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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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PIC18F1220/1320
1.3 Details on Individual Family 
Members

Devices in the PIC18F1220/1320 family are available
in 18-pin, 20-pin and 28-pin packages. A block diagram
for this device family is shown in Figure 1-1.

The devices are differentiated from each other only in
the amount of on-chip Flash program memory
(4 Kbytes for the PIC18F1220 device, 8 Kbytes for the
PIC18F1320 device). These and other features are
summarized in Table 1-1.

A block diagram of the PIC18F1220/1320 device
architecture is provided in Figure 1-1. The pinouts for
this device family are listed in Table 1-2.

TABLE 1-1: DEVICE FEATURES  

Features PIC18F1220 PIC18F1320

Operating Frequency DC – 40 MHz DC – 40 MHz

Program Memory (Bytes) 4096 8192

Program Memory (Instructions) 2048 4096

Data Memory (Bytes) 256 256

Data EEPROM Memory (Bytes) 256 256

Interrupt Sources 15 15

I/O Ports Ports A, B Ports A, B

Timers 4 4

Enhanced Capture/Compare/PWM Modules 1 1

Serial Communications Enhanced USART Enhanced USART

10-bit Analog-to-Digital Module 7 input channels 7 input channels

Resets (and Delays)

POR, BOR, 
RESET Instruction, Stack Full, 

Stack Underflow (PWRT, OST), 
MCLR (optional), WDT

POR, BOR, 
RESET Instruction, Stack Full, 

Stack Underflow (PWRT, OST), 
MCLR (optional), WDT

Programmable Low-Voltage Detect Yes Yes

Programmable Brown-out Reset Yes Yes

Instruction Set 75 Instructions 75 Instructions

Packages

18-pin SDIP
18-pin SOIC
20-pin SSOP
28-pin QFN

18-pin SDIP
18-pin SOIC
20-pin SSOP
28-pin QFN
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PIC18F1220/1320
TABLE 2-2: CAPACITOR SELECTION FOR 
CRYSTAL OSCILLATOR 

 

An external clock source may also be connected to the
OSC1 pin in the HS mode, as shown in Figure 2-2.

FIGURE 2-2: EXTERNAL CLOCK INPUT 
OPERATION (HS OSC 
CONFIGURATION)

2.3 HSPLL

A Phase Locked Loop (PLL) circuit is provided as an
option for users who wish to use a lower frequency
crystal oscillator circuit, or to clock the device up to its
highest rated frequency from a crystal oscillator. This
may be useful for customers who are concerned with
EMI due to high-frequency crystals.

The HSPLL mode makes use of the HS mode oscillator
for frequencies up to 10 MHz. A PLL then multiplies the
oscillator output frequency by 4 to produce an internal
clock frequency up to 40 MHz.

The PLL is enabled only when the oscillator Configura-
tion bits are programmed for HSPLL mode. If
programmed for any other mode, the PLL is not
enabled. 

FIGURE 2-3: PLL BLOCK DIAGRAM        

Osc Type
Crystal 
Freq.

Typical Capacitor Values 
Tested:

C1 C2

LP 32 kHz 33 pF 33 pF

200 kHz 15 pF 15 pF

XT 1 MHz 33 pF 33 pF

4 MHz 27 pF 27 pF

HS 4 MHz 27 pF 27 pF

8 MHz 22 pF 22 pF

20 MHz 15 pF 15 pF

Capacitor values are for design guidance only. 

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

32 kHz 4 MHz

200 kHz 8 MHz

1 MHz 20 MHz

Note 1: Higher capacitance increases the stability
of oscillator, but also increases the start-
up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: RS may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is
expected for the application.

