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Welcome to E-XFL.COM

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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PIC18F2331/2431/4331/4431
2.0 GUIDELINES FOR GETTING 
STARTED WITH PIC18F 
MICROCONTROLLERS

2.1 Basic Connection Requirements

Getting started with the PIC18F2331/2431/4331/4431
family of 8-bit microcontrollers requires attention to a
minimal set of device pin connections before
proceeding with development. 

The following pins must always be connected:

• All VDD and VSS pins 
(see Section 2.2 “Power Supply Pins”)

• All AVDD and AVSS pins, regardless of whether or 
not the analog device features are used 
(see Section 2.2 “Power Supply Pins”)

• MCLR pin 
(see Section 2.3 “Master Clear (MCLR) Pin”)

These pins must also be connected if they are being
used in the end application:

• PGC/PGD pins used for In-Circuit Serial 
Programming™ (ICSP™) and debugging purposes 
(see Section 2.4 “ICSP Pins”)

• OSCI and OSCO pins when an external oscillator 
source is used 
(see Section 2.5 “External Oscillator Pins”)

Additionally, the following pins may be required:

• VREF+/VREF- pins are used when external voltage 
reference for analog modules is implemented

The minimum mandatory connections are shown in
Figure 2-1.

FIGURE 2-1: RECOMMENDED 
MINIMUM CONNECTIONS

Note: The AVDD and AVSS pins must always be
connected, regardless of whether any of
the analog modules are being used.
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Key (all values are recommendations):

C1 through C6: 0.1 µF, 20V ceramic

R1: 10 kΩ

R2: 100Ω to 470Ω

Note 1: The example shown is for a PIC18F device 
with five VDD/VSS and AVDD/AVSS pairs. 
Other devices may have more or less pairs; 
adjust the number of decoupling capacitors 
appropriately.
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REGISTER 3-2: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R(1) R-0 R/W-0 R/W-0

IDLEN IRCF2 IRCF1 IRCF0 OSTS IOFS SCS1 SCS0

bit 7 bit 0

Legend:

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

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

bit 7 IDLEN: Idle Enable bit

1 = Idle mode enabled; CPU core is not clocked in power-managed modes
0 = Run mode enabled; CPU core is clocked in power-managed modes

bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits

111 =  8 MHz (8 MHz source drives clock directly)
110 =  4 MHz (default)
101 =  2 MHz 
100 =  1 MHz
011 =  500 kHz 
010 =  250 kHz
001 =  125 kHz
000 =  31 kHz (INTRC source drives clock directly)(2) 

bit 3 OSTS: Oscillator Start-up Timer Time-out Status bit(1)

1 = Oscillator Start-up Timer time-out has expired; primary oscillator is running
0 = Oscillator Start-up Timer time-out is running; primary oscillator is not ready

bit 2 IOFS: INTOSC Frequency Stable bit 

1 = INTOSC frequency is stable
0 = INTOSC frequency is not stable

bit 1-0 SCS<1:0>: System Clock Select bits

1x = Internal oscillator block
01 = Secondary (Timer1) oscillator 
00 = Primary oscillator

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

2: Default output frequency of INTOSC on Reset.
DS39616D-page 36   2010 Microchip Technology Inc.
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6.7 Data Addressing Modes

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

The addressing modes are:

• Inherent

• Literal

• Direct

• Indirect

6.7.1 INHERENT AND LITERAL 
ADDRESSING

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

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

6.7.2 DIRECT ADDRESSING

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

In the core PIC18 instruction set, bit-oriented and byte-
oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies either a register address in
one of the banks of data RAM (Section 6.5.4 “Special
Function Registers”) or a location in the Access Bank
(Section 6.5.2 “Access Bank”) as the data source for
the instruction. 

The Access RAM bit, ‘a’, determines how the address
is interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 6.5.1 “Bank Select Register (BSR)”) are
used with the address to determine the complete 12-bit
address of the register. When ‘a’ is ‘0’, the address is
interpreted as being a register in the Access Bank.
Addressing that uses the Access RAM is sometimes
also known as Direct Forced Addressing mode.

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

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

6.7.3 INDIRECT ADDRESSING

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

The registers for Indirect Addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code, using
loops, such as the example of clearing an entire RAM
bank in Example 6-5.

EXAMPLE 6-5: HOW TO CLEAR RAM 
(BANK 1) USING 
INDIRECT ADDRESSING   

LFSR FSR0, 100h ;   
NEXT CLRF POSTINC0 ; Clear INDF 

; register then 
; inc pointer 

BTFSS FSR0H, 1 ; All done with
; Bank1? 

