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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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Pin Diagrams (Continued) 
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Note 1: RB3 is the alternate pin for CCP2 multiplexing.
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2.4 ICSP Pins
The PGC and PGD pins are used for In-Circuit Serial
Programming (ICSP) and debugging purposes. It is
recommended to keep the trace length between the
ICSP connector and the ICSP pins on the device as
short as possible. If the ICSP connector is expected to
experience an ESD event, a series resistor is recom-
mended, with the value in the range of a few tens of
ohms, not to exceed 100Ω. 

Pull-up resistors, series diodes and capacitors on the
PGC and PGD pins are not recommended as they will
interfere with the programmer/debugger com-
munications to the device. If such discrete components
are an application requirement, they should be removed
from the circuit during programming and debugging.
Alternatively, refer to the AC/DC characteristics and
timing requirements information in the respective device
Flash programming specification for information on
capacitive loading limits and pin input voltage high (VIH)
and input low (VIL) requirements.

For device emulation, ensure that the “Communication
Channel Select” (i.e., PGC/PGD pins) programmed
into the device matches the physical connections for
the ICSP to the MPLAB® ICD 2, MPLAB ICD 3 or REAL
ICE™ emulator.

For more information on the ICD 2, ICD 3 and REAL
ICE emulator connection requirements, refer to the
following documents that are available on the
Microchip web site.

• “MPLAB® ICD 2 In-Circuit Debugger User’s 
Guide” (DS51331)

• “Using MPLAB® ICD 2” (poster) (DS51265)
• “MPLAB® ICD 2 Design Advisory” (DS51566)
• “Using MPLAB® ICD 3” (poster) (DS51765)
• “MPLAB® ICD 3 Design Advisory” (DS51764)
• “MPLAB® REAL ICE™ In-Circuit Emulator User’s 

Guide” (DS51616)
• “Using MPLAB® REAL ICE™ In-Circuit Emulator” 

(poster) (DS51749)

2.5 External Oscillator Pins
Many microcontrollers have options for at least two
oscillators: a high-frequency primary oscillator and a
low-frequency secondary oscillator (refer to
Section 3.0 “Oscillator Configurations” for details). 

The oscillator circuit should be placed on the same
side of the board as the device. Place the oscillator
circuit close to the respective oscillator pins with no
more than 0.5 inch (12 mm) between the circuit
components and the pins. The load capacitors should
be placed next to the oscillator itself, on the same side
of the board. 

Use a grounded copper pour around the oscillator
circuit to isolate it from surrounding circuits. The
grounded copper pour should be routed directly to the
MCU ground. Do not run any signal traces or power
traces inside the ground pour. Also, if using a
two-sided board, avoid any traces on the other side of
the board where the crystal is placed. A suggested
layout is shown in Figure 2-3. 

For additional information and design guidance on
oscillator circuits, please refer to these Microchip
Application Notes, available at the corporate web site
(www.microchip.com):

• AN826, “Crystal Oscillator Basics and Crystal 
Selection for rfPIC™ and PICmicro® Devices”

• AN849, “Basic PICmicro® Oscillator Design”
• AN943, “Practical PICmicro® Oscillator Analysis 

and Design”
• AN949, “Making Your Oscillator Work”

FIGURE 2-3: SUGGESTED PLACEMENT 
OF THE OSCILLATOR 
CIRCUIT

2.6 Unused I/Os
Unused I/O pins should be configured as outputs and
driven to a logic low state. Alternatively, connect a 1 kΩ
to 10 kΩ resistor to VSS on unused pins and drive the
output to logic low.

13
Main Oscillator

Guard Ring

Guard Trace

Secondary
Oscillator

14

15

16

17

18

19

20
© 2009 Microchip Technology Inc. DS39689F-page 27



PIC18F2221/2321/4221/4321 FAMILY

4.3 Sleep Mode
The power-managed Sleep mode in the PIC18F2221/
2321/4221/4321 family devices is identical to the leg-
acy Sleep mode offered in all other PIC devices. It is
entered by clearing the IDLEN bit (the default state on
device Reset) and executing the SLEEP instruction.
This shuts down the selected oscillator (Figure 4-5). All
clock source status bits are cleared.

