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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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3.4.3 RC_RUN MODE
In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator block using the
INTOSC multiplexer and the primary clock is shut
down. When using the INTRC source, this mode pro-
vides the best power conservation of all the Run modes
while still executing code. It works well for user applica-
tions which are not highly timing sensitive or do not
require high-speed clocks at all times.

If the primary clock source is the internal oscillator
block (either of the INTIO1 or INTIO2 oscillators), there
are no distinguishable differences between PRI_RUN
and RC_RUN modes during execution. However, a
clock switch delay will occur during entry to, and exit
from, RC_RUN mode. Therefore, if the primary clock
source is the internal oscillator block, the use of
RC_RUN mode is not recommended.

This mode is entered by clearing the IDLEN bit, setting
SCS1 (SCS0 is ignored) and executing a SLEEP
instruction. The IRCF bits may select the clock
frequency before the SLEEP instruction is executed.
When the clock source is switched to the INTOSC
multiplexer (see Figure 3-10), the primary oscillator is
shut down and the OSTS bit is cleared.

The IRCF bits may be modified at any time to immedi-
ately change the system clock speed. Executing a
SLEEP instruction is not required to select a new clock
frequency from the INTOSC multiplexer.

If the IRCF bits are all clear, the INTOSC output is not
enabled and the IOFS bit will remain clear; there will be
no indication of the current clock source. The INTRC
source is providing the system clocks.

If the IRCF bits are changed from all clear (thus
enabling the INTOSC output), the IOFS bit becomes
set after the INTOSC output becomes stable. Clocks to
the system continue while the INTOSC source
stabilizes in approximately 1 ms.

If the IRCF bits were previously at a non-zero value
before the SLEEP instruction was executed and the
INTOSC source was already stable, the IOFS bit will
remain set. 

When a wake-up event occurs, the system continues to
be clocked from the INTOSC multiplexer while the pri-
mary clock is started. When the primary clock becomes
ready, a clock switch to the primary clock occurs (see
Figure 3-8). When the clock switch is complete, the
IOFS bit is cleared, the OSTS bit is set and the primary
clock is providing the system clock. The IDLEN and
SCS bits are not affected by the wake-up. The INTRC
source will continue to run if either the WDT or the
Fail-Safe Clock Monitor is enabled.

FIGURE 3-10: TIMING TRANSITION TO RC_RUN MODE

Note: Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VDD.
Improper device operation may result if
the VDD/FOSC specifications are violated.
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FIGURE 5-6: DATA MEMORY MAP FOR PIC18F2X20/4X20 DEVICES 
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5.13 STATUS Register
The STATUS register, shown in Register 5-2, contains
the arithmetic status of the ALU. The STATUS register
can be the operand for any instruction as with any other
register. If the STATUS register is the destination for an
instruction that affects the Z, DC, C, OV or N bits, then
the write to these five bits is disabled. These bits are set
or cleared according to the device logic. Therefore, the
result of an instruction with the STATUS register as
destination may be different than intended. 

For example, CLRF STATUS will clear the upper three
bits and set the Z bit.   This leaves the STATUS register
as 000u u1uu (where u = unchanged).

It is recommended, therefore, 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 not affecting any Status
bits (see Table 24-2).      

             

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

REGISTER 5-2: STATUS REGISTER

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(1) C(2)

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 7-5 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(1) 
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

bit 0 C: Carry/Borrow bit(2) 
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 1: 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.

2: 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.
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FIGURE 6-2: TABLE WRITE OPERATION    

6.2 Control Registers
Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include the:

� EECON1 register
� EECON2 register
� TABLAT register
� TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS
EECON1 is the control register for memory accesses.

EECON2 is not a physical register. Reading EECON2
will read all �0�s. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit, EEPGD, determines if the access will be to
program or data EEPROM memory. When clear,
operations will access the data EEPROM memory.
When set, program memory is accessed.

Control bit, CFGS, determines if the access will be to
the Configuration registers or to program memory/data
EEPROM memory. When set, subsequent operations
access Configuration registers. When CFGS is clear,
the EEPGD bit selects either program Flash or data
EEPROM memory.

