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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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PORTD is a bidirectional I/O port.

RD0/SEG0
RD0
SEG0

72
I/O
O

ST
Analog

Digital I/O.
SEG0 output for LCD.

RD1/SEG1
RD1
SEG1

69
I/O
O

ST
Analog

Digital I/O.
SEG1 output for LCD.

RD2/SEG2
RD2
SEG2

68
I/O
O

ST
Analog

Digital I/O.
SEG2 output for LCD.

RD3/SEG3
RD3
SEG3

67
I/O
O

ST
Analog

Digital I/O.
SEG3 output for LCD.

RD4/SEG4
RD4
SEG4

66
I/O
O

ST
Analog

Digital I/O.
SEG4 output for LCD.

RD5/SEG5
RD5
SEG5

65
I/O
O

ST
Analog

Digital I/O.
SEG5 output for LCD.

RD6/SEG6
RD6
SEG6

64
I/O
O

ST
Analog

Digital I/O.
SEG6 output for LCD.

RD7/SEG7
RD7
SEG7

63
I/O
O

ST
Analog

Digital I/O.
SEG7 output for LCD.

TABLE 1-3: PIC18F8X90 PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared. 
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PORTJ is a bidirectional I/O port.

RJ0/SEG32
RJ0
SEG32

62
I/O
O

ST
Analog

Digital I/O.
SEG32 output for LCD.

RJ1/SEG33
RJ1
SEG33

61
I/O
O

ST
Analog

Digital I/O.
SEG33 output for LCD.

RJ2/SEG34
RJ2
SEG34

60
I/O
O

ST
Analog

Digital I/O.
SEG34 output for LCD.

RJ3/SEG35
RJ3
SEG35

59
I/O
O

ST
Analog

Digital I/O.
SEG35 output for LCD.

RJ4/SEG39
RJ4
SEG39

39
I/O
O

ST
Analog

Digital I/O.
SEG39 output for LCD.

RJ5/SEG38
RJ5
SEG38

40
I/O
O

ST
Analog

Digital I/O
SEG38 output for LCD.

RJ6/SEG37
RJ6
SEG37

41
I/O
O

ST
Analog

Digital I/O.
SEG37 output for LCD.

RJ7/SEG36
RJ7
SEG36

42
I/O
O

ST
Analog

Digital I/O.
SEG36 output for LCD.

VSS 11, 31, 51, 70 P � Ground reference for logic and I/O pins.
VDD 12, 32, 48, 71 P � Positive supply for logic and I/O pins.
AVSS 26 P � Ground reference for analog modules.
AVDD 25 P � Positive supply for analog modules.

TABLE 1-3: PIC18F8X90 PINOUT I/O DESCRIPTIONS (CONTINUED) 

Pin Name
Pin Number Pin

Type
Buffer
Type Description

TQFP

Legend: TTL =  TTL compatible input CMOS =  CMOS compatible input or output 
ST =  Schmitt Trigger input with CMOS levels Analog =  Analog input 
I =  Input O =  Output 
P =  Power OD =  Open-Drain (no P diode to VDD) 

Note 1: Default assignment for CCP2 when Configuration bit, CCP2MX, is set.
2: Alternate assignment for CCP2 when Configuration bit, CCP2MX, is cleared. 



© 2007 Microchip Technology Inc. DS39629C-page 31

PIC18F6390/6490/8390/8490

2.0 OSCILLATOR 
CONFIGURATIONS

2.1 Oscillator Types
PIC18F6390/6490/8390/8490 devices can be operated
in ten different oscillator modes. The user can program
the Configuration bits, FOSC3:FOSC0, in Configuration
Register 1H to select one of these ten modes:

1. LP Low-Power Crystal
2. XT Crystal/Resonator
3. HS High-Speed Crystal/Resonator
4. HSPLL High-Speed Crystal/Resonator 

with PLL Enabled
5. RC External Resistor/Capacitor with 

FOSC/4 Output on RA6
6. RCIO External Resistor/Capacitor with I/O 

on RA6
7. INTIO1 Internal Oscillator with FOSC/4 Output

on RA6 and I/O on RA7
8. INTIO2 Internal Oscillator with I/O on RA6 

and RA7
9. EC External Clock with FOSC/4 Output
10. ECIO External Clock with I/O on RA6

2.2 Crystal Oscillator/Ceramic 
Resonators

In XT, LP, HS or HSPLL Oscillator modes, a crystal or
ceramic resonator is connected to the OSC1 and
OSC2 pins to establish oscillation. Figure 2-1 shows
the pin connections. 