OSC1

OSC2Open

Clock from
Ext. System PIC18FXXXX

(HS Mode)

M
U

X

VCO

Loop
Filter

Crystal
Osc

OSC2

OSC1

PLL Enable

FIN

FOUT

SYSCLK

Phase
Comparator

HS Oscillator Enable

4

(from Configuration Register 1H)
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PIC18F1220/1320
FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO VDD, VDD RISE > TPWRT)      

FIGURE 4-7: TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)   
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Note: TOST = 1024 clock cycles.
TPLL  2 ms max. First three stages of the PWRT timer.
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PIC18F1220/1320
6.4 Erasing Flash Program Memory

The minimum erase block size is 32 words or 64 bytes
under firmware control. Only through the use of an
external programmer, or through ICSP control, can
larger blocks of program memory be bulk erased. Word
erase in Flash memory 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 CFGS bit must be clear to
access program Flash and data EEPROM memory.
The WREN bit must be set to enable write operations.
The FREE bit is set to select an erase operation. The
WR bit is set as part of the required instruction
sequence (as shown in Example 6-2) and starts the
actual erase operation. It is not necessary to load the
TABLAT register with any data as it is ignored.

For protection, the write initiate sequence using
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.

6.4.1 FLASH PROGRAM MEMORY 
ERASE SEQUENCE

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

1. Load Table Pointer 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 AAh 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. Execute a NOP.

9. Re-enable interrupts.

EXAMPLE 6-2: 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
BSF EECON1, WREN ; enable write to memory
BSF EECON1, FREE ; enable Row Erase operation
BCF INTCON, GIE ; disable interrupts
MOVLW 55h
MOVWF EECON2 ; write 55H

Required MOVLW AAh
Sequence MOVWF EECON2 ; write AAH

BSF EECON1, WR ; start erase (CPU stall)
NOP
BSF INTCON, GIE ; re-enable interrupts
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7.3 Reading the Data EEPROM 
Memory

To read a data memory location, the user must write the
address to the EEADR register, clear the EEPGD
control bit (EECON1<7>) and then set control bit, RD
(EECON1<0>). The data is available for the very next
instruction cycle; therefore, the EEDATA register can
be read by the next instruction. EEDATA will hold this
value until another read operation, or until it is written to
by the user (during a write operation).

7.4 Writing to the Data EEPROM 
Memory

To write an EEPROM data location, the address must
first be written to the EEADR register and the data
written to the EEDATA register. The sequence in
Example 7-2 must be followed to initiate the write cycle.

The write will not begin if this sequence is not exactly
followed (write 55h to EECON2, write AAh to EECON2,
then set WR bit) for each byte. It is strongly recom-
mended that interrupts be disabled during this
code segment.

Additionally, the WREN bit in EECON1 must be set to
enable writes. This mechanism prevents accidental
writes to data EEPROM due to unexpected code exe-
cution (i.e., runaway programs). The WREN bit should
be kept clear at all times, except when updating the
EEPROM. The WREN bit is not cleared by hardware.

After a write sequence has been initiated, EECON1,
EEADR and EEDATA cannot be modified. The WR bit
will be inhibited from being set unless the WREN bit is
set. The WREN bit must be set on a previous instruc-
tion. Both WR and WREN cannot be set with the same
instruction.

At the completion of the write cycle, the WR bit is
cleared in hardware and the EEPROM Interrupt Flag bit
(EEIF) is set. The user may either enable this interrupt
or poll this bit. EEIF must be cleared by software.    

7.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit. 

7.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
help prevent an accidental write during brown-out,
power glitch or software malfunction.

EXAMPLE 7-1: DATA EEPROM READ 

EXAMPLE 7-2: DATA EEPROM WRITE 

MOVLW DATA_EE_ADDR;
MOVWF EEADR ; Data Memory Address to read
BCF EECON1, EEPGD; Point to DATA memory
BSF EECON1, RD ; EEPROM Read
MOVF EEDATA, W ; W = EEDATA 

MOVLW DATA_EE_ADDR;
MOVWF EEADR ; Data Memory Address to write
MOVLW DATA_EE_DATA;
MOVWF EEDATA ; Data Memory Value to write
BCF EECON1, EEPGD; Point to DATA memory
BSF EECON1, WREN; Enable writes
BCF INTCON, GIE; Disable Interrupts
MOVLW 55h ;

