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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.
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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 10-2: FLASH PROGRAM MEMORY READ CYCLE EXECUTION 

EXAMPLE 10-1: FLASH PROGRAM MEMORY READ

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

BSF PMCON1,RD
Executed Here

INSTR(PC + 1)

Executed Here

PC PC + 1 PMADRH,PMADRL PC + 5Flash ADDR

RD bit

PMDATH,PMDATL

PC + 3 PC + 4

INSTR (PC + 1)

INSTR(PC – 1)
Executed Here

INSTR(PC + 3)
Executed Here

INSTR(PC + 4)
Executed Here

Flash Data

PMDATH
PMDATL
Register

INSTR (PC) INSTR (PC + 3) INSTR (PC + 4)

Instruction Ignored
Forced NOP

INSTR(PC + 2)

Executed Here

Instruction Ignored
Forced NOP

* This code block will read 1 word of program

* memory at the memory address:

PROG_ADDR_HI : PROG_ADDR_LO

* data will be returned in the variables;

* PROG_DATA_HI, PROG_DATA_LO

BANKSEL PMADRL ; Select Bank for PMCON registers

MOVLW PROG_ADDR_LO ; 

MOVWF PMADRL ; Store LSB of address

MOVLW PROG_ADDR_HI ; 

MOVWF PMADRH ; Store MSB of address

    

BCF PMCON1,CFGS ; Do not select Configuration Space

BSF PMCON1,RD ; Initiate read

NOP ; Ignored (Figure 10-1)

NOP ; Ignored (Figure 10-1)

MOVF PMDATL,W ; Get LSB of word

MOVWF PROG_DATA_LO ; Store in user location

MOVF PMDATH,W ; Get MSB of word

MOVWF PROG_DATA_HI ; Store in user location
 2014-2017 Microchip Technology Inc. DS40001775C-page 119
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6

14

1414

Program Memory Write Latches

14 14

PMADRH<6:0>:
PMADRL<7:5>

Flash Program

Row

Row
Address
Decode

Addr

Write Latch #1
01h
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00h

Addr

000h 0000h 0001h

001h 0020h 0021h
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7 5 0 7
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12.3 Bidirectional Pins
PPS selections for peripherals with bidirectional
signals on a single pin must be made so that the PPS
input and PPS output select the same pin. Peripherals
that have bidirectional signals include:

• EUSART (synchronous operation)
• MSSP (I2C)

12.4 PPS Lock
The PPS includes a mode in which all input and output
selections can be locked to prevent inadvertent
changes. PPS selections are locked by setting the
PPSLOCKED bit of the PPSLOCK register. Setting and
clearing this bit requires a special sequence as an extra
precaution against inadvertent changes. Examples of
setting and clearing the PPSLOCKED bit are shown in
Example 12-1.

EXAMPLE 12-1: PPS LOCK/UNLOCK 
SEQUENCE

12.5 PPS Permanent Lock
The PPS can be permanently locked by setting the
PPS1WAY Configuration bit. When this bit is set, the
PPSLOCKED bit can only be cleared and set one time
after a device Reset. This allows for clearing the
PPSLOCKED bit so that the input and output selec-
tions can be made during initialization. When the
PPSLOCKED bit is set, after all selections have been
made, it will remain set and cannot be cleared until after
the next device Reset event.

12.6 Operation During Sleep
PPS input and output selections are unaffected by
Sleep.

12.7 Effects of a Reset
A device Power-on Reset (POR) clears all PPS input
and output selections to their default values. All other
Resets leave the selections unchanged. Default input
selections are shown in Table 12-1.

Note: The I2C default input pins are I2C and
SMBus compatible, and are the only pins
on the device with this compatibility.

; suspend interrupts

bcf INTCON,GIE
; BANKSEL PPSLOCK ; set bank
; required sequence, next 5 instructions

movlw 0x55
movwf PPSLOCK
movlw 0xAA

movwf PPSLOCK
; Set PPSLOCKED bit to disable writes or
; Clear PPSLOCKED bit to enable writes

bsf PPSLOCK,PPSLOCKED
; restore interrupts

bsf INTCON,GIE
 2014-2017 Microchip Technology Inc. DS40001775C-page 153
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FIGURE 18-1: DAC JUSTIFICATION

FIGURE 18-2: DIGITAL-TO-ANALOG CONVERTER BLOCK DIAGRAM       

Rev. 10-000 225A
4/29/201 4R9 R8 R7 R6 R5 R4 R3 R2 R1 R0 0 0 0 0 0 0
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FIGURE 19-2: COMPARATOR MODULE SIMPLIFIED BLOCK DIAGRAM 

Note 1: When CxON = 0, the comparator will produce a ‘0’ at the output.
2: When CxON = 0, all multiplexer inputs are disconnected.
3: Only on PIC16(L)F1768/9
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REGISTER 23-2: TxCON: TIMERx CONTROL REGISTER

R/W/HC-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
ON(1) CKPS<2:0> OUTPS<3:0>