The oscillator design requires the use of a parallel cut
crystal.      

FIGURE 2-1: CRYSTAL/CERAMIC 
RESONATOR OPERATION 
(XT, LP, HS OR HSPLL 
CONFIGURATION)    

TABLE 2-1: CAPACITOR SELECTION FOR 
CERAMIC RESONATORS

Note: Use of a series cut crystal may give a fre-
quency out of the crystal manufacturer�s
specifications.

Typical Capacitor Values Used:

Mode Freq OSC1 OSC2

XT 455 kHz
2.0 MHz
4.0 MHz

56 pF
47 pF
33 pF

56 pF
47 pF
33 pF

HS 8.0 MHz
16.0 MHz

27 pF
22 pF

27 pF
22 pF

Capacitor values are for design guidance only. 
These capacitors were tested with the resonators
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 Table 2-2 for additional
information.

Resonators Used:

455 kHz 4.0 MHz
2.0 MHz 8.0 MHz

16.0 MHz

Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and C2.

2: A series resistor (RS) may be required for AT
strip cut crystals.

3: RF varies with the oscillator mode chosen.

C1(1)

C2(1)

XTAL

OSC2

OSC1

RF(3)

Sleep

To

Logic

PIC18FXXXX
RS(2)

Internal
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FIGURE 3-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE

FIGURE 3-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL) 

Q4Q3Q2

OSC1

Peripheral

Program

Q1

T1OSI

Q1

Counter

Clock

CPU
Clock

PC + 2PC

1 2 3 n-1 n

Clock Transition

Q4Q3Q2 Q1 Q3Q2

PC + 4

Q1 Q3 Q4

OSC1

Peripheral

Program PC

T1OSI

PLL Clock

Q1

PC + 4

Q2

Output

Q3 Q4 Q1

CPU Clock

PC + 2

Clock

Counter

Q2 Q2 Q3

Note 1: TOST = 1024 TOSC; TPLL = 2 ms (approx). These intervals are not shown to scale.

SCS1:SCS0 bits Changed

TOST(1)
TPLL(1)

1 2 n-1 n
Clock

OSTS bit Set

Transition
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SPBRGH1 EUSART1 Baud Rate Generator Register High Byte 0000 0000 62, 201

