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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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PIC18F6520/8520/6620/8620/6720/8720
TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS

Register Applicable Devices
Power-on Reset,
Brown-out Reset

MCLR Resets
WDT Reset

RESET Instruction
Stack Resets

Wake-up via WDT 
or Interrupt

TOSU PIC18F6X20 PIC18F8X20 ---0 0000 ---0 0000 ---0 uuuu(3)

TOSH PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu(3)

TOSL PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu(3)

STKPTR PIC18F6X20 PIC18F8X20 00-0 0000 uu-0 0000 uu-u uuuu(3)

PCLATU PIC18F6X20 PIC18F8X20 ---0 0000 ---0 0000 ---u uuuu

PCLATH PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

PCL PIC18F6X20 PIC18F8X20 0000 0000 0000 0000  PC + 2(2)

TBLPTRU PIC18F6X20 PIC18F8X20 --00 0000 --00 0000 --uu uuuu

TBLPTRH PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

TBLPTRL PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

TABLAT PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

PRODH PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

PRODL PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

INTCON PIC18F6X20 PIC18F8X20 0000 000x 0000 000u uuuu uuuu(1)

INTCON2 PIC18F6X20 PIC18F8X20 1111 1111 1111 1111 uuuu uuuu(1)

INTCON3 PIC18F6X20 PIC18F8X20 1100 0000 1100 0000 uuuu uuuu(1)

INDF0 PIC18F6X20 PIC18F8X20 N/A N/A N/A

POSTINC0 PIC18F6X20 PIC18F8X20 N/A N/A N/A

POSTDEC0 PIC18F6X20 PIC18F8X20 N/A N/A N/A

PREINC0 PIC18F6X20 PIC18F8X20 N/A N/A N/A

PLUSW0 PIC18F6X20 PIC18F8X20 N/A N/A N/A

FSR0H PIC18F6X20 PIC18F8X20 ---- xxxx ---- uuuu ---- uuuu

FSR0L PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

WREG PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

INDF1 PIC18F6X20 PIC18F8X20 N/A N/A N/A

POSTINC1 PIC18F6X20 PIC18F8X20 N/A N/A N/A

POSTDEC1 PIC18F6X20 PIC18F8X20 N/A N/A N/A

PREINC1 PIC18F6X20 PIC18F8X20 N/A N/A N/A

PLUSW1 PIC18F6X20 PIC18F8X20 N/A N/A N/A

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.

Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the 
interrupt vector (0008h or 0018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are 
updated with the current value of the PC. The STKPTR is modified to point to the next location in the 
hardware stack.

4: See Table 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other 
oscillator modes, they are disabled and read ‘0’. 

6: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read ‘0’. 
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ADRESH PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

ADRESL PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

ADCON0 PIC18F6X20 PIC18F8X20 --00 0000 --00 0000 --uu uuuu

ADCON1 PIC18F6X20 PIC18F8X20 --00 0000 --00 0000 --uu uuuu

ADCON2 PIC18F6X20 PIC18F8X20 0--- -000 0--- -000 u--- -uuu

CCPR1H PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCPR1L PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCP1CON PIC18F6X20 PIC18F8X20 --00 0000 --00 0000 --uu uuuu

CCPR2H PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCPR2L PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCP2CON PIC18F6X20 PIC18F8X20 --00 0000 --00 0000 --uu uuuu

CCPR3H PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCPR3L PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

