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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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REGISTER 9-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF CMIF � EEIF BCLIF LVDIF TMR3IF CCP2IF

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 OSCFIF: Oscillator Fail Interrupt Flag bit
1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating

bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed

bit 5 Unimplemented: Read as �0�
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit

1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started

bit 3 BCLIF: Bus Collision Interrupt Flag bit 
1 = A bus collision has occurred (must be cleared in software)
0 = No bus collision occurred

bit 2 LVDIF: Low-Voltage Detect Interrupt Flag bit 
1 = A low-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low-Voltage Detect trip point

bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMR3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow

bit 0 CCP2IF: CCP2 Interrupt Flag bit
Capture mode: 
1 = A TMR1 or TMR3 register capture occurred (must be cleared in software) 
0 = No TMR1 or TMR3 register capture occurred 
Compare mode: 
1 = A TMR1 or TMR3 register compare match occurred (must be cleared in software) 
0 = No TMR1 or TMR3 register compare match occurred
PWM mode:
Unused in this mode.
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TABLE 10-3: PORTB FUNCTIONS          

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB        

Name Bit# Buffer Function

RB0/AN12/INT0 bit 0 TTL(1)/ST(2) Input/output pin, analog input or external interrupt input 0. 
Internal software programmable weak pull-up.

RB1/AN10/INT1 bit 1 TTL(1)/ST(2) Input/output pin, analog input or external interrupt input 1. 
Internal software programmable weak pull-up.

RB2/AN8/INT2 bit 2 TTL(1)/ST(2) Input/output pin, analog input or external interrupt input 2.
Internal software programmable weak pull-up.

RB3/AN9/CCP2 bit 3 TTL(1)/ST(3) Input/output pin or analog input. Capture 2 input/Compare 2 output/
PWM output when CCP2MX Configuration bit is set(4).
Internal software programmable weak pull-up.

RB4/AN11/KBI0 bit 4 TTL Input/output pin (with interrupt-on-change) or analog input. 
Internal software programmable weak pull-up.

RB5/KBI1/PGM bit 5 TTL/ST(5) Input/output pin (with interrupt-on-change). Internal software 
programmable weak pull-up. Low-voltage ICSP� enable pin.

RB6/KBI2/PGC bit 6 TTL/ST(5) Input/output pin (with interrupt-on-change). Internal software 
programmable weak pull-up. Serial programming clock.

RB7/KBI3/PGD bit 7 TTL/ST(5) Input/output pin (with interrupt-on-change). Internal software 
programmable weak pull-up. Serial programming data.

Legend: TTL = TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a TTL input when configured as digital I/O.

2: This buffer is a Schmitt Trigger input when configured as the external interrupt.
3: This buffer is a Schmitt Trigger input when configured as the CCP2 input.
4: A device Configuration bit selects which I/O pin the CCP2 pin is multiplexed on.
5: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

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

PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RB0 xxxx xxxx uuuu uuuu

LATB LATB Data Latch Register xxxx xxxx uuuu uuuu

TRISB PORTB Data Direction Register 1111 1111 1111 1111

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

INTCON2 RBPU INTEDG0 INTEDG1 INTEDG2 � TMR0IP � RBIP 1111 -1-1 1111 -1-1

INTCON3 INT2IP INT1IP � INT2IE INT1IE � INT2IF INT1IF 11-0 0-00 11-0 0-00

ADCON1 � � VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 --00 0000 --00 0000

Legend: x = unknown, u = unchanged, � = unimplemented locations read as �0�. Shaded cells are not used by PORTB.
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14.2 Timer1 Oscillator
The Timer1 oscillator may be used as the clock source
for Timer3. The Timer1 oscillator is enabled by setting
the T1OSCEN (T1CON<3>) bit. The oscillator is a low-
power oscillator rated for 32 kHz crystals. See
Section 12.2 �Timer1 Oscillator� for further details.

14.3 Timer3 Interrupt
The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and rolls over to 0000h. The
TMR3 interrupt, if enabled, is generated on overflow
which is latched in interrupt flag bit, TMR3IF
(PIR2<1>). This interrupt can be enabled/disabled by
setting/clearing TMR3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

14.4 Resetting Timer3 Using a CCP 
Trigger Output

If the CCP module is configured in Compare mode
to generate a �Special Event Trigger�
(CCP1M3:CCP1M0 = 1011), this signal will reset
Timer3. See Section 15.4.4 �Special Event Trigger�
for more information.  

