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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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PORTB is a bidirectional I/O port. PORTB can be 
software programmed for internal weak pull-ups on all 
inputs. 

RB0/INT0/FLT0/AN12
RB0
INT0
FLT0
AN12

33 9 8
I/O
I
I
I

TTL
ST
ST

Analog

Digital I/O.
External Interrupt 0.
PWM Fault input for Enhanced CCP1.
Analog input 12.

RB1/INT1/AN10
RB1
INT1
AN10

34 10 9
I/O
I
I

TTL
ST

Analog

Digital I/O.
External Interrupt 1.
Analog Input 10.

RB2/INT2/AN8
RB2
INT2
AN8

35 11 10
I/O
I
I

TTL
ST

Analog

Digital I/O.
External Interrupt 2.
Analog Input 8. 

RB3/AN9/CCP2
RB3
AN9
CCP2(2)

36 12 11
I/O
I

I/O

TTL
Analog

ST

Digital I/O.
Analog Input 9. 
Capture 2 input/Compare 2 output/PWM2 output.

RB4/KBI0/AN11
RB4
KBI0
AN11

37 14 14
I/O
I
I

TTL
TTL

Analog

Digital I/O.
Interrupt-on-change pin.
Analog input 11. 

RB5/KBI1/PGM
RB5
KBI1
PGM

38 15 15
I/O
I

I/O

TTL
TTL
ST

Digital I/O.
Interrupt-on-change pin.
Low-Voltage ICSP™ Programming enable pin.

RB6/KBI2/PGC
RB6
KBI2
PGC

39 16 16
I/O
I

I/O

TTL
TTL
ST

Digital I/O.
Interrupt-on-change pin. 
In-circuit debugger and ICSP programming
clock pin.

RB7/KBI3/PGD
RB7
KBI3
PGD

40 17 17
I/O
I

I/O

TTL
TTL
ST

Digital I/O.
Interrupt-on-change pin. 
In-circuit debugger and ICSP programming
data pin.

TABLE 1-3: PIC18F4221/4321 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Name
Pin Number Pin

Type
Buffer
Type Description

PDIP QFN TQFP

Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output 
ST = Schmitt Trigger input with CMOS levels I = Input P = Power 
I2C = ST with I2C™ or SMB levels O = Output

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared. 
DS39689F-page 20 © 2009 Microchip Technology Inc.
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2.0 GUIDELINES FOR GETTING 
STARTED WITH PIC18F 
MICROCONTROLLERS

2.1 Basic Connection Requirements
Getting started with the PIC18F2221/2321/4221/4321
family 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 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
C7: 10 μF, 16V tantalum or 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.
© 2009 Microchip Technology Inc. DS39689F-page 25



PIC18F2221/2321/4221/4321 FAMILY
4.0 POWER-MANAGED MODES
PIC18F2221/2321/4221/4321 family devices offer a
total of seven operating modes for more efficient
power-management. These modes provide a variety of
options for selective power conservation in applications
where resources may be limited (i.e., battery-powered
devices).

There are three categories of power-managed modes:

• Run modes
• Idle modes 
• Sleep mode 

These categories define which portions of the device
are clocked and sometimes, what speed. The Run and
Idle modes may use any of the three available clock
sources (primary, secondary or internal oscillator
block); the Sleep mode does not use a clock source.

The power-managed modes include several power-
saving features offered on previous PIC® devices. One
is the clock switching feature, offered in other PIC18
devices, allowing the controller to use the Timer1 oscil-
lator in place of the primary oscillator. Also included is
the Sleep mode, offered by all PIC devices, where all
device clocks are stopped.

4.1 Selecting Power-Managed Modes
Selecting a power-managed mode requires two
decisions: if the CPU is to be clocked or not and the
selection of a clock source. The IDLEN bit
(OSCCON<7>) controls CPU clocking, while the
SCS<1:0 bits (OSCCON<1:0>) select the clock source.
The individual modes, bit settings, clock sources and
affected modules are summarized in Table 4-1.