Required MOVWF EECON2 ; Write 55h
Sequence MOVLW AAh ;

MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BSF INTCON, GIE; Enable Interrupts

SLEEP ; Wait for interrupt to signal write complete
BCF EECON1, WREN; Disable writes
DS30009605G-page 66  2002-2015 Microchip Technology Inc.
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REGISTER 9-5: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2

R/W-0/0 U-0 U-0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 U-0

OSCFIF — — EEIF — LVDIF TMR3IF —

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating

bit 6-5 Unimplemented: Read as ‘0’

bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit

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

bit 3 Unimplemented: Read as ‘0’

bit 2 LVDIF: Low-Voltage Detect Interrupt Flag bit 

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

bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit

1 = TMR3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow

bit 0 Unimplemented: Read as ‘0’
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are two Peripheral
Interrupt Enable registers (PIE1, PIE2). When
IPEN = 0, the PEIE bit must be set to enable any of
these peripheral interrupts.   

             

REGISTER 9-6: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

U-0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0

— ADIE RCIE TXIE — CCP1IE TMR2IE TMR1IE

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7 Unimplemented: Read as ‘0’

bit 6 ADIE: A/D Converter Interrupt Enable bit 

1 = Enables the A/D interrupt 
0 = Disables the A/D interrupt

bit 5 RCIE: EUSART Receive Interrupt Enable bit

1 = Enables the EUSART receive interrupt 
0 = Disables the EUSART receive interrupt

bit 4 TXIE: EUSART Transmit Interrupt Enable bit 

1 = Enables the EUSART transmit interrupt 
0 = Disables the EUSART transmit interrupt 

bit 3 Unimplemented: Read as ‘0’

bit 2 CCP1IE: CCP1 Interrupt Enable bit 

1 = Enables the CCP1 interrupt 
0 = Disables the CCP1 interrupt 

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt 
0 = Disables the TMR2 to PR2 match interrupt 

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt 
0 = Disables the TMR1 overflow interrupt 
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FIGURE 10-8: BLOCK DIAGRAM OF RB1/AN5/TX/CK/INT1 PIN   
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FIGURE 10-9: BLOCK DIAGRAM OF RB2/P1B/INT2 PIN
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11.1 Timer0 Operation

Timer0 can operate as a timer or as a counter.

Timer mode is selected by clearing the T0CS bit. In
Timer mode, the Timer0 module will increment every
instruction cycle (without prescaler). If the TMR0 regis-
ter is written, the increment is inhibited for the following
two instruction cycles. The user can work around this
by writing an adjusted value to the TMR0 register.

Counter mode is selected by setting the T0CS bit. In
Counter mode, Timer0 will increment either on every
rising or falling edge of pin RA4/T0CKI. The increment-
ing edge is determined by the Timer0 Source Edge
Select bit (T0SE). Clearing the T0SE bit selects the
rising edge. 

When an external clock input is used for Timer0, it must
meet certain requirements. The requirements ensure
the external clock can be synchronized with the internal
phase clock (TOSC). Also, there is a delay in the actual
incrementing of Timer0 after synchronization.

11.2 Prescaler

An 8-bit counter is available as a prescaler for the Timer0
module. The prescaler is not readable or writable.

The PSA and T0PS2:T0PS0 bits determine the
prescaler assignment and prescale ratio.

Clearing bit PSA will assign the prescaler to the Timer0
module. When the prescaler is assigned to the Timer0
module, prescale values of 1:2, 1:4, ..., 1:256 are
selectable. 

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

11.2.1 SWITCHING PRESCALER 
ASSIGNMENT

The prescaler assignment is fully under software
control (i.e., it can be changed “on-the-fly” during
program execution). 