BRA NEXT ; NO, clear next 
CONTINUE ; YES, continue 
 2010 Microchip Technology Inc.  DS39616D-page 75
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TABLE 11-1: PORTA I/O SUMMARY

Pin Function
TRIS

Setting
I/O

I/O
Type

Description

RA0/AN0 RA0 0 O DIG LATA<0> data output; not affected by analog input.

1 I TTL PORTA<0> data input; disabled when analog input is enabled.

AN0 1 I ANA A/D Input Channel 0. Default input configuration on POR; does not 
affect digital output.

RA1/AN1 RA1 0 O DIG LATA<1> data output; not affected by analog input.

1 I TTL PORTA<1> data input; disabled when analog input is enabled.

AN1 1 I ANA A/D Input Channel 1. Default input configuration on POR; does not 
affect digital output.

RA2/AN2/VREF-/
CAP1/INDX

RA2 0 O DIG LATA<2> data output; not affected by analog input.

1 I TTL PORTA<2> data input. Disabled when analog input is enabled.

AN2 1 I ANA A/D Input Channel 2. Default input configuration on POR.

VREF- 1 I ANA A/D voltage reference low input. 

CAP1 1 I ST Input Capture Pin 1. Disabled when analog input is enabled.

INDX 1 I ST Quadrature Encoder Interface index input pin. Disabled when analog 
input is enabled.

RA3/AN3/VREF+/
CAP2/QEA

RA3 0 O DIG LATA<3> data output; not affected by analog input.

1 I TTL PORTA<3> data input; disabled when analog input is enabled.

AN3 1 I ANA A/D Input Channel 3. Default input configuration on POR.

VREF+ 1 I ANA A/D voltage reference high input.

CAP2 1 I ST Input Capture Pin 2. Disabled when analog input is enabled.

QEA 1 I ST Quadrature Encoder Interface Channel A input pin. Disabled when 
analog input is enabled.

RA4/AN4/CAP3/
QEB

RA4 0 O DIG LATA<4> data output; not affected by analog input.

1 I ST PORTA<4> data input; disabled when analog input is enabled.

AN4 1 I ANA A/D Input Channel 4. Default input configuration on POR.

CAP3 1 I ST Input Capture Pin 3. Disabled when analog input is enabled.

QEB 1 I ST Quadrature Encoder Interface Channel B input pin. Disabled when 
analog input is enabled.

RA5/AN5/LVDIN RA5 0 O DIG LATA<5> data output; not affected by analog input.

1 I TTL PORTA<5> data input; disabled when analog input is enabled.

AN5 1 I ANA A/D Input Channel 5. Default configuration on POR.

LVDIN 1 I ANA Low-Voltage Detect external trip point input.

OSC2/CLKO/RA6 OSC2 x O ANA Main oscillator feedback output connection (XT, HS and LP modes).

CLKO x O DIG System cycle clock output (FOSC/4) in RC, INTIO1 and EC Oscillator 
modes.

RA6 0 O DIG LATA<6> data output. Enabled in RCIO, INTIO2 and ECIO modes only.

1 I TTL PORTA<6> data input. Enabled in RCIO, INTIO2 and ECIO modes only.

OSC1/CLKI/RA7 OSC1 x I ANA Main oscillator input connection.

CLKI x I ANA Main clock input connection.

RA7 0 O DIG LATA<7> data output. Disabled in external oscillator modes.

1 I TTL PORTA<7> data input. Disabled in external oscillator modes.

Legend: DIG = Digital level output; TTL = TTL input buffer; ST = Schmitt Trigger input buffer; ANA = Analog level input/output; 
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).
DS39616D-page 114   2010 Microchip Technology Inc.
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TABLE 11-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA          

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset Values 

on Page:

PORTA RA7(1) RA6(1) RA5 RA4 RA3 RA2 RA1 RA0 57

LATA LATA7(1) LATA6(1) LATA Data Output Register 57

TRISA TRISA7(1) TRISA6(1) PORTA Data Direction Register 57

ADCON1 VCFG1 VCFG0 — FIFOEN BFEMT BFOVFL ADPNT1 ADPNT0 56

ANSEL0 ANS7(2) ANS6(2) ANS5(2) ANS4 ANS3 ANS2 ANS1 ANS0 56

ANSEL1 — — — — — — — ANS8(2) 56

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTA.

Note 1: RA<7:6> and their associated latch and data direction bits are enabled as I/O pins based on oscillator 
configuration; otherwise, they are read as ‘0’.

2: ANS5 through ANS8 are available only on the PIC18F4331/4431 devices.
 2010 Microchip Technology Inc.  DS39616D-page 115
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11.2 PORTB, TRISB and LATB 
Registers

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

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

EXAMPLE 11-2: INITIALIZING PORTB 

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

Four of the PORTB pins (RB<7:4>) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this interrupt to occur (i.e., any RB<7:4> pin
configured as an output is excluded from the interrupt-
on-change comparison). The input pins (of RB<7:4>)
are compared with the old value latched on the last
read of PORTB. The “mismatch” outputs of RB<7:4>
are ORed together to generate the RB port change
interrupt with flag bit, RBIF (INTCON<0>). 

