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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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FIGURE 6-3: QUARTZ CRYSTAL 

OPERATION (LP, XT OR 
HS MODE)

FIGURE 6-4: CERAMIC RESONATOR 
OPERATION
(XT OR HS MODE)

6.2.1.3 Oscillator Start-up Timer (OST)
If the oscillator module is configured for LP, XT or HS
modes, the Oscillator Start-up Timer (OST) counts
1024 oscillations from OSC1. This occurs following a
Power-on Reset (POR) and when the Power-up Timer
(PWRT) has expired (if configured), or a wake-up from
Sleep. During this time, the program counter does not
increment and program execution is suspended,
unless either FSCM or Two-Speed Start-Up are
enabled. In this case, code will continue to execute at
the selected INTOSC frequency while the OST is
counting. The OST ensures that the oscillator circuit,
using a quartz crystal resonator or ceramic resonator,
has started and is providing a stable system clock to
the oscillator module. 

In order to minimize latency between external oscillator
start-up and code execution, the Two-Speed Clock
Start-up mode can be selected (see Section 6.4
“Two-Speed Clock Start-up Mode”).

Note 1: Quartz crystal characteristics vary
according to type, package and
manufacturer. The user should consult the
manufacturer data sheets for specifications
and recommended application.

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

3: For oscillator design assistance, reference
the following Microchip Applications Notes:

• AN826, “Crystal Oscillator Basics and 
Crystal Selection for rfPIC® and PIC® 
Devices” (DS00826)

• AN849, “Basic PIC® Oscillator Design” 
(DS00849)

• AN943, “Practical PIC® Oscillator 
Analysis and Design” (DS00943)

• AN949, “Making Your Oscillator Work” 
(DS00949)

Note 1: A series resistor (RS) may be required for
quartz crystals with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 M to 10 M.

C1

C2

Quartz

RS(1) 

OSC1/CLKIN

RF(2) Sleep

To Internal 
Logic

PIC® MCU

Crystal

OSC2/CLKOUT

Note 1: A series resistor (RS) may be required for
ceramic resonators with low drive level.

2: The value of RF varies with the Oscillator mode
selected (typically between 2 M to 10 M.

3: An additional parallel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

C1

C2 Ceramic RS(1) 

OSC1/CLKIN

RF(2) Sleep

To Internal 
Logic

PIC® MCU

RP(3) 

Resonator

OSC2/CLKOUT
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REGISTER 8-5: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1

R/W-0/0 R/W-0/0 R-0/0 R-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF

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 TMR1GIF: Timer1 Gate Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 6 ADIF: ADC Converter Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 5 RCIF: USART Receive Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 4 TXIF: USART Transmit Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 3 SSP1IF: Synchronous Serial Port (MSSP) Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 2 CCP1IF: CCP1 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 1 TMR2IF: Timer2 to PR2 Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

bit 0 TMR1IF: Timer1 Overflow Interrupt Flag bit
1 = Interrupt is pending
0 = Interrupt is not pending

Note: Interrupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the Global
Enable bit, GIE, of the INTCON register.
User software should ensure the
appropriate interrupt flag bits are clear
prior to enabling an interrupt.
 2011-2014 Microchip Technology Inc. DS40001579E-page 83
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FIGURE 12-2: BLOCK WRITES TO FLASH PROGRAM MEMORY WITH 32 WRITE LATCHES 

EXAMPLE 12-4: ERASING ONE ROW OF PROGRAM MEMORY 

14 14 14 14

Program   Memory

Buffer Register

EEADRL<4:0> = 00000

Buffer Register

EEADRL<4:0> = 00001

Buffer Register

EEADRL<4:0> = 00010

Buffer Register

EEADRL<4:0> = 11111

EEDATAEEDATH

7 5 0 7 0

6 8

First word of block
to be written

Last word of block
to be written

; This row erase routine assumes the following:

; 1. A valid address within the erase block is loaded in ADDRH:ADDRL

; 2. ADDRH and ADDRL are located in shared data memory 0x70 - 0x7F (common RAM)