The FREE bit controls program memory erase opera-
tions. When the FREE bit is set, the erase operation is
initiated on the next WR command. When FREE is
clear, only writes are enabled.

The WREN bit enables and disables erase and write
operations. When set, erase and write operations are
allowed. When clear, erase and write operations are
disabled � the WR bit cannot be set while the WREN bit
is clear. This process helps to prevent accidental writes
to memory due to errant (unexpected) code execution.

Firmware should keep the WREN bit clear at all times
except when starting erase or write operations. Once
firmware has set the WR bit, the WREN bit may be
cleared. Clearing the WREN bit will not affect the
operation in progress. 

The WRERR bit is set when a write operation is inter-
rupted by a Reset. In these situations, the user can
check the WRERR bit and rewrite the location. It will be
necessary to reload the data and address registers
(EEDATA and EEADR) as these registers have cleared
as a result of the Reset.

Control bits, RD and WR, start read and erase/write
operations, respectively. These bits are set by firmware
and cleared by hardware at the completion of the
operation.

The RD bit cannot be set when accessing program
memory (EEPGD = 1). Program memory is read using
table read instructions. See Section 6.3 �Reading the
Flash Program Memory� regarding table reads.

Table Pointer(1) Table Latch (8-bit)

TBLPTRH TBLPTRL TABLAT

Program Memory
(TBLPTR)

TBLPTRU

Instruction: TBLWT*

Note 1: Table Pointer actually points to one of eight holding registers, the address of which is determined by 
TBLPTRL<2:0>. The process for physically writing data to the program memory array is discussed in 
Section 6.5 �Writing to Flash Program Memory�.

 Holding Registers
 Program Memory

Note: Interrupt flag bit, EEIF in the PIR2 register,
is set when the write is complete. It must
be cleared in software.



PIC18F2220/2320/4220/4320

DS39599G-page 92 © 2007 Microchip Technology Inc.

9.2 PIR Registers
The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are two Peripheral Interrupt
Flag registers (PIR1, PIR2). 

             

Note 1: Interrupt flag bits are set when an interrupt
condition occurs regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>). 

2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt and after servicing
that interrupt.

REGISTER 9-4: PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF

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 PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit(1)

1 = A read or a write operation has taken place (must be cleared in software) 
0 = No read or write has occurred 

bit 6 ADIF: A/D Converter Interrupt Flag bit 
1 = An A/D conversion completed (must be cleared in software) 
0 = The A/D conversion is not complete

bit 5 RCIF: USART Receive Interrupt Flag bit 
1 = The USART receive buffer, RCREG, is full (cleared when RCREG is read) 
0 = The USART receive buffer is empty 

bit 4 TXIF: USART Transmit Interrupt Flag bit 
1 = The USART transmit buffer, TXREG, is empty (cleared when TXREG is written) 
0 = The USART transmit buffer is full 

bit 3 SSPIF: Master Synchronous Serial Port Interrupt Flag bit 
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

bit 2 CCP1IF: CCP1 Interrupt Flag bit 
Capture mode: 
1 = A TMR1 register capture occurred (must be cleared in software) 
0 = No TMR1 register capture occurred 
Compare mode: 
1 = A TMR1 register compare match occurred (must be cleared in software) 
0 = No TMR1 register compare match occurred
PWM mode: 
Unused in this mode. 

bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit 
1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit 
1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: This bit is reserved on PIC18F2X20 devices; always maintain this bit clear.
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FIGURE 10-2: BLOCK DIAGRAM OF 
RA3:RA0 AND RA5 PINS

FIGURE 10-3: BLOCK DIAGRAM OF 
RA6 PIN 

FIGURE 10-4: BLOCK DIAGRAM OF 
RA4/T0CKI PIN      

FIGURE 10-5: BLOCK DIAGRAM OF 
RA7 PIN   
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FIGURE 10-7: BLOCK DIAGRAM OF 