4.1.1 CLOCK SOURCES
The SCS<1:0 bits allow the selection of one of three
clock sources for power-managed modes. They are: 

• the primary clock, as defined by the FOSC<3:0> 
Configuration bits

• the secondary clock (the Timer1 oscillator)
• the internal oscillator block (for RC modes) 

4.1.2 ENTERING POWER-MANAGED 
MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS1:SCS0 bits select the clock source and determine
which Run or Idle mode is to be used. Changing these
bits causes an immediate switch to the new clock
source, assuming that it is running. The switch may
also be subject to clock transition delays. These are
discussed in Section 4.1.3 “Clock Transitions and
Status Indicators” and subsequent sections.

Entry to the power-managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.

Depending on the current mode and the mode being
switched to, a change to a power-managed mode does
not always require setting all of these bits. Many
transitions may be done by changing the oscillator select
bits, or changing the IDLEN bit, prior to issuing a SLEEP
instruction. If the IDLEN bit is already configured
correctly, it may only be necessary to perform a SLEEP
instruction to switch to the desired mode.

TABLE 4-1: POWER-MANAGED MODES

Mode
OSCCON Bits Module Clocking

Available Clock and Oscillator Source
IDLEN<7>(1) SCS<1:0> CPU Peripherals

Sleep 0 N/A Off Off None – All clocks are disabled
PRI_RUN N/A 00 Clocked Clocked Primary – LP, XT, HS, HSPLL, RC, EC and 

Internal Oscillator Block.(2)

This is the normal full power execution mode.
SEC_RUN N/A 01 Clocked Clocked Secondary – Timer1 Oscillator
RC_RUN N/A 1x Clocked Clocked Internal Oscillator Block(2)

PRI_IDLE 1 00 Off Clocked Primary – LP, XT, HS, HSPLL, RC, EC
SEC_IDLE 1 01 Off Clocked Secondary – Timer1 Oscillator
RC_IDLE 1 1x Off Clocked Internal Oscillator Block(2)

Note 1: IDLEN reflects its value when the SLEEP instruction is executed.
2: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
© 2009 Microchip Technology Inc. DS39689F-page 39
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4.5.4 EXIT WITHOUT AN OSCILLATOR 

START-UP DELAY
Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:

• PRI_IDLE mode, where the primary clock source 
is not stopped; and

• the primary clock source is not any of the LP, XT, 
HS or HSPLL modes.

In these instances, the primary clock source either
does not require an oscillator start-up delay since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (RC, EC and INTIO
Oscillator modes). However, a fixed delay of interval
TCSD following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

TABLE 4-2: EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)  

Clock Source
before Wake-up

Clock Source 
after Wake-up Exit Delay Clock Ready Status 

Bit (OSCCON)

Primary Device Clock
(PRI_IDLE mode)

LP, XT, HS

TCSD(1) OSTSHSPLL
EC, RC

INTOSC(2) IOFS

T1OSC

LP, XT, HS TOST(3)

OSTSHSPLL TOST + trc(3)

EC, RC TCSD(1)

INTOSC(2) TIOBST(4) IOFS

INTOSC(3)

LP, XT, HS TOST(3)

OSTSHSPLL TOST + trc(3)

EC, RC TCSD(1)

INTOSC(2) None IOFS

None
(Sleep mode)

LP, XT, HS TOST(3)

OSTSHSPLL TOST + trc(3)

EC, RC TCSD(1)

INTOSC(2) TIOBST(4) IOFS
Note 1: TCSD (parameter 38) is a required delay when waking from Sleep and all Idle modes and runs concurrently 

with any other required delays (see Section 4.4 “Idle Modes”). On Reset, INTOSC defaults to 1 MHz.
2: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
3: TOST is the Oscillator Start-up Timer (parameter 32). trc is the PLL Lock-out Timer (parameter F12); it is 

also designated as TPLL.
4: Execution continues during TIOBST (parameter 39), the INTOSC stabilization period.
DS39689F-page 46 © 2009 Microchip Technology Inc.
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7.4 Erasing Flash Program Memory
The minimum erase block is 32 words or 64 bytes. Only
through the use of an external programmer, or through
ICSP control, can larger blocks of program memory be
bulk erased. Word erase in the Flash array is not
supported.