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run.

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS<1:0> bits
becomes ready (see Figure 4-6), or it will be clocked
from the internal oscillator block if either the Two-Speed
Start-up or the Fail-Safe Clock Monitor are enabled
(see Section 24.0 “Special Features of the CPU”). In
either case, the OSTS bit is set when the primary clock
is providing the device clocks. The IDLEN and SCS bits
are not affected by the wake-up.

4.4 Idle Modes
The Idle modes allow the controller’s CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is set to a ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS<1:0> bits; however, the
CPU will not be clocked. The clock source status bits are
not affected. Setting IDLEN and executing a SLEEP
instruction provides a quick method of switching from a
given Run mode to its corresponding Idle mode.

If the WDT is selected, the INTRC source will continue
to operate. If the Timer1 oscillator is enabled, it will also
continue to run. 

Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of TCSD
(parameter 38, Table 27-10) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or the Sleep mode, a WDT
time-out will result in a WDT wake-up to the Run mode
currently specified by the SCS<1:0> bits.

FIGURE 4-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE

FIGURE 4-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL) 
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FIGURE 5-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO VDD, VDD RISE < TPWRT)    

FIGURE 5-4: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 1       

FIGURE 5-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VDD): CASE 2    
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6.3.5 STATUS REGISTER
The STATUS register, shown in Register 6-2, contains
the arithmetic status of the ALU. As with any other SFR,
it can be the operand for any instruction. 

If the STATUS register is the destination for an instruc-
tion that affects the Z, DC, C, OV or N bits, the results
of the instruction are not written; instead, the STATUS
register is updated according to the instruction
performed. Therefore, the result of an instruction with
the STATUS register as its destination may be different
than intended. As an example, CLRF STATUS will set
the Z bit and leave the remaining Status bits
unchanged (‘000u u1uu’). 

It is recommended that only BCF, BSF, SWAPF, MOVFF
and MOVWF instructions are used to alter the STATUS
register, because these instructions do not affect the Z,
C, DC, OV or N bits in the STATUS register. 

For other instructions that do not affect Status bits, see
the instruction set summaries in Table 24-2 and
Table 24-3.      

REGISTER 6-2: STATUS REGISTER             

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

U-0 U-0 U-0 R/W-x R/W-x R/W-x R/W-x R/W-x
— — — N OV Z DC C

bit 7 bit 0

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

This bit is used for signed arithmetic (2’s complement). It indicates whether the result was 
negative (ALU MSB = 1).
1 = Result was negative 
0 = Result was positive 

bit 3 OV: Overflow bit 
This bit is used for signed arithmetic (2’s complement). It indicates an overflow of the 7-bit 
magnitude which causes the sign bit (bit 7 of the result) to change state.
1 = Overflow occurred for signed arithmetic (in this arithmetic operation) 
0 = No overflow occurred 

bit 2 Z: Zero bit 
1 = The result of an arithmetic or logic operation is zero 
0 = The result of an arithmetic or logic operation is not zero 

bit 1 DC: Digit Carry/borrow bit 
For ADDWF, ADDLW, SUBLW and SUBWF instructions: 
1 = A carry-out from the 4th low-order bit of the result occurred 
0 = No carry-out from the 4th low-order bit of the result 

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either bit 4 or bit 3 of the source register.

bit 0 C: Carry/borrow bit 
For ADDWF, ADDLW, SUBLW and SUBWF instructions: 
1 = A carry-out from the Most Significant bit of the result occurred 
0 = No carry-out from the Most Significant bit of the result occurred   

Note: For borrow, the polarity is reversed. A subtraction is executed by adding the 2’s
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low-order bit of the source register.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
DS39689F-page 72 © 2009 Microchip Technology Inc.
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12.3 Prescaler
An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not directly readable or writable;
its value is set by the PSA and T0PS<2:0> bits
(T0CON<3:0>) which determine the prescaler
assignment and prescale ratio.

Clearing the PSA bit assigns the prescaler to the
Timer0 module. When it is assigned, prescale values
from 1:2 through 1:256 in power-of-2 increments are
selectable. 