RB2:RB0 PINS
FIGURE 10-8: BLOCK DIAGRAM OF

RB4 PIN       

FIGURE 10-9: BLOCK DIAGRAM OF RB3/CCP2 PIN

Data Latch

RBPU(2)

P

VDD

Data Bus

WR LATB

WR TRISB

RD TRISB

RD PORTB

Weak
Pull-up

INTx

I/O pin(1)

Schmitt Trigger
Buffer

TRIS Latch

RD LATB

or PORTB

Note 1: I/O pins have diode protection to VDD and VSS.
2: To enable weak pull-ups, set the appropriate TRIS 

bit(s) and clear the RBPU bit (INTCON2<7>).

To A/D Converter

Analog Input Mode

TTL
Input
Buffer

QD

CK

QD

CK

EN

Q D

EN

Data Latch

From RB7:RB5

RBPU(2)

P

VDD

I/O pin(1)
QD

CK

QD

CK

Q D

EN

Q D

EN

Data Bus

WR LATB

WR TRISB

Set RBIF

TRIS Latch

RD TRISB

RD PORTB

Weak
Pull-up

RD PORTB

Latch

TTL
Input
Buffer

Q3

Q1

RD LATB

or PORTB

Note 1: I/O pins have diode protection to VDD and VSS.
2: To enable weak pull-ups, set the appropriate TRIS bit(s)

and clear the RBPU bit (INTCON2<7>).

To A/D Converter

Port/CCP2 Select

Data Bus

WR LATB

WR TRISB

Data Latch

TRIS Latch

RD TRISC

CCP2 Data Out

0

1
P

N

VDD

VSS

RD PORTB

CCP2 Input

RB3 pin(1)

or PORTB

RD LATC

Schmitt
Trigger

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

VDD

Weak
Pull-upP

RBPU

TTL Input
Buffer

Analog Input Mode

Analog Input Mode

To A/D Converter

QD

CK

EN

Q D

EN

QD

CK



© 2007 Microchip Technology Inc. DS39599G-page 113

PIC18F2220/2320/4220/4320
TABLE 10-9:  PORTE FUNCTIONS        

TABLE 10-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE         

Name Bit# Buffer Type Function

RE0/AN5/RD bit 0 ST/TTL(1) Input/output port pin, analog input or read control input in Parallel Slave 
Port mode.
For RD (PSP Control mode):
1 = PSP is Idle
0 = Read operation. Reads PORTD register (if chip selected).

RE1/AN6/WR bit 1 ST/TTL(1) Input/output port pin, analog input or write control input in Parallel 
Slave Port mode.
For WR (PSP Control mode):
1 = PSP is Idle
0 = Write operation. Writes PORTD register (if chip selected).

RE2/AN7/CS bit 2 ST/TTL(1) Input/output port pin, analog input or chip select control input in Parallel 
Slave Port mode.
For CS (PSP Control mode):
1 = PSP is Idle
0 = External device is selected

MCLR/VPP/RE3(2) bit 3 ST Input only port pin or programming voltage input (if MCLR is disabled);
Master Clear input or programming voltage input (if MCLR is enabled).

Legend: ST = Schmitt Trigger input, TTL = TTL input 
Note 1: Input buffers are Schmitt Triggers when in I/O mode and TTL buffers when in Parallel Slave Port mode.

2: The RE3 port bit is available as an input-only pin only in 40-pin devices and when Master Clear function-
ality is disabled (CONFIG3H<7>=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

PORTE � � � � RE3(1) RE2 RE1 RE0 ---- qxxx ---- quuu

LATE � � � � � LATE Data Latch Register ---- -xxx ---- -uuu

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

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

Legend: x = unknown, u = unchanged, - = unimplemented, read as �0�, q = value depends on condition. 
Shaded cells are not used by PORTE.

Note 1: The RE3 port bit is available as an input-only pin only in 40-pin devices and when Master Clear functionality is disabled 
(CONFIG3H<7>=0).