BAUDCON1 ABDOVF RCIDL � SCKP BRG16 � WUE ABDEN 01-0 0-00 62, 200

LCDDATA23(6) S47C3 S46C3 S45C3 S44C3 S43C3 S42C3 S41C3 S40C3 xxxx xxxx 63, 261

LCDDATA22(6) S39C3 S38C3 S37C3 S36C3 S35C3 S34C3 S33C3 S32C3 xxxx xxxx 63, 261

LCDDATA21 S31C3 S30C3 S29C3 S28C3 S27C3 S26C3 S25C3 S24C3 xxxx xxxx 63, 261

LCDDATA20 S23C3 S22C3 S21C3 S20C3 S19C3 S18C3 S17C3 S16C3 xxxx xxxx 63, 261

LCDDATA19 S15C3 S14C3 S13C3 S12C3 S11C3 S10C3 S09C3 S08C3 xxxx xxxx 63, 261

LCDDATA18 S07C3 S06C3 S05C3 S04C3 S03C3 S02C3 S01C3 S00C3 xxxx xxxx 63, 261

LCDDATA17(6) S47C2 S46C2 S45C2 S44C2 S43C2 S42C2 S41C2 S40C2 xxxx xxxx 63, 261

LCDDATA16(6) S39C2 S38C2 S37C2 S36C2 S35C2 S34C2 S33C2 S32C2 xxxx xxxx 63, 261

LCDDATA15 S31C2 S30C2 S29C2 S28C2 S27C2 S26C2 S25C2 S24C2 xxxx xxxx 63, 261

LCDDATA14 S23C2 S22C2 S21C2 S20C2 S19C2 S18C2 S17C2 S16C2 xxxx xxxx 63, 261

LCDDATA13 S15C2 S14C2 S13C2 S12C2 S11C2 S10C2 S09C2 S08C2 xxxx xxxx 63, 261

LCDDATA12 S07C2 S06C2 S05C2 S04C2 S03C2 S02C2 S01C2 S00C2 xxxx xxxx 63, 261

LCDDATA11(6) S47C1 S46C1 S45C1 S44C1 S43C1 S42C1 S41C1 S40C1 xxxx xxxx 63, 261

SPBRG2 AUSART2 Baud Rate Generator Register 0000 0000 63, 220

RCREG2 AUSART2 Receive Register 0000 0000 63, 224

TXREG2 AUSART2 Transmit Register 0000 0000 63, 222

TXSTA2 CSRC TX9 TXEN SYNC � BRGH TRMT TX9D 0000 -010 63, 218

RCSTA2 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 0000 000x 63, 219

LCDDATA10(6) S39C1 S38C1 S37C1 S36C1 S35C1 S34C1 S33C1 S32C1 xxxx xxxx 63, 261

LCDDATA9 S31C1 S30C1 S29C1 S28C1 S27C1 S26C1 S25C1 S24C1 xxxx xxxx 63, 261

LCDDATA8 S23C1 S22C1 S21C1 S20C1 S19C1 S18C1 S17C1 S16C1 xxxx xxxx 63, 261

LCDDATA7 S15C1 S14C1 S13C1 S12C1 S11C1 S10C1 S09C1 S08C1 xxxx xxxx 63, 261

LCDDATA6 S07C1 S06C1 S05C1 S04C1 S03C1 S02C1 S01C1 S00C1 xxxx xxxx 63, 261

LCDDATA5(6) S47C0 S46C0 S45C0 S44C0 S43C0 S42C0 S41C0 S40C0 xxxx xxxx 63, 261

LCDDATA4(6) S39C0 S38C0 S37C0 S36C0 S35C0 S34C0 S33C0 S32C0 xxxx xxxx 63, 261

LCDDATA3 S31C0 S30C0 S29C0 S28C0 S27C0 S26C0 S25C0 S24C0 xxxx xxxx 63, 261

LCDDATA2 S23C0 S22C0 S21C0 S20C0 S19C0 S18C0 S17C0 S16C0 xxxx xxxx 63, 261

LCDDATA1 S15C0 S14C0 S13C0 S12C0 S11C0 S10C0 S09C0 S08C0 xxxx xxxx 63, 261

LCDDATA0 S07C0 S06C0 S05C0 S04C0 S03C0 S02C0 S01C0 S00C0 xxxx xxxx 63, 261

LCDSE5(2) SE47 SE46 SE45 SE44 SE43 SE42 SE41 SE40 0000 0000 64, 261

LCDSE4(2) SE39 SE38 SE37 SE36 SE35 SE34 SE33 SE32 0000 0000 64, 260

LCDSE3 SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 0000 0000 64, 260

LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 0000 0000 64, 260

LCDSE1 SE15 SE14 SE13 SE12 SE11 SE10 SE9 SE8 0000 0000 64, 260

LCDSE0 SE7 SE6 SE5 SE4 SE3 SE2 SE1 SE0 0000 0000 64, 260

LCDCON LCDEN SLPEN WERR � CS1 CS0 LMUX1 LMUX0 000- 0000 64, 258

LCDPS WFT BIASMD LCDA WA LP3 LP2 LP1 LP0 0000 0000 64, 259

TABLE 5-2: PIC18F6390/6490/8390/8490 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: The SBOREN bit is only available when the BOREN1:BOREN0 Configuration bits = 01; otherwise it is disabled and reads as �0�. See 

Section 4.4 �Brown-out Reset (BOR)�.
2: These registers and/or bits are not implemented on 64-pin devices; read as �0�.
3: The PLLEN bit is only available in specific oscillator configurations; otherwise, it is disabled and reads as �0�. See Section 2.6.4 �PLL in 

INTOSC Modes�.
4: The RG5 bit is only available when Master Clear is disabled (MCLRE Configuration bit = 0); otherwise, RG5 reads as �0�. This bit is 

read-only.
5: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. 

When disabled, these bits read as �0�.
6: These registers are implemented but unused in 64-pin devices and may be used as general-purpose data RAM if required.
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5.4 Data Addressing Modes

While the program memory can be addressed in only
one way � through the program counter � information
in the data memory space can be addressed in several
ways. For most instructions, the addressing mode is
fixed. Other instructions may use up to three modes,
depending on which operands are used and whether or
not the extended instruction set is enabled.

The addressing modes are:

� Inherent
� Literal
� Direct
� Indirect

An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST Configuration bit = 1). Its operation is
discussed in greater detail in Section 5.6.1 �Indexed
Addressing With Literal Offset�. 