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 HC = Hardware Clearable bit

bit 7 ON: Timerx On bit
1 = Timerx is on
0 = Timerx is off; all counters and state machines are reset

bit 6-4 CKPS<2:0>: Timer2 Type Clock Prescale Select bits
111 = 1:128 Prescaler
110 = 1:64 Prescaler
101 = 1:32 Prescaler
100 = 1:16 Prescaler
011 = 1:8 Prescaler
010 = 1:4 Prescaler
001 = 1:2 Prescaler
000 = 1:1 Prescaler

bit 3-0 OUTPS<3:0>: Timerx Output Postscaler Select bits
1111 = 1:16 Postscaler
1110 = 1:15 Postscaler
1101 = 1:14 Postscaler
1100 = 1:13 Postscaler
1011 = 1:12 Postscaler
1010 = 1:11 Postscaler
1001 = 1:10 Postscaler
1000 = 1:9 Postscaler
0111 = 1:8 Postscaler
0110 = 1:7 Postscaler
0101 = 1:6 Postscaler
0100 = 1:5 Postscaler
0011 = 1:4 Postscaler
0010 = 1:3 Postscaler
0001 = 1:2 Postscaler
0000 = 1:1 Postscaler

Note 1: In certain modes, the ON bit will be auto-cleared by hardware. See Section 23.6 “Operation Examples”.
DS40001775C-page 244  2014-2017 Microchip Technology Inc.
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REGISTER 23-3: TxHLT: TIMERx HARDWARE LIMIT CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PSYNC(1,2) CKPOL(3) CKSYNC(4,5) MODE<4:0>(6,7)

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

bit 7 PSYNC: Timerx Prescaler Synchronization Enable bit(1,2)

1 = TMRx prescaler output is synchronized to FOSC/4
0 = TMRx prescaler output is not synchronized to FOSC/4

bit 6 CKPOL: Timerx Clock Polarity Selection bit(3)

1 = Falling edge of input clock clocks timer/prescaler
0 = Rising edge of input clock clocks timer/prescaler

bit 5 CKSYNC: Timerx Clock Synchronization Enable bit(4,5)

1 = ON register bit is synchronized to TMR2_clk input
0 = ON register bit is not synchronized to TMR2_clk input

bit 4-0 MODE<4:0>: Timerx Control Mode Selection bits(6,7)

See Table 23-1.

Note 1: Setting this bit ensures that reading TMRx will return a valid value.
2: When this bit is ‘1’, Timer2 cannot operate in Sleep mode.
3: CKPOL should not be changed while ON = 1.
4: Setting this bit ensures glitch-free operation when the ON bit is enabled or disabled.
5: When this bit is set, then the timer operation will be delayed by two TMRx input clocks after the ON bit is 

set.
6: Unless otherwise indicated, all modes start upon ON = 1 and stop upon ON = 0 (stops occur without 

affecting the value of TMRx).
7: When TMRx = PRx, the next clock clears TMRx, regardless of the operating mode.
 2014-2017 Microchip Technology Inc. DS40001775C-page 245
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The maximum PWM resolution is ten bits when T2PR
is 255. The resolution is a function of the T2PR register
value as shown by Equation 25-4.

EQUATION 25-4: PWM RESOLUTION

25.7 Operation in Sleep Mode
In Sleep mode, the TMR2 register will not increment
and the state of the module will not change. If the
PWMx pin is driving a value, it will continue to drive that
value. When the device wakes up, TMR2 will continue
from its previous state.

25.8 Changes in System Clock 
Frequency

The PWM frequency is derived from the system clock
frequency (FOSC). Any changes in the system clock
frequency will result in changes to the PWM frequency.
Refer to Section 5.0 “Oscillator Module (with
Fail-Safe Clock Monitor)” for additional details.

25.9 Effects of Reset
Any Reset will force all ports to Input mode and the
PWM registers to their Reset states.

Resolution 4 T2PR 1+  log
2 log----------------------------------------------  bits=

Note: If the pulse-width value is greater than the
period the assigned PWM pin(s) will
remain unchanged.

TABLE 25-1: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (FOSC = 20 MHz)
PWM Frequency 0.31 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz 208.3 kHz

Timer Prescale 64 4 1 1 1 1
T2PR Value 0xFF 0xFF 0xFF 0x3F 0x1F 0x17
Maximum Resolution (bits) 10 10 10 8 7 6.6

TABLE 25-2: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS (FOSC = 8 MHz)
PWM Frequency 0.31 kHz 4.90 kHz 19.61 kHz 76.92 kHz 153.85 kHz 200.0 kHz

Timer Prescale 64 4 1 1 1 1
T2PR Value 0x65 0x65 0x65 0x19 0x0C 0x09
Maximum Resolution (bits) 8 8 8 6 5 5
 2014-2017 Microchip Technology Inc. DS40001775C-page 263
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REGISTER 25-2: PWMxDCH: PWMx DUTY CYCLE REGISTER HIGH BITS

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
DC<9:2>

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

bit 7-0 DC<9:2>: PWM Duty Cycle Most Significant bits
These bits are the MSbs of the PWM duty cycle. The two LSbs are found in the PWMxDCL register.