CCP3CON PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

CVRCON PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

CMCON PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

TMR3H PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

TMR3L PIC18F6X20 PIC18F8X20 xxxx xxxx uuuu uuuu uuuu uuuu

T3CON PIC18F6X20 PIC18F8X20 0000 0000 uuuu uuuu uuuu uuuu

PSPCON PIC18F6X20 PIC18F8X20 0000 ---- 0000 ---- uuuu ----

SPBRG1 PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

RCREG1 PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

TXREG1 PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

TXSTA1 PIC18F6X20 PIC18F8X20 0000 -010 0000 -010 uuuu -uuu

RCSTA1 PIC18F6X20 PIC18F8X20 0000 000x 0000 000x uuuu uuuu

EEADRH PIC18F6X20 PIC18F8X20 ---- --00 ---- --00 ---- --uu

EEADR PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

EEDATA PIC18F6X20 PIC18F8X20 0000 0000 0000 0000 uuuu uuuu

EECON2 PIC18F6X20 PIC18F8X20 ---- ---- ---- ---- ---- ----

EECON1 PIC18F6X20 PIC18F8X20 xx-0 x000 uu-0 u000 uu-0 u000

TABLE 3-3: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

Register Applicable Devices
Power-on Reset,
Brown-out Reset

MCLR Resets
WDT Reset

RESET Instruction
Stack Resets

Wake-up via WDT 
or Interrupt

Legend: u = unchanged, x = unknown, - = unimplemented bit, read as ‘0’, q = value depends on condition.
Shaded cells indicate conditions do not apply for the designated device.

Note 1: One or more bits in the INTCONx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the 
interrupt vector (0008h or 0018h).

3: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are 
updated with the current value of the PC. The STKPTR is modified to point to the next location in the 
hardware stack.

4: See Table 3-2 for Reset value for specific condition.

5: Bit 6 of PORTA, LATA and TRISA are enabled in ECIO and RCIO Oscillator modes only. In all other 
oscillator modes, they are disabled and read ‘0’. 

6: Bit 6 of PORTA, LATA and TRISA are not available on all devices. When unimplemented, they are read ‘0’. 
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LATJ(3) Read PORTJ Data Latch, Write PORTJ Data Latch xxxx xxxx 35, 125

LATH(3) Read PORTH Data Latch, Write PORTH Data Latch xxxx xxxx 35, 122

LATG — — — Read PORTG Data Latch, Write PORTG Data Latch ---x xxxx 35, 120

LATF Read PORTF Data Latch, Write PORTF Data Latch xxxx xxxx 35, 117

LATE Read PORTE Data Latch, Write PORTE Data Latch xxxx xxxx 35, 114

LATD Read PORTD Data Latch, Write PORTD Data Latch xxxx xxxx 35, 111

LATC Read PORTC Data Latch, Write PORTC Data Latch xxxx xxxx 35, 109

LATB Read PORTB Data Latch, Write PORTB Data Latch xxxx xxxx 35, 106

LATA — LATA6(1) Read PORTA Data Latch, Write PORTA Data Latch(1) -xxx xxxx 35, 103

PORTJ(3) Read PORTJ pins, Write PORTJ Data Latch xxxx xxxx 36, 125

PORTH(3) Read PORTH pins, Write PORTH Data Latch xxxx xxxx 36, 122

PORTG — — — Read PORTG pins, Write PORTG Data Latch ---x xxxx 36, 120

PORTF Read PORTF pins, Write PORTF Data Latch xxxx xxxx 36, 117

PORTE Read PORTE pins, Write PORTE Data Latch xxxx xxxx 36, 114

PORTD Read PORTD pins, Write PORTD Data Latch xxxx xxxx 36, 111

PORTC Read PORTC pins, Write PORTC Data Latch xxxx xxxx 36, 109

PORTB Read PORTB pins, Write PORTB Data Latch xxxx xxxx 36, 106

PORTA — RA6(1) Read PORTA pins, Write PORTA Data Latch(1) -x0x 0000 36, 103

TMR4 Timer4 Register 0000 0000 36, 148

PR4 Timer4 Period Register 1111 1111 36, 148

T4CON — T4OUTPS3 T4OUTPS2 T4OUTPS1 T4OUTPS0 TMR4ON T4CKPS1 T4CKPS0 -000 0000 36, 147

CCPR4H Capture/Compare/PWM Register 4 High Byte xxxx xxxx 36, 151, 
152

CCPR4L Capture/Compare/PWM Register 4 Low Byte xxxx xxxx 36, 151, 
152

CCP4CON — — DC4B1 DC4B0 CCP4M3 CCP4M2 CCP4M1 CCP4M0 0000 0000 36, 149

CCPR5H Capture/Compare/PWM Register 5 High Byte xxxx xxxx 36, 151, 
152

CCPR5L Capture/Compare/PWM Register 5 Low Byte xxxx xxxx 36, 151, 
152

CCP5CON — — DC5B1 DC5B0 CCP5M3 CCP5M2 CCP5M1 CCP5M0 0000 0000 36, 149

SPBRG2 USART2 Baud Rate Generator 0000 0000 36, 205

RCREG2 USART2 Receive Register 0000 0000 36, 206

TXREG2 USART2 Transmit Register 0000 0000 36, 204

TXSTA2 CSRC TX9 TXEN SYNC — BRGH TRMT TX9D 0000 -010 36, 198

RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 36, 199

TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR, BOR
Details 

on page:

Legend: x = unknown, u = unchanged, – = unimplemented, q = value depends on condition
Note 1: RA6 and associated bits are configured as port pins in RCIO and ECIO Oscillator modes only and read ‘0’ in all other oscillator 

modes.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.
3: These registers are unused on PIC18F6X20 devices; always maintain these clear.
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FIGURE 4-9: INDIRECT ADDRESSING OPERATION       

FIGURE 4-10: INDIRECT ADDRESSING         

Opcode Address

File Address = Access of an Indirect Addressing Register 

FSR

Instruction
Executed

Instruction
Fetched

RAM

Opcode File

1212

12

BSR<3:0>

84

0h

FFFh

Note 1: For register file map detail, see Table 4-2.

Data
Memory(1)

Indirect Addressing

FSR Register11 0

0FFFh

0000h

Location Select
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9.1 INTCON Registers

The INTCON registers are readable and writable
registers, which contain various enable, priority and
flag bits.

REGISTER 9-1: INTCON REGISTER                 

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

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

bit 7 bit 0

bit 7 GIE/GIEH: Global Interrupt Enable bit

When IPEN (RCON<7>) = 0:
1 = Enables all unmasked interrupts
0 = Disables all interrupts 

When IPEN (RCON<7>) = 1:
1 = Enables all high priority interrupts 
0 = Disables all interrupts 

bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN (RCON<7>) = 0:
1 = Enables all unmasked peripheral interrupts 
0 = Disables all peripheral interrupts 

When IPEN (RCON<7>) = 1:
1 = Enables all low priority peripheral interrupts 
0 = Disables all low priority peripheral interrupts

bit 5 TMR0IE: TMR0 Overflow Interrupt Enable bit 

1 = Enables the TMR0 overflow interrupt 
0 = Disables the TMR0 overflow interrupt 

bit 4 INT0IE: INT0 External Interrupt Enable bit 

1 = Enables the INT0 external interrupt 
0 = Disables the INT0 external interrupt 

bit 3 RBIE: RB Port Change Interrupt Enable bit 

1 = Enables the RB port change interrupt 
0 = Disables the RB port change interrupt 

bit 2 TMR0IF: TMR0 Overflow Interrupt Flag bit 

1 = TMR0 register has overflowed (must be cleared in software) 
0 = TMR0 register did not overflow 

bit 1 INT0IF: INT0 External Interrupt Flag bit 

1 = The INT0 external interrupt occurred (must be cleared in software) 
0 = The INT0 external interrupt did not occur

bit 0 RBIF: RB Port Change Interrupt Flag bit 

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software) 
0 = None of the RB7:RB4 pins have changed state

Note: A mismatch condition will continue to set this bit. Reading PORTB will end the 
mismatch condition and allow the bit to be cleared. 

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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9.6 INT0 Interrupt

External interrupts on the RB0/INT0, RB1/INT1,
RB2/INT2 and RB3/INT3 pins are edge-triggered:
either rising, if the corresponding INTEDGx bit is set in
the INTCON2 register, or falling, if the INTEDGx bit is
clear. When a valid edge appears on the RBx/INTx pin,
the corresponding flag bit, INTxF, is set. This interrupt
can be disabled by clearing the corresponding enable
bit, INTxE. Flag bit, INTxF, must be cleared in software
in the Interrupt Service Routine before re-enabling the
interrupt. All external interrupts (INT0, INT1, INT2 and
INT3) can wake-up the processor from Sleep if bit
INTxIE was set prior to going into Sleep. If the Global
Interrupt Enable bit, GIE, is set, the processor will
branch to the interrupt vector following wake-up.

The interrupt priority for INT, INT2 and INT3 is deter-
mined by the value contained in the interrupt priority
bits: INT1IP (INTCON3<6>), INT2IP (INTCON3<7>)
and INT3IP (INTCON2<1>). There is no priority bit
associated with INT0; it is always a high priority
interrupt source.