Timer3 must be configured for either Timer or Synchro-
nized Counter mode to take advantage of this feature.
If Timer3 is running in Asynchronous Counter mode,
this Reset operation may not work. In the event that a
write to Timer3 coincides with a Special Event Trigger
from CCP1, the write will take precedence. In this mode
of operation, the CCPR1H:CCPR1L register pair
effectively becomes the period register for Timer3.

TABLE 14-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER        

Note: The Special Event Triggers from the CCP
module will not set interrupt flag bit,
TMR3IF (PIR1<0>). 

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

INTCON GIE/
GIEH

PEIE/
GIEL

TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 0000 000x 0000 000u

PIR2 OSCIF CMIF � EEIF BCLIF LVDIF TMR3IF CCP2IF 00-0 0000 00-0 0000

PIE2 OSCIE CMIE � EEIE BCLIE LVDIE TMR3IE CCP2IE 00-0 0000 00-0 0000

IPR2 OSCIP CMIP � EEIP BCLIP LVDIP TMR3IP CCP2IP 11-1 1111 11-1 1111

TMR3L Timer3 Low Byte Register xxxx xxxx uuuu uuuu

TMR3H Timer3 High Byte Register xxxx xxxx uuuu uuuu

T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 0000 0000 u0uu uuuu

T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 0000 0000 uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented, read as �0�. Shaded cells are not used by the Timer3 module.
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TABLE 16-2: REGISTERS ASSOCIATED WITH ENHANCED PWM AND TIMER2

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

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

RCON IPEN � � RI TO PD POR BOR 0--1 11q0 0--q qquu

PIR1 PSPIF ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 0000 0000 0000 0000

PIE1 PSPIE ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 0000 0000 0000 0000

IPR1 PSPIP ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 1111 1111 1111 1111

TMR2 Timer2 Module Register 0000 0000 0000 0000

PR2 Timer2 Module Period Register 1111 1111 1111 1111

T2CON � TOUTPS3 TOUTPS2 TOUTPS1 TOUTPS0 TMR2ON T2CKPS1 T2CKPS0 -000 0000 -000 0000

TRISC PORTC Data Direction Register 1111 1111 1111 1111

TRISD PORTD Data Direction Register 1111 1111 1111 1111

CCPR1H Enhanced Capture/Compare/PWM Register 1 High Byte xxxx xxxx uuuu uuuu

CCPR1L Enhanced Capture/Compare/PWM Register 1 Low Byte xxxx xxxx uuuu uuuu

CCP1CON P1M1 P1M0 DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1M1 CCP1M0 0000 0000 0000 0000

ECCPAS ECCPASE ECCPAS2 ECCPAS1 ECCPAS0 PSSAC1 PSSAC0 PSSBD1 PSSBD0 0000 0000 0000 0000

PWM1CON PRSEN PDC6 PDC5 PDC4 PDC3 PDC2 PDC1 PDC0 0000 0000 0000 0000

OSCCON IDLEN IRCF2 IRCF1 IRCF0 OSTS IOFS SCS1 SCS0 0000 q000 0000 q000

Legend: x = unknown, u = unchanged, - = unimplemented, read as �0�. 
Shaded cells are not used by the ECCP module in enhanced PWM mode.
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REGISTER 17-2: SSPCON1: MSSP CONTROL REGISTER 1 (SPI MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
WCOL SSPOV(1) SSPEN(2) CKP SSPM3(3) SSPM2(3) SSPM1(3) SSPM0(3)

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 WCOL: Write Collision Detect bit (Transmit mode only)
1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in

software) 
0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit(1) 
SPI Slave mode: 
1 = A new byte is received while the SSPBUF register is still holding the previous data. In case of over-

flow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPBUF, even if only transmitting data, to avoid setting overflow (must be cleared in software).