BCF INTCON,GIE ; Disable ints so required sequences will execute properly

BANKSEL EEADRL

MOVF ADDRL,W ; Load lower 8 bits of erase address boundary

MOVWF EEADRL

MOVF ADDRH,W ; Load upper 6 bits of erase address boundary

MOVWF EEADRH

BSF EECON1,EEPGD ; Point to program memory

BCF EECON1,CFGS ; Not configuration space

BSF EECON1,FREE ; Specify an erase operation

BSF EECON1,WREN ; Enable writes

MOVLW 55h ; Start of required sequence to initiate erase

MOVWF EECON2 ; Write 55h

MOVLW 0AAh ;

MOVWF EECON2 ; Write AAh

BSF EECON1,WR ; Set WR bit to begin erase

NOP ; Any instructions here are ignored as processor

; halts to begin erase sequence

NOP ; Processor will stop here and wait for erase complete.

; after erase processor continues with 3rd instruction

BCF EECON1,WREN ; Disable writes

BSF INTCON,GIE ; Enable interrupts

R
eq

ui
re

d
S

eq
ue

nc
e
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24.4 Dead-Band Control
The dead-band control provides non-overlapping
PWM signals to prevent shoot-through current in
series connected power switches. Dead-band control
is available only in modes with complementary drive
and when changing direction in the ECCP compatible
Full-Bridge modes.

The module contains independent 8-bit dead-band
counters for rising edge and falling edge dead-band
control.

24.4.1 DEAD-BAND TYPES
There are two separate dead-band generators
available, one for rising edge events and the other for
falling edge events.

24.4.1.1 Rising Edge Dead Band
Rising edge dead-band control is used to delay the
turn-on of the primary switch driver from when the
complementary switch driver is turned off.

Rising edge dead band is initiated with the rising edge
event.

Rising edge dead-band time is adjusted with the
PSMC Rising Edge Dead-Band Time (PSMCxDBR)
register (Register 24-25).

If the PSMCxDBR register value is changed when the
PSMC is enabled, the new value does not take effect
until the first period event after the PSMCxLD bit is set.

24.4.1.2 Falling Edge Dead Band
Falling edge dead-band control is used to delay the
turn-on of the complementary switch driver from when
the primary switch driver is turned off.

Falling edge dead band is initiated with the falling
edge event.

Falling edge dead-band time is adjusted with the
PSMC Falling Edge Dead-Band Time (PSMCxDBF)
register (Register 24-26).

If the PSMCxDBF register value is changed when the
PSMC is enabled, the new value does not take effect
until the first period event after the PSMCxLD bit is set.

24.4.2 DEAD-BAND ENABLE
When a mode is selected that may use dead-band
control, dead-band timing is enabled by setting one of
the enable bits in the PSMC Control (PSMCxCON)
register (Register 24-1).

Rising edge dead band is enabled with the PxDBRE
bit.

Rising edge dead band is enabled with the PxDBFE
bit.

Enable changes take effect immediately.

24.4.3 DEAD-BAND CLOCK SOURCE
The dead-band counters are incremented on every
rising edge of the psmc_clk signal.

24.4.4 DEAD-BAND UNCERTAINTY
When the rising and falling edge events that trigger the
dead-band counters come from asynchronous inputs,
there will be uncertainty in the actual dead-band time of
each cycle. The maximum uncertainty is equal to one
psmc_clk period. The one clock of uncertainty may still
be introduced, even when the dead-band count time is
cleared to zero.

24.4.5 DEAD-BAND OVERLAP
There are two cases of dead-band overlap and each is
treated differently due to system requirements.

24.4.5.1 Rising to Falling Overlap
In this case, the falling edge event occurs while the
rising edge dead-band counter is still counting. The
following sequence occurs:

1. Dead-band rising count is terminated.
2. Dead-band falling count is initiated.
3. Primary output is suppressed.

24.4.5.2 Falling to Rising Overlap 
In this case, the rising edge event occurs while the
falling edge dead-band counter is still counting. The
following sequence occurs:

1. Dead-band falling count is terminated.
2. Dead-band rising count is initiated.
3. Complementary output is suppressed.

24.4.5.3 Rising Edge-to-Rising Edge or 
Falling Edge-to-Falling Edge

In cases where one of the two dead-band counters is
set for a short period, or disabled all together, it is
possible to get rising-to-rising or falling-to-falling
overlap. When this is the case, the following sequence
occurs:

1. Dead-band count is terminated.
2. Dead-band count is restarted.
3. Output waveform control freezes in the present

state.
4. Restarted dead-band count completes.
5. Output control resumes normally.
DS40001579E-page 212  2011-2014 Microchip Technology Inc.
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REGISTER 24-5: PSMCxCLK: PSMC CLOCK CONTROL REGISTER

U-0 U-0 R/W-0/0 R/W-0/0 U-0 U-0 R/W-0/0 R/W-0/0
— — PxCPRE<1:0> — — PxCSRC<1:0>

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 7-6 Unimplemented: Read as ‘0’
bit 5-4 PxCPRE<1:0>: PSMCx Clock Prescaler Selection bits

11 = PSMCx Clock frequency/8
10 = PSMCx Clock frequency/4
01 = PSMCx Clock frequency/2 
00 = PSMCx Clock frequency/1 

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 PxCSRC<1:0>: PSMCx Clock Source Selection bits

11 = Reserved
10 = PSMCxCLK pin
01 = 64 MHz clock in from PLL
00 = FOSC system clock

REGISTER 24-6: PSMCxOEN: PSMC OUTPUT ENABLE CONTROL REGISTER

U-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — PxOEF(1) PxOEE(1) PxOED(1) PxOEC(1) PxOEB PxOEA

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 7-6 Unimplemented: Read as ‘0’
bit 5-0 PxOEy: PSMCx Output y Enable bit(1)

1 = PWM output is active on PSMCx output y pin
0 = PWM output is not active, normal port functions in control of pin

Note 1: These bits are not implemented on PSMC2.
DS40001579E-page 226  2011-2014 Microchip Technology Inc.
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FIGURE 26-4: SPI MASTER AND MULTIPLE SLAVE CONNECTION

26.2.1 SPI MODE REGISTERS

The MSSP module has five registers for SPI mode
operation. These are: 

• MSSP STATUS register (SSPSTAT)
• MSSP Control register 1 (SSPCON1)
• MSSP Control register 3 (SSPCON3)
• MSSP Data Buffer register (SSPBUF)
• MSSP Address register (SSPADD)
• MSSP Shift register (SSPSR) 

(Not directly accessible)

SSPCON1 and SSPSTAT are the control and STATUS
registers in SPI mode operation. The SSPCON1
register is readable and writable. The lower 6 bits of
the SSPSTAT are read-only. The upper 2 bits of the
SSPSTAT are read/write.

In one SPI master mode, SSPADD can be loaded with
a value used in the Baud Rate Generator. More
information on the Baud Rate Generator is available in
Section 26.7 “Baud Rate Generator”.

SSPSR is the shift register used for shifting data in and
out. SSPBUF provides indirect access to the SSPSR
register. SSPBUF is the buffer register to which data
bytes are written, and from which data bytes are read.

In receive operations, SSPSR and SSPBUF together
create a buffered receiver. When SSPSR receives a
complete byte, it is transferred to SSPBUF and the
SSP1IF interrupt is set.

During transmission, the SSPBUF is not buffered. A
write to SSPBUF will write to both SSPBUF and
SSPSR.

SPI Master
SCK
SDO
SDI

General I/O
General I/O
General I/O

SCK
SDI
SDO
SS

SPI Slave
#1

SCK
SDI
SDO
SS

SPI Slave
#2

SCK
SDI
SDO
SS

SPI Slave
#3
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26.6.7 I2C MASTER MODE RECEPTION
Master mode reception is enabled by programming the
Receive Enable bit, RCEN bit of the SSPCON2
register.       

The Baud Rate Generator begins counting and on each
rollover, the state of the SCL pin changes
(high-to-low/low-to-high) and data is shifted into the
SSPSR. After the falling edge of the eighth clock, the
receive enable flag is automatically cleared, the
contents of the SSPSR are loaded into the SSPBUF,
the BF flag bit is set, the SSP1IF flag bit is set and the
Baud Rate Generator is suspended from counting,
holding SCL low. The MSSP is now in Idle state
awaiting the next command. When the buffer is read by
the CPU, the BF flag bit is automatically cleared. The
user can then send an Acknowledge bit at the end of
reception by setting the Acknowledge Sequence
Enable, ACKEN bit of the SSPCON2 register.