9.7 TMR0 Interrupt

In 8-bit mode (which is the default), an overflow in the
TMR0 register (FFh 00h) will set flag bit TMR0IF. In
16-bit mode, an overflow in the TMR0H:TMR0L regis-
ters (FFFFh 0000h) will set flag bit TMR0IF. The
interrupt can be enabled/disabled by setting/clearing
enable bit, TMR0IE (INTCON<5>). Interrupt priority for
Timer0 is determined by the value contained in the
interrupt priority bit, TMR0IP (INTCON2<2>). See
Section 11.0 “Timer0 Module” for further details on
the Timer0 module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During an interrupt, the return PC value is saved on the
stack. Additionally, the WREG, Status and BSR registers
are saved on the fast return stack. If a fast return from
interrupt is not used (see Section 4.3 “Fast Register
Stack”), the user may need to save the WREG, Status
and BSR registers in software. Depending on the user’s
application, other registers may also need to be saved.
Example 9-1 saves and restores the WREG, Status and
BSR registers during an Interrupt Service Routine.

EXAMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM 

MOVWF W_TEMP ; W_TEMP is in virtual bank
MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR located anywhere
;
; USER ISR CODE
;
MOVFF BSR_TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS_TEMP, STATUS ; Restore STATUS
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10.0 I/O PORTS

Depending on the device selected, there are either
seven or nine I/O ports available on PIC18FXX20
devices. Some of their pins are multiplexed with one or
more alternate functions from the other peripheral fea-
tures on the device. In general, when a peripheral is
enabled, that pin may not be used as a general
purpose I/O pin.

Each port has three registers for its operation. These
registers are:

• TRIS register (data direction register)

• PORT register (reads the levels on the pins of the 
device)

• LAT register (output latch)

The Data Latch (LAT register) is useful for read-modify-
write operations on the value that the I/O pins are
driving.

A simplified version of a generic I/O port and its
operation is shown in Figure 10-1.

FIGURE 10-1: SIMPLIFIED BLOCK 
DIAGRAM OF PORT/LAT/
TRIS OPERATION 

10.1 PORTA, TRISA and LATA 
Registers

PORTA is a 7-bit wide, bidirectional port. The corre-
sponding data direction register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (i.e., put the corresponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port latch. 

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

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/T0CKI pin. The RA4/
T0CKI pin is a Schmitt Trigger input and an open-drain
output. All other RA port pins have TTL input levels and
full CMOS output drivers. 

The RA6 pin is only enabled as a general I/O pin in
ECIO and RCIO Oscillator modes.

The other PORTA pins are multiplexed with analog
inputs and the analog VREF+ and VREF- inputs. The
operation of each pin is selected by clearing/setting the
control bits in the ADCON1 register (A/D Control
Register 1).      

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1: INITIALIZING PORTA    

QD

CK

WR LAT +

Data Latch

I/O pinRD Port

WR Port

TRIS

RD LAT

Data Bus

Note: On a Power-on Reset, RA5 and RA3:RA0
are configured as analog inputs and read
as ‘0’. RA6 and RA4 are configured as
digital inputs.

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

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

MOVLW 0x0F ; Configure A/D 
MOVWF ADCON1 ; for digital inputs
MOVLW  0xCF ;  Value used to 

; initialize data 
; direction

MOVWF  TRISA ;  Set RA<3:0> as inputs
;  RA<5:4> as outputs
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FIGURE 10-2: BLOCK DIAGRAM OF 
RA3:RA0 AND RA5 PINS        

FIGURE 10-3: BLOCK DIAGRAM OF 
RA4/T0CKI PIN      

FIGURE 10-4: BLOCK DIAGRAM OF RA6 PIN (WHEN ENABLED AS I/O)   

Data
Bus

QD

QCK

QD

QCK

Q D

EN

P

N

WR LATA

WR TRISA

Data Latch

TRIS Latch

RD TRISA

RD PORTA

VSS

VDD

I/O pin(1)