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

The EECON1 register commands the erase operation.
The EEPGD bit must be set to point to the Flash
program memory. The WREN bit must be set to enable
write operations. The FREE bit is set to select an erase
operation.

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

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

7.4.1 FLASH PROGRAM MEMORY 
ERASE SEQUENCE

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

1. Load Table Pointer register with address of row
being erased.

2. Set the EECON1 register for the erase operation:
• set EEPGD bit to point to program memory;
• clear the CFGS bit to access program memory;
• set WREN bit to enable writes; 
• set FREE bit to enable the erase.

3. Disable interrupts.
4. Write 55h to EECON2.
5. Write 0AAh to EECON2.
6. Set the WR bit. This will begin the row erase

cycle.
7. The CPU will stall for duration of the erase

(about 2 ms using internal timer).
8. Re-enable interrupts.

EXAMPLE 7-2: ERASING A FLASH PROGRAM MEMORY ROW 
MOVLW CODE_ADDR_UPPER ; load TBLPTR with the base
MOVWF TBLPTRU ; address of the memory block
MOVLW CODE_ADDR_HIGH
MOVWF TBLPTRH 
MOVLW CODE_ADDR_LOW
MOVWF TBLPTRL 

ERASE_ROW 
BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts

Required MOVLW 55h
Sequence MOVWF EECON2 ; write 55h

MOVLW 0AAh
MOVWF EECON2 ; write 0AAh
BSF EECON1, WR ; start erase (CPU stall)
BSF INTCON, GIE ; re-enable interrupts
DS39689F-page 84 © 2009 Microchip Technology Inc.
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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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FIGURE 18-11: I2C™ SLAVE MODE TIMING WITH SEN = 0 AND ADMSK = 01001 
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TABLE 19-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION       

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
PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 58
PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 58
IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 58
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 57
TXREG EUSART Transmit Register 57
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 57
BAUDCON ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 57
SPBRGH EUSART Baud Rate Generator Register High Byte 57
SPBRG EUSART Baud Rate Generator Register Low Byte 57
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.
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19.4 EUSART Synchronous 

Slave Mode
Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTA<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CK pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in any power-managed
mode.

19.4.1 EUSART SYNCHRONOUS 
SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave
modes are identical, except in the case of the Sleep
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit. 

b) The second word will remain in the TXREG
register.

c) Flag bit, TXIF, will not be set. 
d) When the first word has been shifted out of TSR,

the TXREG register will transfer the second word
to the TSR and flag bit, TXIF, will now be set. 

e) If enable bit, TXIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

To set up a Synchronous Slave Transmission:

1. Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

2. Clear bits, CREN and SREN.
3. If interrupts are desired, set enable bit, TXIE.
4. If the signal from the CK pin is to be inverted, set

the TXCKP bit.
5. If 9-bit transmission is desired, set bit, TX9.
6. Enable the transmission by setting enable bit,

TXEN.
7. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.
8. Start transmission by loading data to the

TXREGx register.
9. If using interrupts, ensure that the GIE and PEIE

bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 19-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION       

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
PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 58
PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 58
IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 58
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 57
TXREG EUSART Transmit Register 57
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 57
BAUDCON ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN 57
SPBRGH EUSART Baud Rate Generator Register High Byte 57
SPBRG EUSART Baud Rate Generator Register Low Byte 57
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave transmission.
Note 1: These bits are unimplemented on 28-pin devices and read as ‘0’.
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REGISTER 24-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW (BYTE ADDRESS 300002h)                

U-0 U-0 U-0 R/P-1 R/P-1 R/P-1 R/P-1 R/P-1

— — — BORV1(1) BORV0(1) BOREN1(2) BOREN0(2) PWRTEN(2)

bit 7 bit 0

bit 7-5 Unimplemented: Read as ‘0’   
bit 4-3 BORV<1:0>: Brown-out Reset Voltage bits(1)