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 (ANY), PORTB instruction).

b) NOP (or any 1 TCY delay).

c) Clear flag bit, RBIF.

A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB and waiting 1 TCY will end the
mismatch condition and allow flag bit, RBIF, to be
cleared. Also, if the port pin returns to its original state,
the mismatch condition will 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.

RB<3:0> and RB4 pins are multiplexed with the 14-bit
PWM module for PWM<3:0> and PWM5 output. The
RB5 pin can be configured by the Configuration bit,
PWM4MX, as the alternate pin for PWM4 output.

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

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

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

MOVWF TRISB ;  Set RB<3:0> as inputs
;  RB<5:4> as outputs
;  RB<7:6> as inputs
DS39616D-page 116   2010 Microchip Technology Inc.
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16.3 Capture Mode

In Capture mode, CCPR1H:CCPR1L captures the
16-bit value of the TMR1 register 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, CCP1M<3:0>
(CCP1CON<3:0>). When a capture is made, the
interrupt request flag bit, CCP1IF (PIR1<2>), is set; it
must be cleared in software. If another capture occurs
before the value in register CCPR1 is read, the old
captured value is overwritten by the new captured value.

16.3.1 CCP PIN CONFIGURATION

In Capture mode, the RC2/CCP1 pin should be
configured as an input by setting the TRISC<2> bit.        

16.3.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchro-
nized Counter mode to be used with the capture
feature. In Asynchronous Counter mode, the capture
operation may not work.

16.3.3 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.

16.3.4 CCP PRESCALER

There are four prescaler settings specified by bits
CCP1M<3:0>. 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
prescalers. This example also clears the prescaler
counter and will not generate the “false” interrupt.

EXAMPLE 16-1: CHANGING BETWEEN 
CAPTURE PRESCALERS

FIGURE 16-1: CAPTURE MODE OPERATION BLOCK DIAGRAM        

Note: If the RC2/CCP1 pin is configured as an
output, a write to the port can cause a
capture condition. 

CLRF CCP1CON ; Turn CCP module off
MOVLW NEW_CAPT_PS ; Load WREG with the

; new prescaler mode
; value and CCP ON

MOVWF CCP1CON ; Load CCP1CON with
; this value

CCPR1H CCPR1L

TMR1H TMR1L

Set CCP1IF Flag bit

Qs
CCP1CON<3:0>

CCP1 Pin

Prescaler
 1, 4, 16

and
Edge Detect

TMR1
Enable

CCPR2H CCPR2L

TMR1H TMR1L

Set CCP2IF Flag bit

Qs
CCP2CON<3:0>

CCP2 Pin

Prescaler
 1, 4, 16

TMR1
Enable

and
Edge Detect
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TABLE 17-8: REGISTERS ASSOCIATED WITH THE MOTION FEEDBACK MODULE  

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset Values 

on Page:

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 54

IPR3 — — — PTIP IC3DRIP IC2QEIP IC1IP TMR5IP 56

PIE3 — — — PTIE IC3DRIE IC2QEIE IC1IE TMR5IE 56

PIR3 — — — PTIF IC3DRIF IC2QEIF IC1IF TMR5IF 56

TMR5H Timer5 Register High Byte 57

TMR5L Timer5 Register Low Byte 57

PR5H Timer5 Period Register High Byte 57

PR5L Timer5 Period Register Low Byte 57

T5CON T5SEN RESEN T5MOD T5PS1 T5PS0 T5SYNC TMR5CS TMR5ON 57

CAP1BUFH/
VELRH

Capture 1 Register High Byte/Velocity Register High Byte(1) 58

CAP1BUFL/
VELRL

Capture 1 Register Low Byte/Velocity Register Low Byte(1) 58

CAP2BUFH/
POSCNTH

Capture 2 Register High Byte/QEI Position Counter Register High Byte(1) 58

CAP2BUFL/
POSCNTL

Capture 2 Register Low Byte/QEI Position Counter Register Low Byte(1) 58

CAP3BUFH/
MAXCNTH

Capture 3 Register High Byte/QEI Max. Count Limit Register High Byte(1) 58

CAP3BUFL/
MAXCNTL

Capture 3 Register Low Byte/QEI Max. Count Limit Register Low Byte(1) 58

CAP1CON — CAP1REN — — CAP1M3 CAP1M2 CAP1M1 CAP1M0 59

CAP2CON — CAP2REN — — CAP2M3 CAP2M2 CAP2M1 CAP2M0 59

CAP3CON — CAP3REN — — CAP3M3 CAP3M2 CAP3M1 CAP3M0 59

DFLTCON — FLT4EN FLT3EN FLT2EN FLT1EN FLTCK2 FLTCK1 FLTCK0 59

QEICON VELM QERR UP/DOWN QEIM2 QEIM1 QEIM0 PDEC1 PDEC0 56

Legend: — = unimplemented. Shaded cells are not used by the Motion Feedback Module.