When assigned to the Timer0 module, all instructions
writing to the TMR0 register (e.g., CLRF TMR0, MOVWF
TMR0, BSF TMR0, etc.) clear the prescaler count.    

12.3.1 SWITCHING PRESCALER 
ASSIGNMENT

The prescaler assignment is fully under software
control and can be changed “on-the-fly” during program
execution. 

12.4 Timer0 Interrupt
The TMR0 interrupt is generated when the TMR0
register overflows from FFh to 00h in 8-bit mode, or
from FFFFh to 0000h in 16-bit mode. This overflow sets
the TMR0IF flag bit. The interrupt can be masked by
clearing the TMR0IE bit (INTCON<5>). Before re-
enabling the interrupt, the TMR0IF bit must be cleared
in software by the Interrupt Service Routine.

Since Timer0 is shut down in Sleep mode, the TMR0
interrupt cannot awaken the processor from Sleep. 

TABLE 12-1: REGISTERS ASSOCIATED WITH TIMER0 

Note: Writing to TMR0 when the prescaler is
assigned to Timer0 will clear the prescaler
count but will not change the prescaler
assignment.

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

on page

TMR0L Timer0 Register Low Byte 56
TMR0H Timer0 Register High Byte 56
INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 55
T0CON TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0 56
TRISA RA7(1) RA6(1) RA5 RA4 RA3 RA2 RA1 RA0 58
Legend: Shaded cells are not used by Timer0.
Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary 

oscillator modes. When disabled, these bits read as ‘0’.
© 2009 Microchip Technology Inc. DS39689F-page 131
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15.2 Timer3 16-Bit Read/Write Mode
Timer3 can be configured for 16-bit reads and writes
(see Figure 15-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register. 

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

15.3 Using the Timer1 Oscillator as the 
Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the T1OSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timer1 oscillator is described in Section 13.0
“Timer1 Module”.

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

15.5 Resetting Timer3 Using the CCP 
Special Event Trigger

If either of the CCP modules is configured to use Timer3
and to generate a Special Event Trigger in Compare
mode (CCP1M<3:0> or CCP2M<3:0> = 1011), this
signal will reset Timer3. It will also start an A/D conver-
sion if the A/D module is enabled (see Section 16.3.4
“Special Event Trigger” for more information). 

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPR2H:CCPR2L register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work. 

In the event that a write to Timer3 coincides with a
Special Event Trigger from a CCP module, the write will
take precedence. 

TABLE 15-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER        

Note: The Special Event Triggers from the
CCP2 module will not set the TMR3IF
interrupt flag bit (PIR2<1>). 

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 55
PIR2 OSCFIF CMIF — EEIF BCLIF HLVDIF TMR3IF CCP2IF 58
PIE2 OSCFIE CMIE — EEIE BCLIE HLVDIE TMR3IE CCP2IE 58
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP TMR3IP CCP2IP 58
TMR3L Timer3 Register Low Byte 57
TMR3H Timer3 Register High Byte 57

T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 56

T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 57
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
© 2009 Microchip Technology Inc. DS39689F-page 143
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FIGURE 17-7: EXAMPLE OF FULL-BRIDGE APPLICATION

17.4.5.1 Direction Change in Full-Bridge Mode
In the Full-Bridge Output mode, the P1M1 bit in the
CCP1CON register allows user to control the forward/
reverse direction. When the application firmware
changes this direction control bit, the module will
assume the new direction on the next PWM cycle. 

Just before the end of the current PWM period, the
modulated outputs (P1B and P1D) are placed in their
inactive state, while the unmodulated outputs (P1A and
P1C) are switched to drive in the opposite direction.
This occurs in a time interval of 4 TOSC * (Timer2
Prescale Value) before the next PWM period begins.
The Timer2 prescaler will be either 1, 4 or 16, depend-
ing on the value of the T2CKPS<1:0> bits
(T2CON<1:0>). During the interval from the switch of
the unmodulated outputs to the beginning of the next
period, the modulated outputs (P1B and P1D) remain
inactive. This relationship is shown in Figure 17-8.

