
D004 SvDD VDD Rise Rate 0.05| — \s,\ye section on Power-on Reset for details
to ensure internal Kﬁ%
Power-on Reset signal
VBOR Brown-out Reset Voltage
D005 PIC18LFXX20 {
BORVL:BORVO = 11| 2.0 [N\ a6 Vv
BORV1:BORVO = 10| 2K 2.86| V
BORVL:BORVO = 01 [ M2 N> 446 Vv
BORV1.BORV05Q0| 4.5 — |4.78| V
D005 PIC18F§%20)
BORVl:BOR\7D\: ](x /p?.A. — |N.A.| V |Notin operating voltage range of device
BORVL:BORVO=01f 42 | — |446] v
BORY1L:RORVJ500| 45 | — [478] V

Legend: Shading of rows is
Note 1: This is the limi to

o

SSistirrfeadability of the table.
h/DD can be lowered in SLEEP mode, or during a device RESET, without losing RAM

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to Vbb
MCLR = VDD; WDT enabled/disabled as specified.

#sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and all
atures that add delta current disabled (such as WDT, Timerl Oscillator, BOR,...).

For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (MmA) with REXT in kOhm.
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26.1 DC Characteristics: PIC18FXX20 (Industrial, Extended)
PIC18LFXX20 (Industrial) (Continued)

PIC18LFXX20 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < Ta < +85°C for industrial
PIC18EXX20 Standqrd Operating Condltloons (unless otf:erms_e statgd)
(Industrial, Extended) Operating temperature -40°C < TA < +85°C for industrial
' -40°C < TA < +125°C for extendéd
Param Symbol Characteristic Min | Typ |Max | Units Conditiom
No.
IDD Supply Current@4
D010 PIC18LFXX20| — | .068 | 2 mA |XT, RC, RCIO os nf|
Fosc = 4 MHz,
D010 PIC18FXX20| — A4 4 mA |XT, RC, RCI \g)uratlons
Fosc = 4 MHzx, 4.2V

DO10A PIC18LFXX20| — | 28 | 55 | pA |LP osc u}g}on
Fos€ 3 VoD = 2.0V

DO10A PICI8FXX20| — | 88 |250| pA \cxés uration
kHz, VDD = 4.2V

Do010C PIC18LFXX20| — — 38 /m&@b osc configurations
/N FOsC = 40 MHz, VbD = 5.5V
D010C PIC18FXX20| — — @)‘50 ECIO osc configurations

Fosc = 40 MHz, VDD = 5.5V

D013 PIC18LFXX20 HS osc configuration
— | 1 % mA |Fosc =6 MHz, VbD = 2.0V
mA |Fosc = 25 MHz, Vbp = 5.5V

HS + PLL osc configurations
mA |Fosc =10 MHz, VDb = 5.5V

¢ Wi/ 0N

D013 PIC18FXX HS osc configuration
< 13.46 | 25 | mA |Fosc =25 MHz, VbD = 5.5V
HS + PLL osc configurations
fj P 19.1 | 38 | mA |Fosc =10 MHz, Vbb = 5.5V

D014 P 1@ Timerl osc configuration
29.6 | 55

MA |Fosc =32 kHz, VDD = 2.0V

D014 X20 OSCB osc configuration
— — 200 | pA |Fosc =32 kHz, VbD = 4.2V, -40°C to +85°C
— — | 250 | pA |Fosc =32 kHz, VDD =4.2V, -40°C to +125°C

AN
Legend: Shading ofxo skgs/g? assist in readability of the table.
Note 1: Thisi I

data

hich VDD can be lowered in SLEEP mode, or during a device RESET, without losing RAM

st conditions for all IDD measurements in active operation mode are:

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

3: The power-down current in SLEEP mode does not depend on the oscillator type. Power-down current is
measured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and all
features that add delta current disabled (such as WDT, Timerl Oscillator, BOR,...).

4: For RC osc configuration, current through REXT is not included. The current through the resistor can be
estimated by the formula Ir = VDD/2REXT (MmA) with REXT in kOhm.
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26.1 DC Characteristics: PIC18FXX20 (Industrial, Extended)
PIC18LFXX20 (Industrial) (Continued)

PIC18LFXX20 Standard Operating Conditions (unless otherwise stated)
(Industrial) Operating temperature -40°C < TA < +85°C for industrial

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < TA < +85°C for industia
-40°C < TA<+125°C for;xten\

PIC18FXX20
(Industrial, Extended)

Param - . . @
No. Symbol Characteristic Min | Typ |Max | Units CON(\S)

IPD Power-down Current®
uA |Vob=2.0v, -W?c
HA VDD = 5.5V40C t085°C

D020 PIC18LFXX20| — | 09 | 2
4
D020 PIC18FXX20| — 1 3 | pA |vop =42\ X618 +85°C
— A1 4 HA (VDD X/.5Y, °C to +85°C

D021B — A 15 HA |VD °C to +125°C
— 11 20 HA |V ) ¥40°C to +125°C
Module Differential Current 0 O\
D022 AlwDT Watchdog Timer| — — 1 ;.K\Q\%i@z.ov
PIC18LFXX20| — — 15 +A D =5.5V
D022 Watchdog Timer| — — 1 ®> V6D = 5.5V, -40°C to +85°C
PIC18FXX20| — — 2 VDD = 5.5V, -40°C to +125°C
D022A  |AIBOR Brown-out Reset| — — ? ~pA |Vop =5.5v
PIC18LFXX20
D022A Brown-out Reset| — i 50 | pA |Vvop =5.5V, -40°C to +85°C
PIC18FXX20| — — &50 MA |VDD = 5.5V, -40°C to +125°
D022B |AlLvD Low Voltage Detect i\ % 45 | pA |VDD =2.0V
PIC18LFXX20
D022B Low Voltage D%g — | = | 40| pa |[vop=4.2V,-40°C to +85°C
PIC18F 773 — 50 MA VDD =4.2V, -40°C to +125°C
D025  |Aloscs Timerl %ya?e( / — | 15| pAa |[vop=20v
PICTRLFXX20
D025 Tim%s\silldt | — | — |100] pAa [vop=4.2v,-40°C to +85°C
8 20| — — 120 | pA |VDD =4.2V, -40°C to +125°C

Legend: Shading of rows is\g i readability of the table.
Note 1: This is the lipnitto whichyVDD can be lowered in SLEEP mode, or during a device RESET, without losing RAM

2:

L. conditions for all IDD measurements in active operation mode are:
OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD
MCLR = VDD; WDT enabled/disabled as specified.

sured with the part in SLEEP mode, with all I/O pins in hi-impedance state and tied to VDD or Vss, and all

features that add delta current disabled (such as WDT, Timerl Oscillator, BOR,...).

4:” For RC osc configuration, current through REXT is not included. The current through the resistor can be esti-
mated by the formula Ir = VDD/2REXT (mA) with REXT in kOhm.
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26.2 DC Characteristics: PIC18FXX20 (Industrial, Extended)
PIC18LFXX20 (Industrial)

Standard Operating Conditions (unless otherwi{se stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for 4 ]
-40°C < TA < +125°C fo
Pzrg\m Symbol Characteristic Min Max Units })ns
VIL Input Low Voltage %
I/O ports:
D030 with TTL buffer VDD A.5V
DO30A Vﬁ < VDD <5.5V
D031 with Schmitt Trigger buffer <\§V>
RC3 and RC4
D032 MCLR &
DO032A OSCl1 (in XT, HS and LP modes) \%
and T10SI
D033 OSC1 (in RC and EC mode)® v
VIH Input High Voltage
I/O ports:
D040 with TTL buffer QY V |VDD < 4.5V
0:
DO40A ys.o VDD V |4.5V<VDD<5.5V
D041 with Schmitt Trigger buﬁe%bO.SVDD VDD v
RC3 and RC4 0.7VDD VDD \Y
D042 MCLR, OSC1 (EC mg(€) 0.8VDD VDD v
DO042A OSCl1 (in XT, HS an S) 0.7VDbD VDD \%
and T10SI
D043 0SC1 (RC mode)® )/) 0.9VDD VDD v
I Input LeakageCurreft23)
D060 1/O port: — +1 HA |VSs < VPIN £ VDD,
Pin at hi-impedance
D061 C — 5 HA |Vss < VPIN £VDD
D063 C — 5 HA |Vss < VPIN £VDD
IPU KM )D/ull-up Current
D070 I)y/m\\ PORTB weak pull-up current 50 400 MA |VDD =5V, VPIN = Vss

Note 1: n\QpC(b cillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that
th micro device be driven with an external clock while in RC mode.

[ e leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified

levels represent normal operating conditions. Higher leakage current may be measured at different input

voltages.

3: Negative current is defined as current sourced by the pin.

4: Parameter is characterized but not tested.
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26.2

DC Characteristics: PIC18FXX20 (Industrial, Extended)

PIC18LFXX20 (Industrial) (Continued)

AN

Standard Operating Conditions (unless o %ted)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C/ for industri
-40°C < TA< +1(2\° or extended
Pilr;im Symbol Characteristic Min Max Units Mﬁitions
VoL Output Low Voltage O
D080 1/0 ports .5 mA, VDD = 4.5V,
-40°C to +85°C
D080A L=7.0 mA, VDD = 4.5V,
-40°C to +125°C
D083 OSC2/CLKOUT loL=1.6 mA, VDD = 4.5V,
(RC mode) -40°C to +85°C
DO083A loL=1.2 mA, VDD = 4.5V,
-40°C to +125°C
VOH Output High Voltage®
D090 1/O ports IoH = -3.0 mA, VDD = 4.5V,
-40°C to +85°C
D090A IoH = -2.5 mA, VDD = 4.5V,
S -40°C to +125°C
D092 OSC2/CLKOUT loH =-1.3 mA, VDD = 4.5V,
(RC mode) -40°C to +85°C
D092A VoD - 0.7 — V |loH =-1.0 mA, VDD = 4.5V,
pou -40°C to +125°C
D150 |VoD Open Drain Hi,gﬁﬁ/olt/e\@e\/ — 8.5 V |RA4 pin
Capacitive Lo@ecs
on Output S
D100 |Cosc2 |OSC2 — 15 pF |In XT, HS and LP modes
when external clock is used
to drive OSC1
D101 |[Cio — 50 pF |To meet the AC Timing
Q& Specifications
D102 |CB__NSCL) SDA — 400 pF_|In I2C mode
Note 1 scillator configuration, the OSC1/CLKIN pin is a Schmitt Trigger input. It is not recommended that

micro device be driven with an external clock while in RC mode.
akage current on the MCLR pin is strongly dependent on the applied voltage level. The specified

Is represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

Negative current is defined as current sourced by the pin.

4: Parameter is characterized but not tested.
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TABLE 26-1: COMPARATOR SPECIFICATIONS
Operating Conditions: 3.0V < VbD < 5.5V, -40°C < Ta < +125°C, unless otherwise stated

Param X

Characteristics Sym Min Typ Max Units @ n
No. <\
D300 Input Offset Voltage VIOFF — +5.0 +10 @( \
D301 Input Common Mode Voltage Vicm 0 VDD - 1.% \%
D302 Common Mode Rejection Ratio | CMRR 55 (\\%\ \ dB
300 Response Time(® TRESP — 1 g\z\%o\ ns | PIC18FXX20
300A 0 ns | PIC18LFXX20
301 Comparator Mode Change to TMc20v Q 10 [VES
Output Valid

Note 1. Response time measured with one com

Vss to VDD.

@G&t (VDD - 1.5)/2 while the other input transitions from

TABLE 26-2: VOLTAGE RJEEER PECIFICATIONS
N

Operating Conditions: 3.0W< .5V, -40°C < TAa < +125°C, unless otherwise stated

P 9 A ?V\\>\

Spec . . .

(—C\ teristics Sym Min Typ Max Units Comments
No. (@
D310 S : n VRES VDD/24 — | VDD/32 LSb
(Receluy
D311 fﬁéglute Accuracy VRAA — — 1/4 LSb |Low Range (VRR =1")
— — 1/2 LSb |High Range (VRR =07

D312 Unit Resistor Value (R) VRUR — 2k — Q
310 Settling Time™® TSET — — 10 Hs

Note 1. Settling time measured while VRR =1 and VR<3:0> transitions from 0000 to 1111.
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FIGURE 26-3: LOW VOLTAGE DETECT CHARACTERISTICS

VDD

—————————————————— /~ (LVDIF can bg

cleared in so t

VLVD
(LVDIF set by hardware)

LVDIF

TABLE 26-3: LOW VOLTAGE DETECT CHARA%R

Stantdrd Operating Conditions (unless otherwise stated)
RK Iyg temperature -40°C < Ta < +85°C for industrial

-40°C < Ta < +125°C for extended

Param

No. Symbol Characteristic in | Typt | Max | Units Conditions

D420 LVD Voltage on g@/} 0000 1.8 1.86 | 1.91 \

VDD transition high ‘\\/Q/})’é()l 2.0 2.06 2.12 \V;

tolow Ww£0010 | 22 | 227 [234| v

}X/V =0011 2.4 247 | 2.55 \

LVV =0100 2.5 258 | 2.66 \%

LVV =0101 2.7 2.78 | 2.86 \

LVV =0110 2.8 2.89 | 2.98 \%

< LvwW=0111 | 30 | 31 | 3.2 Vv

& LVV =1000 3.3 341 | 3.52 \%

% LVV =1001 35 3.61 | 3.72 \

Q LVWW=1010 | 36 | 372|384 | V

LVV =1011 3.8 392 | 404 \

vb LVV =1100 4.0 4.13 | 4.26 \%

LVv =1101 4.2 4.33 | 4.46 \%

LVV =1110 4.5 464 | 4.78 \%

D423 |VBG Bandgap Reference Voltage — 1.22 — \%
Value

T  Production tested at TamB = 25°C. Specifications over temp. limits ensured by characterization.
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TABLE 26-4:

MEMORY PROGRAMMING REQUIREMENTS

N

DC Characteristics

Standard Operating Conditions (unless otherwise
Operating temperature -40°C < TA < +85°C for industria

-40°C < TA < +125°C for ?@n\h‘m\j

P;a\lrg\m Sym Characteristic Min Typt Max |Units
Internal Program Memory
Programming Specifications
(Note 1)
D110 |VPP  |Voltage on MCLR/VPP pin 9.00 — 13.25
D112 |lPP Current into MCLR/VPP pin — — 5 < \
D113 |IPDP  |Supply Current during — — 1 %
Programming /)
Data EEPROM Memory
D120 |ED Cell Endurance 100K 1 C) E/W [-40°C to +85°C
D120A |ED Cell Endurance 10K 00K E/W [+85°C to +125°C
D121 |Vbrw |VDD for Read/Write VMIN 5.5 V  |Using EECON to read/write
VMIN = Minimum operating
> voltage
D122 |Toew |Erase/Write Cycle Time % 4 — ms
Program FLASH Memory y
D130 |EpP Cell Endurance 1 100K E/W |-40°C to +85°C
D130A |EpP Cell Endurance 1000 10K — E/W |+85°C to +125°C
D131 |Vpr |VDD for Read VMIN — 5.5 V  |VMIN = Minimum operating
voltage
D132 |VIE VDD for Block ¢ 45 — 5.5 V |Using ICSP port
D132A |Viw VDD for EX med Erase 45 — 5.5 V  |Using ICSP port
or Write
D132B |VPEW |VDD f&r med Write VMIN — 5.5 V  |VMIN = Minimum operating
voltage
D133 |TE ( Erase Cycle Time — 5 — ms |VDD > 4.5V
D133A |Ti C ase or Write Cycle Time 1 — — ms |VDD > 4.5V
Q} ternally timed)
D13§& Ti elf-timed Write Cycle Time — 2.5 — ms

al

nly and are not tested.