11.3 Timer0 Interrupt

The TMR0 interrupt is generated when the TMR0 reg-
ister overflows from FFh to 00h in 8-bit mode, or FFFFh
to 0000h in 16-bit mode. This overflow sets the TMR0IF
bit. The interrupt can be masked by clearing the
TMR0IE bit. The TMR0IF bit must be cleared in soft-
ware by the Timer0 module Interrupt Service Routine
before re-enabling this interrupt. The TMR0 interrupt
cannot awaken the processor from Low-Power Sleep
mode, since the timer requires clock cycles even when
T0CS is set. 

11.4 16-Bit Mode Timer Reads 
and Writes

TMR0H is not the high byte of the timer/counter in
16-bit mode, but is actually a buffered version of the
high byte of Timer0 (refer to Figure 11-2). The high byte
of the Timer0 counter/timer is not directly readable nor
writable. TMR0H is updated with the contents of the
high byte of Timer0 during a read of TMR0L. This pro-
vides the ability to read all 16 bits of Timer0, without
having to verify that the read of the high and low byte
were valid due to a rollover between successive reads
of the high and low byte. 

A write to the high byte of Timer0 must also take place
through the TMR0H Buffer register. Timer0 high byte is
updated with the contents of TMR0H when a write
occurs to TMR0L. This allows all 16 bits of Timer0 to be
updated at once.

TABLE 11-1: REGISTERS ASSOCIATED WITH TIMER0 

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

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

POR, BOR

Value on 
all other 
Resets

TMR0L Timer0 Module Low Byte Register xxxx xxxx uuuu uuuu

TMR0H Timer0 Module High Byte Register 0000 0000 0000 0000

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

T0CON TMR0ON T08BIT T0CS T0SE PSA T0PS2 T0PS1 T0PS0 1111 1111 1111 1111

TRISA RA7(1) RA6(1) — PORTA Data Direction Register 11-1 1111 11-1 1111

Legend: x = unknown, u = unchanged, – = unimplemented locations read as ‘0’. Shaded cells are not used by Timer0.
Note 1: RA6 and RA7 are enabled as I/O pins, depending on the oscillator mode selected in Configuration Word 1H.
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TABLE 16-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION       

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

PIR1 — ADIF RCIF TXIF — CCP1IF TMR2IF TMR1IF -000 -000 -000 -000

PIE1 — ADIE RCIE TXIE — CCP1IE TMR2IE TMR1IE -000 -000 -000 -000

IPR1 — ADIP RCIP TXIP — CCP1IP TMR2IP TMR1IP -111 -111 -111 -111

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 0000 000x

RCREG EUSART Receive Register 0000 0000 0000 0000

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 0000 0010 0000 0010

BAUDCTL — RCIDL — SCKP BRG16 — WUE ABDEN -1-1 0-00 -1-1 0-00

SPBRGH Baud Rate Generator Register High Byte 0000 0000 0000 0000

SPBRG Baud Rate Generator Register Low Byte 0000 0000 0000 0000

Legend: x = unknown, – = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master reception.
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17.8 Use of the CCP1 Trigger

An A/D conversion can be started by the “special event
trigger” of the CCP1 module. This requires that the
CCP1M3:CCP1M0 bits (CCP1CON<3:0>) be pro-
grammed as ‘1011’ and that the A/D module is enabled
(ADON bit is set). When the trigger occurs, the GO/
DONE bit will be set, starting the A/D acquisition and
conversion and the Timer1 (or Timer3) counter will be
reset to zero. Timer1 (or Timer3) is reset to auto-
matically repeat the A/D acquisition period with minimal

software overhead (moving ADRESH/ADRESL to the
desired location). The appropriate analog input
channel must be selected and the minimum acquisition
period is either timed by the user, or an appropriate
TACQ time selected before the “special event trigger”
sets the GO/DONE bit (starts a conversion).

If the A/D module is not enabled (ADON is cleared), the
“special event trigger” will be ignored by the A/D
module, but will still reset the Timer1 (or Timer3)
counter.