0 = No overflow
bit 5 SSPEN: Master Synchronous Serial Port Enable bit(2) 

1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins
0 = Disables serial port and configures these pins as I/O port pins

bit 4 CKP: Clock Polarity Select bit 
1 = Idle state for clock is a high level 
0 = Idle state for clock is a low level

bit 3-0 SSPM3:SSPM0: Master Synchronous Serial Port Mode Select bits(3)

0101 = SPI Slave mode, clock = SCK pin, SS pin control disabled, SS can be used as I/O pin
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled
0011 = SPI Master mode, clock = TMR2 output/2
0010 = SPI Master mode, clock = FOSC/64
0001 = SPI Master mode, clock = FOSC/16
0000 = SPI Master mode, clock = FOSC/4

Note 1: In Master mode, the overflow bit is not set since each new reception (and transmission) is initiated by 
writing to the SSPBUF register.

2: When the MSSP is enabled in SPI mode, these pins must be properly configured as input or output.
3: Bit combinations not specifically listed here are either reserved or implemented in I2C� mode only.
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17.3.2 OPERATION
When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

� Master mode (SCK is the clock output)
� Slave mode (SCK is the clock input)
� Clock Polarity (Idle state of SCK)
� Data Input Sample Phase (middle or end of data 

output time)
� Clock Edge (output data on rising/falling edge of 

SCK)
� Clock Rate (Master mode only)
� Slave Select mode (Slave mode only)

The MSSP consists of a Transmit/Receive Shift regis-
ter (SSPSR) and a Buffer register (SSPBUF). The
SSPSR shifts the data in and out of the device, MSb
first. The SSPBUF holds the data that was written to the
SSPSR until the received data is ready. Once the 8 bits
of data have been received, that byte is moved to the
SSPBUF register. Then the Buffer Full Detect bit, BF
(SSPSTAT<0>), and the interrupt flag bit, SSPIF, are
set. This double-buffering of the received data
(SSPBUF) allows the next byte to start reception before
reading the data that was just received. Any write to the

SSPBUF register during transmission/reception of data
will be ignored and the Write Collision Detect bit,
WCOL (SSPCON1<7>), will be set. User software
must clear the WCOL bit so that it can be determined if
the following write(s) to the SSPBUF register
completed successfully. 

When the application software is expecting to receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. Buffer
Full bit, BF (SSPSTAT<0>), indicates when SSPBUF
has been loaded with the received data (transmission
is complete). When the SSPBUF is read, the BF bit is
cleared. This data may be irrelevant if the SPI is only a
transmitter. Generally, the MSSP interrupt is used to
determine when the transmission/reception has com-
pleted. The SSPBUF must be read and/or written. If the
interrupt method is not going to be used, then software
polling can be done to ensure that a write collision does
not occur. Example 17-1 shows the loading of the
SSPBUF (SSPSR) for data transmission. 

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Additionally, the MSSP Status register (SSPSTAT)
indicates the various status conditions. 

EXAMPLE 17-1: LOADING THE SSPBUF (SSPSR) REGISTER      
LOOP BTFSS SSPSTAT, BF ;Has data been received(transmit complete)? 

BRA LOOP ;No 
MOVF SSPBUF, W ;WREG reg = contents of SSPBUF 

MOVWF RXDATA ;Save in user RAM, if data is meaningful

MOVF TXDATA, W ;W reg = contents of TXDATA 
MOVWF SSPBUF ;New data to xmit 
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18.3.2 USART ASYNCHRONOUS 
RECEIVER

The receiver block diagram is shown in Figure 18-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter, operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at FOSC. This mode would
typically be used in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH (Section 18.2 �USART Baud
Rate Generator (BRG)�).

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. If interrupts are desired, set enable bit, RCIE.
4. If 9-bit reception is desired, set bit, RX9.
5. Enable the reception by setting bit, CREN.
6. Flag bit, RCIF, will be set when reception is com-

plete and an interrupt will be generated if enable
bit, RCIE, was set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit, CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

18.3.3 SETTING UP 9-BIT MODE WITH 
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with address
detect enable: 

1. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is required,
set the BRGH bit.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If interrupts are required, set the RCEN bit and
select the desired priority level with the RCIP bit.

4. Set the RX9 bit to enable 9-bit reception. 
5. Set the ADDEN bit to enable address detect.    
6. Enable reception by setting the CREN bit.
7. The RCIF bit will be set when reception is

complete. The interrupt will be Acknowledged if
the RCIE and GIE bits are set.

8. Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREG to determine if the device is being
addressed.

10. If any error occurred, clear the CREN bit. 
11. If the device has been addressed, clear the

ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.     