11 = Minimum setting 
.
.
. 
00 = Maximum setting 

bit 2-1 BOREN<1:0>: Brown-out Reset Enable bits(2)

11 = Brown-out Reset enabled in hardware only (SBOREN is disabled)
10 = Brown-out Reset enabled in hardware only and disabled in Sleep mode 

(SBOREN is disabled) 
01 = Brown-out Reset enabled and controlled by software (SBOREN is enabled) 
00 = Brown-out Reset disabled in hardware and software

bit 0 PWRTEN: Power-up Timer Enable bit(2)

1 = PWRT disabled 
0 = PWRT enabled 

Note 1: See Section 27.1 “DC Characteristics” for the specifications.

2: The Power-up Timer is decoupled from Brown-out Reset, allowing these features to
be independently controlled.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
-n = Value when device is unprogrammed u = Unchanged from programmed state
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REGISTER 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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BRA Unconditional Branch

Syntax: BRA    n

Operands: -1024 ≤ n ≤ 1023

Operation: (PC) + 2 + 2n → PC

Status Affected: None

Encoding: 1101 0nnn nnnn nnnn

Description: Add the 2’s complement number ‘2n’ 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 a two-cycle instruction.

Words: 1

Cycles: 2

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read literal 
‘n’

Process 
Data

Write to 
PC

No 
operation

No 
operation

No 
operation

No 
operation

Example: HERE BRA Jump

Before Instruction
PC = address (HERE)

After Instruction
PC = address (Jump)

BSF Bit Set f

Syntax: BSF    f, b {,a}

Operands: 0 ≤ f ≤ 255
0 ≤ b ≤ 7
a ∈ [0,1]

Operation: 1 → f<b>

Status Affected: None

Encoding: 1000 bbba ffff ffff

Description: Bit ‘b’ in register ‘f’ is set. 
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
register ‘f’

Example: BSF FLAG_REG, 7, 1

Before Instruction
FLAG_REG = 0Ah

After Instruction
FLAG_REG = 8Ah
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NEGF Negate f

Syntax: NEGF     f {,a}

Operands: 0 ≤ f ≤ 255
a ∈ [0,1]

Operation: (f) + 1 → f

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

Encoding: 0110 110a ffff ffff

Description: Location ‘f’ is negated using two’s 
complement. The result is placed in the 
data memory location ‘f’. 
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 
register ‘f’ 

Example: NEGF REG, 1

Before Instruction
REG = 0011 1010 [3Ah]

After Instruction
REG = 1100 0110 [C6h]

NOP No Operation

Syntax: NOP

Operands: None

Operation: No operation

Status Affected: None

Encoding: 0000
1111

0000
xxxx

0000
xxxx

0000
xxxx

Description: No operation.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode No 
operation

No 
operation

No 
operation

Example:

None.
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RLNCF Rotate Left f (No Carry)

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

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

Operation: (f<n>) → dest<n + 1>,
(f<7>) → dest<0>

Status Affected: N, Z

Encoding: 0100 01da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the left. If ‘d’ is ‘0’, the result 
is placed 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: RLNCF REG, 1, 0

Before Instruction
REG = 1010 1011

After Instruction
REG = 0101 0111

register f

RRCF Rotate Right f through Carry

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

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

Operation: (f<n>) → dest<n – 1>,
(f<0>) → C,
(C) → dest<7>

Status Affected: C, N, Z

Encoding: 0011 00da ffff ffff

Description: The contents of register ‘f’ are rotated 
one bit to the right through the Carry 
flag. If ‘d’ is ‘0’, the result is placed in W. 
If ‘d’ is ‘1’, the result is placed back in 
register ‘f’ (default). 
If ‘a’ is ‘0’, the Access Bank 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: RRCF REG, 0, 0

Before Instruction
REG = 1110 0110
C = 0

After Instruction
REG = 1110 0110
W = 0111 0011
C = 0

C register f
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TSTFSZ Test f, Skip if 0