26.6.7.1 BF Status Flag
In receive operation, the BF bit is set when an address
or data byte is loaded into SSPBUF from SSPSR. It is
cleared when the SSPBUF register is read.

26.6.7.2 SSPOV Status Flag
In receive operation, the SSPOV bit is set when 8 bits
are received into the SSPSR and the BF flag bit is
already set from a previous reception.

26.6.7.3 WCOL Status Flag
If the user writes the SSPBUF when a receive is
already in progress (i.e., SSPSR is still shifting in a data
byte), the WCOL bit is set and the contents of the buffer
are unchanged (the write does not occur).

26.6.7.4 Typical Receive Sequence:

1. The user generates a Start condition by setting
the SEN bit of the SSPCON2 register.

2. SSP1IF is set by hardware on completion of the
Start. 

3. SSP1IF is cleared by software.
4. User writes SSPBUF with the slave address to

transmit and the R/W bit set.
5. Address is shifted out the SDA pin until all 8 bits

are transmitted. Transmission begins as soon
as SSPBUF is written to.

6. The MSSP module shifts in the ACK bit from the
slave device and writes its value into the
ACKSTAT bit of the SSPCON2 register.

7. The MSSP module generates an interrupt at the
end of the ninth clock cycle by setting the
SSP1IF bit.

8. User sets the RCEN bit of the SSPCON2 register
and the master clocks in a byte from the slave.

9. After the 8th falling edge of SCL, SSP1IF and
BF are set.

10. User clears the SSP1IF bit and reads the received
byte from SSPUF, which clears the BF flag.

11. The user either clears the SSPCON2 register’s
ACKDT bit to receive another byte or sets the
ADKDT bit to suppress further data and then initi-
ates the acknowledge sequence by setting the
ACKEN bit.

12. Master’s ACK or ACK is clocked out to the slave
and SSP1IF is set.

13. User clears SSP1IF.
14. Steps 8-13 are repeated for each received byte

from the slave.
15. If the ACKST bit was set in step 11 then the user

can send a STOP to release the bus.

Note: The MSSP module must be in an Idle
state before the RCEN bit is set or the
RCEN bit will be disregarded. 
 2011-2014 Microchip Technology Inc. DS40001579E-page 293
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26.6.13.1 Bus Collision During a Start 

Condition
During a Start condition, a bus collision occurs if:

a) SDA or SCL are sampled low at the beginning of
the Start condition (Figure 26-32).

b) SCL is sampled low before SDA is asserted low
(Figure 26-33).

During a Start condition, both the SDA and the SCL
pins are monitored. 

If the SDA pin is already low, or the SCL pin is already
low, then all of the following occur:
• the Start condition is aborted, 
• the BCL1IF flag is set and
•  the MSSP module is reset to its Idle state 

(Figure 26-32). 

The Start condition begins with the SDA and SCL pins
deasserted. When the SDA pin is sampled high, the
Baud Rate Generator is loaded and counts down. If the
SCL pin is sampled low while SDA is high, a bus colli-
sion occurs because it is assumed that another master
is attempting to drive a data ‘1’ during the Start
condition. 

If the SDA pin is sampled low during this count, the
BRG is reset and the SDA line is asserted early
(Figure 26-34). If, however, a ‘1’ is sampled on the SDA
pin, the SDA pin is asserted low at the end of the BRG
count. The Baud Rate Generator is then reloaded and
counts down to zero; if the SCL pin is sampled as ‘0’
during this time, a bus collision does not occur. At the
end of the BRG count, the SCL pin is asserted low.      

FIGURE 26-33: BUS COLLISION DURING START CONDITION (SDA ONLY)      

Note: The reason that bus collision is not a fac-
tor during a Start condition is that no two
bus masters can assert a Start condition
at the exact same time. Therefore, one
master will always assert SDA before the
other. This condition does not cause a bus
collision because the two masters must be
allowed to arbitrate the first address
following the Start condition. If the address
is the same, arbitration must be allowed to
continue into the data portion, Repeated
Start or Stop conditions.

