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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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3.7 Clock Sources and Oscillator 

Switching
Like previous PIC18 devices, the
PIC18F2480/2580/4480/4580 family includes a feature
that allows the device clock source to be switched from
the main oscillator to an alternate low-frequency clock
source. PIC18F2480/2580/4480/4580 devices offer
two alternate clock sources. When an alternate clock
source is enabled, the various power-managed
operating modes are available.

Essentially, there are three clock sources for these
devices:

• Primary oscillators
• Secondary oscillators
• Internal oscillator block

The primary oscillators include the external crystal
and resonator modes, the external RC modes, the
external clock modes and the internal oscillator block.
The particular mode is defined by the FOSC<3:0>
Configuration bits. The details of these modes are
covered earlier in this chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode. 

PIC18F2480/2580/4480/4580 devices offer the Timer1
oscillator as a secondary oscillator. This oscillator, in all
power-managed modes, is often the time base for
functions such as a Real-Time Clock (RTC).

Most often, a 32.768 kHz watch crystal is connected
between the RC0/T1OSO/T13CKI and RC1/T1OSI
pins. Like the LP Oscillator mode circuit, loading
capacitors are also connected from each pin to ground.

The Timer1 oscillator is discussed in greater detail in
Section 13.3 “Timer1 Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.

The clock sources for the PIC18F2480/2580/4480/4580
devices are shown in Figure 3-8. See Section 25.0
“Special Features of the CPU” for Configuration
register details.

FIGURE 3-8: PIC18F2480/2580/4480/4580 CLOCK DIAGRAM 
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B0EIDL(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

B0EIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

B0SIDL(6) 2480 2580 4480 4580 xxxx x-xx uuuu u-uu uuuu u-uu

B0SIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

B0CON(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

TXBIE(6) 2480 2580 4480 4580 ---0 00-- ---u uu-- ---u uu--

BIE0(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

BSEL0(6) 2480 2580 4480 4580 0000 00-- 0000 00-- uuuu uu--

MSEL3(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

MSEL2(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

MSEL1(6) 2480 2580 4480 4580 0000 0101 0000 0101 uuuu uuuu

MSEL0(6) 2480 2580 4480 4580 0101 0000 0101 0000 uuuu uuuu

SDFLC(6) 2480 2580 4480 4580 ---0 0000 ---0 0000 -u-- uuuu

RXFCON1(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFCON0(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON7(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON6(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON5(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON4(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON3(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXFBCON2(6) 2480 2580 4480 4580 0001 0001 0001 0001 uuuu uuuu

RXFBCON1(6) 2480 2580 4480 4580 0001 0001 0001 0001 uuuu uuuu

RXFBCON0(6) 2480 2580 4480 4580 0000 0000 0000 0000 uuuu uuuu

RXF15EIDL(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

RXF15EIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

RXF15SIDL(6) 2480 2580 4480 4580 xxx- x-xx uuu- u-uu uuu- u-uu

RXF15SIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

RXF14EIDL(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

RXF14EIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

RXF14SIDL(6) 2480 2580 4480 4580 xxx- x-xx uuu- u-uu uuu- u-uu

RXF14SIDH(6) 2480 2580 4480 4580 xxxx xxxx uuuu uuuu uuuu uuuu

TABLE 5-4: 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 5-3 for Reset value for specific condition.
5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When 

not enabled as PORTA pins, they are disabled and read ‘0’. 
6: This register reads all ‘0’s until ECAN™ technology is set up in Mode 1 or Mode 2.
© 2009 Microchip Technology Inc. DS39637D-page 65
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6.1.2.2 Return Stack Pointer (STKPTR)
The STKPTR register (Register 6-1) contains the Stack
Pointer value, the STKFUL (Stack Full) status bit and
the STKUNF (Stack Underflow) status bits. The value
of the Stack Pointer can be 0 through 31. The Stack
Pointer increments before values are pushed onto the
stack and decrements after values are popped off the
stack. On Reset, the Stack Pointer value will be zero.
The user may read and write the Stack Pointer value.
This feature can be used by a Real-Time Operating
System for return stack maintenance.

