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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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PIC18FXX8
PORTC is a bidirectional I/O port.

RC0/T1OSO/T1CKI
RC0
T1OSO
T1CKI

11 15 32 16
I/O
O
I

ST
—
ST

Digital I/O.
Timer1 oscillator output.
Timer1/Timer3 external clock 
input.

RC1/T1OSI
RC1
T1OSI

12 16 35 18
I/O
I

ST
CMOS

Digital I/O.
Timer1 oscillator input.

RC2/CCP1
RC2
CCP1

13 17 36 19
I/O
I/O

ST
ST

Digital I/O.
Capture 1 input/Compare 1 
output/PWM1 output.

RC3/SCK/SCL
RC3
SCK

SCL

14 18 37 20
I/O
I/O

I/O

ST
ST

ST

Digital I/O.
Synchronous serial clock 
input/output for SPI™ mode.
Synchronous serial clock 
input/output for I2C™ mode.

RC4/SDI/SDA
RC4
SDI
SDA

15 23 42 25
I/O
I

I/O

ST
ST
ST

Digital I/O.
SPI data in.
I2C data I/O.

RC5/SDO
RC5
SDO

16 24 43 26
I/O
O

ST
—

Digital I/O.
SPI data out.

RC6/TX/CK
RC6
TX

CK

17 25 44 27
I/O
O

I/O

ST
—

ST

Digital I/O.
USART asynchronous
transmit.
USART synchronous clock 
(see RX/DT).

RC7/RX/DT
RC7
RX
DT

18 26 1 29
I/O
I

I/O

ST
ST
ST

Digital I/O.
USART asynchronous receive.
USART synchronous data 
(see TX/CK).

TABLE 1-2: PIC18FXX8 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name

Pin Number
Pin

Type
Buffer
Type

DescriptionPIC18F248/258 PIC18F448/458

SPDIP, SOIC PDIP TQFP PLCC

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels Analog = Analog input 
I = Input O = Output 
P = Power OD = Open-Drain (no P diode to VDD) 
© 2006 Microchip Technology Inc. DS41159E-page 13
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PIC18FXX8
8.1 INTCON Registers

The INTCON registers are readable and writable regis-
ters which contain various enable, priority and flag bits.
Because of the number of interrupts to be controlled,
PIC18FXX8 devices have three INTCON registers.
They are detailed in Register 8-1 through Register 8-3.  

REGISTER 8-1: INTCON: INTERRUPT CONTROL REGISTER                    

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

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 TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF

bit 7 bit 0

bit 7 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 priority interrupts 

bit 6 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

bit 5 TMR0IE: TMR0 Overflow Interrupt Enable bit
1 = Enables the TMR0 overflow interrupt 
0 = Disables the TMR0 overflow interrupt 

bit 4 INT0IE: INT0 External Interrupt Enable bit
1 = Enables the INT0 external interrupt 
0 = Disables the INT0 external interrupt 

bit 3 RBIE: RB Port Change Interrupt Enable bit 

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

bit 2 TMR0IF: TMR0 Overflow Interrupt Flag bit 
1 = TMR0 register has overflowed (must be cleared in software) 
0 = TMR0 register did not overflow 

bit 1 INT0IF: INT0 External Interrupt Flag bit 
1 = The INT0 external interrupt occurred (must be cleared in software by reading PORTB)
0 = The INT0 external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit 

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

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

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
© 2006 Microchip Technology Inc. DS41159E-page 79



PIC18FXX8
8.5 RCON Register

The Reset Control (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 “RCON Register”.

REGISTER 8-13: RCON: RESET CONTROL REGISTER                      
R/W-0 U-0 U-0 R/W-1 R-1 R-1 R/W-0 R/W-0

IPEN — — RI TO PD POR BOR
bit 7 bit 0

bit 7 IPEN: Interrupt Priority Enable bit 
1 =  Enable priority levels on interrupts
0 =  Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6-5 Unimplemented: Read as ‘0’ 

bit 4 RI: RESET Instruction Flag bit 

For details of bit operation, see Register 4-3.

bit 3 TO: Watchdog Time-out Flag bit 

For details of bit operation, see Register 4-3.

bit 2 PD: Power-down Detection Flag bit 

For details of bit operation, see Register 4-3.

bit 1 POR: Power-on Reset Status bit

For details of bit operation, see Register 4-3.

bit 0 BOR: Brown-out Reset Status bit 

For details of bit operation, see Register 4-3.