SDA

SCL

SEN
SDA sampled low before 

SDA goes low before the SEN bit is set.

S bit and SSP1IF set because

SSP module reset into Idle state.
SEN cleared automatically because of bus collision. 

S bit and SSP1IF set because

Set SEN, enable Start
condition if SDA = 1, SCL = 1

SDA = 0, SCL = 1.

BCL1IF

S

SSP1IF

SDA = 0, SCL = 1.

SSP1IF and BCL1IF are
cleared by software

SSP1IF and BCL1IF are
cleared by software

Set BCL1IF,

Start condition. Set BCL1IF.
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27.3 Register Definitions: EUSART Control

REGISTER 27-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

R/W-/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R-1/1 R/W-0/0
CSRC TX9 TXEN(1) SYNC SENDB BRGH TRMT TX9D

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 CSRC: Clock Source Select bit
Asynchronous mode: 
Don’t care
Synchronous mode: 
1 =  Master mode (clock generated internally from BRG)
0 =  Slave mode (clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 =  Selects 9-bit transmission
0 =  Selects 8-bit transmission

bit 5 TXEN: Transmit Enable bit(1)

1 = Transmit enabled
0 = Transmit disabled 

bit 4 SYNC: EUSART Mode Select bit 
1 = Synchronous mode 
0 = Asynchronous mode

bit 3 SENDB: Send Break Character bit
Asynchronous mode:
1 = Send Sync Break on next transmission (cleared by hardware upon completion)
0 = Sync Break transmission completed
Synchronous mode:
Don’t care

bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode: 
1 = High speed 
0 = Low speed
Synchronous mode: 
Unused in this mode

bit 1 TRMT: Transmit Shift Register Status bit
1 = TSR empty 
0 = TSR full 

bit 0 TX9D: Ninth bit of Transmit Data
Can be address/data bit or a parity bit.

Note 1: SREN/CREN overrides TXEN in Sync mode.
DS40001579E-page 320  2011-2014 Microchip Technology Inc.
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TABLE 27-3: BAUD RATE FORMULAS

TABLE 27-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE BAUD RATE GENERATOR 

Configuration Bits
BRG/EUSART Mode Baud Rate Formula

SYNC BRG16 BRGH

0 0 0 8-bit/Asynchronous FOSC/[64 (n+1)]

0 0 1 8-bit/Asynchronous
FOSC/[16 (n+1)]

0 1 0 16-bit/Asynchronous

0 1 1 16-bit/Asynchronous

FOSC/[4 (n+1)]1 0 x 8-bit/Synchronous

1 1 x 16-bit/Synchronous
Legend: x = Don’t care, n = value of SPBRGH, SPBRGL register pair

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

BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 322

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 321

SPBRGL BRG<7:0> 323

SPBRGH BRG<15:8> 323

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 320
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for the Baud Rate Generator.

* Page provides register information.
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27.4.4 BREAK CHARACTER SEQUENCE
The EUSART module has the capability of sending the
special Break character sequences that are required by
the LIN bus standard. A Break character consists of a
Start bit, followed by 12 ‘0’ bits and a Stop bit.

To send a Break character, set the SENDB and TXEN
bits of the TXSTA register. The Break character
transmission is then initiated by a write to the TXREG.
The value of data written to TXREG will be ignored and
all ‘0’s will be transmitted. 

The SENDB bit is automatically reset by hardware after
the corresponding Stop bit is sent. This allows the user
to preload the transmit FIFO with the next transmit byte
following the Break character (typically, the Sync
character in the LIN specification).

The TRMT bit of the TXSTA register indicates when the
transmit operation is active or idle, just as it does during
normal transmission. See Figure 27-9 for the timing of
the Break character sequence.

27.4.4.1 Break and Sync Transmit Sequence
The following sequence will start a message frame
header made up of a Break, followed by an auto-baud
Sync byte. This sequence is typical of a LIN bus
master.

1. Configure the EUSART for the desired mode.
2. Set the TXEN and SENDB bits to enable the

Break sequence.
3. Load the TXREG with a dummy character to

initiate transmission (the value is ignored).
4. Write ‘55h’ to TXREG to load the Sync character

into the transmit FIFO buffer.
5. After the Break has been sent, the SENDB bit is

reset by hardware and the Sync character is
then transmitted.