Note that in the Full-Bridge Output mode, the ECCP1
module does not provide any dead-band delay. In
general, since only one output is modulated at all times,
dead-band delay is not required. However, there is a
situation where a dead-band delay might be required.
This situation occurs when both of the following
conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn-off time of the power switch, including
the power device and driver circuit, is greater
than the turn-on time.

Figure 17-9 shows an example where the PWM
direction changes from forward to reverse at a near
100% duty cycle. At time t1, the outputs P1A and P1D
become inactive, while output P1C becomes active. In
this example, since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current may flow through power devices, QC and QD
(see Figure 17-7), for the duration of ‘t’. The same
phenomenon will occur to power devices, QA and QB,
for PWM direction change from reverse to forward. 

If changing PWM direction at high duty cycle is required
for an application, one of the following requirements
must be met:

1. Reduce PWM for a PWM period before
changing directions.

2. Use switch drivers that can drive the switches off
faster than they can drive them on.

Other options to prevent shoot-through current may
exist.

P1A

P1C

FET
Driver

FET
Driver

V+

V-

Load

FET
Driver

FET
Driver

P1B

P1D

QA

QB QD

QCPIC18F4X21
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REGISTER 18-5: SSPCON2: MSSP CONTROL REGISTER 2 (I2C™ MODE) – CONTINUED    

REGISTER 18-6: SSPADD: MSSP ADDRESS REGISTER(1)   

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/

ADMSK5
ACKEN(1)/
ADMSK4

RCEN(1)/
ADMSK3

PEN(1)/
ADMSK2

RSEN(1)/
ADMSK1

SEN(1)

bit 7 bit 0

bit 0 SEN: Start Condition Enable/Stretch Enable bit(1)

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

Note 1: For bits ACKEN, RCEN, PEN, RSEN, SEN: If the I2C module is active, these bits
may not be set (no spooling) and the SSPBUF may not be written (or writes to the
SSPBUF are disabled).

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

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADD7 ADD6 ADD5 ADD4 ADD3 ADD2 ADD1 ADD0

bit 7 bit 0

bit 7-0 ADD<7:0>: MSSP Address bits

Note 1: MSSP Address register in I2C Slave mode. MSSP Baud Rate register in I2C Master
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
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REGISTER 19-3: BAUDCON: BAUD RATE CONTROL REGISTER                   

R/W-0 R-1 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
bit 7 bit 0

bit 7 ABDOVF: Auto-Baud Acquisition Rollover Status bit
1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode 

(must be cleared in software)
0 = No BRG rollover has occurred

bit 6 RCIDL: Receive Operation Idle Status bit
1 = Receive operation is Idle
0 = Receive operation is active

bit 5 RXDTP: Received Data Polarity Select bit
Asynchronous mode:
1 = Receive data (RX) is inverted (active-low)
0 = Receive data (RX) is not inverted (active-high)
Synchronous mode:
No affect.

bit 4 TXCKP: Clock and Data Polarity Select bit
Asynchronous mode:
1 = Idle state for transmit (TX) is a low level
0 = Idle state for transmit (TX) is a high level
Synchronous mode:
1 = Idle state for clock (CK) is a high level
0 = Idle state for clock (CK) is a low level

bit 3 BRG16: 16-bit Baud Rate Register Enable bit
1 = 16-bit Baud Rate Generator – SPBRGH and SPBRG
0 = 8-bit Baud Rate Generator – SPBRG only (Compatible mode), SPBRGH value ignored

bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit

Asynchronous mode:
1 = EUSART will continue to sample the RX pin – interrupt generated on falling edge; bit

cleared in hardware on following rising edge
0 = RX pin not monitored or rising edge detected
Synchronous mode:
Unused in this mode.

bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Enable baud rate measurement on the next character. Requires reception of a Sync field

(55h); cleared in hardware upon completion
0 = Baud rate measurement disabled or completed
Synchronous mode:
Unused in this 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
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19.2.5 BREAK CHARACTER SEQUENCE
The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN/J2602 bus standard. The Break character
transmit consists of a Start bit, followed by twelve ‘0’
bits and a Stop bit. The Frame Break character is sent
whenever the SENDB and TXEN bits (TXSTA<3> and
TXSTA<5>) are set while the Transmit Shift register is
loaded with data. Note that the value of data written to
TXREG will be ignored and all ‘0’s will be transmitted. 