Note

instructions.
2: The pin may be kept in this range at times other than programming, but it is not recommended.

in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance

. » These specifications are for programming the on-chip program memory through the use of Table Write
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26.3 AC (Timing) Characteristics

26.3.1 TIMING PARAMETER SYMBOLOGY

The timing parameter symbols have been created

following one of the following formats:

1. TppS2ppS 3. Tcc:sT (IZC specifications only)
2. TppS 4. Ts (IZC specifications only)
T

F Frequency T Time
Lowercase letters (pp) and their meanings:
pp

cc CCP1 osc 0OSC1

ck CLKOUT rd RD

cs cs w RD or WR

di SDI scC SCK

do SDO ss SS

dt Data in t0 TOCKI

io 1/0 port t1 T1CKI

mc MCLR wr WR
Uppercase letters and their meanings:
S

F Fall P Period

H High R Rise

| Invalid (Hi-impedance) \% Valid

L Low 4 Hi-impedance
12C only

AA output access High High

BUF Bus free Low Low
Tcc:sT (12C specifications only)
CcC

HD Hold SuU Setup
ST

DAT DATA input hold STO STOP condition

STA START condition
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26.3.2 TIMING CONDITIONS

The temperature and voltages specified in Table 26-5
apply to all timing specifications, unless otherwise
noted. Figure 26-4 specifies the load conditions for the
timing specifications.

TABLE 26-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C < Ta £ +85°C for industrial
-40°C < TA < +125°C for extended
AC CHARACTERISTICS Operating voltage VDD range as described in DC spec Section 26.1 and
Section 26.2.
LC parts operate for industrial temperatures only.

FIGURE 26-4: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
Load condition 1 Load condition 2
VDD/2

L

RL Pin T CL
Vss
. —_—CL
Pin RL = 464Q
Vss CL = 50pF for all pins except OSC2/CLKOUT

and including D and E outputs as ports
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26.3.3 TIMING DIAGRAMS AND SPECIFICATIONS

FIGURE 26-5: EXTERNAL CLOCK TIMING (ALL MODES EXCEPT PLL)
! U a @ . & Q4 !
: | | | . - |
0sC1 /
; - 2 >
CLKOUT @
TABLE 26-6: EXTERNAL CLOCK TIMING REQUIREMENTS &
Pa;\;gfn. Symbol Characteristic Min Max Units %Conditions
1A Fosc External CLKIN DC 40 M( NgC\/ECIO
Frequency?
Oscillator Frequency(l) DC 4 EQC 0osc
0.1 ) XT osc
4 25 MHz |HS osc
4 Q > MHz |HS + PLL osc
5 QM kHz |LP osc mode
1 Tosc External CLKIN Period® = ns |EC, ECIO
Oscillator Period® 5 — ns |RC osc
10,000 ns XT osc
250 ns |HSosc
250 ns HS + PLL osc
S 25 — us LP osc
2 Tey Instruction Cyclg/ﬁ{peﬁ) 100 — ns |Tcy = 4/Fosc
3 TosL, External Clock i W 30 — ns | XT osc
TosH High or Loy Firmhe 25 — us LP osc
10 — ns HS osc
4 TosR, ExternakClockim(0SC1) — 20 ns [XTosc
TosF Risg 0 e — 50 ns |LP osc
— 7.5 ns HS osc

except RAL.Mlk'specified values are based on characterization data for that particular oscillator type under

Note 1: Instruct'n\v\ww (Tcy) equals four times the input oscillator time-base period for all configurations
Rengting conditions with the device executing code. Exceeding these specified limits may result

standard

Q ig used, the “max.” cycle time limit is “DC” (no clock) for all devices.
TA%: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2 TO 5.5V)
Parf}c%. No. | Sym Characteristic Min Typt Max |Units | Conditions
— Fosc | Oscillator Frequency Range 4 — 10 MHz HS mode
— Fsys | On-chip VCO System Frequency 16 — 40 MHz HS mode
— tre PLL Start-up Time (Lock Time) — — 2 ms
— AcLK | CLKOUT Stability (Jitter) -2 — +2 %

1t Data in “Typ” column is at 5V, 25°C, unless otherwise stated. These parameters are for design guidance
only and are not tested.
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PIC18FXX20

FIGURE 26-6: CLKOUT AND 1I/O TIMING
Q4 : Q1 i Q2 i Q3 i
1dg. 5 A 5
CLKOUT L 51»\ Co ; ' /! ;
g RE i3 :
L 14 19 <18» : 3@ :
/O Pin ' ;
(input) For! ]
e 17— : : ; 1§§\\ NS :
1/0 Pin ' hV4 ! ! !
(output) Old value ! A . ﬁ@ : New Value |
: 20,21 % : :
Note: Refer to Figure 26-4 for load cond|t|ons<\
TABLE 26-8: CLKOUT ANDQ/\C@\I@EQUIREMENTS
P ~N\
aram. Symbol %}acteristic Min Typ Max Units | Conditions
No. (\ >
10 Tos Q3G to CLKOUT | — 75 200 ns &)
11 | TosHgkH JOSC1 1 to CLKOUT — 75 200 ns @
12 TekR | CLKOUT rise time — 35 100 ns )
13 TdkF CLKOUT fall time — 35 100 ns (1)
14 TckL2ioV | CLKOUT | to Port out valid — — |0.5Tcy+20| ns 1)
15 TioV2ckH | Port in valid before CLKOUT 1 0.25Tcy +25| — — ns Q)
16 TckH2iol | Portin hold after CLKOUT 1t 0 — — ns 1)
17 TosH2ioV |OSC1 1 (Q1 cycle) to Port out valid — 50 150 ns
18 TosH2iol |OSC1 1t (Q2 cycle) to |PIC18FXX20 100 — — ns
18A Port input invalid PIC18LFXX20 200 — — ns
(/O in hold time)
19 TioV2osH | Port input valid to OSC1 1 0 — — ns
(I/O in setup time)
20 TioR Port output rise time | PIC18FXX20 — 10 25 ns
20A PIC18LFXX20 — — 60 ns
21 TioF Port output fall time PIC18FXX20 — 10 25 ns
21A PIC18LFXX20 — — 60 ns
221t | TINP INT pin high or low time Tey — — ns
23tt | TRBP RB7:RB4 change INT high or low time Tey — — ns
241t | TrcpP RC7:RC4 change INT high or low time 20 ns
Tt These parameters are asynchronous events not related to any internal clock edges.

Note 1: Measurements are taken in RC mode, where CLKOUT output is 4 x TOSC.
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PIC18FXX20

FIGURE 26-7: PROGRAM MEMORY READ TIMING DIAGRAM
| | | | | | |
| Q1 | Q2 | Q3 | Q4 | Q1 | Q2 |
osor | | | | | | |
| . 1
A<19:é23 | W| Address | | | W Address |
I . |
- b BN b |
L « :
| : | <—| 155—>:166 | | ; | |
| L 1k L. ¥ | |
ALE j’—\_ | 4168/, I ml
| e ipa—> | . . B o |
o5 | 0 169 — r ] |
_Ccs2 — g A K |
orCsio | 5|Xj - | : | L2 $® |
| S L o I | |
5E +- — | %f% i |
I ' ' «—1—16 \ NN [ [
Operating Conditions: 2.0V < Vcc < 5.5V, -40°C < TA < 125°C |se stated.
TABLE 26-9: CLKOUT AND I/0O TIMING Ei%%ENTS
Pa':lim Symbol rls Min Typ Max Units
150 TadV2alL Addrg\s&%{u\@to ALE | (address 0.25Tcy-10 — — ns
setu
151 TalL2adl K\ ﬁ tbaddress out invalid (address hold 5 — — ns
e)
155 | Ta(208L “ALE ! to OE 10 0.125Tcy — ns
160 \ [FadZZdel | AD high-Z to OE | (bus release to OE) 0 — — ns
161 |\ {[ToeH2adD |OE 1 to AD driven 0.125Tcy-5 — — ns
162 TadV2o0eH |LS Data valid before OE 1 (data setup time) 20 — — ns
163 ToeH2adl | OE 1 to data in invalid (data hold time) 0 — — ns
164 TalH2alL ALE pulse width — Tcy — ns
165 ToeL20eH | OE pulse width 0.5Tcy-5 0.5Tcy — ns
166 TalH2alH ALE 1 to ALE 1 (cycle time) — 0.25Tcy — ns
167 Tacc Address valid to data valid 0.75Tcy-25 — — ns
168 Toe OE ! to data valid — 0.5Tcy-25 ns
169 TalL2oeH |ALE | to OE 1 0.625Tcy-10 — 0.625Tcy+10 ns
171 TalH2csL | Chip select active to ALE | 0.25Tcy-20 — — ns
171A | TubL20eH |AD valid to chip select active — — 10 ns

0 2001 Microchip Technology Inc.
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PIC18FXX20

FIGURE 26-8: PROGRAM MEMORY WRITE TIMING DIAGRAM
| | | | | | |
| Q1 | Q2 | Q3 | Q4 | Q1 | Q2 |
| | | | | | |
osc1
A<19:16> | ' :iAddeS ! !
BAO W' | |
| ¢ o | 166 —}
e | !
AD<15:0> : W Address §T<>W : Data
| ' T o | : | -
| ! R “ !
ALE | 7 \ | |
| ! | : | |
Csi,csz, — l | l
or CSIO | | \» | |
| ! e
WRHor ~ | 1 T\ |
WRL o | )
)
LB
| |
| |

Operating Conditions: 2.0V < Vcc < 5.5V, -40°C <

unless otherwise stated.

TABLE 26-10: PROGRAM MEMOWR%MING REQUIREMENTS

Param. S . .
No Symbol ﬁ\j@enstlcs Min Typ Max | Units

150 TadV2alL Addrengu\Wg)ALE | (address setup time) 0.25Tcy-10 — — ns
151 TalL2adl |AL I;,-t\@ﬁd(ess out invalid (address hold time) 5 — — ns
153 TwrH2ad| WR\WOUI invalid (data hold time) 5 — — ns
154 [twiL  (WRn-pulse width 05Tcy-5 | 05Tcy | — | ns
156 TadVZ\QNd E\{(a/\hﬁd before WRn 1 (data setup time) 0.5Tcy-10 — — ns
157 TbMNc B&t} select valid before WRn | (byte select setup time)  0.25Tcy — — ns
157A ;Fwnlj\stl\\,WRn 1 to byte select invalid (byte select hold time) 0.125Tcy-5 — — ns
166 ({TalFR3lH |ALE 1 to ALE 1 (cycle time) — 025Tcy| — | ns
36 {\/&é/ Time for Internal Reference Voltage to become stable — 20 50 us

\%

DS39580A-page 314

AdvanceInformation

0 2001 Microchip Technology Inc.




PIC18FXX20

FIGURE 26-9: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER AND POWER-UP

TIMER TIMING
VDD /

I~
i~

I~
o~

'-—
Internal : 30 = 3()
POR '
:4_ 33 —» " : I f\\
PWRT l : ? N/
Time-out ' 30 . :
- : «__
osC . P >
Time-out

Internal : - ANV
RESET . <\
Watchdog T " \\}\
Timer ' '
Reset : : \B
. 31

I/0 Pins @
Note: Refer to Figure 26-4 for load conditions. \_)
FIGURE 26-10:  BROWN-OUT RESET T|M|Q§\\<

" VBGAP = 1.2V
VIRVST / :
|
Enable Internal Reference Voltagef O\ ] :
N/ |
Internal Reference Voltage sta& 54_ 36 _.i
_— >
TABLE 26-11: R CHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
N WN-OUT RESET REQUIREMENTS
Pa;\:grn. /S)QK S Characteristic Min Typ Max Units Conditions
30 \[Xmcl) |MCLR Pulse width (low) 2 — — us
3 Twhr | Watchdog Timer Time-out Period 7 18 33 ms
<§> (No Postscaler)
32 ( TosT Oscillation Start-up Timer Period 1024Tosc| — |1024Tosc| — |Tosc = OSC1 period
33 TPwWRT | Power up Timer Period 28 72 132 ms
34 Tioz 1/0 Hi-Impedance from MCLR Low — 2 — us
or Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us | VDD < BvbD (see DO05)
36 TIivRST | Time for Internal Reference — 20 50 us
Voltage to become stable
37 TLVD Low Voltage Detect Pulse Width 200 — — Us | VDD < VLVD

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 315



PIC18FXX20

FIGURE 26-11: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

Tock fl 3:} j:L

Q= |
e S T

|
Note: Refer to Figure 26-4 for load conditions. ” @ |

TABLE 26-12: TIMERO AND TIMER1 EXT@@%K REQUIREMENTS

Param. Symbol Characteristic w Min Max | Units | Conditions
No. -
40 TtOH TOCKI High Pulse Widt No Prescaler 0.5Tcy + 20 — ns
%With Prescaler 10 — ns
41 TtOL TOCKI Low P e Wi th No Prescaler 0.5Tcy + 20 — ns
With Prescaler 10 — ns
42 TtOP TOCK No Prescaler Tcy + 10 — ns
With Prescaler Greater of: — ns |N = prescale
20 ns or Tcy +40 value
v N 1, 2, 4,..., 256)
45 TtlH 1 Synchronous, no prescaler 0.5Tcy + 20 — ns
h ime |synchronous, |PIC18FXX20 10 — ns
with prescaler |pjc18L FXX20 25 — | ns
Q Asynchronous |PIC18FXX20 30 — ns
(‘\\ PIC18LFXX20 50 — ns
46\ Vel T1CKILow |Synchronous, no prescaler 0.5Tcy +5 — ns
\§ Time Synchronous, |PIC18FXX20 10 — ns
with prescaler  |pjc18L FXX20 25 — | ns
Asynchronous |PIC18FXX20 30 — ns
PIC18LFXX20 TBD TBD ns
47 TtlP T1CKI Synchronous Greater of: — ns |N = prescale
Input 20 ns or Tcy + 40 value
Period N (1, 2,4,8)
Asynchronous 60 — ns
Ft1 T1CKI Oscillator Input Frequency Range DC 50 kHz
48 Tcke2tmrl | Delay from External T1CKI Clock Edge to 2Tosc 7Tosc | —
Timer Increment
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PIC18FXX20

FIGURE 26-12: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)

CCPx

(Capture Mode) —m

1 50 ' 51 —=_ .