© 2007 Microchip Technology Inc. DS39599G-page 131

PIC18F2220/2320/4220/4320
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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15.5 PWM Mode
In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.           

Figure 15-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 15.5.3
�Setup for PWM Operation�.

FIGURE 15-3: SIMPLIFIED PWM BLOCK 
DIAGRAM        

A PWM output (Figure 15-4) has a time base (period)
and a time that the output is high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 15-4: PWM OUTPUT       

15.5.1 PWM PERIOD
The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following equation.

EQUATION 15-1:

PWM frequency is defined as 1/[PWM period]. When
TMR2 is equal to PR2, the following three events occur
on the next increment cycle:

� TMR2 is cleared
� The CCP1 pin is set (if PWM duty cycle = 0%, the 

CCP1 pin will not be set)
� The PWM duty cycle is copied from CCPR1L into 

CCPR1H          

15.5.2 PWM DUTY CYCLE
The PWM duty cycle is specified by writing to the
CCPR1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The PWM duty cycle is
calculated by the following equation.

EQUATION 15-2:

CCPR1L and CCP1CON<5:4> can be written to at any
time but the duty cycle value is not copied into
CCPR1H until a match between PR2 and TMR2 occurs
(i.e., the period is complete). In PWM mode, CCPR1H
is a read-only register.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data
latch.

CCPR1L

CCPR1H (Slave)

Comparator

TMR2

Comparator

PR2

(Note 1)

R Q

S

Duty Cycle Registers CCP1CON<5:4>

Clear Timer,
CCP1 pin and 
latch D.C.

TRISC<2>

RC2/CCP1/P1A

Note: 8-bit timer is concatenated with 2-bit internal Q clock or 
2 bits of the prescaler to create 10-bit time base.

Period

Duty Cycle

TMR2 = PR2

TMR2 = Duty Cycle

TMR2 = PR2

Note: The Timer2 postscaler (see Section 13.0
�Timer2 Module�) is not used in the
determination of the PWM frequency. The
postscaler could be used to have a servo
update rate at a different frequency than
the PWM output.

PWM Period   = [(PR2) + 1] � 4 � TOSC �
(TMR2 Prescale Value) 

PWM Duty Cycle = (CCPR1L:CCP1CON<5:4>) �
TOSC � (TMR2 Prescale Value)
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16.4 Enhanced PWM Mode
The Enhanced PWM mode provides additional PWM
output options for a broader range of control applica-
tions. The module is an upwardly compatible version of
the standard CCP module and offers up to four outputs,
designated P1A through P1D. Users are also able to
select the polarity of the signal (either active-high or
active-low). The module�s output mode and polarity are
configured by setting the P1M1:P1M0 and
CCP1M3:CCP1M0 bits of the CCP1CON register
(CCP1CON<7:6> and CCP1CON<3:0>, respectively).

Figure 16-1 shows a simplified block diagram of PWM
operation. All control registers are double-buffered and
are loaded at the beginning of a new PWM cycle (the
period boundary when Timer2 resets) in order to pre-
vent glitches on any of the outputs. The exception is the
PWM Delay register, ECCP1DEL, which is loaded at
either the duty cycle boundary or the boundary period
(whichever comes first). Because of the buffering, the
module waits until the assigned timer resets instead of
starting immediately. This means that enhanced PWM

waveforms do not exactly match the standard PWM
waveforms but are instead offset by one full instruction
cycle (4 TOSC).

As before, the user must manually configure the
appropriate TRISD bits for output.

16.4.1 PWM OUTPUT CONFIGURATIONS
The P1M1:P1M0 bits in the CCP1CON register allow
one of four configurations:

� Single Output
� Half-Bridge Output 
� Full-Bridge Output, Forward mode
� Full-Bridge Output, Reverse mode

The Single Output mode is the Standard PWM mode
discussed in Section 15.5 �PWM Mode�. The Half-
Bridge and Full-Bridge Output modes are covered in
detail in the sections that follow.

The general relationship of the outputs in all
configurations is summarized in Figure 16-2.