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN/J2602 specification).

Note that the data value written to the TXREG for the
Break character is ignored. The write simply serves the
purpose of initiating the proper sequence.

The TRMT bit indicates when the transmit operation is
active or Idle, just as it does during normal transmis-
sion. See Figure 19-10 for the timing of the Break
character sequence.

19.2.5.1 Break and Sync Transmit Sequence
The following sequence will send a message frame
header made up of a Break, followed by an Auto-Baud
Sync byte. This sequence is typical of a LIN/J2602 bus
master.

1. Configure the EUSART for the desired mode.
2. Set the TXEN and SENDB bits to set up the

Break character.
3. Load the TXREG with a dummy character to

initiate transmission (the value is ignored).
4. Write ‘55h’ to TXREG to load the Sync character

into the transmit FIFO buffer.
5. After the Break has been sent, the SENDB bit is

reset by hardware. The Sync character now
transmits in the preconfigured mode.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

19.2.6 RECEIVING A BREAK CHARACTER
The Enhanced USART module can receive a Break
character in two ways. 

The first method forces configuration of the baud rate
at a frequency of 9/13 the typical speed. This allows for
the Stop bit transition to be at the correct sampling loca-
tion (13 bits for Break versus Start bit and 8 data bits for
typical data).

The second method uses the auto-wake-up feature
described in Section 19.2.4 “Auto-Wake-up on Sync
Break Character”. By enabling this feature, the
EUSART will sample the next two transitions on RX/DT,
cause an RCIF interrupt and receive the next data byte
followed by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Rate Detect
feature. For both methods, the user can set the ABD bit
once the TXIF interrupt is observed.

FIGURE 19-10: SEND BREAK CHARACTER SEQUENCE

Write to TXREG

BRG Output
(Shift Clock)

Start Bit Bit 0 Bit 1 Bit 11 Stop Bit

Break

TXIF bit
(Transmit Buffer

Reg. Empty Flag)

TX (pin)

TRMT bit
(Transmit Shift

Reg. Empty Flag)

SENDB
(Transmit Shift

Reg. Empty Flag)

SENDB sampled here Auto-Cleared

Dummy Write 
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REGISTER 24-14: WDTCON: WATCHDOG TIMER CONTROL REGISTER                       

TABLE 24-2: SUMMARY OF WATCHDOG TIMER REGISTERS        

U-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-0
— — — — — — — SWDTEN(1)

bit 7 bit 0

bit 7-1 Unimplemented: Read as ‘0’
bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit(1) 

1 = Watchdog Timer is on
0 = Watchdog Timer is off

Note 1: This bit has no effect if the Configuration bit, WDTEN, is enabled. 

Legend:
R = Readable bit W = Writable bit
U = Unimplemented bit, read as ‘0’ -n = Value at POR

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

on page

RCON IPEN SBOREN(1) — RI TO PD POR BOR 56
WDTCON — — — — — — — SWDTEN 56
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Watchdog Timer.
Note 1: The SBOREN bit is only available when the BOREN<1:0> Configuration bits = 01; otherwise, it is disabled 

and reads as ‘0’. See Section 5.4 “Brown-out Reset (BOR)”.
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SUBWFB Subtract W from f with Borrow

Syntax: SUBWFB    f {,d {,a}}
Operands: 0 ≤ f ≤ 255

d ∈ [0,1]
a ∈ [0,1]

Operation: (f) – (W) – (C) → dest
Status Affected: N, OV, C, DC, Z
Encoding: 0101 10da ffff ffff

Description: Subtract W and the Carry flag (borrow) 
from register ‘f’ (2’s complement 
method). 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 is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 25.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1
Cycles: 1
Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
Write to 

destination

Example 1: SUBWFB  REG, 1, 0

Before Instruction
REG = 19h (0001 1001)
W = 0Dh (0000 1101)
C = 1

After Instruction
REG = 0Ch (0000 1011)
W = 0Dh (0000 1101)
C = 1
Z = 0
N = 0  ; result is positive