52

CCPx 7}[ I ! %
(Compare or PWM Mode) o Lo
— :53| -— — 154‘ -— @

Note: Refer to Figure 26-4 for load conditions.

N\

TABLE 26-13: CAPTURE/COMPARE/PWM REQUIREM 7\ P MODULES)
P?\Ir(e)lm. Symbol Characteristic x MMin Max Units Conditions
50 Tecl CCPxInputLow | No Prescalef\\ \\ >~ 0.5Tcy + 20 — ns
Time Wit @ PIS8FXX20 10 — ns
)’;99}? PIC18LFXX20 20 — ns
51 TccH CCPx Input Ngﬂescaler 0.5Tcy + 20 — ns
High Time With PIC18FXX20 10 — ns
A\> Prescaler | pjc18LFXX20 20 — ns
52 TccP. %x\u:‘put Period 3Tcy + 40 — ns | N =prescale
(\\ N value (1,4 or 16)
53 I—i\/ CCPx Output Fall Time PIC18FXX20 — 25 ns
@% PIC18LFXX20 — 45 ns
54 TccF CCPx Output Fall Time PIC18FXX20 — 25 ns
PIC18LFXX20 — 45 ns
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FIGURE 26-13:

PARALLEL SLAVE PORT TIMING (PIC18F8X20)

RE2/CS

REO/RD —\\—/

REL/WR

RD7:RDO

Note:

Refer to Figure 26-4 for load conditions.

TABLE 26-14: PARALLEL SLAVE PORT REQUIREMENTS @

Pall\ll’gm Symbol Characteristic @&/ Min | Max | Units Conditions
62 TdtvV2wrH | Data in valid before WR 1 20 — ns
(setup time) 25 — ns | Extended Temp. range
63 TwrH2dtl |WR 1 or CS 1 ¢ é@ PICI8FXX20 | 20 | — | ns
invalid (hold ey PICI8LFXX20 | 35 | — | ns
64 TrdL2dtvV |RD 1 & to-data—out valid — 80 ns
» (\\/\ — 90 ns | Extended Temp. range
65 TrdH2d ﬁ S | to data—out invalid 10 30 ns
66 Ti @\Git of the IBF flag bit being cleared from — 3Tcy
(] WR torCS 1t

\
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PIC18FXX20

FIGURE 26-14: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)
ss %’
‘«— 70—
SCK / \
(CKP = 0) I\(
' 71— 72— —
; ; L 78 79
(CKP = 1) I . . 3 2
. ' 80 : : 79 78
| —, ! . C
SDO ‘% % . MSb X bit6 - - 22 -1 >< LSb
. L ! e )
' : 75,76
S S
173
Note: Refer to Figure 26-4 for load conditions.

TABLE 26-15: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

PaNrgm. Symbol Characteristic Min Max | Units wons
70 TssL2scH, |SSt to SCK i or SCK 1 input To s ()
TssL2scL Y X\
71 TscH SCK input high time Continuous 1.25Tcy + 30 (A\ }\5
71A (Slave mode) Single Byte 40 \ X ns (Note 1)
72 TscL SCK input low time Continuous 1.25{%\\%’\3‘(1 — ns
72A (Slave mode) Single Byte 012@\\) — | ns (Note 1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge
. 100 — ns
TdiV2scL Q
73A TB2B Last clock edge of Bytel to the 1st¢lo K&t 9%1/ (Note 2)
1.5Tcy + 40 — ns
Byte2 =
74 TscH2diL, [Hold time of SDI data ipput t C\,@&i@e
. 100 — ns
TscL2diL
75 TdoR SDO data out e\'\@? PIC18FXX20 — 25 | ns
(\\\ PIC18LFXX20 — 45 ns
76 TdoF SDQ\Qat\a\ t fall time — 25 ns
78 TscR \Gutput rise time PIC18FXX20 — 25 | ns
S Mabfer mode) PIC18LFXX20 — 45 | ns
79 ;l'Qcﬁ\ )) SCK output fall time (Master mode) — 25 ns
80 'Ec \ckj(/, SDO data output valid after PIC18FXX20 — 50 ns
cL2doV  |SCK edge PIC18LFXX20 — 100 | ns

Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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PIC18FXX20

FIGURE 26-15: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)

SDO

SDI

Note: Refer to Figure 26-4 for load conditions.

TABLE 26-16: EXAMPLE SPI MODE REQUIR% (MASTER MODE, CKE = 1)

Pa;\rlsm. Symbol Charact@ Min Max | Units | Conditions
71 TscH SCK input high tim Continuous 1.25Tcy+30 | — | ns
71A (Slave mode) Single Byte 40 — | ns (Note 1)
72 TscL SCKinput Continuous 1.25Tcy +30 | — ns
72A (Slave mo(@“ﬁy” Single Byte 40 — | ns (Note 1)
73 Td@VZscH, Setup t Uatalnput to SCK edge 100 L ns

TdiV2scL

73A TB2B Las e of Bytel to the 1st clock edge 1 5Tcy + 40 . ns (Note 2)
rof.Byte

74 TscH2d_|<\ w of SDI data input to SCK edge 100 — | ns

TscL2dil
75 Td@ SDO data output rise time | PIC18FXX20 — 25 | ns
PIC18LFXX20 45 ns
76 ‘F@F) ) SDO data output fall time — 25 ns
78 w SCK output rise time PIC18FXX20 — 25 ns
@D (Master mode) PIC18LFXX20 45 | ns
79 \g TscF SCK output fall time (Master mode) — 25 ns
80 TscH2doV, |SDO data output valid after | PIC18FXX20 — 50 ns
TscL2doV | SCK edge PIC18LFXX20 100 | ns
81 TdoV2scH, | SDO data output setup to SCK edge Toy o ns

TdoV2scL

Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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FIGURE 26-16: EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

(C
— )

/ N / \ %’Zf—:\:_%_”
(CKP = 1)

SDbO . MSb X bit6 - - <5 - -
SDI : bit6 - - <21
Note: Refer to Figure 26-4 for load conditions.

TABLE 26-17: EXAMPLE SPI MODE REQU/I@‘%(SLAVE MODE TIMING (CKE = 0))

P?\;gm' Symbol Charaw Min Max | Units |Conditions
70 TssL2scH, |SS | to SCK | or%ﬂnput Tcy — | ns
TssL2scL
71 TscH SCK input high-time Continuous 1.25Tcy + 30| — ns
71A (Slave mod A Single Byte 40 — | ns | (Note1)
72 TscL SCKinp Io\&\tm_ey Continuous 1.25Tcy + 30| — ns
72A (Slave m%\ Single Byte 40 — | ns | (Notel)
73 TdiV2scH, Setub\i\ | data input to SCK edge 100 — ns
TdiV2scL |~
73A TB2B ka%pcl)@?edge of Bytel to the first clock edge of Byte2 | 1.5Tcy +40 | — ns (Note 2)
74 TscH2dil H%d;time of SDI data input to SCK edge 100 — ns
Tsclai
75 'SDO data output rise time PIC18FXX20 — 25 ns
}{@R\\ PIC18LFXX20 45 ns
76 BF// SDO data output fall time — 25 ns
77\ N‘Fss}lﬁdoz SS 1 to SDO output hi-impedance 10 50 ns
78 TscR SCK output rise time (Master mode) PIC18FXX20 — 25 ns
PIC18LFXX20 45 ns
79 TscF SCK output fall time (Master mode) — 25 ns
80 TscH2doV, |SDO data output valid after SCK edge |PIC18FXX20 — 50 ns
TscL.2doV PIC18LFXX20 100 | ns
83 TscH2ssH, SS 1 after SCK edge 15Tcy+40 | — ns
TscL2ssH

Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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FIGURE 26-17: EXAMPLE SPI SLAVE MODE TIMING (CKE =1)
_ T B2 :
SS c . ( /L
o D :
sek ~—70— ' ; ;
(CKP =0) : s N\ . L/—\~— 83—»5
71— <— 72— ! ! :
SCK Co\o / ;
(CKP =1) ! \ . .
Lo ' 80 |
1 |<_>|
( I
SDO 1 X LSh
SDI g
Lo74
Note: Refer to Figure 26-4 for load conditions. ~ Q

TABLE 26-18: EXAMPLE SPI SLAVE MODE @&%MENTS (CKE=1)

Pa;\:gfn. Symbol Chara@ Min Max | Units | Conditions
70 TssL2scH, |SS ! to SCK | o% 1 inputy> Toy — | ns
TssL2scL S
71 TscH SCK input high tﬁw Continuous 1.25Tcy +30 | — ns
71A (Slave modey™ 7 Single Byte 40 — | ns | (Note1)
72 TscL SCK input lpw tim Continuous 1.25Tcy +30 | — ns
72A (Slave fQode Single Byte 40 — | ns | (Noted)
73A TB2B Las(a@\k%dbg of Bytel to the first clock edge of Byte2| 1.5Tcy +40 | — ns (Note 2)
74 TscH2diL, [Hold f of SDI data input to SCK edge — ns
TscL2diL . 100
75 TdoR Vgﬂ?ﬂa output rise time PIC18FXX20 — 25 | ns
PIC18LFXX20 45 ns
76 TdoF Ny §DO data output fall time — 25 ns
77 ’jis’s“ﬁ\gﬁqz SS 1 to SDO output hi-impedance 10 50 ns
78 W SCK output rise time PIC18FXX20 — 25 | ns
i (Master mode) PIC18LFXX20 — 45 | ns
79\ \/ JTseF SCK output fall time (Master mode) — 25 ns
80 \} TscH2doV, [SDO data output valid after SCK |PIC18FXX20 — 50 ns
TscL2doV |edge PIC18LFXX20 — 100 | ns
82 TssL2doV |SDO data output valid after SS | |PIC18FXX20 — 50 ns
edge PIC18LFXX20 — 100 ns
83 Egﬁ;ssss: SS t after SCK edge 15Ty +40 | — ns

Note 1: Requires the use of Parameter #73A.
2: Only if Parameter #71A and #72A are used.
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PIC18FXX20

FIGURE 26-18: I°C BUS START/STOP BITS TIMING

SCL

START ST
Condition Cordition

Note: Refer to Figure 26-4 for load conditions. m

TABLE 26-19: 12C BUS START/STOP BITS REQUIREMENTS (SL )
Param. Symbol Characteristic Min Q Il\gits Conditions
No. e&

90 Tsu:sTA | START condition 100 kHz mode 4700 N\ ns | Only relevant for Repeated
Setup time 400 kHz mode |~ 600 ) ) — START condition

91 THD:STA | START condition 100 kHz mode /4/060—/ — ns | After this period, the first
Hold time 400 kHz mode <600 — clock pulse is generated

92 Tsu:sTo | STOP condition 100 kHz,m\dq \g700 — ns
Setup time 400 kH2xede— | 600 —

93 THD:sTO | STOP condition 100 kNZ2wode | 4000 | — | ns
Hold time 1400 kHzode | 600 —

FIGURE 26-19:  1°C BUS DATA TI|

' Mh 100

'e— 101 —»

SCL

106'«— 107 !
! — !

Qte: Refer to Figure 26-4 for load conditions.
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TABLE 26-20: 1°C BUS DATA REQUIREMENTS (SLAVE MODE)

Param.

No Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock high time 100 kHz mode 4.0 — us  [PIC18FXX20 mus rate
at a minimum «f 1]
400 kHz mode 0.6 — | us [PIC18FX Ei%irate
at a minifngim of 30 MHz
SSP Module 15Tcy | — \\_//
101 TLow Clock low time 100 kHz mode 4.7 — us (P 9;%)” must operate
A ¢ ini of 1.5 MHz
400 kHz mode 1.3 — W PIC X20 must operate
z;ﬁt\a\minimum of 10 MHz
SSP Module 15Tey | — 7
102 TR SDA and SCL rise |100 kHz mode — 100Q \i&
time 400 kHz mode | 20+0.1CB | 3 \\n\§ Cs is specified to be from
A 10 to 400 pF
103 TF SDA and SCL fall {100 kHz mode — ;f)?)\\, ns
time 400 kHz mode | 20 + \\390 ns [Csis specified to be from
10 to 400 pF
90 Tsu:sTA  |START condition 100 kHz mode |/ \4\\7\/ — us  [Only relevant for Repeated
setup time 400 kHz mode W'G _ ps |START condition
91 THD:STA |START condition  |100 kHz mod@\ \4.0 — us | After this period, the first
hold time 400 kHz W 0.6 _ Us clock pulse is generated
106 THD:DAT |Data input hold 100 kl@\m\b@\ 0 — ns
time 400 kHz mode 0 09 | ps
107 Tsu:DAT |Data input setup @%Hz mode 250 — ns |[(Note 2)
time ka;mode 100 — ns
92 Tsu:sTo |STOP conditi T&deqz mode 4.7 — us
setup time 400 kHz mode 0.6 — us
109 TAA Output vali Om—1100 kHz mode — 3500 ns |[(Note 1)
clock 400 kHz mode — — ns
110 TBUF free\ﬂ'@ 100 kHz mode 4.7 — us  |Time the bus must be free
v 400 kHz mode 1.3 _ Us before a new transmission
can start
D102 |Cs Bys\ohpacitive loading — 400 pF
Note 1: As-atransmi er, the device must provide this internal minimum delay time to bridge the undefined region

@

00 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.
mode 12C bus device can be used in a standard mode 12C bus system, but the requirement
PAT = 250 ns must then be met. This will automatically be the case if the device does not stretch the

W period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it must out-
put the next data bit to the SDA line.
TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the standard mode 12C bus specification) before
the SCL line is released.
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PIC18FXX20

FIGURE 26-20:

MASTER SSP 1°C BUS START/STOP BITS TIMING WAVEFORMS

SDA

START
Condition

Note: Refer to Figure 26-4 for load conditions.

N\

TOP
oridition

Y

Y

TABLE 26-21: MASTER SSP I°C BUS START/STOP ?KEFS,\\%% REMENTS

N
Pe:\:gm. Symbol Characteristic @\Mﬂ\/ Max | Units Conditions
90 Tsu:STA |START condition |100 kHz moés\ }(ﬂ'\/BSC)(BRG +1) — ns |Only relevant for
Setup time 400 ku@m@\\ﬁmsc)(BRG +1) — Repe_a_lted START
condition
1 MHz mode®™} 2(Tosc)(BRG +1) | —
91 THD:STA |START condition /2(90 kHz mode 2(Tosc)(BRG + 1) — ns |After this period, the
Hold time GoGkHz mode | 2(Tosc)BRG +1) | — first C'Ofkdpu'se Is
S @ " — generate
7 mode 2(Tosc)(BRG + 1)
92 Tsu:sTo |STOP condi@d‘»oo kHz mode | 2(Tosc)(BRG + 1) — ns
Setup ti 400 kHz mode | 2(Tosc)(BRG + 1) —
1 MHz moded | 2(Tosc)(BRG + 1) —
93 THD:STO P corgifion  [100 kHz mode | 2(Tosc)BRG+1) | — | ns
o1, 400 kHz mode | 2(TosC)(BRG +1) | —
1 MHz mode | 2(Tosc)(BRG + 1) —

Note 1: Win capacitance = 10 pF for all 1’c pins.