FIGURE 18-4: USART RECEIVE BLOCK DIAGRAM     
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20.0 COMPARATOR MODULE
The comparator module contains two analog compara-
tors. The inputs and outputs for the comparators are
multiplexed with the RA0 through RA5 pins. The on-
chip voltage reference (Section 21.0 �Comparator
Voltage Reference Module�) can also be an input to
the comparators.

The CMCON register, shown as Register 20-1,
controls the comparator module�s input and output
multiplexers. A block diagram of the various
comparator configurations is shown in Figure 20-1.

20.1 Comparator Configuration
There are eight modes of operation for the comparators.
The CM bits (CMCON<2:0>) are used to select these
modes. Figure 20-1 shows the eight possible modes.
The TRISA register controls the data direction of the
comparator pins for each mode. If the Comparator mode
is changed, the comparator output level may not be valid
for the specified mode change delay shown in the
Electrical Specifications (see Section 26.0 �Electrical
Characteristics�).            

              

Note: Comparator interrupts should be disabled
during a Comparator mode change.
Otherwise, a false interrupt may occur.

REGISTER 20-1: CMCON: COMPARATOR CONTROL REGISTER

R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-1 R/W-1
C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0

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 C2OUT: Comparator 2 Output bit
When C2INV = 0:
1 = C2 VIN+ > C2 VIN-
0 = C2 VIN+ < C2 VIN-
When C2INV = 1:
1 = C2 VIN+ < C2 VIN-
0 = C2 VIN+ > C2 VIN-

bit 6 C1OUT: Comparator 1 Output bit
When C1INV = 0:
1 = C1 VIN+ > C1 VIN-
0 = C1 VIN+ < C1 VIN-
When C1INV = 1:
1 = C1 VIN+ < C1 VIN-
0 = C1 VIN+ > C1 VIN-

bit 5 C2INV: Comparator 2 Output Inversion bit
1 = C2 output inverted
0 = C2 output not inverted

bit 4 C1INV: Comparator 1 Output Inversion bit
1 = C1 output inverted
0 = C1 output not inverted

bit 3 CIS: Comparator Input Switch bit
When CM2:CM0 = 110:
1 = C1 VIN- connects to RA3/AN3

C2 VIN- connects to RA2/AN2
0 = C1 VIN- connects to RA0/AN0

C2 VIN- connects to RA1/AN1
bit 2-0 CM2:CM0: Comparator Mode bits

Figure 20-1 shows the Comparator modes and the CM2:CM0 bit settings.
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BNOV Branch if Not Overflow 

Syntax: [ label ]  BNOV    n

Operands: -128 ≤ n ≤ 127

Operation: if Overflow bit is �0�,
(PC) + 2 + 2n → PC

Status Affected: None

Encoding: 1110 0101 nnnn nnnn

Description: If the Overflow bit is �0�, then the 
program will branch.
The 2�s complement number �2n� is 
added to the PC. Since the PC will 
have incremented to fetch the next 
instruction, the new address will be 
PC + 2 + 2n. This instruction is 
then a two-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
If Jump:

Q1 Q2 Q3 Q4
Decode Read literal 

�n�
Process 

Data
Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

If No Jump:
Q1 Q2 Q3 Q4

Decode Read literal 
�n�

Process 
Data

No 
operation

Example: HERE BNOV Jump

Before Instruction
PC = address (HERE)

After Instruction
If Overflow = 0;

PC = address (Jump)
If Overflow = 1;

PC = address (HERE + 2)

BNZ Branch if Not Zero

Syntax: [ label ]  BNZ    n

Operands: -128 ≤ n ≤ 127

Operation: if Zero bit is �0�,
(PC) + 2 + 2n → PC

Status Affected: None

Encoding: 1110 0001 nnnn nnnn

Description: If the Zero bit is �0�, then the 
program will branch.
The 2�s complement number �2n� is 
added to the PC. Since the PC will 
have incremented to fetch the next 
instruction, the new address will be 
PC + 2 + 2n. This instruction is 
then a two-cycle instruction.

Words: 1

Cycles: 1(2)

Q Cycle Activity:
If Jump:

Q1 Q2 Q3 Q4
Decode Read literal 

�n�
Process 

Data
Write to PC

No 
operation

No 
operation

No 
operation

No 
operation

If No Jump:
Q1 Q2 Q3 Q4

Decode Read literal 
�n�

Process 
Data

No 
operation

Example: HERE BNZ Jump

Before Instruction
PC = address (HERE)

After Instruction
If Zero = 0;

PC = address (Jump)
If Zero = 1;

PC = address (HERE + 2)
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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 eight-bit value in 
W, resulting from the earlier addi-
tion of two variables (each in 
packed BCD format) and produces 
a correct packed BCD result. The 
carry bit may be set by DAW regard-
less of its setting prior to the DAW 
execution.