TABLE 17-2: SUMMARY OF A/D REGISTERS         

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 0000 0000 0000

PIR1 — ADIF RCIF TXIF — CCP1IF TMR2IF TMR1IF -000 -000 -000 -000

PIE1 — ADIE RCIE TXIE — CCP1IE TMR2IE TMR1IE -000 -000 -000 -000

IPR1 — ADIP RCIP TXIP — CCP1IP TMR2IP TMR1IP -111 -111 -111 -111

PIR2 OSCFIF — — EEIF — LVDIF TMR3IF — 0--0 -00- 0--0 -00-

PIE2 OSCFIE — — EEIE — LVDIE TMR3IE — 0--0 -00- 0--0 -00-

IPR2 OSCFIP — — EEIP — LVDIP TMR3IP — 1--1 -11- 1--1 -11-

ADRESH  A/D Result Register High Byte xxxx xxxx uuuu uuuu

ADRESL  A/D Result Register Low Byte xxxx xxxx uuuu uuuu

ADCON0 VCFG1 VCFG0 — CHS2 CHS1 CHS0 GO/DONE ADON 00-0 0000 00-0 0000

ADCON1 — PCFG6 PCFG5 PCFG4 PCFG3 PCFG2 PCFG1 PCFG0 -000 0000 -000 0000

ADCON2 ADFM — ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0 0-00 0000 0-00 0000

PORTA RA7(3) RA6(2) RA5(1) RA4 RA3 RA2 RA1 RA0 qq0x 0000 uu0u 0000

TRISA TRISA7(3) TRISA6(2) — PORTA Data Direction Register qq-1 1111 11-1 1111

PORTB Read PORTB pins, Write LATB Latch xxxx xxxx uuuu uuuu

TRISB PORTB Data Direction Register 1111 1111 1111 1111

LATB PORTB Output Data Latch xxxx xxxx uuuu uuuu

Legend: x = unknown, u = unchanged, q = depends on CONFIG1H<3:0>, – = unimplemented, read as ‘0’. 
Shaded cells are not used for A/D conversion.

Note 1: RA5 port bit is available only as an input pin when the MCLRE bit in the Configuration register is ‘0’.
2: RA6 and TRISA6 are available only when the primary oscillator mode selection offers RA6 as a port pin; otherwise, RA6 

always reads ‘0’, TRISA6 always reads ‘1’ and writes to both are ignored (see CONFIG1H<3:0>).
3: RA7 and TRISA7 are available only when the internal RC oscillator is configured as the primary oscillator in CON-

FIG1H<3:0>; otherwise, RA7 always reads ‘0’, TRISA7 always reads ‘1’ and writes to both are ignored.
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18.2.1 REFERENCE VOLTAGE SET POINT

The internal reference voltage of the LVD module may
be used by other internal circuitry (the programmable
Brown-out Reset). If these circuits are disabled (lower
current consumption), the reference voltage circuit
requires a time to become stable before a low-voltage
condition can be reliably detected. This time is invariant
of system clock speed. This start-up time is specified in
electrical specification parameter 36. The low-voltage
interrupt flag will not be enabled until a stable reference
voltage is reached. Refer to the waveform in Figure 18-4.

18.2.2 CURRENT CONSUMPTION

When the module is enabled, the LVD comparator and
voltage divider are enabled and will consume static cur-
rent. The voltage divider can be tapped from multiple
places in the resistor array. Total current consumption,
when enabled, is specified in electrical specification
parameter D022B.

18.3 Operation During Sleep   

When enabled, the LVD circuitry continues to operate
during Sleep. If the device voltage crosses the trip
point, the LVDIF bit will be set and the device will wake-
up from Sleep. Device execution will continue from the
interrupt vector address if interrupts have been globally
enabled.