MASTER SSP 12C BUS DATA TIMING

103-» (- . 100

o .
: ! I:: : o~ lpl_’i ||I

106 «—m .

107

—

Note:

Refer to Figure 26-4 for load conditions.
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TABLE 26-22: MASTER SSP I1°2C BUS DATA REQUIREMENTS

Pa;\:sm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock high time 100 kHz mode | 2(Tosc)(BRG +1) | — ms \
400 kHz mode | 2(Tosc)BRG +1) | — | ms D
1 MHz mode® | 2(Tosc)BRG +1) | — | ms N
101 |TLow |Clock lowtime |100 kHz mode | 2(Tosc)BRG+1) | — | ms (( )
400 kHz mode | 2(Tosc)BRG +1) | — | ms \—/
1 MHz mode® | 2(Tosc)BRG+1) | — | ms f/
102 TR SDA and SCL 100 kHz mode — 1000 ns %peciﬁed to be from
rise time 400 kHz mode 20 +0.1CB 300 | (he~|10A00pF
1 MHz mode® — 300 S A
103 TF SDA and SCL 100 kHz mode — 306\\ \Q§\> CB is specified to be from
fall time 400 kHz mode 20+0.1c8  |<38Q} \ng |1010 400 pF
1 MHz mode® — NENSNE
90 TSU:STA |START condition {100 kHz mode | 2(Tosc)(BRG +i)/ — ms |Only relevant for
setup time 400 kHz mode 2(Tosc)(§RG\+\\1$\ _ ms Repe_qted START
1 MHz mode® 2(Tosc)(l{RG§\ i;) — ms _|condition
91 THD:STA |START condition {100 kHz mode 2(1@&)(&@) — ms | After this period, the first
hold time 400 kHz mode ZQTSS'{{XBRG +1) | — ms |clock pulse is generated
1 MHz mode® N&Q@RG +1) | — ms
106  |THD:DAT |Data input 100 kHz mode |, 0 — ns
hold time 400 kHz figde Y\, 0 09 | ms
1 MHz mode™} TBD — | ns
107 TSuU:DAT |Data input 1(ya/)<ﬁ/zg'node 250 — ns |(Note 2)
setup time 42)93{,{{ y@ie 100 _ ns
/7 ME2p6de® TBD — | ns
92 Tsu:sTo |STOP con itidK 100 kHz mode | 2(Tosc)BRG +1) | — | ms
setup time 400 kHz mode | 2(Tosc)BRG +1) | — | ms
~— 11 MHz mode® | 2(Tosc)(BRG +1) | — ms
109 [Taa Opitputvalitkfiem | 100 kHz mode — 3500 | ns
cl Cb 400 kHz mode — 1000 | ns
1 MHz mode® — — ns
110 TBUN%free time 100 kHz mode 4.7 — ms | Time the bus must be free
400 kHz mode 1.3 _ ms |before anew transmission
@ 1 MHz mode® TBD — [ ms |CAS
D]@t@& Bus capacitive loading — 400 pF
No

Wimum pin capacitance = 10 pF for all 1’c pins.

i A fast mode 12C bus device can be used in a standard mode 12C bus system, but parameter #107 = 250 ns
must then be met. This will automatically be the case if the device does not stretch the LOW period of the
SCL signal. If such a device does stretch the LOW period of the SCL signal, it must output the next data bit to
the SDA line, parameter #102.+ parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode) before the SCL
line is released.
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FIGURE 26-22: USART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RC6/TX/CK ﬁ O\
pin _> :4—'121 —» - 121 o &\

RC7/RX/IDT , ><

pin : X
——:12054— —, -— @
122+ \

Note: Refer to Figure 26-4 for load conditions. &

NV
TABLE 26-23: USART SYNCHRONOUS TRANSMISSION REQUIR I\K
Param. Symbol Characteristic xyMax Units | Conditions
No. R
120 TckH2dtV |[SYNC XMIT (MASTER & SLAVE) <3

Clock high to data out valid PIC18EXX20 — 40 ns
PICIBIFXX29 |~ — 100 ns
121 Tekrf Clock out rise time and fall time arf;l\ggi\xxzbj — 20 ns
(Master mode) PIIBLFXX20| — 50 ns
122 Tdtrf Data out rise time and fall time N@;BFXXZO — 20 ns
RICLFXX20| — 50 ns

S

FIGURE 26-23: USART SYNCH)%})N%ECEIVE (MASTER/SLAVE) TIMING

Lo

RC6/TX/CK \
: -

RC7/RX/IDT
pin Q

X

-« 126—

Note: &eﬂ@%re 26-4 for load conditions.

TABL@ USART SYNCHRONOUS RECEIVE REQUIREMENTS

mbol Characteristic Min Max Units Conditions
@Np>§

125\§ Tdtv2ckl |SYNC RCV (MASTER & SLAVE)
Data hold before CK | (DT hold time) 10 — ns

126 TckL2dtl | Data hold after CK | (DT hold time) 15 — ns

00 2001 Microchip Technology Inc. Advance Information DS39580A-page 327



PIC18FXX20

TABLE 26-25: A/D CONVERTER CHARACTERISTICS: PIC18FXX20 (INDUSTRIAL, EXTENDED)
PIC18LFXX20 (INDUSTRIAL)

Pilram Symbol Characteristic Min Typ Max Units W
0. [\
A0l NR Resolution — — 10 bit |VREE =\VRD = B.0V
— — TBD bit | VR .0V
A03 EiL Integral linearity error — — <#l LSb EF ;\@) > 3.0V
— — TBD LSK/{VRER = VDD < 3.0V
AO4 EbL Differential linearity error — — <#l REPZ VDD > 3.0V
— — TBD F =VDD < 3.0V
AO05 EFs Full scale error — — <#l \ L VREF = VDD 2 3.0V
— — TBD~\ WL VREF = VDD < 3.0V
A06 EOFF Offset error — — <z N \)_Sb VREF = VDD = 3.0V
— — '/ JBD LSb |VREF = VDD < 3.0V
A10 — Monotonicity guaranteeh‘@/(\7 — |Vss < VAN £ VREF
A20 VREF Reference voltage ov N \%
A20A (VREFH - VREFL) 3v — V  |For 10-bit resolution
A21 VREFH |Reference voltage High AVS§/ ~~tAVoD + 0.3V]| V
A22 VREFL |Reference voltage Low AVSSA0. < — AVDD \%
A25 VAIN Analog input voltage A)/a@\( N2— |VRer+0.3V| V
A30 ZAIN Recommended impedance of — 10.0 kQ
analog voltage source
A40 IAD A/D conversion | PIC18FXX20 \>— 180 — MA |Average current
current (VDbD)  |pic1 _ 90 _ A consumption when
A/D is on (Note 1)
A50 IREF VREF input curre te\2)\/ 10 — 1000 MA | During VAIN acquisition.
Based on differential of
VHOLD to VAIN. To charge
CHoLD see Section 19.0.
— — 10 MA | During A/D conversion
cycle.

ot consume any current other than minor leakage current. The power-down current
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FIGURE 26-24: A/D CONVERSION TIMING

Note

AD CLK <+—132»,

AID DATA
: RN
ADRES ! OLD_DATA QX NEW DATA
ADIF :

SAMPLE SAMPLING STOPPED \ |
o

BSF ADCONO, GO

—| - (Note 2)

Q4_,7

131

Koo X s Xm e X2 Xe X o X8 )

GO ; \; DONE

1: If the A/D clock source is selected as RC, a time of Tcy is added before |

This allows the SLEEP instruction to be executed.
2: This is a minimal RC delay (typically 100 nS), which also disconn@)din capacitor from the analog input.

TABLE

26-26: A/D CONVERSION REQUIF/{@K

P?\;gm' Symbol Characterist@ Min Max | Units Conditions
130 |Tap A/D clock period PPIC18FXX20 1.6 200 ps |Tosc based, VREF = 3.0V
é CABLFXX20 3.0 200) Us |Tosc based, VREF full range
{218FXX20 2.0 6.0 us |A/D RC mode
&j {’) [PIC18LFXX20 3.0 9.0 s |A/D RC mode
131 TcNv Conversiﬁg’n\e\/ 11 12 TAD
(not i i guisition time) (Note 1)
132 TACQ Acquisze (Note 3) 15 — pus |-40°C < Temp < 125°C
— 10 — us 0°C < Temp £ 125°C
135 Tswc SMWme from convert - sample — (Note 4)
136

TA%@WGI‘ settling time (Note 2) 1 — us | This may be used if the

“new” input voltage has not
changed by more than 1 LSb
Q (i.e.,5mV @ 5.12V) from the
last sampled voltage (as
stated on CHOLD).

ADRES register may be read on the following Tcy cycle.

See Section 19.0 for minimum conditions, when input voltage has changed more than 1 LSh.

The time for the holding capacitor to acquire the “New” input voltage, when the voltage changes full scale
after the conversion (AVDD to AVSs, or AVsSs to AVDD). The source impedance (RS) on the input channels is
50Q.

On the next Q4 cycle of the device clock.

The time of the A/D clock period is dependent on the device frequency and the TAD clock divider.
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27.0 DCANDAC
CHARACTERISTICS GRAPHS
AND TABLES

Graphs are not available at this time.
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28.0 PACKAGING INFORMATION

28.1 Package Marking Information

64-Lead TQFP Example
MICROCHIP MICROCHIP
XXXXXXXXXX PIC18F6620-1/PT
XXXXXXXXXX
XXXXXXXXXX
O YYWWNNN (O 0143017
80-Lead TQFP Example
MICROCHIP MICROCHIP
XXXXXXXXXXXX PIC18F8720-E/PT
XXXXXXXXXXXX
YYWWNNN 0142A24

Legend: XX...X Customer specific information*
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line thus limiting the number of available characters
for customer specific information.

*  Standard PICmicro device marking consists of Microchip part number, year code, week code, and
traceability code. For PICmicro device marking beyond this, certain price adders apply. Please check
with your Microchip Sales Office. For QTP devices, any special marking adders are included in QTP
price.
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28.2 Package Details

The following sections give the technical details of the
packages.

64-Lead Plastic Thin Quad Flatpack (PT) 10x10x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

E—————
— E1l —
#leads=n1
p
 — —
—_  —
— —
 — —
—_ —
— —
 — —
= = D1 D
 — —
—_ —
— —
 — —
—_ — 2
= @) =
5 A
R
n
CH x 45° \0(
{ !
|
\ A2
1 |
¢
Al—
r— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 64 64
Pitch p .020 0.50
Pins per Side nl 16 16
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .006 .010 0.05 0.15 0.25
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ¢ 0 35 7 0 3.5 7
Overall Width E 463 472 482 11.75 12.00 12.25
Overall Length D 463 AT2 482 11.75 12.00 12.25
Molded Package Width E1l .390 .394 .398 9.90 10.00 10.10
Molded Package Length D1 .390 .394 .398 9.90 10.00 10.10
Lead Thickness c .005 .007 .009 0.13 0.18 0.23
Lead Width B .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top [ef 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter
§ Significant Characteristic

Notes:

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.

JEDEC Equivalent: MS-026

Drawing No. C04-085
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80-Lead Plastic Thin Quad Flatpack (PT) 12x12x1 mm Body, 1.0/0.10 mm Lead Form (TQFP)

E
e 1

#leads=n1

TR EARAEAARARARRARRTRRRIAN

HHHHHHHHHHHHHHHHHHHH 1

CH x 45°

=

e

FA

S 1—
[a— (F)
Units INCHES MILLIMETERS*
Dimension Limits MIN NOM MAX MIN NOM MAX
Number of Pins n 80 80
Pitch P .020 0.50
Pins per Side nl 20 20
Overall Height A .039 .043 .047 1.00 1.10 1.20
Molded Package Thickness A2 .037 .039 .041 0.95 1.00 1.05
Standoff § Al .002 .004 .006 0.05 0.10 0.15
Foot Length L .018 .024 .030 0.45 0.60 0.75
Footprint (Reference) (F) .039 1.00
Foot Angle ] 0 35 7 0 35 7
Overall Width E 541 .551 .561 13.75 14.00 14.25
Overall Length D 541 .551 .561 13.75 14.00 14.25
Molded Package Width El 463 472 482 11.75 12.00 12.25
Molded Package Length D1 463 472 482 11.75 12.00 12.25
Lead Thickness c .004 .006 .008 0.09 0.15 0.20
Lead Width .007 .009 .011 0.17 0.22 0.27
Pin 1 Corner Chamfer CH .025 .035 .045 0.64 0.89 1.14
Mold Draft Angle Top a 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significal
Notes:

nt Characteristic

Dimensions D1 and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed
.010” (0.254mm) per side.
JEDEC Equivalent: MS-026

Drawing N

0. C04-092
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APPENDIX A: REVISION HISTORY

Revision A (October 2001)

Original data sheet for PIC18FXX20 family.

APPENDIX B:

DEVICE

DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table 1.

TABLE 1: DEVICE DIFFERENCES
Feature PIC18F6620 PIC18F6720 PIC18F8620 PIC18F8720
On-chip Program Memory (Kbytes) 64 128 64 128
1/0 Ports Ports A, B, C, D, Ports A, B, C, D, | PortsA, B, C, D, Ports A, B, C, D,
E,FG E,FG E,F,GH,J E,F,GH,J
A/D Channels 12 12 16 16
External Memory Interface No No Yes Yes
Package Types 64-pin TQFP 64-pin TQFP 80-pin TQFP 80-pin TQFP

0 2001 Microchip Technology Inc.
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for con-
verting from previous versions of a device to the ones
listed in this data sheet. Typically, these changes are
due to the differences in the process technology used.
An example of this type of conversion is from a
PIC17C756 to a PIC18F8720.