Note 1: Register name and function determined by which submodule is selected (IC/QEI, respectively). See 
Section 17.1.10 “Other Operating Modes” for more information.
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18.3.1 FREE-RUNNING MODE

In the Free-Running mode, the PWM Time Base regis-
ters (PTMRL and PTMRH) will begin counting upwards
until the value in the PWM Time Base Period register,
PTPER (PTPERL and PTPERH), is matched. The
PTMR registers will be reset on the following input
clock edge and the time base will continue counting
upwards as long as the PTEN bit remains set.

18.3.2 SINGLE-SHOT MODE

In the Single-Shot mode, the PWM time base will begin
counting upwards when the PTEN bit is set. When the
value in the PTMR register matches the PTPER regis-
ter, the PTMR register will be reset on the following
input clock edge and the PTEN bit will be cleared by the
hardware to halt the time base.

18.3.3 CONTINUOUS UP/DOWN COUNT 
MODES

In Continuous Up/Down Count modes, the PWM time
base counts upwards until the value in the PTPER
register matches with the PTMR register. On the
following input clock edge, the timer counts
downwards. The PTDIR bit in the PTCON1 register is
read-only and indicates the counting direction. The
PTDIR bit is set when the timer counts downwards.

18.3.4 PWM TIME BASE PRESCALER

The input clock to PTMR (FOSC/4) has prescaler
options of 1:1, 1:4, 1:16 or 1:64. These are selected by
control bits, PTCKPS<1:0>, in the PTCON0 register.
The prescaler counter is cleared when any of the
following occurs:

• Write to the PTMR register

• Write to the PTCON (PTCON0 or PTCON1) 
register

• Any device Reset

REGISTER 18-4: PWMCON1: PWM CONTROL REGISTER 1

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

SEVOPS3 SEVOPS2 SEVOPS1 SEVOPS0 SEVTDIR — UDIS OSYNC

bit 7 bit 0

Legend:

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

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

bit 7-4 SEVOPS<3:0>: PWM Special Event Trigger Output Postscale Select bits

0000 = 1:1 Postscale
0001 = 1:2 Postscale
.
.
.
1111 = 1:16 Postscale

bit 3 SEVTDIR: Special Event Trigger Time Base Direction bit

1 = A Special Event Trigger will occur when the PWM time base is counting downwards
0 = A Special Event Trigger will occur when the PWM time base is counting upwards

bit 2 Unimplemented: Read as ‘0’

bit 1 UDIS: PWM Update Disable bit

1 = Updates from Duty Cycle and Period Buffer registers are disabled
0 = Updates from Duty Cycle and Period Buffer registers are enabled

bit 0 OSYNC: PWM Output Override Synchronization bit 

1 = Output overrides via the OVDCON register are synchronized to the PWM time base
0 = Output overrides via the OVDCON register are asynchronous

Note: Since the PWM compare outputs are
driven to the active state when the PWM
time base is counting downwards and
matches the duty cycle value, the PWM
outputs are held inactive during the first
half of the first period of the Continuous
Up/Down Count mode until PTMR begins
to count down from the PTPER value.

Note: The PTMR register is not cleared when
PTCONx is written.
DS39616D-page 180   2010 Microchip Technology Inc.
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21.0 10-BIT HIGH-SPEED 
ANALOG-TO-DIGITAL 
CONVERTER (A/D) MODULE

The high-speed Analog-to-Digital (A/D) Converter
module allows conversion of an analog signal to a
corresponding 10-bit digital number.

The A/D module supports up to 5 input channels on
PIC18F2331/2431 devices, and up to 9 channels on
the PIC18F4331/4431 devices.

This high-speed 10-bit A/D module offers the following
features:

• Up to 200K samples per second

• Two sample and hold inputs for dual-channel 
simultaneous sampling

• Selectable Simultaneous or Sequential Sampling 
modes

• 4-word data buffer for A/D results

• Selectable data acquisition timing

• Selectable A/D event trigger

• Operation in Sleep using internal oscillator

These features lend themselves to many applications
including motor control, sensor interfacing, data
acquisition and process control. In many cases, these
features will reduce the software overhead associated
with standard A/D modules.