After the PC is pushed onto the stack 31 times (without
popping any values off the stack), the STKFUL bit is
set. The STKFUL bit is cleared by software or by a
POR.

The action that takes place when the stack becomes
full depends on the state of the STVREN (Stack Over-
flow Reset Enable) Configuration bit. (Refer to
Section 25.1 “Configuration Bits” for a description of
the device Configuration bits.) If STVREN is set
(default), the 31st push will push the (PC + 2) value
onto the stack, set the STKFUL bit and reset the
device. The STKFUL bit will remain set and the Stack
Pointer will be set to zero.

If STVREN is cleared, the STKFUL bit will be set on the
31st push and the Stack Pointer will increment to 31.
Any additional pushes will not overwrite the 31st push
and STKPTR will remain at 31.

When the stack has been popped enough times to
unload the stack, the next pop will return a value of zero
to the PC and sets the STKUNF bit, while the Stack
Pointer remains at zero. The STKUNF bit will remain
set until cleared by software or until a POR occurs.

6.1.2.3 PUSH and POP Instructions
Since the Top-of-Stack is readable and writable, the
ability to push values onto the stack and pull values off
the stack without disturbing normal program execution
is a desirable feature. The PIC18 instruction set
includes two instructions, PUSH and POP, that permit
the TOS to be manipulated under software control.
TOSU, TOSH and TOSL can be modified to place data
or a return address on the stack.

The PUSH instruction places the current PC value onto
the stack. This increments the Stack Pointer and loads
the current PC value onto the stack.

The POP instruction discards the current TOS by decre-
menting the Stack Pointer. The previous value pushed
onto the stack then becomes the TOS value.

              

Note: Returning a value of zero to the PC on an
underflow has the effect of vectoring the
program to the Reset vector, where the
stack conditions can be verified and
appropriate actions can be taken. This is
not the same as a Reset, as the contents
of the SFRs are not affected.

REGISTER 6-1: STKPTR: STACK POINTER REGISTER

R/C-0 R/C-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL(1) STKUNF(1) — SP4 SP3 SP2 SP1 SP0

bit 7 bit 0

Legend: C = Clearable bit
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 STKFUL: Stack Full Flag bit(1)

1 = Stack became full or overflowed 
0 = Stack has not become full or overflowed

bit 6 STKUNF: Stack Underflow Flag bit(1)

1 = Stack underflow occurred 
0 = Stack underflow did not occur

bit 5 Unimplemented: Read as ‘0’
bit 4-0 SP<4:0>: Stack Pointer Location bits

Note 1: Bit 7 and bit 6 are cleared by user software or by a POR.
© 2009 Microchip Technology Inc. DS39637D-page 69
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PIC18F2480/2580/4480/4580
TABLE 11-8: 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(1) RD7 RD6 RD5 RD4 RD3 RD2 RD1 RD0 58
LATD(1) LATD Output Latch Register 58
TRISD(1) PORTD Data Direction Register 58
TRISE(1) IBF OBF IBOV PSPMODE — TRISE2 TRISE1 TRISE0 58
ECCP1CON(1) EPWM1M1 EPWM1M0 EDC1B1 EDC1B0 ECCP1M3 ECCP1M2 ECCP1M1 ECCP1M0 57
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PORTD.
Note 1: These registers are available on PIC18F4X80 devices only.
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15.2 Timer3 16-Bit Read/Write Mode
Timer3 can be configured for 16-bit reads and writes
(see Figure 15-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMR3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

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

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

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

15.3 Using the Timer1 Oscillator as the 
Timer3 Clock Source

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

The Timer1 oscillator is described in Section 13.0
“Timer1 Module”.