Not Applicable

APPENDIX D: MIGRATION FROM
MID-RANGE TO
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18F442." The changes discussed, while device
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available as Literature Number
DS00716.
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APPENDIX E: MIGRATION FROM
HIGH-END TO
ENHANCED DEVICES

A detailed discussion of the migration pathway and dif-
ferences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXXX) is provided in AN726, “PIC17CXXX to
PIC18FXXX Migration.” This Application Note is avail-
able as Literature Number DS00726.
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Acquisition Requirements .........ccccccceevvieerriieennnnen. 212
ACQUISIEION TIME ....veiiiiiie e 212
ADCONO REGISIEN .ocuvvveeviiiee e erie e sree e sre e 207
ADCONL REQISLEN ..ciiiiiiiieeeiiiee e 207
ADCON2 REQISIEN ...cueiiiiiiiieeiiiee e 207
ADRESH REQISIEN ..ccovvvieiiiie e 207,210
ADRESL REQISIEr ...cceevveiriiiiiieicieeieseinecen 207,210
Analog POrt PiNS ......ociiiiiiiiiiiieeeie e
Analog Port Pins, Configuring ....
Associated Register Summary ............
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Time (EXample) ....cccveeiiireeiiee e 212

CCP2 THYOET euvieieeiiie et ee sttt et 214
Configuring the Module ..........cccooooiiiiiiiiiiiee e, 211
Conversion CIOCK (TAD) ....ccccveeeciveeeiiiieessiieeessiineennens 213
Conversion Status (GO/DONE Bit) ........cccceviveernins 210
Conversion Tad CYCIeS ......cccceovuveeeiieieeiiieeeeciieees 214
CONVETSIONS ..ottt 214
Converter CharacteristiCs .........ccccovvveeriieeiniieennnes 328
EQUALIONS ..ot 212
Minimum Charging Time .......cccccveevvieeiiiree e 212
Special Event Trigger (CCP) .....occveivieeeiiiieeeiieeens 146
Special Event Trigger (CCP2) ......cccoveeeiiiiieeeiiieens 214
TAD vs. Device Operating Frequencies (Table) ....... 213
TimMING Diagram .......ccccooiieeriiiiee e
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AC (Timing) Characteristics
Load Conditions for Device Timing

SPECIfiCAtIONS ...oooveeiiiiiie e 310
Parameter Symbology .......ccccccecveeviieiiiiee e 309
Temperature and Voltage Specifications ................. 310
Timing ConditioNS ........occieiiiiiie e 310
ACKSTAT Status Flag ......ccoceevieieeiiiie e siee e 181
ADCONO REGISIEN ..eevivvieiiiiieesieieeeiteeesiae e sstve e sieaeaesnenees 207

GO/DONE Bit .ccoiiviiiiie e 210
ADCONL REGISIEN ..evviiieiiiiieesieeeseeeesvae e see e srnae e sneeeas 207
ADCON2 REGISIEN ..eeviivieiiiiieesieieeeeeeesiae e sae e sinaeeesneeeas 207
ADDLW .o 257
Addressable Universal Synchronous Asynchronous

Receiver Transmitter (USART) ....ccooeevvveeevivneesninnnn. 191
ADDWEF .o 257
ADDWEC ...ttt 258
ADRESH Register ..... ...207,210
ADRESL REQISIEr ...ciiiiiiiiiiiie et 207,210
Analog-to-Digital Converter. See A/D
ANDLW Lo 258
ANDWE .o 259
Assembler

MPASM ASSEMDIET ...co.ooiiiiiiiiiiiicce e 293
B
Baud Rate Generator ..........ccccoveeeeiiieeenieeeeiee e e 177
B ittt s 259
B e 260
BF Status FIag ......cccooeiviiiiiiie e 181
Block Diagrams

16-bit Byte Select Mode ........ccccccveveviiieeviiee e, 75

16-bit Byte Write MOde .........ccoevveiiiiiiiiiiiee e, 73

16-bit Word Write Mode .........coooeeiiiiiiiniiee e, 74

AID o 210
Analog Input Model ....... . 211
Baud Rate Generator ...... . 177
Capture Mode Operation ..........ccccovcveeviciveesieeeennnnn 145
Comparator

Analog Input Model .........ccccooiiiiiiiiiiiieee, 221

1/O Operating Modes (Diagram) .........ccccccveen. 218
Comparator OUIPUL ........ceeveeiiiiiriieeeieiiiieee e 220
Comparator Voltage Reference ...........cccoceeveeeennn. 224
Compare Mode Operation ..........cccccveevecvveesieeeennnnns 146

Low Voltage Detect

External Reference Source

Internal Reference Source .
MSSP (12C Master Mode) ..........ccoueeeveeereeeesreeneen.
MSSP (12C MOUE) ...,
MSSP (SPIMOAE) ..cvvveeiiiie e ciee e
On-Chip Reset CIrCUIL .......cccoieiriiiiiee e
PIC18F6X20 Architecture
PIC18F8X20 Architecture
PLL e

PORT/LAT/TRIS Operation ........cccceeveeeeniiieeniieeees
PORTA

RA3:RAQ and RA5 PiNs .......ccccceeiiieniiiiiasiine 100

RAA/TOCKI Pin ...ooiviiiiiiiie e 100

RAG Pin (@S 1/O) .uveeveiveeieie e 100
PORTB

RB2:RBO Pins

RB3 Pin .............

RB7:RB4 Pins .
PORTC (Peripheral Output Override) ...........c..cec.... 105
PORTD and PORTE

Parallel Slave Port ..........ccocveiieiieeniiiiecnee 124
PORTD in /O Port Mode .......cccccoiveiiiiiiieeiiee e 107
PORTD in System Bus Mode . . 108
PORTE in I/O Mode ............. . 111
PORTE in System Bus Mode .........cccoccevriiieriiinnnnne 111
PORTF

RF1/AN6/C20UT and RF2/AN5/C1OUT

PiNS i 113

RF6/RF3 and RFO PinS ........ccccevieiniiniciiene 114

RET7 PiN oo 114
PORTG (Peripheral Output Override) ...........ccceeen. 116
PORTH

RH3:RHO Pins in System Bus Mode ............... 119

RH3:RHO Pins in /O Mode ............ .. 118

RH7:RH4 Pins in /O Mode ........ccccceovineiiennne 118
PORTJ

RJ4:RJ0 Pins in System Bus Mode ................. 122

RJ7:RJ6 Pins in System Bus Mode ................. 122
PORTJ in /O Mode ......ccoeevvivniicriieennn. . 121
PWM Operation (Simplified) .................. .. 148
Reads from FLASH Program Memory ... ... 65
Single CoMPArator .........ccceevveeiiireesie e seeeeneee e 219
Table Read Operation ..........ccccoeceeeiiieiee e 61
Table Write Operation ...........cccceevvvveevvieessineeeiieeenes 62
Table Writes to FLASH Program Memory ................ 67
Timer0 in 16-bit Mode ..........ccooeviiiiiiiiiiiceee 128
Timer0 in 8-bit Mode .........cocoveviiiiiiccen 128
Timerl ..o . 132
Timerl (16-bit R/W Mode) ... . 132
TIMer2 ...oocoevvveviiiiieiene .. 136
TIMEI3 o 138
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Timer3 in 16-bit R/W Mode .........ccccoevvieiiiiiiiiiens 138

TIMEIA oo 142
USART

Asynchronous RECEIVE ........ccccvvveviieeeiiieeeinnns 199

TranSmMit .ooceeceeerveeeeeeeee e ...197

Voltage Reference Output Buffer Example . ...225

Watchdog TIMET ......ovieiiiieiiiiee e 244

BN e 260

BNC i 261

BNN L 261

BRG. See Baud Rate Generator.
Brown-out Reset (BOR) ........ccccveviveeeiiireesiieeesieee s 30, 233
TimMING Diagram .........cccceoviiieiiiie e 315

C
CALL oo ...266
Capture (CCP Module) ......... ...145
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CCP Pin Configuration ....... ...145
CCPR1H:CCPRIL REQISterS ...cccvveeiiiieeiiieeeiiieeens 145
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16 x 16 Unsigned Multiply Routine ............ccceeeieeeenee 82
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Software INTErrupt ......oeeeveiiiiiieiree e

Special Event Trigger ......ccccvevveeviereennen.

Timerl/Timer3 Mode Selection ...........cccceeeeveeiiinenn. 146
Compare (CCP2 Module)

Special Event Trgger ....cccoeeveveeriieee e seeeeeneeeens 214
Configuration BitS .........cooiueiiiiiieiiiieee e 233
Context Saving During INterrupts .......cecevveevveeevniieescieeens 98
Control Registers

EECON1 and EECON2 ......ccccoviiiiiiiieieeiee e 62

TABLAT (Table Latch) Register ........ccccceevevvivveennennn. 64

TBLPTR (Table Pointer) Register ........cccccoecvveevivneens 64
Conversion Considerations .................. 338
CPFSEQ ..ooviiiieeieiieeee
CPFSGT ..
CPESLT ittt sbe e

D

Data EEPROM Memory
Associated REGISIEIS ......ccvvvveeiiiiie e 80
EEADR REQISLEI ....oeiiiiiiiiiiiiie et 77
EEADRH REQISEr ...coiiiiiiiiiiie et 77
EECONL REQGISIEN ..vveeiviieeciiiee e viiieeeiiie e setie e ree e 77
EECON2 REQGISIEN ..veeiiviieeiiiieeeviiieeeiiie e sste e eeve e 77
Operation During Code Protect ...
Protection Against Spurious Write ..
Reading ...ccccceeveeeeviieciree e .
WILE VETIY e e 80
WITING ©eeeiiiiie e ae et e e seae e enneees 79

Data MEMOIY ..o 47
General Purpose Registers .........ccccevveieriiieeinieeenns 47
Map for PIC18FXX20 DEeVIiCeS .......cccvveerirrreriiiireerinnen. 48
Special Function RegiSters .........ccovcvvvvciveeiiiveenineenn 47

DAW e 270
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DC CharacteriStiCS .........ceeruerueeriiiiienieeniie e
DCFSNZ ..ottt
DECHE ettt ettt
DECFSZ ....ccoovvovveieenne.
Development Support ..
Device Differences .......
DireCt AdAreSSINg ....eveevveeeeiiie e se e ee e
Direct AddreSSiNg .....cccveeeieeeesiie e eeeeeeeee e
E
Electrical CharacteristiCs ..........cccceieieeriieiinieee e 299
EFTAa .oeeeeeiei e 5
Extended Microcontroller Mode e 71
External Memory Interface ...........ccooccoeviiiniiiie e, 71
16-bit Byte Select Mode ..........ccceeiriiiiiniiie e, 75
16-bit Byte Write MOde .......cccceevveeiviiieeviiee e 73
16-bit MOE ... 73
16-bit Mode Timing .... ... 76
16-bit Word Write Mode ........ccooevveeiiiniiiniie e 74
PIC18F8X20 External Bus - I/O Port
FUNCLIONS . 72
Program Memory Modes and External
Memory INterface .........ccceeviieriiiie e 71
E
Firmware INSrUCtONS ........cocvieiiiiiieiieeee e 251
FLASH Program MemMOTY .......ccccuvveeieeiiniiiiiiiee e ensiiiieeeee e 61
Associated REQISIEIS .....ccccviviieiiiiie e eriiee e 70
Control REQISLEIS .....cciiiiieiiiieeeiie e 62
Erase SEQUENCE .....ccceveeiviiiiiiiiieee et 66
|1 T USSR 66
Operation During Code Protect ... 70
[ 2T To 1o S 65
Table Pointer
Boundaries Based on Operation ..............ccceeeue. 64
Table Pointer Boundaries ..........ccccocvvneenieinicnneenn. 64
Table Reads and Table Writes .........cccccevviiiicnneenn. 61
Wt SEQUENCE ....eiiiiiiiiiiiieeeiiee ettt 68
WItING TO woeeiiie e e .67
Protection Against Spurious Writes ... .70
Unexpected Termination ............. ... 70
WILE VETIY wvveeiiiiececie e 70
G
General Call Address SUPPOIt .....cccvvevieeeeriiieesiieeeesieeens 174
GOTO ittt ettt ettt sabe e e e aeeaee e 272
H
Hardware MUItIPlIEr ..........oocviiiiiiei e 81
INTFOAUCTION ... 81
Operation .......cccccveerenenn. ..81
Performance Comparison . ....81
HS/PLL et 23
|
/O POIS ittt 99
12C Mode
Acknowledge SequeNCe .........ccccoevveeeiiirenniiieeeniieen. 184
2] T 12113 o SRS 178
Bus Collision for Transmit and Acknowledge ........... 185
General Call Address Support .......cccccoeeviieeeinieennne 174
Master Mode
[0 01T -1 1 o o ISR
Master Mode Transmit SEQUENCE ............cccoceierienns
Read/Write Bit Information (R/W Bit)
Repeat START Condition Timing .........cccceevvvveerenenn.

Serial Clock (RC3/SCK/SCL) ..ccovvveeviereesiiieeeiiieenns 165
Slave Mode Timing (10-bit Reception) ..........ccccc.... 173
Slave Mode Timing (10-bit Reception,

SEN Z0) oottt

Slave Mode Timing (10-bit Transmission)
Slave Mode Timing (7-bit Reception,

SEN Z0) ceeeiiiiiieieie ettt 166
Slave Mode Timing (7-bit Reception,
SEN = 1) ottt 172
Slave Mode Timing (7-bit Transmission) ................. 167
Timing Diagram, Data ........c.cccceevivieeiiiieesiiee e 323
Timing Diagram, START/STOP BIitS ........ccccevcvvernnns 323
ICEPIC In-Circuit Emulator .........cccccceeriiiiiiniiniieiieciene 294
ID Locations .........ceecveeveennne .233, 250
1N (O N 272
INCESZ .t 273
IN-Circuit DEDUGQET ....cvvveeiiiie et 250
Resources (Table) .......ccocoiiiiiiiiii e 250
In-Circuit Serial Programming (ICSP) ..........cccveeee.. 233,250
Indirect Addressing .......ccccocevveeviereennen.

INDF and FSR Registers .
Indirect Addressing Operation .
Indirect File Operand .........cccccccccveeiieeeiiie e
LN ] A N
Instruction Cycle ....
Instruction Flow/Pipelining ........ccccoecvvveiiiieeiiiie e
Instruction FOrmMat .........cccoooeiiiiiie e
INSTTUCHION SeE ..ot

ADDLW ...

ADDWEF ...

ADDWFC

CPFSEQ .
CPFSGT .
CPFSLT .. .
DAW .o ere e ees e eee e se e
DCFSNZ oo es e se s seeseen

DECFSZ ..o
GOTO .....

INCF ...
INCFSZ ...
INFSNZ ...
IORLW ....
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SUBLW .o 287
SUBWEF ..o 287
SUBWEFB ... ..288

SWAPF .. ..288
TBLRD ... ..289
TBLWT oo 290
TSTFSZ oot 291
XORLW ittt 291
XORWE .o 292
Summary Table ... 254

INT Interrupt (RBO/INT). See Interrupt Sources.

INTCON REQGISIEIS ..vvvieiiiiieeiiieeeeiie et e e e sree e saae e 85

Inter-Integrated Circuit. See 12C.

INEEITUPE SOUICES ...oeeieiiiiiieiiee et 233
A/D Conversion Complete .........ccccevveiveniieeeiiineennnns 211
Capture Complete (CCP) ....ccueveeiieeieiie e 145
Compare Complete (CCP) ......ooevveieiiieiciiieeeiieeens 146
INTO e 98
Interrupt-on-Change (RB7:RB4) ...102

PORTB, Interrupt-on-Change ...