Words: 1

Cycles: 1 

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register W

Process 
Data

Write
W

Example1: 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� (default). If �a� is �0�, the Access 
Bank will be selected, overriding 
the BSR value. If �a� = 1, then the 
bank will be selected as per the 
BSR value (default).

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
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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DECFSZ Decrement f, Skip if 0

Syntax: [ label ]   DECFSZ   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: 0010 11da ffff ffff

Description: The contents of register �f� are 
decremented. If �d� is �0�, the result 
is placed in W. If �d� is �1�, the result 
is placed back in register �f� 
(default).
If the result is �0�, the next instruc-
tion which is already fetched is dis-
carded and a NOP is executed 
instead, making it a two-cycle 
instruction. If �a� is �0�, the Access 
Bank will be selected, overriding 
the BSR value. If �a� = 1, then the 
bank will be selected as per the 
BSR value (default).

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      DECFSZ   CNT
          GOTO     LOOP
CONTINUE  

Before Instruction
PC = Address (HERE)

After Instruction
CNT = CNT � 1
If CNT = 0;

PC = Address (CONTINUE)
If CNT ≠ 0;

PC = Address (HERE + 2)

DCFSNZ Decrement f, Skip if not 0

Syntax: [ label ]   DCFSNZ    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 11da ffff ffff

Description: The contents of register �f� are 
decremented. If �d� is �0�, the result 
is placed in W. If �d� is �1�, the result 
is placed back in register �f� 
(default).
If the result is not �0�, the next 
instruction which is already fetched 
is discarded and a NOP is executed 
instead, making it a two-cycle 
instruction. If �a� is �0�, the Access 
Bank 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(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    DCFSNZ  TEMP
ZERO    : 
NZERO   : 

Before Instruction
TEMP = ?

After Instruction
TEMP = TEMP � 1,
If TEMP = 0;

PC = Address (ZERO)
If TEMP ≠ 0;

PC = Address (NZERO)
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26.0 ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings (�) 
Ambient temperature under bias............................................................................................................ .-55°C to +125°C

Storage temperature ..............................................................................................................................  -65°C to +150°C

Voltage on any pin with respect to VSS (except VDD, MCLR and RA4) .......................................... -0.3V to (VDD + 0.3V)

Voltage on VDD with respect to VSS .........................................................................................................  -0.3V to +7.5V

Voltage on MCLR with respect to VSS (Note 2) ......................................................................................... 0V to +13.25V

Voltage on RA4 with respect to VSS............................................................................................................... 0V to +8.5V

Total power dissipation (Note 1) ...............................................................................................................................1.0W

Maximum current out of VSS pin ...........................................................................................................................300 mA

Maximum current into VDD pin ..............................................................................................................................250 mA

Input clamp current, IIK (VI < 0 or VI > VDD)...................................................................................................................... ±20 mA

Output clamp current, IOK (VO < 0 or VO > VDD) .............................................................................................................. ±20 mA

Maximum output current sunk by any I/O pin..........................................................................................................25 mA

Maximum output current sourced by any I/O pin ....................................................................................................25 mA

Maximum current sunk by all ports .......................................................................................................................200 mA

Maximum current sourced by all ports ..................................................................................................................200 mA

Note 1: Power dissipation is calculated as follows: 
Pdis = VDD x {IDD - ∑ IOH} + ∑ {(VDD-VOH) x IOH} + ∑(VOl x IOL)

2: Voltage spikes below VSS at the MCLR/VPP pin, inducing currents greater than 80 mA, may cause latch-up.
Thus, a series resistor of 50-100Ω should be used when applying a �low� level to the MCLR/VPP pin, rather
than pulling this pin directly to VSS.

    

� NOTICE: Stresses above those listed under �Absolute Maximum Ratings� may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at those or any other conditions above those 
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability.