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

15.5 Resetting Timer3 Using the CCP 
Special Event Trigger

If the ECCP1 module is configured to generate a
special event trigger in Compare mode
(ECCP1M<3:0> = 1011), this signal will reset Timer3.
It will also start an A/D conversion if the A/D module is
enabled (see Section 16.3.4 “Special Event Trigger”
for more information.). 
© 2009 Microchip Technology Inc. DS39637D-page 165
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18.3.8 OPERATION IN POWER-MANAGED 

MODES

In SPI Master mode, module clocks may be operating
at a different speed than when in full-power mode; in
the case of the Sleep mode, all clocks are halted.

In most power-managed modes, a clock is provided to
the peripherals. That clock should be from the primary
clock source, the secondary clock (Timer1 oscillator at
32.768 kHz) or the INTOSC source. See Section 3.7
“Clock Sources and Oscillator Switching” for
additional information.

In most cases, the speed that the master clocks SPI
data is not important; however, this should be
evaluated for each system.

If MSSP interrupts are enabled, they can wake the con-
troller from Sleep mode, or one of the Idle modes, when
the master completes sending data. If an exit from
Sleep or Idle mode is not desired, MSSP interrupts
should be disabled.

If the Sleep mode is selected, all module clocks are
halted and the transmission/reception will remain in
that state until the device wakes. After the device
returns to Run mode, the module will resume
transmitting and receiving data.

In SPI Slave mode, the SPI Transmit/Receive Shift
register operates asynchronously to the device. This
allows the device to be placed in any power-managed
mode and data to be shifted into the SPI Transmit/
Receive Shift register. When all 8 bits have been
received, the MSSP interrupt flag bit will be set and if
enabled, will wake the device.

18.3.9 EFFECTS OF A RESET
A Reset disables the MSSP module and terminates the
current transfer.

18.3.10 BUS MODE COMPATIBILITY
Table 18-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits. 

TABLE 18-1: SPI BUS MODES          

There is also a SMP bit which controls when the data is
sampled.

TABLE 18-2: REGISTERS ASSOCIATED WITH SPI OPERATION       

Standard SPI Mode 
Terminology

Control Bits State

CKP CKE

0, 0 0 1

0, 1 0 0

1, 0 1 1

1, 1 1 0

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

on Page:

INTCON GIE/GIEH PEIE/GIEL TMR0IE INT0IE RBIE TMR0IF INT0IF RBIF 55
PIR1 PSPIF(1) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 58
PIE1 PSPIE(1) ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 58
IPR1 PSPIP(1) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP 58
TRISA PORTA Data Direction Register 58
TRISC PORTC Data Direction Register 58
SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register 56
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPM0 56

SSPSTAT SMP CKE D/A P S R/W UA BF 56
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP in SPI mode.
Note 1: These bits are unimplemented in PIC18F2X80 devices; always maintain these bits clear.
© 2009 Microchip Technology Inc. DS39637D-page 199
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18.4.9 I2C MASTER MODE REPEATED 

START CONDITION TIMING
A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the I2C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is sam-
pled low, the Baud Rate Generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one Baud Rate
Generator count (TBRG). When the Baud Rate Genera-
tor times out, and if SDA is sampled high, the SCL pin
will be deasserted (brought high). When SCL is sam-
pled high, the Baud Rate Generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
SDA and SCL must be sampled high for one TBRG.
This action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out. 

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

18.4.9.1 WCOL Status Flag
If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).      

FIGURE 18-20: REPEAT START CONDITION WAVEFORM       

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if: 

• SDA is sampled low when SCL goes 
from low-to-high.

• SCL goes low before SDA is 
asserted low. This may indicate that 
another master is attempting to 
transmit a data ‘1’.

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated
Start condition is complete.
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19.1.3 AUTO-BAUD RATE DETECT
The Enhanced USART module supports the automatic
detection and calibration of baud rate. This feature is
active only in Asynchronous mode and while the WUE
bit is clear.

The automatic baud rate measurement sequence
(Figure 19-1) begins whenever a Start bit is received
and the ABDEN bit is set. The calculation is
self-averaging.