The module has 9 registers:

• A/D Result High Register (ADRESH)

• A/D Result Low Register (ADRESL)

• A/D Control Register 0 (ADCON0)

• A/D Control Register 1 (ADCON1)

• A/D Control Register 2 (ADCON2)

• A/D Control Register 3 (ADCON3)

• A/D Channel Select Register (ADCHS)

• Analog I/O Select Register 0 (ANSEL0)

• Analog I/O Select Register 1 (ANSEL1)
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The A/D channels are grouped into four sets of 2 or
3 channels. For the PIC18F2331/2431 devices, AN0
and AN4 are in Group A, AN1 is in Group B, AN2 is in
Group C and AN3 is in Group D. For the PIC18F4331/
4431 devices, AN0, AN4 and AN8 are in Group A, AN1
and AN5 are in Group B, AN2 and AN6 are in Group C
and AN3 and AN7 are in Group D. The selected chan-
nel in each group is selected by configuring the A/D
Channel Select Register, ADCHS.

The analog voltage reference is software selectable to
either the device’s positive and negative analog supply
voltage (AVDD and AVSS), or the voltage level on the
RA3/AN3/VREF+/CAP2/QEA and RA2/AN2/VREF-/
CAP1/INDX, or some combination of supply and
external sources. Register ADCON1 controls the
voltage reference settings.

The A/D Converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D conversion clock must be
derived from the A/D’s internal RC oscillator.

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted.

Each port pin associated with the A/D Converter can
individually be configured as an analog input or digital
I/O using the ANSEL0 and ANSEL1 registers. The
ADRESH and ADRESL registers contain the value in
the result buffer pointed to by ADPNT<1:0>
(ADCON1<1:0>). The result buffer is a 4-deep circular
buffer that has a Buffer Empty status bit, BFEMT
(ADCON1<3>), and a Buffer Overflow status bit,
BFOVFL (ADCON1<2>).

FIGURE 21-1: A/D BLOCK DIAGRAM
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21.1 Configuring the A/D Converter

The A/D Converter has two types of conversions, two
modes of operation and eight different Sequencing
modes. These features are controlled by the ACONV
bit (ADCON0<5>), ACSCH bit (ADCON0<4>) and
ACMOD<1:0> bits (ADCON0<3:2>). In addition, the
A/D channels are divided into four groups as defined
in the ADCHS register. Table 21-1 shows the
sequence configurations as controlled by the ACSCH
and ACMOD<1:0> bits.

21.1.1 CONVERSION TYPE

Two types of conversions exist in the high-speed 10-bit
A/D Converter module that are selected using the
ACONV bit. Single-Shot mode allows a single conversion
or sequence to be enabled when ACONV = 0. At the end
of the sequence, the GO/DONE bit will be automatically
cleared and the interrupt flag, ADIF, will be set. When
using Single-Shot mode and configured for
Simultaneous mode, STNM2, acquisition time must be
used to ensure proper conversion of the analog input
signals.

Continuous Loop mode allows the defined sequence to
be executed in a continuous loop when ACONV = 1. In
this mode, either the user can trigger the start of
conversion by setting the GO/DONE bit, or one of the
A/D triggers can start the conversion. The interrupt flag,
ADIF, is set based on the configuration of the bits,
ADRS<1:0> (ADCON3<7:6>). In Simultaneous modes,
STNM1 and STNM2 acquisition time must be config-
ured to ensure proper conversion of the analog input
signals.

21.1.2 CONVERSION MODE

The ACSCH bit (ADCON0<4>) controls how many
channels are used in the configured sequence. When
clear, the A/D is configured for single channel conver-
sion and will convert the group selected by the
ACMOD<1:0> bits and the channel selected by the
GxSEL<1:0> bits (ADCHS register). When ACSCH = 1,
the A/D is configured for multiple channel conversion
and the sequence is defined by ACMOD<1:0>.

TABLE 21-1: AUTO-CONVERSION SEQUENCE CONFIGURATIONS     

Mode ACSCH ACMOD<1:0> Description

Multi-Channel Sequential Mode 1 
(SEQM1)

1 00 Groups A and B are sampled and converted 
sequentially.

Multi-Channel Sequential Mode 2 
(SEQM2)

1 01 Groups A, B, C and D are sampled and converted 
sequentially.

Multi-Channel Simultaneous Mode 1 
(STNM1)

1 10 Groups A and B are sampled simultaneously and 
converted sequentially.

Multi-Channel Simultaneous Mode 2 
(STNM2)

1 11 Groups A and B are sampled simultaneously, then 
converted sequentially. Then, Group C and D are 
sampled simultaneously, then converted 
sequentially.

Single Channel Mode 1 (SCM1) 0 00 Group A is sampled and converted.

Single Channel Mode 2 (SCM2) 0 01 Group B is sampled and converted.

Single Channel Mode 3 (SCM3) 0 10 Group C is sampled and converted.