FIGURE 16-1:      SIMPLIFIED BLOCK DIAGRAM OF THE ENHANCED PWM MODULE    
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Comparator
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(Note 1)
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Duty Cycle Registers
CCP1CON<5:4>

Clear Timer,
set CCP1 pin and 
latch D.C.

Note: The 8-bit timer TMR2 register is concatenated with the 2-bit internal Q clock or 2 bits of the prescaler to create the 10-bit time base.

TRISD<2>

RC2/CCP1/P1A

TRISD<5>

RD5/PSP5/P1B

TRISD<6>

RD6/PSP6/P1C

TRISD<7>

RD7/PSP7/P1D

Output
Controller

P1M1<1:0>
2

CCP1M<3:0>
4

PWM1CON

CCP1/P1A

P1B

P1C

P1D
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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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REGISTER 23-3: CONFIG2H: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

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

� � � WDTPS3 WDTPS2 WDTPS1 WDTPS0 WDTEN

bit 7 bit 0

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as �0�
-n = Value when device is unprogrammed u = Unchanged from programmed state

bit 7-5 Unimplemented: Read as �0�
bit 4-1 WDPS<3:0>: Watchdog Timer Postscale Select bits

1111 = 1:32,768
1110 = 1:16,384
1101 = 1:8,192
1100 = 1:4,096
1011 = 1:2,048
1010 = 1:1,024
1001 = 1:512
1000 = 1:256
0111 = 1:128
0110 = 1:64
0101 = 1:32
0100 = 1:16
0011 = 1:8
0010 = 1:4
0001 = 1:2
0000 = 1:1

bit 0 WDTEN: Watchdog Timer Enable bit
1 = WDT enabled
0 = WDT disabled (control is placed on the SWDTEN bit)
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23.3 Two-Speed Start-up
The Two-Speed Start-up feature helps to minimize the
latency period from oscillator start-up to code execution
by allowing the microcontroller to use the INTRC oscil-
lator as a clock source until the primary clock source is
available. It is enabled by setting the IESO bit in
Configuration Register 1H (CONFIG1H<7>). 

Two-Speed Start-up is available only if the primary oscil-
lator mode is LP, XT, HS or HSPLL (Crystal-Based
modes). Other sources do not require a OST start-up
delay; for these, Two-Speed Start-up is disabled.

When enabled, Resets and wake-ups from Sleep mode
cause the device to configure itself to run from the inter-
nal oscillator block as the clock source, following the
time-out of the Power-up Timer after a POR Reset is
enabled. This allows almost immediate code execution
while the primary oscillator starts and the OST is run-
ning. Once the OST times out, the device automatically
switches to PRI_RUN mode. 

Because the OSCCON register is cleared on Reset
events, the INTOSC (or postscaler) clock source is not
initially available after a Reset event; the INTRC clock
is used directly at its base frequency. To use a higher
clock speed on wake-up, the INTOSC or postscaler
clock sources can be selected to provide a higher clock
speed by setting bits IFRC2:IFRC0 immediately after

Reset. For wake-ups from Sleep, the INTOSC or
postscaler clock sources can be selected by setting
IFRC2:IFRC0 prior to entering Sleep mode. 

In all other power-managed modes, Two-Speed Start-up
is not used. The device will be clocked by the currently
selected clock source until the primary clock source
becomes available. The setting of the IESO bit is
ignored.

23.3.1 SPECIAL CONSIDERATIONS FOR 
USING TWO-SPEED START-UP

While using the INTRC oscillator in Two-Speed Start-up,
the device still obeys the normal command sequences
for entering power-managed modes, including serial
SLEEP instructions (refer to Section 3.1.3 �Multiple
Sleep Commands�). In practice, this means that user
code can change the SCS1:SCS0 bit settings and issue
SLEEP commands before the OST times out. This would
allow an application to briefly wake-up, perform routine
�housekeeping� tasks and return to Sleep before the
device starts to operate from the primary oscillator. 