18.4 Effects of a Reset   

A device Reset forces all registers to their Reset state.
This forces the LVD module to be turned off. 
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REGISTER 19-1: CONFIG1H: CONFIGURATION REGISTER 1 HIGH (BYTE ADDRESS 300001h)

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

IESO FSCM — — FOSC3 FOSC2 FOSC1 FOSC0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit

bit 7 IESO: Internal External Switchover bit

1 = Internal External Switchover mode enabled
0 = Internal External Switchover mode disabled

bit 6 FSCM: Fail-Safe Clock Monitor Enable bit

1 = Fail-Safe Clock Monitor enabled
0 = Fail-Safe Clock Monitor disabled

bit 5-4 Unimplemented: Read as ‘0’

bit 3-0 FOSC<3:0>: Oscillator Selection bits

11xx = External RC oscillator, CLKO function on RA6
1001 = Internal RC oscillator, CLKO function on RA6 and port function on RA7
1000 = Internal RC oscillator, port function on RA6 and port function on RA7
0111 = External RC oscillator, port function on RA6
0110 = HS oscillator, PLL enabled (clock frequency = 4 x FOSC1)
0101 = EC oscillator, port function on RA6
0100 = EC oscillator, CLKO function on RA6
0010 = HS oscillator
0001 = XT oscillator
0000 = LP oscillator
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REGISTER 19-2: CONFIG2L: CONFIGURATION REGISTER 2 LOW (BYTE ADDRESS 300002h)

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

— — — — BORV1 BORV0 BOR(1) PWRTEN(1)

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit

bit 7-4 Unimplemented: Read as ‘0’   

bit 3-2 BORV<1:0>: Brown-out Reset Voltage bits

11 = Reserved 
10 = VBOR set to 2.7V 
01 = VBOR set to 4.2V 
00 = VBOR set to 4.5V 

bit 1 BOR: Brown-out Reset Enable bit(1)

1 = Brown-out Reset enabled 
0 = Brown-out Reset disabled 

bit 0 PWRTEN: Power-up Timer Enable bit(1)

1 = PWRT disabled 
0 = PWRT enabled 

Note 1: The Power-up Timer is decoupled from Brown-out Reset, allowing these features to be independently 
controlled.
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REGISTER 19-10: CONFIG7L: CONFIGURATION REGISTER 7 LOW (BYTE ADDRESS 30000Ch) 

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

— — — — — — EBTR1 EBTR0

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit

bit 7-2 Unimplemented: Read as ‘0’ 

bit 1 EBTR1: Table Read Protection bit (PIC18F1320)

1 = Block 1 (001000-001FFFh) not protected from table reads executed in other blocks
0 = Block 1 (001000-001FFFh) protected from table reads executed in other blocks

bit 0 EBTR0: Table Read Protection bit (PIC18F1320)

1 = Block 0 (00200-000FFFh) not protected from table reads executed in other blocks 
0 = Block 0 (00200-000FFFh) protected from table reads executed in other blocks

bit 1 EBTR1: Table Read Protection bit (PIC18F1220)

1 = Block 1 (000800-000FFFh) not protected from table reads executed in other blocks 
0 = Block 1 (000800-000FFFh) protected from table reads executed in other blocks

bit 0 EBTR0: Table Read Protection bit (PIC18F1220)

1 = Block 0 (000200-0007FFh) not protected from table reads executed in other blocks 
0 = Block 0 (000200-0007FFh) protected from table reads executed in other blocks 

REGISTER 19-11: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)

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

— EBTRB — — — — — —

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared P = Programmable bit

bit 7 Unimplemented: Read as ‘0’

bit 6 EBTRB: Boot Block Table Read Protection bit

1 = Boot Block (000000-0001FFh) not protected from table reads executed in other blocks
0 = Boot Block (000000-0001FFh) protected from table reads executed in other blocks

bit 5-0 Unimplemented: Read as ‘0’
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19.5 Program Verification and 
Code Protection

The overall structure of the code protection on the
PIC18 Flash devices differs significantly from other PIC
devices.