Single Channel Mode 4 (SCM4) 0 11 Group D is sampled and converted.
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TABLE 21-3: SUMMARY OF A/D REGISTERS         

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset Values 

on Page:

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 54

PIR1 — ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 57

PIE1 — ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 57

IPR1 — ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 57

PIR2 OSCFIF — — EEIF — LVDIF — CCP2IF 57

PIE2 OSCFIE — — EEIE — LVDIE — CCP2IE 57

IPR2 OSCFIP — — EEIP — LVDIP — CCP2IP 57

ADRESH  A/D Result Register High Byte 56

ADRESL  A/D Result Register Low Byte 56

ADCON0 — — ACONV ACSCH ACMOD1 ACMOD0 GO/DONE ADON 56

ADCON1 VCFG1 VCFG0 — FIFOEN BFEMT BFOVFL ADPNT1 ADPNT0 56

ADCON2 ADFM ACQT3 ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0 56

ADCON3 ADRS1 ADRS0 — SSRC4 SSRC3 SSRC2 SSRC1 SSRC0 56

ADCHS GDSEL1 GDSEL0 GBSEL1 GBSEL0 GCSEL1 GCSEL0 GASEL1 GASEL0 56

ANSEL0 ANS7(6) ANS6(6) ANS5(6) ANS4 ANS3 ANS2 ANS1 ANS0 56

ANSEL1 — — — — — — — ANS8(5) 56

PORTA RA7(4) RA6(4) RA5 RA4 RA3 RA2 RA1 RA0 57

TRISA TRISA7(4) TRISA6(4) PORTA Data Direction Register 57

PORTE(2) — — — — RE3(1,3) RA2(3) RA1(3) RA0(3) 57

TRISE(3) — — — — — PORTE Data Direction Register 57

LATE(3) — — — — — LATE Data Output Register 57

Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for A/D conversion.

Note 1: The RE3 port bit is available only as an input pin when the MCLRE bit in the CONFIG3H register is ‘0’.

2: This register is not implemented on PIC18F2331/2431 devices.

3: These bits are not implemented on PIC18F2331/2431 devices.

4: These pins may be configured as port pins depending on the oscillator mode selected.

5: ANS5 through ANS8 are available only on the PIC18F4331/4431 devices.

6: Not available on 28-pin devices.
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22.1 Operation

When the LVD module is enabled, a comparator uses
an internally generated reference voltage as the set
point. The set point is compared with the trip point,
where each node in the resistor divider represents a
trip point voltage. The “trip point” voltage is the voltage
level at which the device detects a low-voltage event,
depending on the configuration of the module. When
the supply voltage is equal to the trip point, the voltage
tapped off of the resistor array is equal to the internal
reference voltage generated by the voltage reference
module. The comparator then generates an interrupt
signal by setting the LVDIF bit.

The trip point voltage is software programmable to any
one of 16 values, selected by programming the
LVDL<3:0> bits (LVDCON<3:0>).

The LVD module has an additional feature that allows
the user to supply the trip voltage to the module from an
external source. This mode is enabled when bits,
LVDL<3:0>, are set to ‘1111’. In this state, the compar-
ator input is multiplexed from the external input pin,
LVDIN. This gives users flexibility because it allows
them to configure the Low-Voltage Detect interrupt to
occur at any voltage in the valid operating range.

22.2 LVD Setup

The following steps are needed to set up the LVD
module:

1. Disable the module by clearing the LVDEN bit
(LVDCON<4>).

2. Write the value to the LVDL<3:0> bits that
selects the desired LVD trip point.

3. Enable the LVD module by setting the LVDEN
bit.

4. Clear the LVD interrupt flag (PIR2<2>), which
may have been set from a previous interrupt.

5. Enable the LVD interrupt, if interrupts are
desired, by setting the LVDIE and GIE bits
(PIE<2> and INTCON<7>).

An interrupt will not be generated until the IRVST bit is set.

22.3 Current Consumption

When the module is enabled, the LVD comparator and
voltage divider are enabled and will consume static cur-
rent. The total current consumption, when enabled, is
specified in electrical specification Parameter D022B.

Depending on the application, the LVD module does
not need to be operating constantly. To decrease the
current requirements, the LVD circuitry may only need
to be enabled for short periods where the voltage is
checked. After doing the check, the LVD module may
be disabled.
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DAW Decimal Adjust W Register

Syntax: [ label ]   DAW

Operands: None

Operation: If [W<3:0> > 9] or [DC = 1] then,
(W<3:0>) + 6  W<3:0>;
else, 
(W<3:0>)  W<3:0>;

If [W<7:4> 9] or [C = 1] then,
(W<7:4>) + 6  W<7:4>;
else, 
(W<7:4>)  W<7:4>

Status Affected: C, DC

Encoding: 0000 0000 0000 0111

Description: DAW adjusts the 8-bit value in W, 
resulting from the earlier addition of two 
variables (each in packed BCD format) 
and produces a correct packed BCD 
result. The Carry bit may be set by DAW 
regardless of its setting prior to the DAW 
instruction.