© 2007 Microchip Technology Inc. DS39599G-page 317

PIC18F2220/2320/4220/4320

Module Differential Currents (ΔIWDT, ΔIBOR, ΔILVD, ΔIOSCB,  ΔIAD)
D022
(ΔIWDT)

Watchdog Timer 1.5 3.8 μA -40°C
VDD = 2.0V2.2 3.8 μA +25°C 

2.7 4.0 μA +85°C
2.3 4.6 μA -40°C

VDD = 3.0V2.7 4.6 μA +25°C 
3.1 4.8 μA +85°C
3.0 10.0 μA -40°C

VDD = 5.0V
3.3 10.0 μA +25°C 
3.9 10.0 μA +85°C

Extended devices only 4.0 13.0 μA +125°C
D022A Brown-out Reset 35 50 μA

-40°C to +85°C
VDD = 3.0V

(ΔIBOR) 42 60 μA
VDD = 5.0V

Extended devices only 46 65 μA -40°C to +125°C
D022B Low-Voltage Detect 31 45 μA

-40°C to +85°C
VDD = 2.0V

(ΔILVD) 33 50 μA VDD = 3.0V
42 60 μA

VDD = 5.0V
Extended devices only 46 65 μA -40°C to +125°C

26.2 DC Characteristics: Power-Down and Supply Current
PIC18F2220/2320/4220/4320 (Industrial) 
PIC18LF2220/2320/4220/4320 (Industrial) (Continued)

PIC18LF2220/2320/4220/4320
      (Industrial)      

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

PIC18F2220/2320/4220/4320
      (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 kΩ.

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
D080A � 0.6 V IOL = 7.0 mA, VDD = 4.5V, 

-40°C to +125°C
D083 OSC2/CLKO 

(RC mode)
� 0.6 V IOL = 1.6 mA, VDD = 4.5V, 

-40°C to +85°C
D083A � 0.6 V IOL = 1.2 mA, VDD = 4.5V, 

-40°C to +125°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

D090A VDD � 0.7 � V IOH = -2.5 mA, VDD = 4.5V, 
-40°C to +125°C

D092 OSC2/CLKO 
(RC mode)

VDD � 0.7 � V IOH = -1.3 mA, VDD = 4.5V, 
-40°C to +85°C

D092A VDD � 0.7 � V IOH = -1.0 mA, VDD = 4.5V, 
-40°C to +125°C

D150 VOD Open-Drain High Voltage � 8.5 V RA4 pin
Capacitive Loading Specs
on Output Pins

D100(4) 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 In I2C mode

26.3 DC Characteristics: PIC18F2220/2320/4220/4320 (Industrial) 
PIC18LF2220/2320/4220/4320 (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.
4: Parameter is characterized but not tested.
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27.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

�Typical� represents the mean of the distribution at 25°C. �Maximum� or �minimum� represents (mean + 3σ) or (mean � 3σ)
respectively, where σ is a standard deviation, over the whole temperature range.

FIGURE 27-1: TYPICAL IDD vs. FOSC OVER VDD PRI_RUN, EC MODE, +25°C

FIGURE 27-2: MAXIMUM IDD vs. FOSC OVER VDD PRI_RUN, EC MODE, -40°C TO +85°C

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

0.0

0.1

0.2

0.3

0.4

0.5

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

FOSC (MHz)

ID
D

 (m
A

)

5.0V

5.5V

4.0V

4.5V

3.0V

3.5V

2.0V

2.5V

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

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

FOSC (MHz)

ID
D

 (m
A

)

5.0V

5.5V

4.0V

4.5V

3.0V

3.5V

2.0V

2.5V

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



© 2007 Microchip Technology Inc. DS39599G-page 371

PIC18F2220/2320/4220/4320
 

**�����	�������	,-�	.���	/���0���	��,�	�	1�21�21	��	����%	�'��	��	�,./� 

!���" .���������	���
������#��/����������	��#���	��	�������$�������#����/�������#����������������������
���#,00������������#����0#��/�����



© 2007 Microchip Technology Inc. DS39599G-page 381

PIC18F2220/2320/4220/4320
E
ECCP ............................................................................... 141

Auto-Shutdown ........................................................ 149
And Automatic Restart ..................................... 151

Capture and Compare Modes .................................. 142
Outputs .................................................................... 142
Standard PWM Mode ............................................... 142
Start-up Considerations ........................................... 151

Effects of Power-Managed Modes on 
Various Clock Sources ............................................... 28

Electrical Characteristics .................................................. 305
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