User code can also check if the primary clock source is
currently providing the system clocking by checking the
status of the OSTS bit (OSCCON<3>). If the bit is set,
the primary oscillator is providing the system clock.
Otherwise, the internal oscillator block is providing the
clock during wake-up from Reset or Sleep mode.

FIGURE 23-2: TIMING TRANSITION FOR TWO-SPEED START-UP (INTOSC TO HSPLL) 
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Q2 Q2 Q3 Q4

Note 1: TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.
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FIGURE 24-1: GENERAL FORMAT FOR INSTRUCTIONS    

Byte-oriented file register operations

15                  10      9     8   7                               0

d = 0 for result destination to be WREG register 

OPCODE     d      a              f (FILE #)

d = 1 for result destination to be file register (f)
a = 0 to force Access Bank 

Bit-oriented file register operations

15          12 11          9  8   7                                0
OPCODE  b (BIT #)   a        f (FILE #)

b = 3-bit position of bit in file register (f) 

Literal operations

15                              8    7                                 0
  OPCODE                       k  (literal)

k = 8-bit immediate value

Byte to Byte move operations (2-word)

15           12  11                                                0
OPCODE                     f (Source FILE #)

CALL, GOTO and Branch operations 
15                                    8  7                            0

OPCODE                   n<7:0> (literal)     

n = 20-bit immediate value

a = 1 for BSR to select bank
f  = 8-bit file register address

a = 0 to force Access Bank
a = 1 for BSR to select bank
f  = 8-bit file register address

15                  12   11                                         0
1111                        n<19:8> (literal)

15           12  11                                                0
    1111                     f (Destination FILE #)

f = 12-bit file register address

Control operations

Example Instruction

ADDWF MYREG, W, B

MOVFF MYREG1, MYREG2

BSF MYREG, bit, B

MOVLW 0x7F

GOTO Label

15                                    8   7                             0

OPCODE                   n<7:0> (literal)     

15                  12   11                                           0

                          n<19:8> (literal)

CALL MYFUNC

15                       11  10                                       0

  OPCODE                   n<10:0> (literal)     

S = Fast bit

BRA MYFUNC

15                               8  7                                   0

OPCODE                      n<7:0> (literal)     BC MYFUNC

S
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TABLE 26-16: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)     

FIGURE 26-16: EXAMPLE SPI SLAVE MODE TIMING (CKE = 1)      

Param 
No. Symbol Characteristic Min Max Units Conditions

70 TSSL2SCH, 
TSSL2SCL

SS ↓ to SCK ↓ or SCK ↑ Input TCY � ns

71 TSCH SCK Input High Time (Slave mode) Continuous 1.25 TCY + 30 � ns
71A Single Byte 40 � ns (Note 1)
72 TSCL SCK Input Low Time (Slave mode) Continuous 1.25 TCY + 30 � ns
72A Single Byte 40 � ns (Note 1)
73 TDIV2SCH, 

TDIV2SCL
Setup Time of SDI Data Input to SCK Edge 100 � ns

73A TB2B Last Clock Edge of Byte 1 to the First Clock Edge of Byte 2 1.5 TCY + 40 � ns (Note 2)
74 TSCH2DIL, 

TSCL2DIL
Hold Time of SDI Data Input to SCK Edge 100 � ns

75 TDOR SDO Data Output Rise Time PIC18FXX20 � 25 ns
PIC18LFXX20 45 ns

76 TDOF SDO Data Output Fall Time � 25 ns

77 TSSH2DOZ SS ↑ to SDO Output High-Impedance 10 50 ns
78 TSCR SCK Output Rise Time (Master mode) PIC18FXX20 � 25 ns

PIC18LFXX20 45 ns
79 TSCF SCK Output Fall Time (Master mode) � 25 ns
80 TSCH2DOV,

TSCL2DOV
SDO Data Output Valid after SCK Edge PIC18FXX20 � 50 ns

PIC18LFXX20 100 ns

83 TscH2ssH,
TscL2ssH

SS ↑ after SCK Edge 1.5 TCY + 40 � ns

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

SS

SCK
(CKP = 0)