Example 2: SUBWFB REG, 0, 0

Before Instruction
REG = 1Bh (0001 1011)
W = 1Ah (0001 1010)
C = 0

After Instruction
REG = 1Bh (0001 1011)
W = 00h
C = 1
Z = 1     ; result is zero
N = 0

Example 3: SUBWFB  REG, 1, 0

Before Instruction
REG = 03h (0000 0011)
W = 0Eh (0000 1101)
C = 1

After Instruction
REG = F5h (1111 0100) 

; [2’s comp]
W = 0Eh (0000 1101)
C = 0
Z = 0
N = 1     ; result is negative

SWAPF Swap f

Syntax: SWAPF   f {,d {,a}}

Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]

Operation: (f<3:0>) → dest<7:4>,
(f<7:4>) → dest<3:0>

Status Affected: None

Encoding: 0011 10da ffff ffff

Description: The upper and lower nibbles of register 
‘f’ are exchanged. If ‘d’ is ‘0’, the result 
is placed in W. If ‘d’ is ‘1’, the result is 
placed in register ‘f’ (default).
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 25.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: SWAPF REG, 1, 0

Before Instruction
REG = 53h

After Instruction
REG = 35h
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XORWF Exclusive OR W with f

Syntax: XORWF     f {,d {,a}}

Operands: 0 ≤ f ≤ 255
d ∈ [0,1]
a ∈ [0,1]

Operation: (W) .XOR. (f) → dest

Status Affected: N, Z

Encoding: 0001 10da ffff ffff

Description: Exclusive OR the contents of W with 
register ‘f’. If ‘d’ is ‘0’, the result is stored 
in W. If ‘d’ is ‘1’, the result is stored back 
in the register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank is selected. 
If ‘a’ is ‘1’, the BSR is used to select the 
GPR bank (default). 
If ‘a’ is ‘0’ and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 25.2.3 “Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register ‘f’

Process 
Data

Write to 
destination

Example: XORWF   REG, 1, 0

Before Instruction
REG = AFh
W = B5h

After Instruction
REG = 1Ah
W = B5h
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TABLE 27-7: PLL CLOCK TIMING SPECIFICATIONS (VDD = 4.2V TO 5.5V)

TABLE 27-8: AC CHARACTERISTICS: INTERNAL RC ACCURACY

Param 
No. Sym Characteristic Min Typ† Max Units Conditions

F10 FOSC Oscillator Frequency Range 4 — 10 MHz HS mode only
F11 FSYS On-Chip VCO System Frequency 16 — 40 MHz HS mode only
F12 trc PLL Start-up Time (Lock Time) — — 2 ms
F13 ΔCLK CLKO Stability (Jitter) -2 — +2 %

† Data in “Typ” column is at 5V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

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 Min Typ Max Units Conditions

INTOSC Accuracy @ Freq = 8 MHz, 4 MHz, 2 MHz, 1 MHz, 500 kHz, 250 kHz, 125 kHz, 31 kHz(1)

PIC18LF2221/2321/4221/4321 -2 +/-1 2 % +25°C VDD = 2.0-5.5V
-5 — 5 % -10°C to +85°C VDD = 2.0-5.5V

-10 +/-1 10 % -40°C to +85°C VDD = 2.0-5.5V
PIC18F2221/2321/4221/4321 -2 +/-1 2 % +25°C VDD = 4.2-5.5V

-5 — 5 % -10°C to +85°C VDD = 4.2-5.5V
-10 +/-1 10 % -40°C to +85°C VDD = 4.2-5.5V

INTRC Accuracy @ Freq = 31 kHz
PIC18LF2221/2321/4221/4321 26.562 — 35.938 kHz -40°C to +85°C VDD = 2.0-5.5V

PIC18F2221/2321/4221/4321 26.562 — 35.938 kHz -40°C to +85°C VDD = 4.2-5.5V
Note 1: Frequency calibrated at 25°C. OSCTUNE register can be used to compensate for temperature drift.
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C
C Compilers

MPLAB C18 ............................................................. 330
MPLAB C30 ............................................................. 330

CALL ................................................................................ 294
CALLW ............................................................................. 323
Capture (CCP Module) ..................................................... 147