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
© 2006 Microchip Technology Inc. DS41159E-page 91



PIC18FXX8
9.4 PORTD, TRISD and LATD 
Registers

PORTD is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register for the port is TRISD.
Setting a TRISD bit (= 1) will make the corresponding
PORTD pin an input (i.e., put the corresponding output
driver in a high-impedance mode). Clearing a TRISD
bit (= 0) will make the corresponding PORTD pin an
output (i.e., put the contents of the output latch on the
selected pin).

Read-modify-write operations on the LATD register
read and write the latched output value for PORTD. 

PORTD uses Schmitt Trigger input buffers. Each pin is
individually configurable as an input or output.

PORTD can be configured as an 8-bit wide, micro-
processor port (Parallel Slave Port or PSP) by setting
the control bit PSPMODE (TRISE<4>). In this mode,
the input buffers are TTL. See Section 10.0 “Parallel
Slave Port” for additional information. 

PORTD is also multiplexed with the analog comparator
module and the ECCP module.

EXAMPLE 9-4: INITIALIZING PORTD

FIGURE 9-9: PORTD BLOCK DIAGRAM IN I/O PORT MODE

Note: This port is only available on the
PIC18F448 and PIC18F458. 

CLRF PORTD ; Initialize PORTD by 
; clearing output 
; data latches 

CLRF LATD ; Alternate method 
; to clear output 
; data latches 

MOVLW 07h ; comparator off
MOVWF CMCON
MOVLW 0CFh ; Value used to 

; initialize data 
; direction 

MOVWF TRISD ; Set RD3:RD0 as inputs
; RD5:RD4 as outputs 
; RD7:RD6 as inputs 

PORT/PSP Select

Data Bus

WR LATD

WR TRISD

Data Latch

TRIS Latch

RD TRISD

QD

QCK

Q D

EN

QD

QCK

P

N

VDD

Vss

RD PORTD

RD0/PSP0/
or
PORTD

RD LATD

Schmitt
Trigger

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

PSP Data Out

PSP Write

PSP Read

C1IN+

C1IN+ pin(1)
DS41159E-page 102 © 2006 Microchip Technology Inc.



PIC18FXX8
FIGURE 10-3: PARALLEL SLAVE PORT READ WAVEFORMS         

TABLE 10-1: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT        

Q1 Q2 Q3 Q4

CS

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

WR

IBF

PSPIF

RD

OBF

PORTD

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on 

POR, BOR

Value on 
all 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 — — — — — RE2 RE1 RE0 ---- -xxx ---- -000

LATE LATE Data Output bits ---- -xxx ---- -uuu

TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction bits 0000 -111 0000 -111

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

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 1111 1111 1111 1111

Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
DS41159E-page 108 © 2006 Microchip Technology Inc.



PIC18FXX8
16.0 ENHANCED CAPTURE/
COMPARE/PWM (ECCP) 
MODULE

This module contains a 16-bit register which can oper-
ate as a 16-bit Capture register, a 16-bit Compare
register or a PWM Master/Slave Duty Cycle register. 

The operation of the ECCP module differs from the
CCP (discussed in detail in Section 15.0 “Capture/
Compare/PWM (CCP) Modules”) with the addition of
an Enhanced PWM module which allows for up to 4
output channels and user selectable polarity. These
features are discussed in detail in Section 16.5
“Enhanced PWM Mode”. The module can also be
programmed for automatic shutdown in response to
various analog or digital events. 

The control register for ECCP1 is shown in
Register 16-1. 

REGISTER 16-1: ECCP1CON: ECCP1 CONTROL REGISTER              

Note: The ECCP (Enhanced Capture/Compare/
PWM) module is only available on
PIC18F448 and PIC18F458 devices. 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
EPWM1M1 EPWM1M0 EDC1B1 EDC1B0 ECCP1M3 ECCP1M2 ECCP1M1 ECCP1M0

bit 7 bit 0

bit 7-6 EPWM1M<1:0>: PWM Output Configuration bits
If ECCP1M<3:2> = 00, 01, 10:
xx = P1A assigned as Capture/Compare input; P1B, P1C, P1D assigned as port pins
If ECCP1M<3:2> = 11:
00 = Single output; P1A modulated; P1B, P1C, P1D assigned as port pins
01 = Full-bridge output forward; P1D modulated; P1A active; P1B, P1C inactive
10 = Half-bridge output; P1A, P1B modulated with deadband control; P1C, P1D assigned as 

port pins
11 = Full-bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive

bit 5-4 EDC1B<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused.
Compare mode:
Unused.
PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in ECCPR1L.