Words: 1

Cycles: 1 

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register W

Process 
Data

Write
W

Example 1: DAW   

Before Instruction
W = 0xA5
C = 0
DC = 0

After Instruction
W = 0x05
C = 1
DC = 0

Example 2:

Before Instruction
W = 0xCE
C = 0
DC = 0

After Instruction
W = 0x34
C = 1
DC = 0

DECF Decrement f

Syntax: [ label ]   DECF   f [,d [,a]]

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (f) – 1  dest

Status Affected: C, DC, N, OV, Z

Encoding: 0000 01da ffff ffff

Description: Decrement register, ‘f’,. If ‘d’ is ‘0’, the 
result is stored in W. If ‘d’ is ‘1’, the 
result is stored back in register, ‘f’. 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.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: DECF    CNT,

Before Instruction
CNT = 0x01
Z = 0

After Instruction
CNT = 0x00
Z = 1
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INCFSZ Increment f, Skip if 0

Syntax: [ label ]    INCFSZ    f [,d [,a]]

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (f) + 1  dest,
skip if result = 0

Status Affected: None

Encoding: 0011 11da ffff ffff

Description: The contents of register, ‘f’, are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register, ‘f’.
If the result is ‘0’, the next instruction, 
which is already fetched, is discarded, 
and a NOP is executed instead, making 
it a two-cycle instruction. If ‘a’ is ‘0’, the 
Access Bank will be selected, 
overriding the BSR value. If ‘a’ = 1, then 
the bank will be selected as per the 
BSR value.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

If skip:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE    INCFSZ   CNT
NZERO   : 
ZERO    : 

Before Instruction
PC = Address (HERE)

After Instruction
CNT = CNT + 1
If CNT = 0;
PC = Address (ZERO)
If CNT  0;
PC = Address (NZERO)

INFSNZ Increment f, Skip if Not 0

Syntax: [ label ]    INFSNZ    f [,d [,a]]

Operands: 0  f  255
d  [0,1]
a  [0,1]

Operation: (f) + 1  dest, 
skip if result  0

Status Affected: None

Encoding: 0100 10da ffff ffff

Description: The contents of register, ‘f’, are 
incremented. If ‘d’ is ‘0’, the result is 
placed in W. If ‘d’ is ‘1’, the result is 
placed back in register, ‘f’.
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.

Words: 1

Cycles: 1(2)
Note: 3 cycles if skip and followed

by a 2-word instruction.

Q Cycle Activity:

Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

If skip:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE    INFSNZ  REG
ZERO
NZERO

Before Instruction
PC = Address (HERE)

After Instruction
REG = REG + 1
If REG  0;
PC = Address (NZERO)
If REG = 0;
PC = Address (ZERO)
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Supply Current (IDD)(2,3)

PIC18LF2X31/4X31 8 40 A -40°C

VDD = 2.0V

FOSC = 31 kHz
(RC_RUN mode, 

Internal oscillator source)

9 40 A +25°C 

11 40 A +85°C

PIC18LF2X31/4X31 25 68 A -40°C

25 68 A +25°C VDD = 3.0V

20 68 A +85°C

All devices 55 180 A -40°C

VDD = 5.0V
55 180 A +25°C 

50 180 A +85°C

0.25 1 mA +125°C

PIC18LF2X31/4X31 140 220 A -40°C

VDD = 2.0V

FOSC = 1 MHz
(RC_RUN mode, 

Internal oscillator source)

145 220 A +25°C 

155 220 A +85°C

PIC18LF2X31/4X31 215 330 A -40°C

VDD = 3.0V225 330 A +25°C 

235 330 A +85°C

All devices 385 550 A -40°C

VDD = 5.0V
390 550 A +25°C 

405 550 A +85°C

0.7 2.8 mA +125°C

PIC18LF2X31/4X31 410 600 A -40°C

VDD = 2.0V

FOSC = 4 MHz
(RC_RUN mode, 

Internal oscillator source)

425 600 A +25°C 

435 600 A +85°C

PIC18LF2X31/4X31 650 900 A -40°C

VDD = 3.0V670 900 A +25°C 

680 900 A +85°C

All devices 1.2 1.8 mA -40°C

VDD = 5.0V
1.2 1.8 mA +25°C 

1.2 1.8 mA +85°C

2.2 6 mA +125°C

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2331/2431/4331/4431 (Industrial, Extended) 
PIC18LF2331/2431/4331/4431 (Industrial) (Continued)

PIC18LF2331/2431/4331/4431
      (Industrial)      

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

PIC18F2331/2431/4331/4431
      (Industrial, Extended)     

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

-40°C  TA  +125°C for extended

Param
 No.