RBO/INT Pin, External ............ ..98
TMRO e 98
TMRO OVErfloW ....oooiiiiiiiiiiiieiiie e 129
TMRL OVErflow .....cccoeviviviiiiiiiiiieeeeie e 131,133
TMR2 to PR2 MatCh .......cccooiiiiiiiiieecieiiiee e 136
TMR2 to PR2 Match (PWM) .....ccociiiiiienee. 135, 148
TMR3 OVErflow .....ccoevvviiiiiiiiiiiieeecee v 137,139
TMR4 t0 PR4 Match ........ccoooiiiiiiiieecieiiiee e 142
TMR4 to PR4 Match (PWM) .. ..141

INEEITUPLS oeiieei ettt 83
Control REQISLEIS ......oviiiiiieiiiie et 85
Enable RegISIErs ..o 91
Flag REQISIEIS ...viiiviveeiiiie e e 88
LOGIC ntveee ettt ettt e
Priority Registers .............
Reset Control Registers ..

IORLW ..o

JIORWE e

IPR REGISIEIS .iviiiiciiiiecieie e estee et e s e e s ree e snae e anees

K

KEELOQ Evaluation and Programming TooIS ................... 296

LOW Voltage DEtecCt ..........ceeeieieiiiiieeiiiee e
Characteristics ............cccevene
Converter Characteristics
Effects of a RESET ...............
[0 01T - o o IS

Current CONSUMPLION ......ccovuveeriiieeaiiieeeieeene
During SLEEP .......oooiiiiiiiiee e
Reference Voltage Set Point ........ccccccccvvveenneen.
Typical Application ..........c..cc......
Low Voltage ICSP Programming
LVD. See Low Voltage Detect.

M

Master SSP (MSSP) Module OVerview ...........ccccccceveeennes 151
Master Synchronous Serial Port (MSSP). See MSSP.
Master Synchronous Serial Port. See MSSP

Memory

Mode MEMOrY ACCESS ....covueeeiiiirieaiiieeiiieaeeeieaesieeens 40
Memory Maps for PIC18F8X20 Program

MEMOTY MOES ......veviiiiieeciiiee et e 41
Memory Organization

Data MEMOIY ...ovuiiiii e 47

PIC18F8X20 Program Memory Modes .... .39

Program Memory .........cccccooeee .39
Memory Programming Requirements .. 308
Microcontroller Mode ........c.cccooeeiieinieiieeicc e 71
MiICroprocessor MO ........occveiiieiiiiiiie e 71
Microprocessor with Boot Block Mode ...........cccceevcvveeenenenn. 71
Migration from High-End to Enhanced Devices ............... 339
Migration from Mid-Range to Enhanced Devices ............ 338
MOV s
MOVFF .

MOVLB .
MOVLW ...
MOVWE oo 277
MPLAB C17 and MPLAB C18 C Compilers ..........ccceeeeunee 293
MPLAB ICD In-Circuit Debugger .........ccccocoveviiveeeiiinanns 295
MPLAB ICE High Performance Universal In-Circuit
Emulator with MPLAB IDE ........ccccoiiieiiiie e, 294
MPLAB Integrated Development
Environment Software ..........cccocveiieiiieniinieeees
MPLINK Object Linker/MPLIB Object Librarian ...............
MSSP i
ACK PUISE ..ot
Clock StretChing ...ooocveeeecieee e
10-bit Slave Receive Mode (SEN = 1)
10-bit Slave Transmit Mode ..........cceecveerinennn.
7-bit Slave Receive Mode (SEN =1) ..
7-bit Slave Transmit Mode
Clock Synchronization and the CKP bit
LN N
Control Registers (General) ........cccceveeveerveeeaiinenennns
Enabling SPI /O ....ooeeiieicee e
I2C MOGE vovovoeeeeeeeeeeeeee e,
Acknowledge Sequence Timing
Baud Rate Generator ............ccccceevvverreenneeennn.
Bus Collision
During a Repeated START

Condition .....coevveeiieeeeeeenn 188

Bus Collision During a START
Condition ....eeveveeiiie e 186
Bus Collision During a STOP Condition 189

Clock Arbitration ........
Effect of a RESET ...oooovviiiiiiiiieiiieeee e 185
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I2C Clock Rate W/BRG .......coveveeeeeereereseens

MaSter MOAE .......ovevvvieeeciiiie e ceie e
ReCeption .........ccciiiiiiiiiiieee e
Repeated START Timing .

Master Mode START Condition ..

Master Mode TransmisSion ...........cccccvveveeeeennnns
Multi-Master Communication, Bus Collision

and Arbitration .........cccceeiiiien i 185
Multi-Master MOde .........cocccvvvveeeieiiiiiiiieee e, 185
REGISIEIS .iivvieiiiiie e e 160
SLEEP Operation ........cccceevvvveenivieesnieeessieaens 185
STOP Condition TiMiNG .....cccevvvvieriieiiiieeens 184

I2C Mode. See I2C.
Module Operation
Operation .............
SIaVe MOAE ...ocoveiveeiiic e
PaXe [0 =17y [ oo SRS
RECEPLION ...
TranNSMISSION ....veeiiiiieesieee e e ee e e 165
SPI Master Mode ....
SPIMOAE ...t
SPI Mode. See SPI.
SPI Slave MOGE .....cccvvvveiiiieeiiieee e 157

Typical CONNECHON .....cccvveeiiiieeeeee e 155
MSSP Module
SPI Master/Slave Connection ..........cccccveevvvvveesienenns 155

N
NEGF e 279
NOP e 279
0]
OPCODE Field DeSCrptions ........cccceevivieeiiiieeiiieeeesieeens 252
OPTION_REG Register
PSA BIt o 129
TOCS Bit cevieiiieiieiieee e 129
TOPS2:TOPSO0 BitS ...veeiiiiiieiiiiee e 129

TOSE Bt ..o s 129

Oscillator, TIMErl .....ccccceeeveiiiiieee e 131,133,139
Oscillator, TIMEI3 .....cvvveeiiiie e 137
[ o311 = (o YV RN 243
P
(2= 1od 2 To |13 T SRS
DEtailS ...oooiveiiiieie e
1Y P T Vo SR

Parallel Slave Port (PSP)
Associated Registers .
REO/RD/ANS Pin .....
REL/WR/ANG Pin ....
RE2/CS/ANT PiN it
Read Waveforms .........cccoeiiieiiieiicniceee e

Select (PSPMODE Bit) .......cccocovvveveeeeeieeennn. 107,124

Timing Diagram ........cccoccveeeiiieeiiiee e ceee e ennee e 318

Write Waveforms ........ccccccoccvivieie e 125
PICDEM 1 Low Cost PICmicro

Demonstration Board ........... .. 295
PICDEM 17 Demonstration Board ...........cccccceoevvvveneeeenn. 296
PICDEM 2 Low Cost PIC16CXX

Demonstration Board ...........ccccveevveresiiienesieie e 295
PICDEM 3 Low Cost PIC16CXXX

Demonstration Board ..........ccccccveevvivesiiienesieee e 296
PICSTART Plus Entry Level

Development Programmer ............ccceeecvieeeeieeeesnneenn. 295
[ =T ) (=Y £ SUTS 91
Pin Functions

AVDD .ot

AVSS o

MCLRIVPP ettt ae e

OSCL/ICLKI oottt

(5] 072 {01 I 1 @ S SSPRS

RAO/ANO ....

RA1/ANL1 ........

RA2/AN2/VREF- ...

RA3/AN3/VREF+

RAZITOCKI oottt

RAS5/AN4/LVDIN

RAB oot s

RBO/INTO ...ovviiiieeeieeciiie et

RBL/INTL oot eee e te et e e snre e ae e eae s

RB2/INT2 ..........

RB3/INT3/CCP2

RB4/KBIO .............

RB5/KBI1/PGM

RB6/KBI2/PGC

RB7/KBI3/PGD

RCO/TLIOSO/TL3CKI wuvvvieiieeieiieeciee e se e 13

RC1/T10SI/CCP2 ......... ... 13

RC2/CCP1 ..... .13

RC3/SCK/SCL .. ... 13

RCA/ISDI/SDA ...t 13

RC5/SDO oottt ee et e e ae e 13

RCB/TXLICKL oooeiveeciee et 13

RCT7/IRXL/IDTL oottt 13

RDO/PSPO/ADO ....ooeiviiiieitieeeeieeeeeeeeseee s ian e sneae e 14

RDLI/PSPL/IADL ...oooeiiviiiieiiee e 14

RD2/PSP2/AD2 ... .14

RD3/PSP3/AD3 ... .14

RD4/PSP4/ADA4 ... ... 14

RD5/PSP5/ADS ...ttt 14

RDG/PSPB/ADSG ......cceiviieeiiiieesiieeeiae e esiee e nee e 14

RD7/§P7/AD7 ......................................................... 14

REO/R_D/AD8 .............................................................. 15

RElNﬂQ/ADQ 15

RE2/CS/AD10 ... ... 15

RE3/AD11 ...... ... 15

REA/ADL2 .ooooiieiiceeee ettt 15

RES/ADL3 ...ttt ee et 15

REB/ADLA ....ooveeeiceee ettt 15

RE7/CCP2/ADILS ....oovviiiieiicieie et 15

RFO/AN5S ......ccoeeueee. .16

RF1/AN6/C20UT ....

RF2/AN7/C1OUT .... ... 16
RF3/ANS .............. ... 16
RF4/AN9 ........cc..... ... 16
RFS5/ANLO/CVREF .....occoiiiiiiiiiiiiie e 16
REB/ANLL ..o 16
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RETISS oooeeeeeeeeeeeeeeee e et e e ee e e 16
RGO/CCP3 ..o eese s eeen e 17
RGLTX2ICK2 oo eees e 17

RG2/RX2/DT2 ..
RG3/CCP4 ...

RG4/CCP5 .17
RHO/ALE ..o 18
RHLUALT ettt 18
RH2/ALB ..ottt eiecenensessesssenees s 18
RHB3/ALY ... 18
RHAJANLL ..o 18
RHS/ANLS ...ococeoeiainiiimineieesesessessessseseeses e 18
RH6/AN14 .

RH7/AN15 .

RIO/ALE ...

RILIOE s
RIZIWRH .o
RIZIWRL -..iiicesenessessesenenees s 19
RIABAD ..o 19

VWSS itittiitieititititit bt a e 19
PIR REGISIEIS ..uvviiiciiiie e eiiee ettt e s ree e aee e 88
PLL LOCK TIME-0UL ..ccuveiiiiiiiiiiis it 30
POINter, FSR ... 56
POP s 280
POR. See Power-on Reset.
PORTA

Associated REGISIEIS .....ccccvvvveeiireeiiieeceie e e 101

FUNCHONS ..ot 101

LATA REQISTEN ..eiiiiiiiiiiieie et 99

PORTA REQISIEI ...vvvveeiiiiie e ectie et e s envae e 99

TRISA REQISIET ...vvveiiiiieeciiei et rve et a e 99
PORTB

Associated Registers ...

Functions .........cccccevenee.

LATB REQISIEN ...oeiiiiiiiiiiiie ettt

PORTB REQISIEI ...vvvveeiiiieeeiiieeiiieeesiieeesieeeesieae e 102

RBO/INT Pin, EXternal ..........cccoeeverniiniienieciecneeeee 98

TRISB REQISIEN ....viiiiiiiiiiiiiie e 102
PORTC

Associated REGISIEIS .....cccevviveeiiireeviieeceie e 106

Functions ..........cccoceenn. ..106

LATC Register ..

PORTC Register .... ...105
RC3/SCK/SCL PiN .oeeieciiiiiiiieie e 165
TRISC REQISIEN ...vvveeieiiveeiiiie e esee e 105,191
PORTD .ot e 124
Associated REgISIErS ........coccoieiiiieiniiiee e 109
Functions .........cccccvenee. ...109
(AN D 2 3=To |15 (] GRS ...107
Parallel Slave Port (PSP) Function .... ...107
PORTD REQISIEI ....eeiiiiiiieeiiie ettt 107

TRISD REQISIEN ...vvveiieiiieeciiiieciiie e ree e e e 107

PORTE
ANalog POrt PiNS .....ccoiiiiiiiieieccie e 124
Associated REgISIErS ........cccoviiiiiiiiieiiiie e 112
Functions ...............

LATE Register ...
PORTE Register

PSP mde Select (PSPMODE Bit) ......c.cccve..... 107,124

REO/R_D/AN5 Pin e 124

RElAM?/ANB Pin e 124

RE2/CS/ANT PiN .ovveeeiieee e 124

TRISE REQISET ...vvveciiieeiiiee et see e 110
PORTF

Associated REGISIEIS ......cccvvvvviiieiiiiiee e 115

Functions ..............

LATF Register ....

PORTF REQJISIEN ...vvveiiiiieeciiee et e e 113

TRISF REGISIET ..vvvveeiviee i siiie e stiee e eeeeeaeae e 113
PORTG

Associated REGISIEIS ......cccvevviiieiiiiee e 117

Functions ...............

LATG Register ...
PORTG Register

TRISG REQISIEI .vvvviiiiiee i
PORTH

Associated REQISIEIS ......cccveviiiieeiiiee s 120

FUNCHIONS .ot 120

LATH REQISLEI ..oeiiiiiiiiiiiie et 118

PORTH REQISIEN ...vvveeiiieeeciiii et 118

TRISH REQISIEN ...vvvieivieeiiie et eeee e 118
PORTJ

Associated REGISIEIS ......cccvveviiiieiiiiee e 123

FUNCHIONS .ot 123

LATI REQISIEN oot 121

PORTJI REQISIEN .cuvvveeiiieieeiie e evie e siee e sine e 121

TRISJI REGISIEr .vvviieiiieeiiie ettt ae e 121
Postscaler, WDT

Assignment (PSA Bit) ..............

Rate Select (TOPS2:TOPSO Bits) ..........
Switching Between Timer0 and WDT ........cccccoveenes 129

Power-down Mode. See SLEEP.

Power-on Reset (POR) .....coccvveevieieeviieeriie e
Oscillator Start-up Timer (OST) ...cccceeeviiveeiiiiieenne
Power-up Timer (PWRT) ...ccccoovivveeiiiee e
TiME-0UL SEQUENCE ....eovvviveeiiiiee e eriee s seie e siieae e
Time-out Sequence on Power-up

Prescaler, Capture .........ccccevvvveenivnnenns

Prescaler, TimerO ...........

Assignment (PSA Bit) .....coooeeiiiieiiiiieeiee e
Rate Select (TOPS2:TOPSO0 BitS) .....ccccccvvveeviveeeennen.
Switching Between Timer0 and WDT .......ccccccceveeene

Prescaler, TIMEr2 ..ot

PRO MATE Il Universal Device Programmer

Product Identification SysStem .........ccccccveevivreeiiieeeiiie e

Program Counter
PCL, PCLATH and PCLATU Register ..........ccceeuvenen. 44

Program Memory
INLEITUPt VECLON .oeeeiiiieeee et 39
Map and Stack for PIC18F6620/8620 ....................... 40
Map and Stack for PIC18F6720/8720 ..... .. 40
RESET Vector ... .