Associated Registers ............................................... 149
CCP Pin Configuration ............................................. 147
CCPRxH:CCPRxL Registers ................................... 147
Prescaler .................................................................. 147
Software Interrupt .................................................... 147
Timer1/Timer3 Mode Selection ................................ 147

Capture (ECCP Module) .................................................. 154
Capture/Compare/PWM (CCP) ........................................ 145

Capture Mode. See Capture.
CCPRxH Register .................................................... 146
CCPRxL Register ..................................................... 146
Compare Mode. See Compare.
Interaction of Two CCP Modules ............................. 146
Module Configuration ............................................... 146
Pin Assignment ........................................................ 146
Timer Resources ...................................................... 146

Clock Sources .................................................................... 35
Selecting the 31 kHz Source ...................................... 36
Selection Using OSCCON Register ........................... 36

CLRF ................................................................................ 295
CLRWDT .......................................................................... 295
Code Examples

16 x 16 Signed Multiply Routine ................................ 96
16 x 16 Unsigned Multiply Routine ............................ 96
8 x 8 Signed Multiply Routine .................................... 95
8 x 8 Unsigned Multiply Routine ................................ 95
Address Masking ..................................................... 182
Changing Between Capture Prescalers ................... 147
Computed GOTO Using an Offset Value ................... 62
Data EEPROM Read ................................................. 91
Data EEPROM Refresh Routine ................................ 92
Data EEPROM Write ................................................. 91
Erasing a Flash Program Memory Row ..................... 84
Fast Register Stack .................................................... 62
How to Clear RAM (Bank 1) Using Indirect 

Addressing ......................................................... 73
Implementing a Real-Time Clock Using a 

Timer1 Interrupt Service .................................. 137
Initializing PORTA .................................................... 111
Initializing PORTB .................................................... 114
Initializing PORTC .................................................... 117
Initializing PORTD .................................................... 120
Initializing PORTE .................................................... 123
Loading the SSPBUF (SSPSR) Register ................. 170
Reading a Flash Program Memory Word .................. 83
Saving STATUS, WREG and BSR 

Registers in RAM ............................................. 109
Writing to Flash Program Memory ....................... 86–87

Code Protection ....................................................... 259, 274
Associated Registers ............................................... 275
Configuration Register Protection ............................ 277
Data EEPROM ......................................................... 277
Program Memory ..................................................... 275

COMF ............................................................................... 296
Comparator ...................................................................... 243

Analog Input Connection Considerations ................. 247
Associated Registers ............................................... 247
Configuration ............................................................ 244

Effects of a Reset .................................................... 246
Interrupts ................................................................. 246
Operation ................................................................. 245
Operation During Sleep ........................................... 246
Outputs .................................................................... 245
Reference ................................................................ 245

External Signal ................................................ 245
Internal Signal .................................................. 245

Response Time ........................................................ 245
Comparator Specifications ............................................... 350
Comparator Voltage Reference ....................................... 249

Accuracy and Error .................................................. 250
Associated Registers ............................................... 251
Configuring .............................................................. 249
Connection Considerations ...................................... 250
Effects of a Reset .................................................... 250
Operation During Sleep ........................................... 250

Compare (CCP Module) .................................................. 148
CCPRx Register ...................................................... 148
Pin Configuration ..................................................... 148
Software Interrupt .................................................... 148
Special Event Trigger .............................. 143, 148, 242
Timer1/Timer3 Mode Selection ................................ 148

Compare (ECCP Module) ................................................ 154
Special Event Trigger .............................................. 154

Computed GOTO ............................................................... 62
Configuration Bits ............................................................ 259
Context Saving During Interrupts ..................................... 109
Conversion Considerations .............................................. 387
CPFSEQ .......................................................................... 296
CPFSGT .......................................................................... 297
CPFSLT ........................................................................... 297
Crystal Oscillator/Ceramic Resonator ................................ 29
Customer Change Notification Service ............................ 399
Customer Notification Service ......................................... 399
Customer Support ............................................................ 399

D
Data Addressing Modes .................................................... 73

Comparing Options with the Extended 
Instruction Set Enabled ..................................... 76

Direct ......................................................................... 73
Indexed Literal Offset ................................................ 75