In the Auto-Baud Rate Detect (ABD) mode, the clock to
the BRG is reversed. Rather than the BRG clocking the
incoming RX signal, the RX signal is timing the BRG. In
ABD mode, the internal Baud Rate Generator is used
as a counter to time the bit period of the incoming serial
byte stream.

Once the ABDEN bit is set, the state machine will clear
the BRG and look for a Start bit. The Auto-Baud Rate
Detection must receive a byte with the value 55h
(ASCII “U”, which is also the LIN/J2602 bus Sync
character) in order to calculate the proper bit rate. The
measurement is taken over both a low and a high bit
time in order to minimize any effects caused by asym-
metry of the incoming signal. After a Start bit, the
SPBRG begins counting up, using the preselected
clock source on the first rising edge of RX. After eight
bits on the RX pin or the fifth rising edge, an accumu-
lated value totalling the proper BRG period is left in the
SPBRGH:SPBRG register pair. Once the 5th edge is
seen (this should correspond to the Stop bit), the
ABDEN bit is automatically cleared.

If a rollover of the BRG occurs (an overflow from FFFFh
to 0000h), the event is trapped by the ABDOVF status
bit (BAUDCON<7>). It is set in hardware by BRG roll-
overs and can be set or cleared by the user in software.
ABD mode remains active after rollover events and the
ABDEN bit remains set (Figure 19-2). 

While calibrating the baud rate period, the BRG regis-
ters are clocked at 1/8th the preconfigured clock rate.
Note that the BRG clock can be configured by the
BRG16 and BRGH bits. The BRG16 bit must be set to
use both SPBRG1 and SPBRGH1 as a 16-bit counter.
This allows the user to verify that no carry occurred for
8-bit modes by checking for 00h in the SPBRGH
register. Refer to Table 19-4 for counter clock rates to
the BRG.

While the ABD sequence takes place, the EUSART
state machine is held in Idle. The RCIF interrupt is set
once the fifth rising edge on RX is detected. The value
in the RCREG needs to be read to clear the RCIF
interrupt. The contents of RCREG should be discarded.  

TABLE 19-4: BRG COUNTER 
CLOCK RATES

19.1.3.1 ABD and EUSART Transmission
Since the BRG clock is reversed during ABD acquisi-
tion, the EUSART transmitter cannot be used during
ABD. This means that whenever the ABDEN bit is set,
TXREG cannot be written to. Users should also ensure
that ABDEN does not become set during a transmit
sequence. Failing to do this may result in unpredictable
EUSART operation.

Note 1: If the WUE bit is set with the ABDEN bit,
Auto-Baud Rate Detection will occur on
the byte following the Break character.

2: It is up to the user to determine that the
incoming character baud rate is within the
range of the selected BRG clock source.
Some combinations of oscillator
frequency and EUSART baud rates are
not possible due to bit error rates. Overall
system timing and communication baud
rates must be taken into consideration
when using the Auto-Baud Rate
Detection feature.

3: To maximize baud rate range, it is recom-
mended to set the BRG16 bit if the
auto-baud feature is used.

BRG16 BRGH BRG Counter Clock

0 0 FOSC/512

0 1 FOSC/128

1 0 FOSC/128
1 1 FOSC/32
© 2009 Microchip Technology Inc. DS39637D-page 239
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19.2.2 EUSART ASYNCHRONOUS 

RECEIVER
The receiver block diagram is shown in Figure 19-6.
The data is received on the RX pin and drives the data
recovery block. The data recovery block is actually a
high-speed shifter operating at x16 times the baud rate,
whereas the main receive serial shifter 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 SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. If interrupts are desired, set enable bit, RCIE.
4. If 9-bit reception is desired, set bit, RX9.
5. Enable the reception by setting bit, CREN.
6. Flag bit, RCIF, will be set when reception is com-

plete and an interrupt will be generated if enable
bit, RCIE, was set.