Program Verification ...........cccoceiiiiiiiiiiien e 247
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Program Verification and Code Protection
Associated REGISIEIS .......cccveeviireeiiie e siee e
Configuration Register Protection .
Data EEPROM Code Protection ...
Memory Code Protection ..............
Programming, Device INStructions ...........ccccccveevvreenninnnn.
PSP. See Parallel Slave Port.
Pulse Width Modulation. See PWM (CCP Module).

PUSH oo 280
PWM (CCP MOUIE) ..ot 148
Associated REGISIEIS .......cccveevieveeiiie e 149
CCPR1H:CCPRIL ReQISters .....c.cevvieveeiiieiiiiieeeis 148
DULY CYCIE i 148
Example Frequencies/Resolutions .............cccceevueee.. 149
OUutput DIagram ........ccooiieeriiiiie e 148
PEriOd ..o 148
Setup for PWM Operation ...........cccceevvveeviiieeesnineens 149
TMR2 to PR2 MatCh .....ccoeviviiciiiiicicsieee 135, 148
TMR4 t0 PR4 MatCh .....ooviiiiiciiiicc e 141
Q
[© @ T Yo USSR 148
R
RAM. See Data Memory.
RC OSCIllAtor .....ccciuieieiiiiiie et 22
RCALL ettt 281
RCON REJISIEIS ...vvvveiiiiiieciiieeiiieeestieeesieeeeieeeeneae e aeees 97
RCSTA Register
SPEN Bil .eveeviiieiiisie et 191
RED oo s 15
RegIStEr Fle ...eeiiiiiiiii e 47
Registers
ADCONO (A/D Control 0) Register .......cccccevvvveerennn. 207
ADCONL1 (A/D Control 1) Register .........cccovvveerunen. 208
ADCONZ2 (A/D Control 2) Register ..........ccouvveerunen. 209
CCPxCON (Capture/Compare/PWM Control)
REQISLEN ..ot
CMCON (Comparator Control) Register .......
CONFIG1H (Configuration 1 High) Register ....
CONFIG2H (Configuration 2 High) Register ............
CONFIG2L (Configuration 2 Low) Register .............
CONFIG3H (Configuration 3 High) Register ............
CONFIG3L (Configuration 3 Low) Register .............
CONFIG3L (Configuration Byte) Register ........
CONFIGAL (Configuration 4 Low) Register .....
CONFIG5H (Configuration 5 High) Register ....
CONFIGS5L (Configuration 5 Low) Register .............
CONFIG6H (Configuration 6 High) Register ............
CONFIGS6L (Configuration 6 Low) Register .............
CONFIG7H (Configuration 7 High) Register ............
CONFIG7L (Configuration 7 Low) Register .............

CVRCON (Comparator Voltage Reference
Control) Register
Device ID Register 1 ..

Device ID ReQiSter 2 .......ccceeeiueiiiiiiee e
EECONL1 (Data EEPROM Control 1)

REGISIEN ..eeiiiiiei it 63,78
INTCON (Interrupt Control) Register ..........ccccceveueeenn. 85
INTCONZ2 (Interrupt Control 2) Register .................... 86
INTCONS (Interrupt Control 3) Register ............. .87
IPR1 (Peripheral Interrupt Priority 1) Register ........... 94
IPR2 (Peripheral Interrupt Priority 2) Register ........... 95
IPR3 (Peripheral Interrupt Priority 3) Register ........... 96
LVDCON (LVD Control) Register .........ccccevvveerrunenn. 229
MEMCON (Memory Control) Register ..........ccccocueeeen. 71
OSCCON REQISLEN ...vvvveceiieeeiiiieeiieieeestieeeeieeeeenaeeennes 25

PIE1 (Peripheral Interrupt Enable 1) Register ........... 91
PIE2 (Peripheral Interrupt Enable 2) Register ........... 92
PIE3 (Peripheral Interrupt Enable 3) Register ........... 93
PIR1 (Peripheral Interrupt Request 1) Registers ....... 88
PIR2 (Peripheral Interrupt Request 2) Register ......... 89
PIR3 (Peripheral Interrupt Request 3) Register ......... 90
PSPCON (Parallel Slave Port Control) Register ...... 125
RCON (Reset Control) Register ..........cccveeviverens 59,97
RCON REJISIEN ....eeiiiiiiiiiiieie it 31
RCSTAX (Receive Status and Control)

REGISIET oeiivviie et 193
SSPCON1 (MSSP Control 1) Register

(IPC MOGE) .o, 162
SSPCONL1 (MSSP Control 1) Register

(SPIMOGE) ..ot 153
SSPCON2 (MSSP Control 2) Register

(IPC MOGE) v 163
SSPSTAT (MSSP Status) Register

(IPC MOGE) .o 161
SSPSTAT (MSSP Status) Register

(SPIMOAE) ...
STATUS REGISTEN ..oeiiiiiiiiiiiiee e
STKPTR (Stack Pointer) Register
SUMMATY ittt

TOCON (Timer0O Control) Register
T1CON (Timer 1 Control) Register
T2CON (Timer 2 Control) Register
T3CON (Timer3 Control) Register
TACON (Timer 4 Control) Register
TXSTAX (Transmit Status and Control)

REQISLEN .ot 192
WDTCON (Watchdog Timer Control)
REQISLEN .ot 243
RESET
RETFIE
RETLW
RETURN
Revision History
L I O N
RLNCF
RRCF oottt
RRNCF
S
SCI. See USART.
SCK ittt 151
SDI ...... .. 151
SDO oo, .. 151
Serial Clock, SCK ....coiiiiiierie i 151
Serial Communication Interface. See USART.
Serial Data IN, SDI ......cooiiiiiiiieeiee e 151
Serial Data Out, SDO ....cccoviiiiieiieeeeee e 151
Serial Peripheral Interface. See SPI.
SE T s 285
Slave Select Synchronization ... 157
Slave Select, SS ... 151
SLEEP oo ...233, 245, 286
Software Simulator (MPLAB SIM) .....cccccoveieveevieeciiie e 294
Special Event Trigger. See Compare.
Special Features of the CPU .........cccoccieiiiiiiniiiieeiie e 233
Configuration Registers ........ccccccvvvvveesiveeennnnn 235-242
Special Function ReQISLErs ........ccccvvveeiiiveeiiieeesiieeeriee e 47
IVIBID ettt 49
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SPI
MaSter MOOE .......coovvviiiiiiee e 156
Serial CloCK ....coovvviiiieiiice e 151
Serial Data In ...
Serial Data Out .

Slave Select . ..151

SPICIOCK .viiiiiiiiiiieieeee e 156

5] o 1Y o T [ TSR 151
SPI Master/Slave ConNECtioN .........cccceeeeiiieeiiiiien e 155
SPI Module

Associated REQISIEIS ......ccovviveiiiiiieiiie e riie e 159

Bus Mode Compatability

Effects of a RESET .........

Master/Slave Connection

Slave Mode ........cccoccvveennns .

Slave Select Synchronization ...........ccccccvveviveeiinnen. 157

Slave Synch TimNig ....ccceoveeiiiiee e 157

Slave Timing with CKE =0 ......cocoiiiiiiieiiieeevieeee 158

Slave Timing with CKE =1 ....ccccovviieiveeecee e, 158
___ SLEEP Operation
S i ———————
SSP

TMR2 Output for Clock Shift ........cccceevvvveenen. 135,136

TMR4 Output for Clock Shift .........ccccoviiiniiinieen. 142
SSPOV Status Flag .....ccceevviveeiiie e 181
SSPSTAT Register

RIW Bit coveeiieiiieeeee e 164, 165

STATUS bits
Significance and Initialization Condition for
RCON Register

SUBFWB .....coovviiiiieiieieene
SUBLW ettt
SUBWE ettt et
SUBWEB ..ottt
SWAPKE e
T
Table Pointer Operations (table) .........ccccocvviiieiiiiiieniiinen. 64
TBLRD .ottt sttt ettt 289
TBLWT ettt ettt 290
Time-out in Various Situations ...........ccoccveeiiiieeniiiieesiiieenn. 31
TIMEIO e .. 127
16-bit Mode Timer Reads and Writes ... ...129
Associated REgISIErS ........coccoeiiiiiiniiiieeiie e 129
Clock Source Edge Select (TOSE Bit) ........ccccvcueeennee 129
Clock Source Select (TOCS Bit) ....oeeeeveeevivieenineennns 129
OPEIAtION ..ottt 129
OVerflow INErrUPt .....c.eveeiiiiie e 129
Prescaler. See Prescaler, Timer0
TimMING Diagram ........cccceeiiiiiiiiie e 316
TIMerl ..o ..131
16-bit Read/Write Mode .. ...133
Associated REgISIErS ........coccoeiiieiiiiiiee e 134
(] 011 -1 1o o PO PR PP OPRPUPPI 132
OSCIllAtOr ....eeeiiiieiee e 131,133
Overflow INerrupt .....ccvvveeveie e 131,133

Special Event Trigger (CCP) ..
Timing Diagram ...
TMR1H Register .
TMRILL REQISLEN ...eviiiiiiiiiiiiiie et 131

TIMEI2 oo 135
Associated REGISIEIS ......cccvvevviiieiiiiee e 136
OPEIAtION ..eeeieeiieie ettt 135
Postscaler. See Postscaler, Timer2
PR2 REQISIEI ..vvviiiciiieeiiiie e eee e see e 135,148
Prescaler. See Prescaler, Timer2
SSP Clock Shift ..coooveiiieiiieiece 135,136
TMR2 REQISIEN ...vvvveiiiive et eree e see e 135
TMR2 to PR2 Match Interrupt ................... 135, 136, 148

TIMEIS e 137
Associated REGISIEIS ......ccovvvviiieiiiiiee s 139
OPEIAtION ...ttt 138
Oscillator ............ ...137,139
Overflow Interrupt ................. ...137,139
Special Event Trigger (CCP) .....cccvevvieeeiiiieeeiieees 139
TMR3H REQISIEr ..vviiiiieciiieee et 137
TMR3BL REGISIET ..vvvviiviieeiiiiie e ervee e ree e 137

TIMEIA o 141
Associated REGISIEIS ......ccovvvviiieiiiiiee e 142
[0 01T - o o IS 141
Postscaler. See Postscaler, Timer4.

PR4 REQISIEI .vvviiiiiiee e e sre e see e seee e 141
Prescaler. See Prescaler, Timer4.

SSP Clock Shift .....evveiiiiiiiiieie e 142
TMRA REQISIEN ..vvveeiiiiee s ere e 141
TMR4 to PR4 Match Interrupt .......cccceevevveeerennen. 141,142

TimING DIagrams .......cccceeeiieiiiiieee et 185
Baud Rate Generator with Clock Arbitration ............ 178
Clock Synchronization .........cccccoeceveevivreennnnn. 171
External Program Memory Bus (16-bit Mode) .. .. 76
I2C Master Mode (7 or 10-bit Transmission) .. 182
12C Master Mode (7-bit Reception) .......ccccevvvveennen. 183
I2C Master Mode First START Bit Timing ...c.ccveennnes 179
12C Mode