Instructions Affected .......................................... 75
Indirect ....................................................................... 73
Inherent and Literal .................................................... 73

Data EEPROM Memory ..................................................... 89
Associated Registers ................................................. 93
EEADR Register ........................................................ 89
EECON1 Register ...................................................... 89
EECON2 Register ...................................................... 89
EEDATA Register ...................................................... 89
Operation During Code-Protect ................................. 92
Protection Against Spurious Write ............................. 92
Reading ..................................................................... 91
Using ......................................................................... 92
Write Verify ................................................................ 91
Writing ....................................................................... 91

Data Memory ..................................................................... 65
Access Bank .............................................................. 67
and the Extended Instruction Set .............................. 75
Bank Select Register (BSR) ...................................... 65
General Purpose Registers ....................................... 67
Map for PIC18F2221/2321/4221/4321 Family ........... 66
Special Function Registers ........................................ 68
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RA2/AN2/VREF-/CVREF ........................................ 15, 19
RA3/AN3/VREF+ ................................................... 15, 19
RA4/T0CKI/C1OUT .............................................. 15, 19
RA5/AN4/SS/HLVDIN/C2OUT ............................. 15, 19
RB0/INT0/FLT0/AN12 .......................................... 16, 20
RB1/INT1/AN10 ................................................... 16, 20
RB2/INT2/AN8 ..................................................... 16, 20
RB3/AN9/CCP2 ................................................... 16, 20
RB4/KBI0/AN11 ................................................... 16, 20
RB5/KBI1/PGM .................................................... 16, 20
RB6/KBI2/PGC .................................................... 16, 20
RB7/KBI3/PGD .................................................... 16, 20
RC0/T1OSO/T13CKI ........................................... 17, 21
RC1/T1OSI/CCP2 ................................................ 17, 21
RC2/CCP1 ................................................................. 17
RC2/CCP1/P1A ......................................................... 21
RC3/SCK/SCL ..................................................... 17, 21
RC4/SDI/SDA ...................................................... 17, 21
RC5/SDO ............................................................. 17, 21
RC6/TX/CK .......................................................... 17, 21
RC7/RX/DT .......................................................... 17, 21
RD0/PSP0 .................................................................. 22
RD1/PSP1 .................................................................. 22
RD2/PSP2 .................................................................. 22
RD3/PSP3 .................................................................. 22
RD4/PSP4 .................................................................. 22
RD5/PSP5/P1B .......................................................... 22
RD6/PSP6/P1C .......................................................... 22
RD7/PSP7/P1D .......................................................... 22
RE0/RD/AN5 .............................................................. 23
RE1/WR/AN6 ............................................................. 23
RE2/CS/AN7 .............................................................. 23
VDD ....................................................................... 17, 23
VSS ....................................................................... 17, 23

Pinout I/O Descriptions
PIC18F2221/2321 ...................................................... 14
PIC18F4221/4321 ...................................................... 18

PIR Registers ................................................................... 102
PLL Frequency Multiplier ................................................... 31

HSPLL Oscillator Mode .............................................. 31
Use with INTOSC ....................................................... 31
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POR. See Power-on Reset.
PORTA

Associated Registers ............................................... 113
LATA Register .......................................................... 111
PORTA Register ...................................................... 111
TRISA Register ........................................................ 111

PORTB
Associated Registers ............................................... 116
LATB Register .......................................................... 114
PORTB Register ...................................................... 114
TRISB Register ........................................................ 114

PORTC
Associated Registers ............................................... 119
LATC Register ......................................................... 117
PORTC Register ...................................................... 117
RC3/SCK/SCL Pin ................................................... 183
TRISC Register ........................................................ 117

PORTD
Associated Registers ............................................... 122
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PORTD Register ...................................................... 120
TRISD Register ........................................................ 120

PORTE
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LATE Register ......................................................... 123
PORTE Register ...................................................... 123
PSP Mode Select (PSPMODE Bit) .......................... 120
TRISE Register ........................................................ 123
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and PWM Operation ................................................ 165
and SPI Operation ................................................... 175
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Clock Transitions and Status Indicators .................... 40
Effects on Clock Sources ........................................... 38
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