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

Analog
Input
Mode

TTL
Input
Buffer

To A/D Converter and LVD Modules

RD LATA

or
PORTA

Data
Bus

WR TRISA

RD PORTA

Data Latch

TRIS Latch

Schmitt
Trigger
Input
Buffer

N

VSS

I/O pin(1)

TMR0 Clock Input

QD

QCK

QD

QCK

EN

Q D

EN

RD LATA

WR LATA
or
PORTA

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

RD TRISA

Data Bus

QD

QCK

Q D

EN

P

N

WR LATA

WR 

Data Latch

TRIS Latch

RD 

RD PORTA

VSS

VDD

I/O pin(1)

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

or PORTA

RD LATA

ECRA6 or

TTL
Input
Buffer

ECRA6 or RCRA6 Enable

RCRA6 Enable

TRISA

QD

QCK

TRISA
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11.0 TIMER0 MODULE

The Timer0 module has the following features:

• Software selectable as an 8-bit or 
16-bit timer/counter

• Readable and writable

• Dedicated 8-bit software programmable prescaler

• Clock source selectable to be external or internal

• Interrupt-on-overflow from FFh to 00h in 8-bit 
mode and FFFFh to 0000h in 16-bit mode

• Edge select for external clock

Figure 11-1 shows a simplified block diagram of the
Timer0 module in 8-bit mode and Figure 11-2 shows a
simplified block diagram of the Timer0 module in 16-bit
mode.

The T0CON register (Register 11-1) is a readable and
writable register that controls all the aspects of Timer0,
including the prescale selection. 

REGISTER 11-1: T0CON: TIMER0 CONTROL REGISTER                    

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0

bit 7 bit 0

bit 7 TMR0ON: Timer0 On/Off Control bit 

1 = Enables Timer0 
0 = Stops Timer0 

bit 6 T08BIT: Timer0 8-bit/16-bit Control bit 

1 = Timer0 is configured as an 8-bit timer/counter 
0 = Timer0 is configured as a 16-bit timer/counter 

bit 5 T0CS: Timer0 Clock Source Select bit 

1 = Transition on T0CKI pin 
0 = Internal instruction cycle clock (CLKO) 

bit 4 T0SE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on T0CKI pin 
0 = Increment on low-to-high transition on T0CKI pin 

bit 3 PSA: Timer0 Prescaler Assignment bit 

1 = TImer0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler. 
0 = Timer0 prescaler is assigned. Timer0 clock input comes from prescaler output.

bit 2-0 T0PS2:T0PS0: Timer0 Prescaler Select bits    

111 = 1:256 prescale value
110 = 1:128 prescale value
101 = 1:64   prescale value
100 = 1:32   prescale value
011 = 1:16   prescale value
010 = 1:8     prescale value
001 = 1:4     prescale value
000 = 1:2     prescale value

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
 2003-2013 Microchip Technology Inc. DS39609C-page 131



PIC18F6520/8520/6620/8620/6720/8720
NOTES:
DS39609C-page 134  2003-2013 Microchip Technology Inc.



PIC18F6520/8520/6620/8620/6720/8720
18.2.2 USART ASYNCHRONOUS 
RECEIVER

The USART receiver block diagram is shown in
Figure 18-4. The data is received on the pin (RC7/RX1/
DT1 or RG2/RX2/DT2) and drives the data recovery
block. The data recovery block is actually a high-speed
shifter operating at 16 times the baud rate, whereas the
main receive serial shifter operates 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 18.1 “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 RCxIE.

4. If 9-bit reception is desired, set bit RX9.

5. Enable the reception by setting bit CREN.

6. Flag bit RCxIF will be set when reception is com-
plete and an interrupt will be generated if enable
bit RCxIE was set.

7. Read the RCSTAx 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.

18.2.3 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 SPBRGx register for the appropri-
ate 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 RCxIF bit will be set when reception is
complete. The interrupt will be Acknowledged if
the RCxIE and GIE bits are set.

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

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

10. If any error occurred, clear the CREN bit. 

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.     

FIGURE 18-4: USART RECEIVE BLOCK DIAGRAM       
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20.1 Comparator Configuration

There are eight modes of operation for the compara-
tors. The CMCON register is used to select these
modes. Figure 20-1 shows the eight possible modes.
The TRISF register controls the data direction of the
comparator pins for each mode. If the Comparator
mode is changed, the comparator output level may not

be valid for the specified mode change delay shown in
the Electrical Specifications (Section 26.0 “Electrical
Characteristics”).