bit 3-0 ECCP1M<3:0>: ECCP1 Mode Select bits
0000 = Capture/Compare/PWM off (resets ECCP module)
0001 = Unused (reserved)
0010 = Compare mode, toggle output on match (ECCP1IF bit is set)
0011 = Unused (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, set output on match (ECCP1IF bit is set)
1001 = Compare mode, clear output on match (ECCP1IF bit is set)
1010 = Compare mode, ECCP1 pin is unaffected (ECCP1IF bit is set)
1011 = Compare mode, trigger special event (ECCP1IF bit is set; ECCP resets TMR1or TMR3

and starts an A/D conversion if the A/D module is enabled)
1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high
1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low
1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high
1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low

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
© 2006 Microchip Technology Inc. DS41159E-page 131



PIC18FXX8
REGISTER 17-5: 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

bit 7 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

bit 6 ACKSTAT: Acknowledge Status bit (Master Transmit mode only)

1 = Acknowledge was not received from slave 
0 = Acknowledge was received from slave 

bit 5 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. 

bit 4 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 

bit 3 RCEN: Receive Enable bit (Master Mode only) 

1 = Enables Receive mode for I2C 
0 = Receive Idle

bit 2 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

bit 1 RSEN: Repeated Start Condition Enable bit (Master mode only) 
1 = Initiate Repeated Start condition on SDA and SCL pins. Automatically cleared by hardware.
0 = Repeated Start condition Idle

bit 0 SEN: Start Condition Enable/Stretch Enable bit

In Master mode:
1 = Initiate Start condition on SDA and SCL pins. Automatically cleared by hardware. 
0 = Start condition Idle
In Slave mode:
1 = Clock stretching is enabled for both slave transmit and slave receive (stretch enabled) 
0 = Clock stretching is enabled for slave transmit only (Legacy mode)

Legend:  

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

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

Note: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is not in the Idle mode,
this bit may not be set (no spooling) and the SSPBUF may not be written (or writes
to the SSPBUF are disabled).
© 2006 Microchip Technology Inc. DS41159E-page 155



PIC18FXX8
17.4.9 I2C MASTER MODE REPEATED 
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the I2C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is sam-
pled low, the Baud Rate Generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one Baud Rate
Generator count (TBRG). When the Baud Rate Genera-
tor times out, if SDA is sampled high, the SCL pin will
be deasserted (brought high). When SCL is sampled
high, the Baud Rate Generator is reloaded with the
contents of SSPADD<6:0> and begins counting. SDA
and SCL must be sampled high for one TBRG. This
action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.    

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).

17.4.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).      

FIGURE 17-20: REPEATED START CONDITION WAVEFORM       

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’.

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.

SDA

SCL

Sr = Repeated Start

Write to SSPCON2 

Write to SSPBUF occurs hereFalling edge of ninth clock
End of Xmit

At completion of Start bit, 
hardware clears RSEN bit

1st bit

Set S (SSPSTAT<3>)

TBRG

TBRG

SDA = 1,

SDA = 1, 

SCL (no change).

SCL = 1
occurs here.

TBRG TBRG TBRG

     and sets SSPIF
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22.0 COMPARATOR VOLTAGE 
REFERENCE MODULE

This module is a 16-tap resistor ladder network that
provides a selectable voltage reference. The resistor
ladder is segmented to provide two ranges of CVREF

values and has a power-down function to conserve
power when the reference is not being used. The
CVRCON register controls the operation of the
reference, as shown in Register 22-1. The block
diagram is shown in Figure 22-1.

The comparator and reference supply voltage can
come from either VDD and 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.

22.1 Configuring the Comparator 
Voltage Reference

The comparator voltage reference can output 16 distinct
voltage levels for each range. The equations used to
calculate the output of the comparator voltage reference
are as follows.

EQUATION 22-1:

EQUATION 22-2:

The settling time of the Comparator Voltage Reference
must be considered when changing the RA0/AN0/
CVREF output (see Table 27-4 in Section 27.2 “DC
Characteristics”).

REGISTER 22-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER            

Note: The comparator voltage reference is only
available on the PIC18F448 and
PIC18F458. 