Syntax: TSTFSZ f {,a}

Operands: 0 ≤ f ≤ 255
a ∈ [0,1]

Operation: skip if f = 0

Status Affected: None

Encoding: 0110 011a ffff ffff

Description: If ‘f’ = 0, the next instruction fetched 
during the current instruction execution 
is discarded and a NOP is executed, 
making this a two-cycle instruction. 
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(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

No 
operation

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    TSTFSZ  CNT, 1
NZERO   :
ZERO    :

Before Instruction
PC = Address (HERE)

After Instruction
If CNT = 00h,
PC = Address (ZERO)
If CNT ≠ 00h,
PC = Address  (NZERO)

XORLW Exclusive OR Literal with W

Syntax: XORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (W) .XOR. k → W

Status Affected: N, Z

Encoding: 0000 1010 kkkk kkkk

Description: The contents of W are XORed with 
the 8-bit literal ‘k’. The result is placed 
in W.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
literal ‘k’

Process 
Data

Write to W

Example: XORLW  0AFh

Before Instruction
W = B5h

After Instruction
W = 1Ah
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27.1 DC Characteristics: Supply Voltage
PIC18F2221/2321/4221/4321 (Industrial) 
PIC18LF2221/2321/4221/4321 (Industrial)

PIC18LF2221/2321/4221/4321
      (Industrial)      

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

PIC18F2221/2321/4221/4321
      (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. Symbol Characteristic Min Typ Max Units Conditions

D001 VDD Supply Voltage
PIC18LF2X21/4X21 2.0 — 5.5 V

PIC18F2X21/4X21 4.2 — 5.5 V
D001C AVDD Analog Supply Voltage VDD – 0.3V — VDD + 0.3V V
D001D AVSS Analog Ground Voltage VSS – 0.3V — VSS + 0.3V V
D002 VDR RAM Data Retention

Voltage(1)
1.5 — — V

D003 VPOR VDD Start Voltage 
to Ensure Internal 
Power-on Reset Signal

— — 0.7 V See section on Power-on Reset for 
details

D004 SVDD VDD Rise Rate
to Ensure Internal 
Power-on Reset Signal

0.05 — — V/ms See section on Power-on Reset for 
details

VBOR Brown-out Reset Voltage
D005 PIC18LF2X21/4X21

BORV<1:0> = 11 2.00 2.11 2.22 V
BORV<1:0> = 10 2.65 2.79 2.93 V

D005 All devices
BORV<1:0> = 01(2) 4.11 4.33 4.55 V
BORV<1:0> = 00 4.36 4.59 4.82 V

Legend: Shading of rows is to assist in readability of the table.
Note 1: This is the limit to which VDD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.

2: With BOR enabled, full-speed operation (FOSC = 40 MHz) is supported until a BOR occurs. This is valid although 
VDD may be below the minimum voltage for this frequency.
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FIGURE 27-14: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)      

TABLE 27-15: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)     
Param. 

No. Symbol Characteristic Min Max Units Conditions

73 TdiV2scH, 
TdiV2scL

Setup Time of SDI Data Input to SCK Edge 20 — ns

73A Tb2b Last Clock Edge of Byte 1 to the 1st Clock Edge 
of Byte 2

1.5 TCY + 40 — ns

74 TscH2diL, 
TscL2diL

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

75 TdoR SDO Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX 45 ns VDD = 2.0V

76 TdoF SDO Data Output Fall Time — 25 ns
78 TscR SCK Output Rise Time PIC18FXXXX — 25 ns

PIC18LFXXXX 45 ns VDD = 2.0V
79 TscF SCK Output Fall Time — 25 ns
80 TscH2doV,

TscL2doV
SDO Data Output Valid after 
SCK Edge

PIC18FXXXX — 50 ns
PIC18LFXXXX 100 ns VDD = 2.0V

81 TdoV2scH,
TdoV2scL

SDO Data Output Setup to SCK Edge TCY — ns

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

81

74

75, 76

78

80

MSb

79
73

MSb In

bit 6 - - - - - -1

LSb Inbit 6 - - - -1

LSb
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