Device Typ Max Units Conditions

Legend: Shading of rows is to assist in readability of the table.
Note 1: 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 high-impedance state and tied to VDD or VSS, and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

2: The supply current is mainly a function of operating voltage, frequency and mode. Other factors, such as I/O pin loading 
and switching rate, oscillator type and circuit, internal code execution pattern and temperature, also have an impact on 
the current consumption.
The test conditions for all IDD measurements in active operation mode are: 

OSC1 = external square wave, from rail-to-rail; all I/O pins tri-stated, pulled to VDD;
MCLR = VDD; WDT enabled/disabled as specified. 

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated 
by the formula: Ir = VDD/2REXT (mA) with REXT in k.

4: Standard, low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature 
crystals are available at a much higher cost.
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VOL Output Low Voltage

D080 I/O Ports — 0.6 V IOL = 8.5 mA, VDD = 4.5V, 
-40C to +85C

D083 OSC2/CLKO
(RC, RCIO, EC, ECIO modes)

— 0.6 V IOL = 1.6 mA, VDD = 4.5V, 
-40C to +85C

VOH Output High Voltage(3)

D090 I/O Ports VDD – 0.7 — V IOH = -3.0 mA, VDD = 4.5V,
-40C to +85C

D092 OSC2/CLKO 
(RC, RCIO, EC, ECIO modes)

VDD – 0.7 — V IOH = -1.3 mA, VDD = 4.5V,
-40C to +85C

Capacitive Loading Specs
on Output Pins

D100 COSC2 OSC2 Pin — 15 pF In XT, HS and LP modes 
when external clock is 
used to drive OSC1

D101 CIO All I/O Pins and OSC2 
(in RC mode)

— 50 pF To meet the AC Timing 
Specifications

D102 CB SCL, SDA — 400 pF I2C™ Specification

26.3 DC Characteristics: PIC18F2331/2431/4331/4431 (Industrial, Extended) 
PIC18LF2331/2431/4331/4431 (Industrial) (Continued)

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 Min Max Units Conditions

Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the 
PIC® 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 26-14: EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)      

TABLE 26-14: EXAMPLE SPI SLAVE MODE REQUIREMENTS (CKE = 1)      

Param 
No.

Symbol Characteristic Min Max Units Conditions

70 TssL2scH, 
TssL2scL

SS  to SCK  or SCK  Input TCY — ns

71 TscH SCK Input High Time Continuous 1.25 TCY + 30 — ns

71A Single byte 40 — ns (Note 1)

72 TscL SCK Input Low Time Continuous 1.25 TCY + 30 — ns

72A Single byte 40 — ns (Note 1)

73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2 1.5 TCY + 40 — ns (Note 2)

74 TscH2diL, 
TscL2diL

Hold Time of SDI Data Input to SCK Edge 40 — ns

75 TdoR SDO Data Output Rise Time PIC18FXX31 — 25 ns

PIC18LFXX31 — 45 ns

76 TdoF SDO Data Output Fall Time — 25 ns

77 TssH2doZ SS  to SDO Output High-Impedance 10 50 ns

80 TscH2doV,
TscL2doV

SDO Data Output Valid after SCK 
Edge

PIC18FXX31 — 50 ns

PIC18LFXX31 — 100 ns

82 TssL2doV SDO Data Output Valid after SS  
Edge

PIC18FXX31 — 50 ns

PIC18LFXX31 — 100 ns

83 TscH2ssH,
TscL2ssH

SS  after SCK Edge 1.5 TCY + 40 — ns

Note 1: Requires the use of Parameter 73A.

2: Only if Parameter 71A and 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

82

SDI

74

75, 76

MSb bit 6 - - - - - -1 LSb

77

bit 6 - - - -1 LSb In

80

83

MSb In
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APPENDIX E: MIGRATION FROM 
MID-RANGE TO 
ENHANCED DEVICES

A detailed discussion of the differences between the
mid-range MCU devices (i.e., PIC16CXXX) and the
enhanced devices (i.e., PIC18FXXX) is provided in
AN716, “Migrating Designs from PIC16C74A/74B to
PIC18F442.” The changes discussed, while device-
specific, are generally applicable to all mid-range to
enhanced device migrations.

This Application Note is available on Microchip’s
web site: www.Microchip.com.

APPENDIX F: MIGRATION FROM 
HIGH-END TO 
ENHANCED DEVICES

A detailed discussion of the migration pathway and
differences between the high-end MCU devices (i.e.,
PIC17CXXX) and the enhanced devices (i.e.,
PIC18FXXX) is provided in AN726, “PIC17CXXX to
PIC18FXXX Migration.” 

This Application Note is available on Microchip’s
web site: www.Microchip.com.
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