If CVRR = 1: 
CVREF = (CVR<3:0>/24) x CVRSRC

where: 
CVRSS = 1, CVRSRC = (VREF+) – (VREF-) 
CVRSS = 0, CVRSRC = AVDD – AVSS

If CVRR = 0: 
CVREF = (CVRSRC x 1/4) + (CVR<3:0>/32) x CVRSRC

where: 

CVRSS = 1, CVRSRC = (VREF+) – (VREF-) 
CVRSS = 0, CVRSRC = AVDD – AVSS

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

CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0

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
1 = CVREF voltage level is also output on the RA0/AN0/CVREF pin 
0 = CVREF voltage is disconnected from the RA0/AN0/CVREF pin

bit 5 CVRR: Comparator VREF Range Selection bit
1 = 0.00 CVRSRC to 0.625 CVRSRC with CVRSRC/24 step size 
0 = 0.25 CVRSRC to 0.719 CVRSRC with CVRSRC/32 step size 

bit 4 CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source, CVRSRC = (VREF+) – (VREF-)
0 = Comparator reference source, CVRSRC = VDD – VSS

bit 3-0 CVR<3:0>: Comparator VREF Value Selection 0 ≤ CVR3:CVR0 ≤ 15 bits

When CVRR = 1: 
CVREF = (CVR3:CVR0/24) • (CVRSRC)

When CVRR = 0: 
CVREF = 1/4 • (CVRSRC) + (CVR3:CVR0/32) • (CVRSRC)

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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CONTROL OPERATIONS

BC
BN
BNC
BNN
BNOV
BNZ
BOV
BRA
BZ
CALL

CLRWDT
DAW
GOTO

NOP
NOP
POP
PUSH
RCALL
RESET
RETFIE

RETLW
RETURN
SLEEP

n
n
n
n
n
n
n
n
n
n, s

—
—
n

—
—
—
—
n

s

k
s
—

Branch if Carry
Branch if Negative
Branch if Not Carry
Branch if Not Negative
Branch if Not Overflow
Branch if Not Zero
Branch if Overflow
Branch Unconditionally 
Branch if Zero
Call subroutine1st word

2nd word
Clear Watchdog Timer
Decimal Adjust WREG
Go to address 1st word

2nd word
No Operation
No Operation
Pop top of return stack (TOS)
Push top of return stack (TOS)
Relative Call
Software device Reset
Return from interrupt enable

Return with literal in WREG 
Return from Subroutine
Go into Standby mode

1 (2)
1 (2)
1 (2)
1 (2)
1 (2)
2
1 (2)
1 (2)
1 (2)
2

1
1
2

1
1
1
1
2
1
2

2
2
1

1110
1110
1110
1110
1110
1110
1110
1101
1110
1110
1111
0000
0000
1110
1111
0000
1111
0000
0000
1101
0000
0000

0000
0000
0000

0010
0110
0011
0111
0101
0001
0100
0nnn
0000
110s
kkkk
0000
0000
1111
kkkk
0000
xxxx
0000
0000
1nnn
0000
0000

1100
0000
0000

nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
kkkk
kkkk
0000
0000
kkkk
kkkk
0000
xxxx
0000
0000
nnnn
1111
0001

kkkk
0001
0000

nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
kkkk
kkkk
0100
0111
kkkk
kkkk
0000
xxxx
0110
0101
nnnn
1111
000s

kkkk
001s
0011

None
None
None
None
None
None
None
None
None
None

TO, PD
C
None

None
None
None
None
None
All
GIE/GIEH, 
PEIE/GIEL
None
None
TO, PD

4

TABLE 25-2: PIC18FXXX INSTRUCTION SET (CONTINUED)

Mnemonic,
Operands

Description Cycles
16-Bit Instruction Word Status

Affected
Notes

MSb LSb

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 TMR0 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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MOVLW Move Literal to W

Syntax: [ label ]    MOVLW   k

Operands: 0 ≤ k ≤ 255

Operation: k → W

Status Affected: None

Encoding: 0000 1110 kkkk kkkk

Description: The eight-bit literal ‘k’ is loaded into W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
literal ‘k’

Process 
Data

Write to W

Example: MOVLW 0x5A

After Instruction
W = 0x5A

MOVWF Move W to f

Syntax: [ label ]    MOVWF     f [,a]

Operands: 0 ≤ f ≤ 255
a ∈ [0,1]

Operation: (W) → f

Status Affected: None

Encoding: 0110 111a ffff ffff

Description: Move data from W to register ‘f’. 
Location ‘f’ can be anywhere in the 
256-byte bank. 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
register ‘f’

Process 
Data

Write
register ‘f’