FIGURE 20-1: COMPARATOR I/O OPERATING MODES      

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

C1
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20.2 Comparator Operation

A single comparator is shown in Figure 20-2, along with
the relationship between the analog input levels and
the digital output. When the analog input at VIN+ is less
than the analog input VIN-, the output of the comparator
is a digital low level. When the analog input at VIN+ is
greater than the analog input VIN-, the output of the
comparator is a digital high level. The shaded areas of
the output of the comparator in Figure 20-2 represent
the uncertainty, due to input offsets and response time.

20.3 Comparator Reference

An external or internal reference signal may be used,
depending on the comparator operating mode. The
analog signal present at VIN- is compared to the signal
at VIN+ and the digital output of the comparator is
adjusted accordingly (Figure 20-2).

FIGURE 20-2: SINGLE COMPARATOR      

20.3.1  EXTERNAL REFERENCE SIGNAL

When external voltage references are used, the
comparator module can be configured to have the com-
parators operate from the same, or different reference
sources. However, threshold detector applications may
require the same reference. The reference signal must
be between VSS and VDD and can be applied to either
pin of the comparator(s).

20.3.2  INTERNAL REFERENCE SIGNAL

The comparator module also allows the selection of an
internally generated voltage reference for the compara-
tors. Section 21.0 “Comparator Voltage Reference
Module” contains a detailed description of the compar-
ator voltage reference module that provides this signal.
The internal reference signal is used when comparators
are in mode CM<2:0> = 110 (Figure 20-1). In this
mode, the internal voltage reference is applied to the
VIN+ pin of both comparators.

20.4 Comparator Response Time

Response time is the minimum time, after selecting a
new reference voltage or input source, before the com-
parator output has a valid level. If the internal reference
is changed, the maximum delay of the internal voltage
reference must be considered when using the compar-
ator outputs. Otherwise, the maximum delay of the
comparators should be used (Section 26.0 “Electrical
Characteristics”).

20.5 Comparator Outputs

The comparator outputs are read through the CMCON
register. These bits are read-only. The comparator
outputs may also be directly output to the RF1 and RF2
I/O pins. When enabled, multiplexors in the output path
of the RF1 and RF2 pins will switch and the output of
each pin will be the unsynchronized output of the com-
parator. The uncertainty of each of the comparators is
related to the input offset voltage and the response time
given in the specifications. Figure 20-3 shows the
comparator output block diagram.

The TRISF bits will still function as an output enable/
disable for the RF1 and RF2 pins while in this mode.

The polarity of the comparator outputs can be changed
using the C2INV and C1INV bits (CMCON<4:5>).         

–

+VIN+

VIN-
Output

VIN–

VIN+

OutputOutput

VIN+

VIN-

Note 1: When reading the port register, all pins
configured as analog inputs will read as a
‘0’. Pins configured as digital inputs will
convert an analog input, according to the
Schmitt Trigger input specification.

2: Analog levels on any pin defined as a dig-
ital input may cause the input buffer to
consume more current than is specified.
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20.7 Comparator Operation 
During Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional, if enabled. This interrupt will
wake-up the device from Sleep mode, when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current, as shown in the com-
parator specifications. To minimize power consumption
while in Sleep mode, turn off the comparators
(CM<2:0> = 111) before entering Sleep. If the device
wakes up from Sleep, the contents of the CMCON
register are not affected.

20.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the Com-
parator Reset mode, CM<2:0> = 000. This ensures
that all potential inputs are analog inputs. Device cur-
rent is minimized when analog inputs are present at
Reset time. The comparators will be powered down
during the Reset interval. 