7. Read the RCSTA register to get the 9th 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.

19.2.3 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 SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If interrupts are required, set the RCEN bit and
select the desired priority level with the RCIP bit.

4. Set the RX9 bit to enable 9-bit reception. 
5. Set the ADDEN bit to enable address detect.
6. Enable reception by setting the CREN bit.
7. The RCIF bit will be set when reception is

complete. The interrupt will be Acknowledged if
the RCIE and GIE bits are set.

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

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

10. If any error occurred, clear the CREN bit. 
11. If the device has been addressed, clear the

ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

FIGURE 19-6: EUSART RECEIVE BLOCK DIAGRAM     
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REGISTER 24-35: BnDLC: TX/RX BUFFER n DATA LENGTH CODE REGISTERS IN TRANSMIT MODE
[0 ≤ n ≤ 5, TXnEN (BSEL<n>) = 1](1)

U-0 R/W-x U-0 U-0 R/W-x R/W-x R/W-x R/W-x
— TXRTR — — DLC3 DLC2 DLC1 DLC0

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 Unimplemented: Read as ‘0’
bit 6 TXRTR: Transmitter Remote Transmission Request bit

1 = Transmitted message will have RTR bit set
0 = Transmitted message will have RTR bit cleared

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 DLC<3:0>: Data Length Code bits

1111-1001 = Reserved 
1000 = Data length = 8 bytes 
0111 = Data length = 7 bytes 
0110 = Data length = 6 bytes 
0101 = Data length = 5 bytes 
0100 = Data length = 4 bytes 
0011 = Data length = 3 bytes 
0010 = Data length = 2 bytes 
0001 = Data length = 1 bytes 
0000 = Data length = 0 bytes

Note 1: These registers are available in Mode 1 and 2 only.

REGISTER 24-36: BSEL0: BUFFER SELECT REGISTER 0(1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0
B5TXEN B4TXEN B3TXEN B2TXEN B1TXEN B0TXEN — —

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 7-2 B5TXEN:B0TXEN: Buffer 5 to Buffer 0 Transmit Enable bit
1 = Buffer is configured in Transmit mode
0 = Buffer is configured in Receive mode

bit 1-0 Unimplemented: Read as ‘0’

Note 1: These registers are available in Mode 1 and 2 only.
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REGISTER 24-50: MSEL2: MASK SELECT REGISTER 2(1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
FIL11_1 FIL11_0 FIL10_1 FIL10_0 FIL9_1 FIL9_0 FIL8_1 FIL8_0

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 7-6 FIL11_<1:0>: Filter 11 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0

bit 5-4 FIL10_<1:0>: Filter 10 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0

bit 3-2 FIL9_<1:0>: Filter 9 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0

bit 1-0 FIL8_<1:0>: Filter 8 Select bits 1 and 0
11 = No mask
10 = Filter 15
01 = Acceptance Mask 1
00 = Acceptance Mask 0

Note 1: This register is available in Mode 1 and 2 only.
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REGISTER 24-59: TXBIE: TRANSMIT BUFFERS INTERRUPT ENABLE REGISTER(1) 

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 U-0 U-0
— — — TXB2IE(2) TXB1IE(2) TXB0IE(2) — —

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-5 Unimplemented: Read as ‘0’
bit 4-2 TXB2IE:TXB0IE: Transmit Buffer 2-0 Interrupt Enable bits(2)

1 = Transmit buffer interrupt is enabled
0 = Transmit buffer interrupt is disabled

bit 1-0 Unimplemented: Read as ‘0’

Note 1: This register is available in Mode 1 and 2 only.
2: TXBnIE in PIE3 register must be set to get an interrupt.