Example: MOVWF REG

Before Instruction
W = 0x4F
REG = 0xFF

After Instruction
W = 0x4F
REG = 0x4F
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MULLW Multiply Literal with W

Syntax: [ label ]    MULLW     k

Operands: 0 ≤ k ≤ 255

Operation: (W) x k → PRODH:PRODL

Status Affected: None

Encoding: 0000 1101 kkkk kkkk

Description: An unsigned multiplication is carried out 
between the contents of W and the 8-bit 
literal ‘k’. The 16-bit result is placed in 
the PRODH:PRODL register pair. 
PRODH contains the high byte. W is 
unchanged.
None of the status flags are affected.
Note that neither Overflow nor Carry is 
possible in this operation. A Zero result 
is possible but not detected.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read 
literal ‘k’

Process 
Data

Write 
registers 
PRODH:
PRODL

Example: MULLW   0xC4

Before Instruction
W = 0xE2
PRODH = ?
PRODL = ?

After Instruction
W = 0xE2
PRODH = 0xAD
PRODL = 0x08

MULWF Multiply W with f

Syntax: [ label ]    MULWF     f [,a]

Operands: 0 ≤ f ≤ 255
a ∈ [0,1]

Operation: (W) x (f) → PRODH:PRODL

Status Affected: None

Encoding: 0000 001a ffff ffff

Description: An unsigned multiplication is carried out 
between the contents of W and the 
register file location ‘f’. The 16-bit result 
is stored in the PRODH:PRODL 
register pair. PRODH contains the high 
byte.
Both W and ‘f’ are unchanged.
None of the status flags are affected.
Note that neither Overflow nor Carry is 
possible in this operation. A Zero result 
is possible but not detected. If ‘a’ is ‘0’, 
the Access Bank 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
register ‘f’

Process 
Data

Write
registers 
PRODH:
PRODL

Example: MULWF   REG

Before Instruction
W = 0xC4
REG = 0xB5
PRODH = ?
PRODL = ?

After Instruction
W = 0xC4
REG = 0xB5
PRODH = 0x8A
PRODL = 0x94
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27.2 DC Characteristics: PIC18FXX8 (Industrial, Extended)

PIC18LFXX8 (Industrial)

DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C ≤ TA ≤ +85°C for industrial 

-40°C ≤ TA ≤ +125°C for extended 

Param
No.

Symbol
Characteristic/

Device
Min Max Units Conditions

VIL Input Low Voltage

I/O ports:

D030    with TTL buffer VSS 0.15 VDD V VDD < 4.5V 

D030A — 0.8 V 4.5V ≤ VDD ≤ 5.5V  

D031    with Schmitt Trigger buffer
   RC3 and RC4

VSS

VSS

0.2 VDD

0.3 VDD

V
V

D032 MCLR VSS 0.2 VDD V

D032A OSC1 (in XT, HS and LP modes) 
and T1OSI

VSS 0.3 VDD V

D033 OSC1 (in RC mode)(1) VSS 0.2 VDD V

VIH Input High Voltage

I/O ports:

D040    with TTL buffer 0.25 VDD + 0.8V VDD V VDD < 4.5V

D040A 2.0 VDD V 4.5V ≤ VDD ≤ 5.5V 

D041    with Schmitt Trigger buffer
   RC3 and RC4

0.8 VDD

0.7 VDD

VDD

VDD

V
V

D042 MCLR 0.8 VDD VDD V

D042A OSC1 (in XT, HS and LP modes) 
and T1OSI

0.7 VDD VDD V

D043 OSC1 (RC mode)(1) 0.9 VDD VDD V

IIL Input Leakage Current(2,3)

D060 I/O ports — ±1 μA VSS ≤ VPIN ≤ VDD, 
Pin at high-impedance

D061 MCLR — ±5 μA Vss ≤ VPIN ≤ VDD

D063 OSC1 — ±5 μA Vss ≤ VPIN ≤ VDD 

IPU Weak Pull-up Current

D070 IPURB PORTB weak pull-up current 50 450 μA VDD = 5V, VPIN = VSS

Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the 
PICmicro® device be driven with an external clock while in RC mode.