20.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 20-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD

and VSS. The analog input, therefore, must be between
VSS and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 k is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 20-4: COMPARATOR ANALOG INPUT MODEL        

VA

RS < 10k

AIN

CPIN
5 pF

VDD

VT = 0.6V

VT = 0.6V

RIC

ILEAKAGE
±500 nA

VSS

Legend: CPIN = Input Capacitance
VT = Threshold Voltage
ILEAKAGE = Leakage Current at the pin due to various junctions
RIC = Interconnect Resistance
RS = Source Impedance
VA = Analog Voltage

Comparator
Input
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FIGURE 21-2: VOLTAGE REFERENCE OUTPUT BUFFER EXAMPLE      

TABLE 21-1: REGISTERS ASSOCIATED WITH COMPARATOR VOLTAGE REFERENCE      

CVREF Output
+
–

CVREF

Module

Voltage 
Reference

Output 
Impedance

R(1) RF5

Note 1: R is dependent upon the Comparator Voltage Reference Configuration bits CVRCON<3:0> and CVRCON<5>.

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Value on

POR

Value on
all other
Resets

CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 0000 0000 0000 0000

CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 0000 0000 0000 0000

TRISF TRISF7 TRISF6 TRISF5 TRISF4 TRISF3 TRISF2 TRISF1 TRISF0 1111 1111 1111 1111

Legend: x = unknown, u = unchanged, – = unimplemented, read as ‘0’. 
Shaded cells are not used with the comparator voltage reference.
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26.2 DC Characteristics: Power-Down and Supply Current
PIC18F6520/8520/6620/8620/6720/8720 (Industrial, Extended) 
PIC18LF6520/8520/6620/8620/6720/8720 (Industrial)

PIC18LF6520/8520/6620/8620/6720/8720
      (Industrial)      

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

PIC18F6520/8520/6620/8620/6720/8720
      (Industrial, Extended)      

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

-40°C  TA  +125°C for extended 

Param
 No.

Device Typ Max Units Conditions

Power-down Current (IPD)(1)

PIC18LFXX20 0.2 1 A  -40°C
VDD = 2.0V,

(Sleep mode)
0.2 1 A +25°C

1.2 5 A +85°C

PIC18LFXX20 0.4 1 A -40°C
VDD = 3.0V,

(Sleep mode)
0.4 1 A +25°C

1.8 8 A +85°C

All devices 0.7 2 A -40°C
VDD = 5.0V,

(Sleep mode)
0.7 2 A +25°C

3.0 15 A +85°C

Legend: Shading of rows is to assist in readability of the table.
Note 1: The power-down current in Sleep mode does not depend on the oscillator type. Power-down current is measured with 

the part in Sleep mode, with all I/O pins in high-impedance state and tied to VDD or VSS and all features that add delta 
current disabled (such as WDT, Timer1 Oscillator, BOR, etc.).

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

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

3: For RC oscillator configurations, current through REXT is not included. The current through the resistor can be estimated 
by the formula Ir = VDD/2REXT (mA) with REXT in k.
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TABLE 26-13: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)      

FIGURE 26-15: PARALLEL SLAVE PORT TIMING (PIC18F8X20)          

Param
No.

Symbol Characteristic Min Max Units Conditions

50 TCCL CCPx Input Low 
Time

No prescaler 0.5 TCY + 20 — ns

With 
prescaler

PIC18FXX20 10 — ns

PIC18LFXX20 20 — ns

51 TCCH CCPx Input High 
Time

No prescaler 0.5 TCY + 20 — ns

With
prescaler

PIC18FXX20 10 — ns

PIC18LFXX20 20 — ns

52 TCCP CCPx Input Period 3 TCY + 40
N

— ns N = prescale 
value (1, 4 or 16)

53 TCCR CCPx Output Rise Time PIC18FXX20 — 25 ns

PIC18LFXX20 — 45 ns VDD = 2.0V

54 TCCF CCPx Output Fall Time PIC18FXX20 — 25 ns

PIC18LFXX20 — 45 ns VDD = 2.0V

Note: Refer to Figure 26-6 for load conditions.

RE2/CS

RE0/RD

RE1/WR

RD7:RD0

62

63

64

65
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Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069

Singapore
Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-5778-366
Fax: 886-3-5770-955

Taiwan - Kaohsiung
Tel: 886-7-213-7828
Fax: 886-7-330-9305

Taiwan - Taipei
Tel: 886-2-2508-8600 
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829

France - Paris
Tel: 33-1-69-53-63-20 
Fax: 33-1-69-30-90-79

Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44

Italy - Milan 
Tel: 39-0331-742611 
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340

Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91

UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

Worldwide Sales and Service
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