5.4.1 INHERENT AND LITERAL 
ADDRESSING

Many PIC18 control instructions do not need any
argument at all; they either perform an operation that
globally affects the device, or they operate implicitly on
one register. This addressing mode is known as
Inherent Addressing. Examples include SLEEP, RESET
and DAW.

Other instructions work in a similar way but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode, because they
require some literal value as an argument. Examples
include ADDLW and MOVLW, which respectively add or
move a literal value to the W register. Other examples
include CALL and GOTO, which include a 20-bit
program memory address.

5.4.2 DIRECT ADDRESSING
Direct Addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and
byte-oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies either a register address in
one of the banks of data RAM (Section 5.3.3 �General

Purpose Register File�), or a location in the Access
Bank (Section 5.3.2 �Access Bank�) as the data
source for the instruction. 

The Access RAM bit �a� determines how the address is
interpreted. When �a� is �1�, the contents of the BSR
(Section 5.3.1 �Bank Select Register�) are used with
the address to determine the complete 12-bit address
of the register. When �a� is �0�, the address is interpreted
as being a register in the Access Bank. Addressing that
uses the Access RAM is sometimes also known as
Direct Forced Addressing mode.

A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
op codes. In those cases, the BSR is ignored entirely.

The destination of the operation�s results is determined
by the destination bit �d�. When �d� is �1�, the results are
stored back in the source register, overwriting its origi-
nal contents. When �d� is �0�, the results are stored in
the W register. Instructions without the �d� argument
have a destination that is implicit in the instruction; their
destination is either the target register being operated
on, or the W register.

5.4.3 INDIRECT ADDRESSING
Indirect Addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
Special Function Registers, they can also be directly
manipulated under program control. This makes FSRs
very useful in implementing data structures, such as
tables and arrays in data memory. 

The registers for Indirect Addressing are also
implemented with Indirect File Operands (INDFs) that
permit automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code using
loops, such as the example of clearing an entire RAM
bank in Example 5-5. It also enables users to perform
Indexed Addressing and other Stack Pointer
operations for program memory in data memory.

EXAMPLE 5-5: HOW TO CLEAR RAM 
(BANK 1) USING 
INDIRECT ADDRESSING   

Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction set is
enabled. See Section 5.6 �Data Memory
and the Extended Instruction Set� for
more information.

LFSR FSR0, 100h ;   
NEXT CLRF POSTINC0 ; Clear INDF 

; register then 
; inc pointer 

BTFSS FSR0H, 1 ; All done with
; Bank1? 

BRA NEXT ; NO, clear next 
CONTINUE ; YES, continue 
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9.4 PORTD, TRISD and 
LATD Registers

PORTD is an 8-bit wide, bidirectional port. The corre-
sponding Data Direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output (i.e.,
put the contents of the output latch on the selected pin).

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

All pins on PORTD are implemented with Schmitt
Trigger input buffers. Each pin is individually
configurable as an input or output.

PORTD is also multiplexed with LCD segment drives
controlled by the LCDSE0 register. I/O port functions
are only available when the segments are disabled.

EXAMPLE 9-4: INITIALIZING PORTD      

TABLE 9-7: PORTD FUNCTIONS      

Note: On a Power-on Reset, these pins are
configured as digital inputs.

CLRF PORTD ;  Initialize PORTD by
 ; clearing output
 ; data latches
CLRF LATD ; Alternate method

; to clear output
; data latches

MOVLW 0CFh ;  Value used to 
; initialize data 
; direction

MOVWF TRISD ;  Set RD<3:0> as inputs
;  RD<5:4> as outputs
;  RD<7:6> as inputs

Pin Name Function TRIS 
Setting I/O Buffer Description

RD0/SEG0 RD0 0 O DIG LATD<0> data output; disabled when LCD segment enabled.
1 I ST PORTD<0> data input.

SEG0 x O ANA Segment 0 analog output for LCD. 
RD1/SEG1 RD1 0 O DIG LATD<1> data output; disabled when LCD segment enabled.

1 I ST PORTD<1> data input.
SEG1 x O ANA Segment 1 analog output for LCD.

RD2/SEG2 RD2 0 O DIG LATD<2> data output; disabled when LCD segment enabled.
1 I ST PORTD<2> data input.

SEG2 x O ANA Segment 2 analog output for LCD. 
RD3/SEG3 RD3 0 O DIG LATD<3> data output; disabled when LCD segment enabled.