2: The 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.
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FIGURE 28-3: TYPICAL IDD vs. FOSC OVER VDD (HS/PLL MODE)

FIGURE 28-4: MAXIMUM IDD vs. FOSC OVER VDD (HS/PLL MODE)
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FIGURE 28-25: MINIMUM AND MAXIMUM VIN vs. VDD (ST INPUT, -40°C TO +125°C)

FIGURE 28-26: MINIMUM AND MAXIMUM VIN vs. VDD (TTL INPUT, -40°C TO +125°C)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

VDD (V)

V
IN

 (
V

)

VIH Max

VIH Min

VIL Max

VIL Min

Typical: statistical mean @ 25°C
Maximum: mean + 3σ (-40°C to +125°C) 
Minimum: mean – 3σ (-40°C to +125°C)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

VDD (V)

V
IN

 (
V

)

VTH (Max)

VTH (Min)

Typical: statistical mean @ 25°C
Maximum: mean + 3σ (-40°C to +125°C) 
Minimum: mean – 3σ (-40°C to +125°C)
© 2006 Microchip Technology Inc. DS41159E-page 373



PIC18FXX8
28-Lead Plastic Small Outline (SO) – Wide, 300 mil Body (SOIC)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging

Foot Angle Top φ 0 4 8 0 4 8

1512015120βMold Draft Angle Bottom
1512015120αMold Draft Angle Top

0.510.420.36.020.017.014BLead Width
0.330.280.23.013.011.009cLead Thickness

1.270.840.41.050.033.016LFoot Length
0.740.500.25.029.020.010hChamfer Distance

18.0817.8717.65.712.704.695DOverall Length
7.597.497.32.299.295.288E1Molded Package Width

10.6710.3410.01.420.407.394EOverall Width
0.300.200.10.012.008.004A1Standoff §
2.392.312.24.094.091.088A2Molded Package Thickness
2.642.502.36.104.099.093AOverall Height

1.27.050pPitch
2828nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits
MILLIMETERSINCHES*Units

2
1

D

p

n

B

E

E1

L

c

β

45°

h

φ

A2

α

A

A1

* Controlling Parameter

Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side. 
JEDEC Equivalent:  MS-013
Drawing No. C04-052

§ Significant Characteristic
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44-Lead Plastic Leaded Chip Carrier (L) – Square (PLCC)

Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging

CH2 x 45° CH1 x 45°

10501050βMold Draft Angle Bottom
10501050αMold Draft Angle Top

0.530.510.33.021.020.013B
0.810.740.66.032.029.026B1Upper Lead Width
0.330.270.20.013.011.008cLead Thickness

1111n1Pins per Side

16.0015.7514.99.630.620.590D2Footprint Length
16.0015.7514.99.630.620.590E2Footprint Width
16.6616.5916.51.656.653.650D1Molded Package Length
16.6616.5916.51.656.653.650E1Molded Package Width
17.6517.5317.40.695.690.685DOverall Length
17.6517.5317.40.695.690.685EOverall Width

0.250.130.00.010.005.000CH2Corner Chamfer (others)
1.271.141.02.050.045.040CH1Corner Chamfer 1
0.860.740.61.034.029.024A3Side 1 Chamfer Height

0.51.020A1Standoff §
A2Molded Package Thickness

4.574.394.19.180.173.165AOverall Height

1.27.050pPitch
4444nNumber of Pins

MAXNOMMINMAXNOMMINDimension Limits
MILLIMETERSINCHES*Units

β

A2

c

E2

2

DD1

n

#leads=n1

E

E1

1

α

p

A3

A35°

B1
B

D2

A1

.145 .153 .160 3.68 3.87 4.06
.028 .035 0.71 0.89

Lower Lead Width

* Controlling Parameter

Notes:
Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side. 
JEDEC Equivalent:  MO-047
Drawing No. C04-048

§ Significant Characteristic
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INDEX

A
A/D .................................................................................... 241

A/D Converter Flag (ADIF Bit) .................................. 243
A/D Converter Interrupt, Configuring ........................ 244
Acquisition Requirements ......................................... 244
Acquisition Time........................................................ 245
ADCON0 Register..................................................... 241
ADCON1 Register..................................................... 241
ADRESH Register..................................................... 241
ADRESH/ADRESL Registers ................................... 243
ADRESL Register ..................................................... 241
Analog Port Pins, Configuring................................... 246
Associated Registers Summary................................ 248
Calculating the Minimum Required 

Acquisition Time ............................................... 245
Configuring the Module............................................. 244
Conversion Clock (TAD) ............................................ 246
Conversion Status (GO/DONE Bit) ........................... 243
Conversion TAD Cycles............................................. 248
Conversions .............................................................. 247
Minimum Charging Time........................................... 245
Result Registers........................................................ 247
Selecting the Conversion Clock ................................ 246
Special Event Trigger (CCP)..................................... 126
Special Event Trigger (ECCP) .......................... 133, 248
TAD vs. Device Operating Frequencies 