When the TXREG becomes empty, as indicated by the
TXIF, the next data byte can be written to TXREG.

27.4.5 RECEIVING A BREAK CHARACTER
The Enhanced EUSART module can receive a Break
character in two ways. 

The first method to detect a Break character uses the
FERR bit of the RCSTA register and the received data
as indicated by RCREG. The Baud Rate Generator is
assumed to have been initialized to the expected baud
rate.

A Break character has been received when;

• RCIF bit is set
• FERR bit is set
• RCREG = 00h

The second method uses the Auto-Wake-up feature
described in Section 27.4.3 “Auto-Wake-up on
Break”. By enabling this feature, the EUSART will
sample the next two transitions on RX/DT, cause an
RCIF interrupt, and receive the next data byte followed
by another interrupt.

Note that following a Break character, the user will
typically want to enable the Auto-Baud Detect feature.
For both methods, the user can set the ABDEN bit of
the BAUDCON register before placing the EUSART in
Sleep mode.

FIGURE 27-9: SEND BREAK CHARACTER SEQUENCE

Write to TXREG
Dummy Write 

BRG Output
(Shift Clock)

Start bit bit 0 bit 1 bit 11 Stop bit

Break
TXIF bit

(Transmit
Interrupt Flag)

TX (pin)

TRMT bit
(Transmit Shift

Empty Flag)

SENDB
(send Break 

control bit)

SENDB Sampled Here Auto Cleared
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27.5.2.3 EUSART Synchronous Slave 

Reception
The operation of the Synchronous Master and Slave
modes is identical (Section 27.5.1.5 “Synchronous
Master Reception”), with the following exceptions:

• Sleep
• CREN bit is always set, therefore the receiver is 

never idle
• SREN bit, which is a “don’t care” in Slave mode

A character may be received while in Sleep mode by
setting the CREN bit prior to entering Sleep. Once the
word is received, the RSR register will transfer the data
to the RCREG register. If the RCIE enable bit is set, the
interrupt generated will wake the device from Sleep
and execute the next instruction. If the GIE bit is also
set, the program will branch to the interrupt vector.

27.5.2.4 Synchronous Slave Reception 
Set-up:

1. Set the SYNC and SPEN bits and clear the
CSRC bit.

2. Clear the ANSEL bit for both the CK and DT pins
(if applicable).

3. If interrupts are desired, set the RCIE bit of the
PIE1 register and the GIE and PEIE bits of the
INTCON register.

4. If 9-bit reception is desired, set the RX9 bit.
5. Set the CREN bit to enable reception.
6. The RCIF bit will be set when reception is

complete. An interrupt will be generated if the
RCIE bit was set.

7. If 9-bit mode is enabled, retrieve the Most
Significant bit from the RX9D bit of the RCSTA
register.

8. Retrieve the eight Least Significant bits from the
receive FIFO by reading the RCREG register.

9. If an overrun error occurs, clear the error by
either clearing the CREN bit of the RCSTA
register or by clearing the SPEN bit which resets
the EUSART.

TABLE 27-10: SUMMARY OF REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE 
RECEPTION 

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

APFCON C2OUTSEL CC1PSEL SDOSEL SCKSEL SDISEL TXSEL RXSEL CCP2SEL 111

BAUDCON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 322

INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 79

PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 80

PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 83
RCREG EUSART Receive Data Register 315*

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 321

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 125

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 320
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous slave reception.

* Page provides register information.
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BCF Bit Clear f

Syntax: [ label ] BCF     f,b

Operands: 0  f  127
0  b  7

Operation: 0  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is cleared.

BRA Relative Branch

Syntax: [ label ] BRA   label 
[ label ] BRA   $+k

Operands: -256  label - PC + 1  255
-256  k  255

Operation: (PC) + 1 + k  PC

Status Affected: None

Description: Add the signed 9-bit literal ‘k’ to the 
PC. Since the PC will have incre-
mented to fetch the next instruction, 
the new address will be PC + 1 + k. 
This instruction is a 2-cycle instruc-
tion. This branch has a limited range.