1 I ST PORTD<3> data input.
SEG3 x O ANA Segment 3 analog output for LCD. 

RD4/SEG4 RD4 0 O DIG LATD<4> data output; disabled when LCD segment enabled.
1 I ST PORTD<4> data input.

SEG4 x O ANA Segment 4 analog output for LCD module. 
RD5/SEG5 RD5 0 O DIG LATD<5> data output; disabled when LCD segment enabled.

1 I ST PORTD<5> data input.
SEG5 x O ANA Segment 5 analog output for LCD. 

RD6/SEG6 RD6 0 O DIG LATD<6> data output; disabled when LCD segment enabled.
1 I ST PORTD<6> data input.

SEG6 x O ANA Segment 6 analog output for LCD. 
RD7/SEG7 RD7 0 O DIG LATD<7> data output; disabled when LCD segment enabled.

1 I ST PORTD<7> data input.
SEG7 x O ANA Segment 7 analog output for LCD. 

Legend: O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, TTL = TTL Buffer Input, 
x = Don�t care (TRIS bit does not affect port direction or is overridden for this option).
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TABLE 9-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD        

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

on Page

PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 62
LATD LATD Data Output Register 62
TRISD PORTD Data Direction Register 62
LCDSE0 SE7 SE6 SE5 SE4 SE3 SE2 SE1 SE0 64
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TABLE 9-10:  PORTE FUNCTIONS    

TABLE 9-11: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE         

Pad Name Function TRIS 
Setting I/O Buffer Description

RE4/COM1 RE4 0 O DIG LATE<4> data output; disabled when LCD common enabled.
1 I ST PORTE<4> data input.

COM1 x O ANA Common 1 analog output for LCD. 
RE5/COM2 RE5 0 O DIG LATE<5> data output; disabled when LCD common enabled.

1 I ST PORTE<5> data input.
COM2 x O ANA Common 2 analog output for LCD. 

RE6/COM3 RE6 0 O DIG LATE<6> data output; disabled when LCD segment enabled.
1 I ST PORTE<6> data input.

COM3 x O ANA Common 3 analog output for LCD. 
RE7/CCP2/
SEG31

RE7 0 O DIG LATE<7> data output; disabled when LCD segment enabled. 
1 I ST PORTE<7> data input.

CCP2(1) 0 O DIG CCP2 compare output and CCP2 PWM output; takes priority over port data.
1 I ST CCP2 capture input.

SEG31 x O ANA Segment 31 analog output for LCD. 
Legend: O = Output, I = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input, TTL = TTL Buffer Input, 

x = Don�t care (TRIS bit does not affect port direction or is overridden for this option).
Note 1: Alternate assignment for CCP2 when the CCP2MX Configuration bit = 0.

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

on Page

PORTE RE7 RE6 RE5 RE4 � � � � 62
LATE LATE Data Output Register � � � � 62
TRISE PORTE Data Direction Register � � � � 62
LCDCON LCDEN SLPEN WERR � CS1 CS0 LMUX1 LMUX0 64
LCDSE3 SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 64
Legend: � = unimplemented, read as �0�. Shaded cells are not used by PORTE.



PIC18F6390/6490/8390/8490

DS39629C-page 124 © 2007 Microchip Technology Inc.

TABLE 9-13: SUMMARY OF REGISTERS ASSOCIATED WITH PORTF      

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

TRISF PORTF Data Direction Register 62
PORTF Read PORTF Data Latch/Write PORTF Data Latch 62
LATF LATF Data Output Register 62
ADCON1 � � VCFG1 VCFG0 PCFG3 PCFG2 PCFG1 PCFG0 61
CMCON C2OUT C1OUT C2INV C1INV CIS CM2 CM1 CM0 61
CVRCON CVREN CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVR0 61
LCDSE2 SE23 SE22 SE21 SE20 SE19 SE18 SE17 SE16 64
LCDSE3 SE31 SE30 SE29 SE28 SE27 SE26 SE25 SE24 64
Legend: � = unimplemented, read as �0�. Shaded cells are not used by PORTF.



© 2007 Microchip Technology Inc. DS39629C-page 145

PIC18F6390/6490/8390/8490
13.2 Timer3 16-Bit Read/Write Mode
Timer3 can be configured for 16-bit reads and writes
(see Figure 13-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

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

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

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

13.3 Using the Timer1 Oscillator as the 
Timer3 Clock Source

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

The Timer1 oscillator is described in Section 11.0
�Timer1 Module�.