(For Extended, LF Devices) (table)................... 246
TAD vs. Device Operating 

Frequencies (table) ........................................... 246
Use of the ECCP Trigger .......................................... 248

Absolute Maximum Ratings .............................................. 329
AC (Timing) Characteristics .............................................. 341

Parameter Symbology .............................................. 341
Access Bank ....................................................................... 54
ACKSTAT ......................................................................... 173
ACKSTAT Status Flag ...................................................... 173
ADCON0 Register............................................................. 241

GO/DONE Bit............................................................ 243
ADCON1 Register............................................................. 241
ADDLW ............................................................................. 287
Addressable Universal Synchronous Asynchronous 

Receiver Transmitter. See USART.
ADDWF............................................................................. 287
ADDWFC .......................................................................... 288
ADRESH Register............................................................. 241
ADRESH/ADRESL Registers ........................................... 243
ADRESL Register ............................................................. 241
Analog-to-Digital Converter. See A/D.
ANDLW ............................................................................. 288
ANDWF............................................................................. 289
Assembler

MPASM Assembler................................................... 323
Associated Registers ................................................ 192, 197

B
Bank Select Register (BSR)................................................ 54
Baud Rate Generator ........................................................ 169
BC ..................................................................................... 289
BCF................................................................................... 290
BF ..................................................................................... 173
BF Status Flag .................................................................. 173

Block Diagrams
A/D............................................................................ 243
Analog Input Model........................................... 244, 253
Baud Rate Generator ............................................... 169
CAN Buffers and Protocol Engine ............................ 200
CAN Receive Buffer ................................................. 230
CAN Transmit Buffer ................................................ 227
Capture Mode Operation .......................................... 125
Comparator I/O Operating Modes ............................ 250
Comparator Output................................................... 252
Comparator Voltage Reference 

Output Buffer Example ..................................... 257
Compare (CCP Module) Mode Operation ................ 126
Enhanced PWM........................................................ 134
Interrupt Logic............................................................. 78
Low-Voltage Detect (LVD)........................................ 260
Low-Voltage Detect with External Input.................... 260
MSSP (I2C Master Mode)......................................... 167
MSSP (I2C Mode)..................................................... 152
MSSP (SPI Mode) .................................................... 143
On-Chip Reset Circuit................................................. 25
OSC2/CLKO/RA6 Pin................................................. 94
PIC18F248/258 Architecture ........................................ 8
PIC18F448/458 Architecture ........................................ 9
PLL ............................................................................. 19
PORTC (Peripheral Output Override)....................... 100
PORTD and PORTE (Parallel Slave Port)................ 107
PORTD in I/O Port Mode.......................................... 102
PORTE ..................................................................... 104
PWM (CCP Module) ................................................. 128
RA3:RA0 and RA5 Pins.............................................. 94
RA4/T0CKI Pin ........................................................... 94
RB1:RB0 Pins............................................................. 97
RB2/CANTX/INT2 Pin ................................................ 98
RB3/CANRX Pin......................................................... 98
RB7:RB4 Pins............................................................. 97
Reads from Flash Program Memory .......................... 69
Table Read Operation ................................................ 65
Table Write Operation ................................................ 66
Table Writes to Flash Program Memory..................... 71
Timer0 in 16-bit Mode............................................... 110
Timer0 in 8-bit Mode................................................. 110
Timer1 ...................................................................... 114
Timer1 (16-bit Read/Write Mode) ............................. 114
Timer2 ...................................................................... 118
Timer3 ...................................................................... 120
Timer3 (16-bit Read/Write Mode) ............................. 120
USART Receive ....................................................... 191
USART Transmit ...................................................... 189
Voltage Reference.................................................... 256
Watchdog Timer ....................................................... 273

BN..................................................................................... 290
BNC .................................................................................. 291
BNN .................................................................................. 291
BNOV ............................................................................... 292
BNZ .................................................................................. 292
BOR. See Brown-out Reset.
BOV .................................................................................. 295
BRA .................................................................................. 293
BRG. See Baud Rate Generator.
Brown-out Reset (BOR).............................................. 26, 265
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BSF ................................................................................... 293
BTFSC .............................................................................. 294
BTFSS............................................................................... 294
BTG................................................................................... 295
BZ...................................................................................... 296

C
C Compilers

MPLAB C17 .............................................................. 324
MPLAB C18 .............................................................. 324
MPLAB C30 .............................................................. 324