BRW Relative Branch with W

Syntax: [ label ] BRW 

Operands: None

Operation: (PC) + (W)  PC

Status Affected: None

Description: Add the contents of W (unsigned) to 
the PC. Since the PC will have incre-
mented to fetch the next instruction, 
the new address will be PC + 1 + (W). 
This instruction is a 2-cycle instruc-
tion. 

BSF Bit Set f

Syntax: [ label ] BSF    f,b

Operands: 0  f  127
0  b  7

Operation: 1  (f<b>)

Status Affected: None

Description: Bit ‘b’ in register ‘f’ is set.

BTFSC Bit Test f, Skip if Clear

Syntax: [ label ] BTFSC   f,b

Operands: 0  f  127
0  b  7

Operation: skip if (f<b>) = 0

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘1’, the next 
instruction is executed.
If bit ‘b’, in register ‘f’, is ‘0’, the next 
instruction is discarded, and a NOP is 
executed instead, making this a 
2-cycle instruction.

BTFSS Bit Test f, Skip if Set

Syntax: [ label ] BTFSS   f,b

Operands: 0  f  127
0  b < 7

Operation: skip if (f<b>) = 1

Status Affected: None

Description: If bit ‘b’ in register ‘f’ is ‘0’, the next 
instruction is executed.
If bit ‘b’ is ‘1’, then the next
instruction is discarded and a NOP is 
executed instead, making this a 
2-cycle instruction.
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RRF Rotate Right f through Carry

Syntax: [ label ]    RRF   f,d

Operands: 0  f  127
d  [0,1]

Operation: See description below

Status Affected: C

Description: The contents of register ‘f’ are rotated 
one bit to the right through the Carry 
flag. If ‘d’ is ‘0’, the result is placed in 
the W register. If ‘d’ is ‘1’, the result is 
placed back in register ‘f’.

SLEEP Enter Sleep mode
Syntax: [ label ] SLEEP

Operands: None

Operation: 00h  WDT,
0  WDT prescaler,
1  TO,
0  PD

Status Affected: TO, PD

Description: The power-down Status bit, PD is 
cleared. Time-out Status bit, TO is 
set. Watchdog Timer and its pres-
caler are cleared.
The processor is put into Sleep mode 
with the oscillator stopped. 

Register fC

SUBLW Subtract W from literal

Syntax: [ label ] SUBLW   k

Operands: 0 k 255

Operation: k - (W) W)

Status Affected: C, DC, Z

Description: The W register is subtracted (2’s com-
plement method) from the 8-bit literal 
‘k’. The result is placed in the W regis-
ter.

SUBWF Subtract W from f

Syntax: [ label ] SUBWF   f,d

Operands: 0 f 127
d  [0,1]

Operation: (f) - (W) destination)

Status Affected: C, DC, Z

Description: Subtract (2’s complement method) W 
register from register ‘f’. If ‘d’ is ‘0’, the 
result is stored in the W 
register. If ‘d’ is ‘1’, the result is stored 
back in register ‘f.

SUBWFB Subtract W from f with Borrow

Syntax: SUBWFB    f {,d}
Operands: 0  f  127

d  [0,1]
Operation: (f) – (W) – (B) dest
Status Affected: C, DC, Z
Description: Subtract W and the BORROW flag 

(CARRY) from register ‘f’ (2’s comple-
ment method). If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.

C = 0 W  k
C = 1 W  k
DC = 0 W<3:0>  k<3:0>
DC = 1 W<3:0>  k<3:0>

C = 0 W  f
C = 1 W  f
DC = 0 W<3:0>  f<3:0>
DC = 1 W<3:0>  f<3:0>
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FIGURE 30-11: CAPTURE/COMPARE/PWM TIMINGS (CCP)

TABLE 30-12: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP)
Standard Operating Conditions (unless otherwise stated)

Param 
No. Sym. Characteristic Min. Typ† Max. Units Conditions

CC01* TccL CCPx Input Low Time No Prescaler 0.5TCY + 20 — — ns
With Prescaler 20 — — ns

CC02* TccH CCPx Input High Time No Prescaler 0.5TCY + 20 — — ns
With Prescaler 20 — — ns

CC03* TccP CCPx Input Period 3TCY + 40
N

— — ns N = prescale value (1, 4 or 16)

* These parameters are characterized but not tested.
† Data in “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are not 

tested.