SCK
(CKP = 1)

SDO

SDI

70

71 72

82

SDI

74

75, 76

MSb bit 6 - - - - - -1 LSb

77

MSb In bit 6 - - - -1 LSb In

80

83

Note: Refer to Figure 26-5 for load conditions.
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TABLE 26-24: A/D CONVERTER CHARACTERISTICS: PIC18F2220/2320/4220/4320 (INDUSTRIAL)

   PIC18F2220/2320/4220/4320 (EXTENDED)
PIC18LF2220/2320/4220/4320 (INDUSTRIAL) 

Param 
No. Symbol Characteristic Min Typ Max Units Conditions

A01 NR Resolution � � 10 bit ΔVREF ≥ 3.0V 
A03 EIL Integral Linearity Error � � <±1 LSb ΔVREF ≥ 3.0V 
A04 EDL Differential Linearity Error � � <±1 LSb ΔVREF ≥ 3.0V 
A06 EOFF Offset Error � � <±1 LSb ΔVREF ≥ 3.0V 
A07 EGN Gain Error � � <±1 LSb ΔVREF ≥ 3.0V 

A10 � Monotonicity guaranteed(2) �
A20 ΔVREF Reference Voltage Range

(VREFH � VREFL)
3 � AVDD � AVSS V For 10-bit resolution

A21 VREFH Reference Voltage High AVSS + 3.0V � AVDD + 0.3V V For 10-bit resolution
A22 VREFL Reference Voltage Low AVSS � 0.3V � AVDD � 3.0V V For 10-bit resolution
A25 VAIN Analog Input Voltage VREFL � VREFH V
A28 AVDD Analog Supply Voltage VDD � 0.3 � VDD + 0.3 V Tie to VDD

A29 AVSS Analog Supply Voltage VSS � 0.3 � VSS + 0.3 V Tie to VSS

A30 ZAIN Recommended Impedance of 
Analog Voltage Source

� � 2.5(4) kΩ

A40 IAD A/D Current 
from VDD

PIC18FXX20 � � 180(5) μA Average current during 
conversion(1)

PIC18LFXX20 � � 90(5) μA
A50 IREF VREF Input Current (3) �

�
�
�

±5(5)

±150(5)
μA
μA

During VAIN acquisition.
During A/D conversion 
cycle.

Note 1: When A/D is off, it will not consume any current other than minor leakage current. The power-down current 
spec includes any such leakage from the A/D module.

2: The A/D conversion result never decreases with an increase in the input voltage and has no missing 
codes.

3: VREFH current is from RA3/AN3/VREF+ pin or AVDD, whichever is selected as the VREFH source.
VREFL current is from RA2/AN2/VREF- pin or AVSS, whichever is selected as the VREFL source.

4: Assume quiet environment. If adjacent pins have high-frequency signals (analog or digital), ZAIN may need 
to be reduced to as low as 1 kΩ to fight crosstalk effects.

5: For guidance only.
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FIGURE 27-3: MAXIMUM IDD vs. FOSC OVER VDD PRI_RUN, EC MODE, -40°C TO +125°C

FIGURE 27-4: TYPICAL IDD vs. FOSC OVER VDD PRI_RUN, EC MODE, +25°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)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0

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)



PIC18F2220/2320/4220/4320

DS39599G-page 350 © 2007 Microchip Technology Inc.

FIGURE 27-7: MAXIMUM IDD vs. FOSC OVER VDD PRI_RUN, EC MODE, -40°C TO +125°C

FIGURE 27-8: TYPICAL IDD vs. FOSC OVER VDD PRI_IDLE, EC MODE, +25°C 
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FIGURE 27-33: ΔIPD A/D, -40°C TO +125°C SLEEP MODE, A/D ENABLED (NOT CONVERTING)

FIGURE 27-34: AVERAGE FOSC vs. VDD FOR VARIOUS R�S EXTERNAL RC MODE, 
C = 20 pF, TEMPERATURE = +25°C
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