REGISTER 24-60: BIE0: BUFFER INTERRUPT ENABLE REGISTER 0(1) 

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
B5IE(2) B4IE(2) B3IE(2) B2IE(2) B1IE(2) B0IE(2) RXB1IE(2) RXB0IE(2)

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-2 B5IE:B0IE: Programmable Transmit/Receive Buffer 5-0 Interrupt Enable bits(2)

1 = Interrupt is enabled
0 = Interrupt is disabled

bit 1-0 RXB1IE:RXB0IE: Dedicated Receive Buffer 1-0 Interrupt Enable bits(2)

1 = Interrupt is enabled
0 = Interrupt is disabled

Note 1: This register is available in Mode 1 and 2 only.
2: Either TXBnIE or RXBnIE in the PIE3 register must be set to get an interrupt.
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E7Fh CANCON_RO4(2) E5Fh CANCON_RO6(2) E3Fh CANCON_RO8(2) E1Fh —(4)

E7Eh CANSTAT_RO4(2) E5Eh CANSTAT_RO6(2) E3Eh CANSTAT_RO8(2) E1Eh —(4)

E7Dh B5D7 E5Dh B3D7 E3Dh B1D7 E1Dh —(4)

E7Ch B5D6 E5Ch B3D6 E3Ch B1D6 E1Ch —(4)

E7Bh B5D5 E5Bh B3D5 E3Bh B1D5 E1Bh —(4)

E7Ah B5D4 E5Ah B3D4 E3Ah B1D4 E1Ah —(4)

E79h B5D3 E59h B3D3 E39h B1D3 E19h —(4)

E78h B5D2 E58h B3D2 E38h B1D2 E18h —(4)

E77h B5D1 E57h B3D1 E37h B1D1 E17h —(4)

E76h B5D0 E56h B3D0 E36h B1D0 E16h —(4)

E75h B5DLC E55h B3DLC E35h B1DLC E15h —(4)

E74h B5EIDL E54h B3EIDL E34h B1EIDL E14h —(4)

E73h B5EIDH E53h B3EIDH E33h B1EIDH E13h —(4)

E72h B5SIDL E52h B3SIDL E32h B1SIDL E12h —(4)

E71h B5SIDH E51h B3SIDH E31h B1SIDH E11h —(4)

E70h B5CON E50h B3CON E30h B1CON E10h —(4)

E6Fh CANCON_RO5 E4Fh CANCON_RO7 E2Fh CANCON_RO9 E0Fh —(4)

E6Eh CANSTAT_RO5 E4Eh CANSTAT_RO7 E2Eh CANSTAT_RO9 E0Eh —(4)

E6Dh B4D7 E4Dh B2D7 E2Dh B0D7 E0Dh —(4)

E6Ch B4D6 E4Ch B2D6 E2Ch B0D6 E0Ch —(4)

E6Bh B4D5 E4Bh B2D5 E2Bh B0D5 E0Bh —(4)

E6Ah B4D4 E4Ah B2D4 E2Ah B0D4 E0Ah —(4)

E69h B4D3 E49h B2D3 E29h B0D3 E09h —(4)

E68h B4D2 E48h B2D2 E28h B0D2 E08h —(4)

E67h B4D1 E47h B2D1 E27h B0D1 E07h —(4)

E66h B4D0 E46h B2D0 E26h B0D0 E06h —(4)

E65h B4DLC E45h B2DLC E25h B0DLC E05h —(4)

E64h B4EIDL E44h B2EIDL E24h B0EIDL E04h —(4)

E63h B4EIDH E43h B2EIDH E23h B0EIDH E03h —(4)

E62h B4SIDL E42h B2SIDL E22h B0SIDL E02h —(4)

E61h B4SIDH E41h B2SIDH E21h B0SIDH E01h —(4)

E60h B4CON E40h B2CON E20h B0CON E00h —(4)

TABLE 24-1: CAN CONTROLLER REGISTER MAP (CONTINUED)

Address(1) Name Address Name Address Name Address Name

Note 1: Shaded registers are available in Access Bank low area, while the rest are available in Bank 15.
2: CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given 

for each instance of the controller register due to the Microchip header file requirement.
3: These registers are not CAN registers.
4: Unimplemented registers are read as ‘0’.
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FIGURE 28-1: PIC18F2480/2580/4480/4580 VOLTAGE-FREQUENCY GRAPH 

(INDUSTRIAL, EXTENDED)        

FIGURE 28-2: PIC18LF2480/2580/4480/4580 VOLTAGE-FREQUENCY GRAPH (INDUSTRIAL)      
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PIC18LF2X80/4X80

FMAX = (16.36 MHz/V) (VDDAPPMIN – 2.0V) + 4 MHz
Note: VDDAPPMIN is the minimum voltage of the PIC® device in the application.