CALL ................................................................................. 296
CAN Module

Aborting Transmission .............................................. 228
Acknowledge Error.................................................... 237
Baud Rate Registers ................................................. 218
Baud Rate Setting..................................................... 233
Bit Error ..................................................................... 237
Bit Time Partitioning (diagram) ................................. 233
Bit Timing Configuration Registers ........................... 236

BRGCON1 ........................................................ 236
BRGCON2 ........................................................ 236
BRGCON3 ........................................................ 236

Calculating TQ, Nominal Bit Rate and 
Nominal Bit Time............................................... 234

Configuration Mode................................................... 226
Control and Status Registers .................................... 201
Controller Register Map ............................................ 225
CRC Error ................................................................. 237
Disable Mode ............................................................ 226
Error Detection.......................................................... 237
Error Modes and Error Counters............................... 237
Error Modes State (diagram) .................................... 238
Error Recognition Mode ............................................ 227
Error States............................................................... 237
Filter/Mask Truth (table) ............................................ 232
Form Error................................................................. 237
Hard Synchronization................................................ 235
I/O Control Register .................................................. 221
Information Processing Time .................................... 234
Initiating Transmission .............................................. 228
Internal Message Reception 

Flowchart .......................................................... 231
Internal Transmit Message 

Flowchart .......................................................... 229
Interrupt Acknowledge .............................................. 239
Interrupt Registers .................................................... 222
Interrupts................................................................... 238

Bus Activity Wake-up ........................................ 239
Bus-Off.............................................................. 239
Code Bits .......................................................... 238
Error .................................................................. 239
Message Error .................................................. 239
Receive ............................................................. 238
Receiver Bus Passive ....................................... 239
Receiver Overflow............................................. 239
Receiver Warning ............................................. 239
Transmit ............................................................ 238
Transmitter Bus Passive ................................... 239
Transmitter Warning ......................................... 239

Lengthening a Bit Period 
(diagram)........................................................... 235

Listen Only Mode...................................................... 226
Loopback Mode ........................................................ 227
Message Acceptance Filters 

and Masks ................................................ 215, 232
Message Acceptance Mask and 

Filter Operation (diagram) ................................ 232
Message Reception.................................................. 230
Message Time-Stamping.......................................... 230
Message Transmission............................................. 227
Modes of Operation .................................................. 226
Normal Mode ............................................................ 226
Oscillator Tolerance.................................................. 236
Overview................................................................... 199
Phase Buffer Segments............................................ 234
Programming Time Segments .................................. 236
Propagation Segment ............................................... 234
Receive Buffer Registers .......................................... 210
Receive Buffers ........................................................ 230
Receive Message Buffering...................................... 230
Receive Priority......................................................... 230
Registers .................................................................. 201
Resynchronization .................................................... 235
Sample Point ............................................................ 234
Shortening a Bit Period (diagram) ............................ 236
Stuff Bit Error ............................................................ 237
Synchronization ........................................................ 235
Synchronization Rules .............................................. 235
Synchronization Segment......................................... 234
Time Quanta............................................................. 234
Transmit Buffer Registers ......................................... 206
Transmit Buffers ....................................................... 227
Transmit Priority........................................................ 227
Transmit/Receive Buffers ......................................... 199
Values for ICODE (table).......................................... 239

Capture (CCP Module) ..................................................... 124
CAN Message Time-Stamp...................................... 125
CCP Pin Configuration.............................................. 124
CCP1 Prescaler ........................................................ 125
CCPR1H:CCPR1L Registers.................................... 124
Software Interrupt ..................................................... 125
Timer1/Timer3 Mode Selection................................. 124

Capture (ECCP Module)................................................... 133
CAN Message Time-Stamp...................................... 133

Capture/Compare/PWM (CCP) ........................................ 123
Capture Mode. See Capture 

(CCP Module).
CCP1 Module ........................................................... 124

Timer Resources .............................................. 124
CCPR1H Register..................................................... 124
CCPR1L Register ..................................................... 124
Compare Mode. See Compare 

(CCP Module).
Interaction of CCP1 and 

ECCP1 Modules ............................................... 124
PWM Mode. See PWM (CCP Module).

Ceramic Resonators
Ranges Tested ........................................................... 17

Clocking Scheme................................................................ 41
CLRF ................................................................................ 297
CLRWDT .......................................................................... 297
DS41159E-page 388 © 2006 Microchip Technology Inc.