The user program memory is divided into three blocks.
One of these is a boot block of 512 bytes. The remain-
der of the memory is divided into two blocks on binary
boundaries. 

Each of the three blocks has three protection bits
associated with them. They are:

• Code-Protect bit (CPn)

• Write-Protect bit (WRTn)

• External Block Table Read bit (EBTRn) 

Figure 19-5 shows the program memory organization
for 4 and 8-Kbyte devices and the specific code protec-
tion bit associated with each block. The actual locations
of the bits are summarized in Table 19-3.

FIGURE 19-5: CODE-PROTECTED PROGRAM MEMORY FOR PIC18F1220/1320 

TABLE 19-3: SUMMARY OF CODE PROTECTION REGISTERS

Block Code 
Protection 

Controlled By:

MEMORY SIZE/DEVICE Block Code 
Protection 

Controlled By:
Address    
Range

4 Kbytes
(PIC18F1220)

8 Kbytes
(PIC18F1320)

Address    
Range

CPB, WRTB, EBTRB
000000h
0001FFh

Boot Block Boot Block
000000h
0001FFh

CPB, WRTB, EBTRB

CP0, WRT0, EBTR0
000200h

0007FFh
Block 0

Block 0

000200h

CP0, WRT0, EBTR0

CP1, WRT1, EBTR1
000800h

000FFFh
Block 1

000FFFh

(Unimplemented 
Memory Space)

001000h

Unimplemented
Read ‘0’s

Block 1

001000h

CP1, WRT1, EBTR1

001FFFh

1FFFFFh

Unimplemented
Read ‘0’s

002000h

1FFFFFh

(Unimplemented 
Memory Space)

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

300008h CONFIG5L — — — — — — CP1 CP0

300009h CONFIG5H CPD CPB — — — — — —

30000Ah CONFIG6L — — — — — — WRT1 WRT0

30000Bh CONFIG6H WRTD WRTB WRTC — — — — —

30000Ch CONFIG7L — — — — — — EBTR1 EBTR0

30000Dh CONFIG7H — EBTRB — — — — — —

Legend: Shaded cells are unimplemented.
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RRNCF Rotate Right f (no carry)

Syntax: [ label ]    RRNCF    f [,d [,a]]

Operands: 0  f  255
d  [0,1]
a  [0,1]

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

Status Affected: N, Z

Encoding: 0100 00da ffff ffff

Description: The contents of register ‘f’ are 
rotated one bit to the right. 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 will be selected, 
overriding the BSR value. If ‘a’ is 
‘1’, then the bank will be selected 
as per the BSR value (default).

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
Write to 

destination

Example 1: RRNCF   REG, 1, 0

Before Instruction
REG = 1101 0111

After Instruction
REG = 1110 1011

Example 2: RRNCF   REG, W

Before Instruction
W = ?
REG = 1101 0111

After Instruction
W = 1110 1011
REG = 1101 0111

register f

SETF Set f

Syntax: [ label ] SETF    f [,a]

Operands: 0  f  255
a [0,1]

Operation: FFh  f

Status Affected: None

Encoding: 0110 100a ffff ffff

Description: The contents of the specified 
register are set to FFh. If ‘a’ is ‘0’, 
the Access Bank will be selected, 
overriding the BSR value. If ‘a’ is 
‘1’, then the bank will be selected 
as per the BSR value (default).

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read

register ‘f’
Process 

Data
Write

register ‘f’

Example: SETF REG

Before Instruction
REG = 0x5A

After Instruction
REG = 0xFF
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FIGURE 23-33: IPD A/D, -40°C TO +125°C SLEEP MODE, A/D ENABLED (NOT CONVERTING)

FIGURE 23-34: AVERAGE FOSC vs. VDD FOR VARIOUS R’s EXTERNAL RC MODE, 
C = 20 pF, TEMPERATURE = +25°C
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