4 MHz

4.2V
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28.2 DC Characteristics: Power-Down and Supply Current

PIC18F2480/2580/4480/4580 (Industrial, Extended) 
PIC18LF2480/2580/4480/4580 (Industrial)

PIC18LF2480/2580/4480/4580
      (Industrial)      

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

PIC18F2480/2580/4480/4580
      (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)

PIC18LF2X80/4X80 0.2 1.0 μA  -40°C

VDD = 2.0V
(Sleep mode)

0.2 1.0 μA +25°C
0.3 4.0 μA +60°C
0.4 6.0 μA +85°C

PIC18LF2X80/4X80 0.2 1.5 μA -40°C

VDD = 3.0V
(Sleep mode)

0.2 2.0 μA +25°C
0.4 5.0 μA +60°C
0.5 8.0 μA +85°C

All devices 0.2 2.0 μA -40°C

VDD = 5.0V
(Sleep mode)

0.2 2.0 μA +25°C
0.6 9.0 μA +60°C
1.0 15 μA +85°C

Extended devices only 52.00 132.00 μA +125°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 kΩ.

4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature 
crystals are available at a much higher cost.
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Module Differential Currents (ΔIWDT, ΔIBOR, ΔILVD, ΔIOSCB,  ΔIAD)
D022
(ΔIWDT)

Watchdog Timer 1.7 7.6 μA -40°C
VDD = 2.0V2.1 8 μA +25°C

2.6 8.4 μA +85°C
2.2 11.4 μA -40°C

VDD = 3.0V2.4 12 μA +25°C
2.8 12.6 μA +85°C
2.9 14.3 μA -40°C

VDD = 5.0V
3.1 15 μA +25°C
3.3 15.8 μA +85°C

7.80 19 μA +125°C

D022A
(ΔIBOR)

Brown-out Reset 17 75 μA -40°C to +85°C VDD = 3.0V
47 92 μA -40°C to +85°C

VDD = 5.0V
30 58 μA +125°C
0 2 μA -40°C to +85°C Sleep mode
0 5 μA -40°C to +125°C BOREN<1:0>

D022B High/Low-Voltage Detect 14 47 μA -40°C to +85°C VDD = 2.0V

(ΔILVD) 18 58 μA -40°C to +85°C VDD = 3.0V
21 69 μA -40°C to +85°C

VDD = 5.0V
19 50 μA +125°C

D025 Timer1 Oscillator 1.0 8 μA -40°C
VDD = 2.0V 32 kHz on Timer1(4)(ΔIOSCB) 1.1 8 μA +25°C

1.1 8 μA +85°C
1.2 8.2 μA -40°C

VDD = 3.0V 32 kHz on Timer1(4)1.3 8.2 μA +25°C
1.2 8.2 μA +85°C
1.8 10 μA -40°C

VDD = 5.0V 32 kHz on Timer1(4)1.9 10 μA +25°C
1.9 10 μA +85°C

28.2 DC Characteristics: Power-Down and Supply Current
PIC18F2480/2580/4480/4580 (Industrial, Extended) 
PIC18LF2480/2580/4480/4580 (Industrial) (Continued)

PIC18LF2480/2580/4480/4580
      (Industrial)      

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

PIC18F2480/2580/4480/4580
      (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

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 kΩ.

4: Standard low-cost 32 kHz crystals have an operating temperature range of -10°C to +70°C. Extended temperature 
crystals are available at a much higher cost.
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