BRG Reset Due to SDA Arbitration During
START Condition .......cccoeeviviiniiieieieees 187
Bus Collision
During a START Condition (SCL =0) ...... 187
Bus Collision During a Repeated START
Condition (Case 2) ....cccvevvivvreeciireeerieeannns 188
Bus Collision During a Repeated START
Condition (Casel) .....ccccveevveeeiiieeeiiieeenne 188
Bus Collision During a STOP Condition
(CASE 2) cervveeiiie et 189
Bus Collision During a STOP Condition
(CASEL) vveveciiie et 189
Bus Collision During START Condition
(SDA ONlY) e 186
STOP Condition Receive or Transmit
MOUE ..ottt 184
I2C Slave Mode Timing (10-bit Reception) .............. 173
I2C Slave Mode Timing (10-bit Reception,
SEN Z0) cveiiiieiieiiee e 168
I2C Slave Mode Timing (10-bit Transmission) 169
I2C Slave Mode Timing (7-bit Reception,
SEN Z0) coviiiiieiieeiee et 166
I2C Slave Mode Timing (7-bit Reception,
SEN = 1) v
I2C Slave Mode Timing (7-bit Transmission) .
Low Voltage Detect .........coccueveeiiieiiiiiee e
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Master SSP 12C BUS Data .......cvvveeeeeeereeeeeeereeernenn, 325 Oscillator Start-up Timer (OST) ..coeovveveevireeiieeens 315
Master SSP 12C Bus START/STOP Bits Parallel Slave Port (PSP) .....coccoveevieveeiiee e 318
Waveforms ........occeeiiieiiice e 325 Parallel Slave Port Requirements ..........cccccceeevueenne 318
Repeat START Condition .......cccccevveeeviireeviieeeninnnn. 180 PLL CIOCK oiovveeiiiie e . 311
Slave Mode General Call Address Sequence Power-up Timer (PWRT) ......cccvenen .. 315
(7 or 10-bit Address Mode) .........ccceeeeriiiiernnnns 174 Program Memory Read Diagram ..... .. 313
Slave Synchronization .........ccccccoevvieiiiiei i 157 Program Memory Write Diagram .........ccccceceveevinnenn. 314
Slow Rise Time (MCLR Tied to VDD via Program Memory Write Requirements .................... 314
1 KOhM RESIStOr) ...ccviviiiiiiiee i 38 RESET .ottt 315
SPI Mode Timing (Master Mode) ........ccccoecveeviinenne 156 RESET, Watchdog Timer, Oscillator Start-up
SPI Mode Timing (Slave Mode with CKE = 0) ......... 158 Timer, Power-up Timer and Brown-out
SPI Mode Timing (Slave Mode with CKE = 1) ......... 158 Reset Requirements ..........cccceeeeiieeniieee e 315
Time-out Sequence on POR w/PLL Enabled Timer0 and TIMerl ......ccccceivieeiiireesiieeeseeeeneee e 316
(MCLR Tied to VDD via 1 kOhm Resistor) ......... 38 Timer0 and Timerl External Clock
Time-out Sequence on Power-up RequiremMents .........cccceiviieniiieeniee e 316
(MCLR Not Tied to VDD) USART Synchronous Receive (Master/Slave) ........ 327
(OF- Y- OSSR 37 USART Synchronous Receive Requirements ......... 327
USART Synchronous Transmission
Time-out Sequence on Power-up (MCLR Tied to ReqUIrEMENtS ......cccccvveiiiiieeiiiee e 327
VDD via 1 kOhm ResSistor) ......ccccocvveeiviveeiiieens 37 USART SynchronousTransmission
Timing for Transition Between Timerl and OSC1 (Master/Slave) ......
(HS With PLL) wevveiviee e 27 Watchdog Timer (WDT)
Transition Between Timerl and OSC1 TRISE Register
(HS, XT, LP) et 26 PSPMODE Bit .....ccvvviiieiieiiiiieee e 107,124
Transition Between Timerl and OSC1 (RC, EC) ....... 27 TSTESZ oottt s e rae e 291
Transition from OSC1 to Timerl Oscillator ................ 26 Two-Word Instructions
USART EXampPle CaSES ......ccoiiiiiiiiiiiiiiiee e 46
Synchronous Master Mode TXSTA Register
RECEPLION ...ovveeiiie e 203 2] e o = PR 194
TranSMISSION ....ccveveeiiieeiiieee e 202
Transmission (Through TXEN) ................ 202 U
USART Asynchronous Reception ............cc.cecvvevene. 200 Universal Synchronous Asynchronous Receiver
USART Asynchronous Transmission .............c.c....... 198 Transmitter. See USART.
USART Asynchronous Transmission USART
(Back to BACK) ...ccvveeveeiiieeceiececeeee e 198 Asynchronous Mode ...........ccceceeiiiiiicniiniie e,
Wake-up from SLEEP via INterrupt .........cc.cccceeenee. 246 Associated Registers, Receive ... .
Timing Diagrams and Specifications ...........c..cccccoevevienns 311 Associated Registers, Transmit ..........c..ccccee.e.
AID CONVEISION ...oocuviiiiiciiie ittt 329 RECEIVET ...oiiiiiiiiiii e
A/D Conversion Requirements ..........c.ccoceeveeveerenenn. 329 Setting up 9-bit Mode with
Brown-out Reset (BOR) ......cccevveierivreeneeienieeieneens 315 Address Detect ........cccvevrviiiniiieiieins 199
Capture/Compare/PWM (CCP) .......ccceeveeverareerenns 317 Transmitter ................. .. 197
Capture/Compare/PWM Requirements ................... 317 Baud Rate Generator (BRG) .. .. 194
CLKOUT and /O ...oovveieiiiieie e 312 Associated Registers ............... .. 194
CLKOUT and I/O Requirements ..........cccccueeue. Baud Rate Error, Calculating .........c.ccoeeeeneen. 194
Example SPI Master Mode (CKE = 0) Baud Rate Formula ...........ccoccviiiiiiiiiniiiis 194
Example SPI Master Mode (CKE = 1) . Baud Rates, Asynchronous Mode
Example SPI Mode Requirements (Master Mode, (BRGH = 0) .o 195
CKE = 0) eeeiiieiiie ettt 319 Baud Rates, Asynchronous Mode
Example SPI Mode Requirements (Master Mode, (BRGH = 1) oo, 196
CKE = 1) oottt 320 High Baud Rate Select (BRGH Bit) .. 194
Example SPI Mode Requirements (Slave Mode Sampling ... .. 194
CKE = 0) oooiiieeieeeeeee et Serial Port Enable (SPEN Bit) . 191
Example SPI Slave Mode (CKE =0) .. Synchronous Master Mode .........ccocceeeviviennieeennnen. 201
Example SPI Slave Mode (CKE = 1) ......cccceninunnne Associated Registers, Reception ..................... 204
Example SPI Slave Mode Requirements Associated Registers, Transmit ..........ccccccveee. 201
(CKE =1) toioiiiieieie ettt 322 RECEPLION ..ot 203
External Clock (All Modes except PLL) ........cccccu.e.... 311 Timing Diagram, Synchronous Receive .......... 327
External Clock Requirements .............ccccccceeevevennanne. 311 Timing Diagram, Synchronous
[2C BUS DA +..vvovreeereeeeeeeereesseeeseeesessessesseeseseeereesos 323 TIANSMISSION ....oooveceecreieeie e, 327
12C Bus Data Requirements (Slave Mode) .............. 324 TrANSMISSION ...vvvvivieiiceeisei e 201
I2C BUS START/STOP BitS vovovvvveveveeeeeseeeeeneeseanns 323 Synchronous Slave Mode ..........ccceveeiiienieiieeen. 205
I2C Bus START/STOP Bits Requirements ............... 323 Associated Registers, Receive ..........ccccovueeenn. 206
Master SSP I2C Bus Data Requirements ................ 326 Associated Registers, Transmit ...............c...e.. 205
Master SSP I1°C Bus START/STOP Bits RECEPUON .ovovvirercireeeeessceseeeer oo 206
REQUIrEMENLS ..o 325 TransSmMISSION .....ccveviiiiiieiiiie e 205
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\Y,

Voltage Reference Specifications ...........ccccceviieeiniieeninnns 306

w

Wake-up from SLEEP ..........ccccooiiiiiiiiiiiieee e
USING INTEITUPLES .vvvvieiieeiciiee e e

Watchdog Timer (WDT) ...
Associated Registers

CoNntrol REQISLEN ....ccvvveviciiee e

Postscaler .........ccoooeveiiiiennns

Programming Considerations ... .

RC OSCillAtOr .....ocvieiiiiiiiiiieie e 243

Time-0ut Period .........ccceoiiiiiiiiie e 243
WECOL ittt ettt 179
WCOL Status Flag .. ..179, 180, 181, 184
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ON-LINE SUPPORT

Microchip provides on-line support on the Microchip
World Wide Web (WWW) site.

The web site is used by Microchip as a means to make
files and information easily available to customers. To
view the site, the user must have access to the Internet
and a web browser, such as Netscape or Microsoft
Explorer. Files are also available for FTP download
from our FTP site.

ConnectingtotheMicrochip Internet Web Site

The Microchip web site is available by using your
favorite Internet browser to attach to:

www.microchip.com

The file transfer site is available by using an FTP ser-
vice to connect to:

ftp://ftp.microchip.com

The web site and file transfer site provide a variety of
services. Users may download files for the latest
Development Tools, Data Sheets, Application Notes,
User's Guides, Articles and Sample Programs. A vari-
ety of Microchip specific business information is also
available, including listings of Microchip sales offices,
distributors and factory representatives. Other data
available for consideration is:

¢ Latest Microchip Press Releases

¢ Technical Support Section with Frequently Asked
Questions

« Design Tips

» Device Errata

« Job Postings

« Microchip Consultant Program Member Listing

¢ Links to other useful web sites related to
Microchip Products

« Conferences for products, Development Systems,
technical information and more

« Listing of seminars and events

Systems Information and Upgrade Hot Line

The Systems Information and Upgrade Line provides
system users a listing of the latest versions of all of
Microchip's development systems software products.
Plus, this line provides information on how customers
can receive any currently available upgrade kits.The
Hot Line Numbers are:

1-800-755-2345 for U.S. and most of Canada, and
1-480-792-7302 for the rest of the world.

013001
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READER RESPONSE

It is our intention to provide you with the best documentation possible to ensure successful use of your Microchip prod-
uct. If you wish to provide your comments on organization, clarity, subject matter, and ways in which our documentation
can better serve you, please FAX your comments to the Technical Publications Manager at (480) 792-4150.

Please list the following information, and use this outline to provide us with your comments about this Data Sheet.

To: Technical Publications Manager Total Pages Sent
RE: Reader Response

From: Name

Company

Address

City / State / ZIP / Country

Telephone: ( ) - FAX: ( ) R

Application (optional):
Would you like a reply? Y N

Device: PIC18FXX20 Literature Number: DS39580A
Questions:

1. What are the best features of this document?

2. How does this document meet your hardware and software development needs?

3. Do you find the organization of this data sheet easy to follow? If not, why?

4. What additions to the data sheet do you think would enhance the structure and subject?

5. What deletions from the data sheet could be made without affecting the overall usefulness?

6. Isthere any incorrect or misleading information (what and where)?

7. How would you improve this document?

8. How would you improve our software, systems, and silicon products?
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PIC18FXX20 PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. - X XX XXX
'|' —|_ —|_ Examples:
Device Temperature Package Pattern a) PIC18LF6620 - I/PT 301 = Industrial
Range temp., TQFP package, Extended VDD
limits, QTP pattern #301.
b) PIC18F8720 - I/PT = Industrial temp.,
Device PIC18FXX20(0), PIC18FXX20T@); TQFP package, normal Voo limits.
VDD range 4.2V 0 5.5V c) PIC18F8620 - E/PT = Extended temp.,

PIC18LFXX20(, PIC18LFXX20T@:

TQFP package, standard VDD limits.
VDD range 2.0V to 5.5V

Temperature | = -40°Cto +85°C  (Industrial)

Range E = -40°Cto +125°C (Extended)

Package PT = TQFP (Thin Quad Flatpack) Note 1: F = Standard Voltage Range
LF = Extended Voltage Range

Pattern QTP, SQTP, Code or Special Requirements 22T = intape and reel

(blank otherwise)

Sales and Support

Data Sheets

Products supported by a preliminary Data Sheet may have an errata sheet describing minor operational differences and recom-
mended workarounds. To determine if an errata sheet exists for a particular device, please contact one of the following:

1. Your local Microchip sales office
2. The Microchip Corporate Literature Center U.S. FAX: (480) 792-7277
3. The Microchip Worldwide Site (www.microchip.com)

Please specify which device, revision of silicon and Data Sheet (include Literature #) you are using.

New Customer Notification System
Register on our web site (www.microchip.com/cn) to receive the most current information on our products.
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7200 Fax: 480-792-7277
Technical Support: 480-792-7627

Web Address: http://www.microchip.com
Rocky Mountain

2355 West Chandler Blvd.

Chandler, AZ 85224-6199

Tel: 480-792-7966 Fax: 480-792-7456

Atlanta

500 Sugar Mill Road, Suite 200B
Atlanta, GA 30350

Tel: 770-640-0034 Fax: 770-640-0307
Boston

2 Lan Drive, Suite 120

Westford, MA 01886

Tel: 978-692-3848 Fax: 978-692-3821
Chicago

333 Pierce Road, Suite 180

Itasca, IL 60143

Tel: 630-285-0071 Fax: 630-285-0075
Dallas

4570 Westgrove Drive, Suite 160
Addison, TX 75001

Tel: 972-818-7423 Fax: 972-818-2924
Dayton

Two Prestige Place, Suite 130
Miamisburg, OH 45342

Tel: 937-291-1654 Fax: 937-291-9175
Detroit

Tri-Atria Office Building

32255 Northwestern Highway, Suite 190
Farmington Hills, Ml 48334

Tel: 248-538-2250 Fax: 248-538-2260
Kokomo

2767 S. Albright Road

Kokomo, Indiana 46902

Tel: 765-864-8360 Fax: 765-864-8387
Los Angeles

18201 Von Karman, Suite 1090

Irvine, CA 92612

Tel: 949-263-1888 Fax: 949-263-1338
New York

150 Motor Parkway, Suite 202
Hauppauge, NY 11788

Tel: 631-273-5305 Fax: 631-273-5335
San Jose

Microchip Technology Inc.

2107 North First Street, Suite 590

San Jose, CA 95131

Tel: 408-436-7950 Fax: 408-436-7955
Toronto

6285 Northam Drive, Suite 108
Mississauga, Ontario L4V 1X5, Canada
Tel: 905-673-0699 Fax: 905-673-6509

ASIA/PACIFIC

Australia

Microchip Technology Australia Pty Ltd
Suite 22, 41 Rawson Street

Epping 2121, NSW

Australia

Tel: 61-2-9868-6733 Fax: 61-2-9868-6755
China - Beijing

Microchip Technology Consulting (Shanghai)
Co., Ltd., Beijing Liaison Office

Unit 915

Bei Hai Wan Tai Bldg.

No. 6 Chaoyangmen Beidajie

Beijing, 100027, No. China

Tel: 86-10-85282100 Fax: 86-10-85282104
China - Chengdu

Microchip Technology Consulting (Shanghai)
Co., Ltd., Chengdu Liaison Office

Rm. 2401, 24th Floor,

Ming Xing Financial Tower

No. 88 TIDU Street

Chengdu 610016, China

Tel: 86-28-6766200 Fax: 86-28-6766599
China - Fuzhou

Microchip Technology Consulting (Shanghai)
Co., Ltd., Fuzhou Liaison Office

Rm. 531, North Building

Fujian Foreign Trade Center Hotel

73 Wusi Road

Fuzhou 350001, China

Tel: 86-591-7557563 Fax: 86-591-7557572

China - Shanghai

Microchip Technology Consulting (Shanghai)
Co., Ltd.

Room 701, Bldg. B

Far East International Plaza

No. 317 Xian Xia Road

Shanghai, 200051

Tel: 86-21-6275-5700 Fax: 86-21-6275-5060
China - Shenzhen

Microchip Technology Consulting (Shanghai)
Co., Ltd., Shenzhen Liaison Office

Rm. 1315, 13/F, Shenzhen Kerry Centre,
Renminnan Lu

Shenzhen 518001, China

Tel: 86-755-2350361 Fax: 86-755-2366086
Hong Kong

Microchip Technology Hongkong Ltd.

Unit 901-6, Tower 2, Metroplaza

223 Hing Fong Road

Kwai Fong, N.T., Hong Kong

Tel: 852-2401-1200 Fax: 852-2401-3431
India

Microchip Technology Inc.

India Liaison Office

Divyasree Chambers

1 Floor, Wing A (A3/A4)

No. 11, O’'Shaugnessey Road

Bangalore, 560 025, India

Tel: 91-80-2290061 Fax: 91-80-2290062

Japan

Microchip Technology Japan K.K.

Benex S-1 6F

3-18-20, Shinyokohama

Kohoku-Ku, Yokohama-shi

Kanagawa, 222-0033, Japan

Tel: 81-45-471- 6166 Fax: 81-45-471-6122

Korea

Microchip Technology Korea

168-1, Youngbo Bldg. 3 Floor
Samsung-Dong, Kangnam-Ku

Seoul, Korea 135-882

Tel: 82-2-554-7200 Fax: 82-2-558-5934
Singapore

Microchip Technology Singapore Pte Ltd.
200 Middle Road

#07-02 Prime Centre

Singapore, 188980

Tel: 65-334-8870 Fax: 65-334-8850
Taiwan

Microchip Technology Taiwan

11F-3, No. 207

Tung Hua North Road

Taipei, 105, Taiwan

Tel: 886-2-2717-7175 Fax: 886-2-2545-0139

EUROPE

Denmark

Microchip Technology Nordic ApS

Regus Business Centre

Lautrup hoj 1-3

Ballerup DK-2750 Denmark

Tel: 45 4420 9895 Fax: 45 4420 9910
France

Microchip Technology SARL

Parc d’'Activite du Moulin de Massy

43 Rue du Saule Trapu

Batiment A - ler Etage

91300 Massy, France

Tel: 33-1-69-53-63-20 Fax: 33-1-69-30-90-79
Germany

Microchip Technology GmbH
Gustav-Heinemann Ring 125

D-81739 Munich, Germany

Tel: 49-89-627-144 0 Fax: 49-89-627-144-44
Italy

Microchip Technology SRL

Centro Direzionale Colleoni

Palazzo Taurus 1 V. Le Colleoni 1

20041 Agrate Brianza

Milan, Italy

Tel: 39-039-65791-1 Fax: 39-039-6899883
United Kingdom

Arizona Microchip Technology Ltd.

505 Eskdale Road

Winnersh Triangle

Wokingham

Berkshire, England RG41 5TU

Tel: 44 118 921 5869 Fax: 44-118 921-5820
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