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

13.5 Resetting Timer3 Using the CCP 
Special Event Trigger

If either of the CCP modules is configured in Compare
mode to generate a Special Event Trigger
(CCP1M3:CCP1M0 or CCP2M3:CCP2M0 = 1011),
this signal will reset Timer1. The trigger from CCP2 will
also start an A/D conversion if the A/D module is
enabled (see Section 14.3.4 �Special Event Trigger�
for more information.). 

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

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

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

TABLE 13-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER        

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

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

on Page

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 59
PIR2 OSCFIF CMIF � � BCLIF HLVDIF TMR3IF CCP2IF 61
PIE2 OSCFIE CMIE � � BCLIE HLVDIE TMR3IE CCP2IE 61
IPR2 OSCFIP CMIP � � BCLIP HLVDIP TMR3IP CCP2IP 61
TMR3L Timer3 Register Low Byte 61
TMR3H Timer3 Register High Byte 61

T1CON RD16 T1RUN T1CKPS1 T1CKPS0 T1OSCEN T1SYNC TMR1CS TMR1ON 60

T3CON RD16 T3CCP2 T3CKPS1 T3CKPS0 T3CCP1 T3SYNC TMR3CS TMR3ON 61
Legend: � = unimplemented, read as �0�. Shaded cells are not used by the Timer3 module.
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FIGURE 15-10: I2C� SLAVE MODE TIMING WITH SEN = 0 (RECEPTION, 10-BIT ADDRESS) 
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FIGURE 16-7: ASYNCHRONOUS RECEPTION          

TABLE 16-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

Start
bit bit 7/8bit 1bit 0 bit 7/8 bit 0Stop

bit

Start
bit

Start
bitbit 7/8 Stop

bit
RX1 (pin)

Rcv Buffer Reg
Rcv Shift Reg

Read Rcv
Buffer Reg

RCREG1

RC1IF
(Interrupt Flag)

OERR bit

CREN bit

Word 1
RCREG1

Word 2
RCREG1

Stop
bit

Note: This timing diagram shows three words appearing on the RX1 input. The RCREG1 (Receive Buffer register) is read after the third word
causing the OERR (Overrun) bit to be set.

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

on Page

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 59
PIR1 � ADIF RC1IF TX1IF SSPIF CCP1IF TMR2IF TMR1IF 61
PIE1 � ADIE RC1IE TX1IE SSPIE CCP1IE TMR2IE TMR1IE 61
IPR1 � ADIP RC1IP TX1IP SSPIP CCP1IP TMR2IP TMR1IP 61
RCSTA1 SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 61
RCREG1 EUSART1 Receive Register 61
TXSTA1 CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 61
BAUDCON1 ABDOVF RCIDL � SCKP BRG16 � WUE ABDEN 62
SPBRGH1 EUSART1 Baud Rate Generator Register High Byte 62
SPBRG1 EUSART1 Baud Rate Generator Register Low Byte 61
Legend: � = unimplemented locations read as �0�. Shaded cells are not used for asynchronous reception.
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REGISTER 18-3: ADCON2: A/D CONTROL REGISTER 2

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

ADFM � ACQT2 ACQT1 ACQT0 ADCS2 ADCS1 ADCS0
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 ADFM: A/D Result Format Select bit
1 = Right justified 
0 = Left justified

bit 6 Unimplemented: Read as �0�
bit 5-3 ACQT2:ACQT0: A/D Acquisition Time Select bits

111 = 20 TAD
110 = 16 TAD
101 = 12 TAD
100 = 8 TAD
011 = 6 TAD
010 = 4 TAD
001 = 2 TAD
000 = 0 TAD(1)

bit 2-0 ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FRC (clock derived from A/D RC oscillator)(1) 
110 = FOSC/64 
101 = FOSC/16 
100 = FOSC/4 
011 = FRC (clock derived from A/D RC oscillator)(1)

010 = FOSC/32 
001 = FOSC/8 
000 = FOSC/2 

Note 1: If the A/D FRC clock source is selected, a delay of one TCY (instruction cycle) is added before the A/D 
clock starts. This allows the SLEEP instruction to be executed before starting a conversion.
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FIGURE 22-12: TYPE-B WAVEFORMS IN 1/3 MUX, 1/3 BIAS DRIVE 
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IORLW Inclusive OR Literal with W

Syntax: IORLW   k

Operands: 0 ≤ k ≤ 255

Operation: (W) .OR. k → W

Status Affected: N, Z

Encoding: 0000 1001 kkkk kkkk

Description: The contents of W are ORed with the 
eight-bit literal �k�. The result is placed 
in W.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read 
literal �k�

Process 
Data

Write to W

Example: IORLW 35h

Before Instruction
W = 9Ah

After Instruction
W = BFh

IORWF Inclusive OR W with f

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

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

Operation: (W) .OR. (f) → dest

Status Affected: N, Z

Encoding: 0001 00da ffff ffff

Description: Inclusive OR W with register �f�. If �d� is 
�0�, the result is placed in W. If �d� is �1�, 
the result is placed back in register �f� 
(default). 
If �a� is �0�, the Access Bank is selected. 
If �a� is �1�, the BSR is used to select the 
GPR bank. 
If �a� is �0� and the extended instruction 
set is enabled, this instruction operates 
in Indexed Literal Offset Addressing 
mode whenever f ≤ 95 (5Fh). See 
Section 24.2.3 �Byte-Oriented and 
Bit-Oriented Instructions in Indexed 
Literal Offset Mode� for details.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode Read
register �f�

Process 
Data

Write to 
destination

Example: IORWF  RESULT, 0, 1

Before Instruction
RESULT = 13h
W = 91h

After Instruction
RESULT = 13h
W = 93h
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POP Pop Top of Return Stack

Syntax: POP

Operands: None

Operation: (TOS) → bit bucket

Status Affected: None

Encoding: 0000 0000 0000 0110

Description: The TOS value is pulled off the return 
stack and is discarded. The TOS value 
then becomes the previous value that 
was pushed onto the return stack.
This instruction is provided to enable 
the user to properly manage the return 
stack to incorporate a software stack.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode No
operation

POP TOS 
value

No
operation

Example: POP
GOTO NEW

Before Instruction
TOS = 0031A2h
Stack (1 level down) = 014332h

After Instruction
TOS = 014332h
PC = NEW

PUSH Push Top of Return Stack

Syntax: PUSH

Operands: None

Operation: (PC + 2) → TOS

Status Affected: None

Encoding: 0000 0000 0000 0101

Description: The PC + 2 is pushed onto the top of 
the return stack. The previous TOS 
value is pushed down on the stack.
This instruction allows implementing a 
software stack by modifying TOS and 
then pushing it onto the return stack.

Words: 1

Cycles: 1

Q Cycle Activity:
Q1 Q2 Q3 Q4

Decode PUSH 
PC + 2 onto 
return stack

No 
operation

No 
operation

Example: PUSH

Before Instruction
TOS = 345Ah
PC = 0124h

After Instruction
PC = 0126h
TOS = 0126h
Stack (1 level down) = 345Ah
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TABLE 26-18: I2C� BUS DATA REQUIREMENTS (SLAVE MODE)    
Param. 

No. Symbol Characteristic Min Max Units Conditions

100 THIGH Clock High Time   100 kHz mode 4.0 � μs PIC18FXXXX must operate at 
a minimum of 1.5 MHz

400 kHz mode 0.6 � μs PIC18FXXXX must operate at 
a minimum of 10 MHz

MSSP module 1.5 TCY �
101 TLOW Clock Low Time 100 kHz mode 4.7 � μs PIC18FXXXX must operate at 

a minimum of 1.5 MHz
400 kHz mode 1.3 � μs PIC18FXXXX must operate at 

a minimum of 10 MHz
MSSP module 1.5 TCY �

102 TR SDA and SCL Rise Time 100 kHz mode � 1000 ns
400 kHz mode 20 + 0.1 CB 300 ns CB is specified to be from 

10 to 400 pF 
103 TF SDA and SCL Fall Time 100 kHz mode � 300 ns

400 kHz mode 20 + 0.1 CB 300 ns CB is specified to be from 
10 to 400 pF 

90 TSU:STA Start Condition Setup Time 100 kHz mode 4.7 � μs Only relevant for Repeated 
Start condition400 kHz mode 0.6 � μs

91 THD:STA Start Condition Hold Time 100 kHz mode 4.0 � μs After this period, the first clock 
pulse is generated400 kHz mode 0.6 � μs