Note: Refer to Figure 30-5 for load conditions.

(Capture mode)

CC01 CC02

CC03

CCPx
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 31-7: IDD, EC Oscillator LP Mode, 
Fosc = 32 kHz, PIC16LF1782/3 Only.

FIGURE 31-8: IDD, EC Oscillator LP Mode, 
Fosc = 32 kHz, PIC16F1782/3 Only.
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FIGURE 31-9: IDD, EC Oscillator LP Mode, 
Fosc = 500 kHz, PIC16LF1782/3 Only.

FIGURE 31-10: IDD, EC Oscillator LP Mode, 
Fosc = 500 kHz, PIC16F1782/3 Only.
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FIGURE 31-11: IDD Typical, EC Oscillator 
MP Mode, PIC16LF1782/3 Only.

FIGURE 31-12: IDD Maximum, EC Oscillator 
MP Mode, PIC16LF1782/3 Only.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 31-13: IDD Typical, EC Oscillator 
MP Mode, PIC16F1782/3 Only.

FIGURE 31-14: IDD Maximum, EC Oscillator 
MP Mode, PIC16F1782/3 Only.
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FIGURE 31-15: IDD Typical, EC Oscillator 
HP Mode, PIC16LF1782/3 Only.

FIGURE 31-16: IDD Maximum, EC Oscillator 
HP Mode, PIC16LF1782/3 Only.
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FIGURE 31-17: IDD Typical, EC Oscillator 
HP Mode, PIC16F1782/3 Only.

FIGURE 31-18: IDD Maximum, EC Oscillator 
HP Mode, PIC16F1782/3 Only.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 31-19: IDD, LFINTOSC Mode, 
Fosc = 31 kHz, PIC16LF1782/3 Only.

FIGURE 31-20: IDD, LFINTOSC Mode, 
Fosc = 31 kHz, PIC16F1782/3 Only.
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FIGURE 31-21: IDD, MFINTOSC Mode, 
Fosc = 500 kHz, PIC16LF1782/3 Only.

FIGURE 31-22: IDD, MFINTOSC Mode, 
Fosc = 500 kHz, PIC16F1782/3 Only.
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FIGURE 31-23: IDD Typical, HFINTOSC 
Mode, PIC16LF1782/3 Only.

FIGURE 31-24: IDD Maximum, HFINTOSC 
Mode, PIC16LF1782/3 Only.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 31-49: IPD, Comparator, NP Mode 
(CxSP = 1), PIC16LF1782/3 Only.

FIGURE 31-50: IPD, Comparator, NP Mode 
(CxSP = 1), PIC16F1782/3 Only.
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FIGURE 31-51: VOH vs. IOH Over 
Temperature, VDD = 5.0V, PIC16F1782/3 Only.

FIGURE 31-52: VOL vs. IOL Over 
Temperature, VDD = 5.0V, PIC16F1782/3 Only.
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FIGURE 31-53: VOH vs. IOH Over 
Temperature, VDD = 3.0V.

FIGURE 31-54: VOL vs. IOL Over 
Temperature, VDD = 3.0V.
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THE MICROCHIP WEB SITE
Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

• Product Support – Data sheets and errata, 
application notes and sample programs, design 
resources, user’s guides and hardware support 
documents, latest software releases and archived 
software

• General Technical Support – Frequently Asked 
Questions (FAQ), technical support requests, 
online discussion groups, Microchip consultant 
program member listing

• Business of Microchip – Product selector and 
ordering guides, latest Microchip press releases, 
listing of seminars and events, listings of 
Microchip sales offices, distributors and factory 
representatives

CUSTOMER CHANGE NOTIFICATION 
SERVICE
Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com. Under “Support”, click on
“Customer Change Notification” and follow the
registration instructions.

CUSTOMER SUPPORT
Users of Microchip products can receive assistance
through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor,
representative or Field Application Engineer (FAE) for
support. Local sales offices are also available to help
customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://microchip.com/support
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