106 THD:DAT Data Input Hold Time 100 kHz mode 0 � ns
400 kHz mode 0 0.9 μs

107 TSU:DAT Data Input Setup Time 100 kHz mode 250 � ns (Note 2)
400 kHz mode 100 � ns

92 TSU:STO Stop Condition Setup Time 100 kHz mode 4.7 � μs
400 kHz mode 0.6 � μs

109 TAA Output Valid from Clock 100 kHz mode � 3500 ns (Note 1)
400 kHz mode � � ns

110 TBUF Bus Free Time 100 kHz mode 4.7 � μs Time the bus must be free 
before a new transmission can 
start

400 kHz mode 1.3 � μs

D102 CB Bus Capacitive Loading �  400 pF 
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min. 300 ns) 

of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.
2: A Fast mode I2C bus device can be used in a Standard mode I2C� bus system, but the requirement, TSU:DAT ≥ 250 ns, 

must then be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If 
such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line,
TR max. + TSU:DAT = 1000 + 250 = 1250 ns (according to the Standard mode I2C bus specification), before the SCL line 
is released. 
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Power-Managed Modes ..................................................... 41

and Multiple Sleep Commands .................................. 42
Effects on Clock Sources ........................................... 39
Entering ...................................................................... 41
Exiting Idle and Sleep Modes

by Reset ............................................................. 48
by WDT Time-out ............................................... 48
Without a Start-up Delay .................................... 48

Exiting Idle or Sleep Modes ....................................... 48
by Interrupt ......................................................... 48

Idle Modes ................................................................. 45
PRI_IDLE ........................................................... 46

Run Modes ................................................................. 42
PRI_RUN ........................................................... 42
RC_RUN ............................................................ 44
SEC_RUN .......................................................... 42

Selecting .................................................................... 41
Sleep Mode ................................................................ 45
Summary (table) ........................................................ 41

Power-on Reset (POR) .............................................. 53, 281
Oscillator Start-up Timer (OST) ................................. 55
Power-up Timer (PWRT) ................................... 55, 281
Time-out Sequence .................................................... 55

Power-up Delays ................................................................ 39
Power-up Timer (PWRT) ............................................. 39, 55
Prescaler, Capture ........................................................... 150
Prescaler, Timer0 ............................................................. 133

Assignment (PSA Bit) .............................................. 133
Rate Select (T0PS2:T0PS0 Bits) ............................. 133
Switching Between Timer0 and WDT ...................... 133

Prescaler, Timer2 ............................................................. 154
Program Counter ............................................................... 66

PCL, PCH and PCU Registers ................................... 66
PCLATH and PCLATU Registers .............................. 66

Program Memory
and Extended Instruction Set ..................................... 84
Instructions ................................................................. 70

Two-Word .......................................................... 70
Interrupt Vector .......................................................... 65
Map and Stack (diagram) ........................................... 65
Reset Vector .............................................................. 65

Program Verification and Code Protection ....................... 292
Associated Registers ............................................... 292

Programming, Device Instructions ................................... 295
Pulse-Width Modulation. See PWM (CCP Module).
PUSH ............................................................................... 324
PUSH and POP Instructions .............................................. 67
PUSHL ............................................................................. 340
PWM (CCP Module)

Associated Registers ............................................... 155
Duty Cycle ................................................................ 154
Example Frequencies/Resolutions .......................... 154
Period ....................................................................... 153
Setup for PWM Operation ........................................ 155
TMR2 to PR2 Match ................................................ 153

Q
Q Clock ............................................................................ 154

R
RAM. See Data Memory.
RC Oscillator ...................................................................... 33

RCIO Oscillator Mode ................................................ 33
RCALL ............................................................................. 325
RCON Register

Bit Status During Initialization .................................... 58

Reader Response ............................................................ 410
Reading Program Memory and Other Locations ............. 292
Register File ....................................................................... 73
Register File Summary ................................................ 76�79
Registers

ADCON0 (A/D Control 0) ......................................... 231
ADCON1 (A/D Control 1) ......................................... 232
ADCON2 (A/D Control 2) ......................................... 233
BAUDCON1 (Baud Rate Control 1) ......................... 200
CCPxCON (CCPx Control) ...................................... 147
CMCON (Comparator Control) ................................ 241
CONFIG1H (Configuration 1 High) .......................... 282
CONFIG2H (Configuration 2 High) .......................... 284
CONFIG2L (Configuration 2 Low) ........................... 283
CONFIG3H (Configuration 3 High) .......................... 284
CONFIG4L (Configuration 4 Low) ........................... 285
CONFIG5L (Configuration 5 Low) ........................... 285
CVRCON (Comparator Voltage 

Reference Control) .......................................... 247
DEVID1 (Device ID 1) .............................................. 286
DEVID2 (Device ID 2) .............................................. 286
HLVDCON (High/Low-Voltage 

Detect Control) ................................................ 251
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