REGISTER 25-3: PWMxDCL: PWMx DUTY CYCLE REGISTER LOW BITS

R/W-x/u R/W-x/u U-0 U-0 U-0 U-0 U-0 U-0
DC<1:0> — — — — — —

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

bit 7-6 DC<1:0>: PWM Duty Cycle Least Significant bits
These bits are the LSbs of the PWM duty cycle. The MSbs are found in the PWMxDCH register.

bit 5-0 Unimplemented: Read as ‘0’

TABLE 25-4: SUMMARY OF REGISTERS ASSOCIATED WITH 10-BIT PWM

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

CCPTMRS P4TSEL<1:0> P3TSEL<1:0> C2TSEL<1:0>(1) C1TSEL<1:0> 264
PWMxCON EN — OUT POL MODE<1:0> — — 265
PWMxDCH DC<9:2> 266
PWMxDCL DC<1:0> — — — — — — 266
RxyPPS — — — RxyPPS<4:0> 154
TxCON ON CKPS<2:0> OUTPS<3:0> 244
TxCLKCON — — — — CS<3:0> 243
TxPR TMRx Period Register 227
TRISA — — TRISA<5:4> —(1) TRISA<2:0> 136
TRISB(2) TRISB<7:4> — — — — 142
TRISC TRISC7(2) TRISC6(2) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 147
Legend:  — = Unimplemented location, read as ‘0’. Shaded cells are not used by the PWM.
Note 1: Unimplemented, read as ‘1’.

2: PIC16(L)F1768/9 only.
DS40001775C-page 266  2014-2017 Microchip Technology Inc.
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REGISTER 26-5: PWMxLDCON: PWMx RELOAD TRIGGER SOURCE SELECT REGISTER

R/W/HC-0/0 R/W-0/0 U-0 U-0 U-0 U-0 U-0 R/W-0/0
LDA(1) LDT(3) — — — — — LDS(2,3)

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit HC = Hardware Clearable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets 

bit 7 LDA: Load Buffer Armed bit(1)

If LDT = 1:
1 = Loads the ODO bit, and OFx, PHx, DCx and PRx buffers at the end of the period in which the

selected trigger occurs
0 = Does not load buffers, load has completed
If LDT = 0:
1 = Loads the ODO bit, and OFx, PHx, DCx and PRx buffers at the end of the current period
0 = Does not load buffers, load has completed

bit 6 LDT: Load Buffer on Trigger bit(3)

1 = Waits for trigger selected by the LDS<1:0> bits to occur before enabling the LDA bit
0 = Load triggering is disabled; buffer loads are controlled by the LDA bit alone

bit 5-1 Unimplemented: Read as ‘0’
bit 0 LDS: Load Trigger Source Select bit(2,3)

1 = LD6_trigger
0 = LD5_trigger

Note 1: This bit is cleared by the module after a reload operation. It can be cleared in software to clear an existing 
arming event.

2: The source corresponding to a PWM module’s own LDx_trigger is reserved.
3: PIC16(L)F1768/9 only.
DS40001775C-page 284  2014-2017 Microchip Technology Inc.
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DS
REGISTER 27-6: COGxRSIM1: COGx RISING EVENT SOURCE INPUT MODE 
REGISTER 1

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
RSIM15(1) RSIM14 RSIM13 RSIM12 RSIM11 RSIM10 RSIM9 RSIM8

bit 7 bit 0

Legend:
R = Readable bit W = Writable bit
u = Bit is unchanged x = Bit is unknown U = Unimplemented bit, read as ‘0’
‘1’ = Bit is set ‘0’ = Bit is cleared -n/n = Value at POR and BOR/Value at all other Resets

bit 7 RSIM15: COGx Rising Event Input Source 15 Mode bit(1)

RIS15 = 1:
1 = DSM2 MD2_out output low-to-high transition will cause a rising event after rising event phase delay
0 = DSM2 MD2_out output high level will cause an immediate rising event
RIS15 = 0:
DSM2 MD2_out output has no effect on rising event.

bit 6 RSIM14: COGx Rising Event Input Source 14 Mode bit
RIS14 = 1:
1 = DSM1 MD1_out output low-to-high transition will cause a rising event after rising event phase delay
0 = DSM1 MD1_out output high level will cause an immediate rising event
RIS14 = 0:
DSM1 MD1_out output has no effect on rising event.

bit 7-6 Unimplemented: Read as ‘0’
bit 5 RSIM13: COGx Rising Event Input Source 13 Mode bit

RIS13 = 1:
1 = CLC3 output low-to-high transition will cause a rising event after rising event phase delay
0 = CLC3 output high level will cause an immediate rising event
RIS13 = 0:
CLC3 output has no effect on rising event.

bit 4 RSIM12: COGx Rising Event Input Source 12 Mode bit
RIS12 = 1:
1 = CLC2 output low-to-high transition will cause a rising event after rising event phase delay
0 = CLC2 output high level will cause an immediate rising event
RIS12 = 0:
CLC2 output has no effect on rising event.

bit 3 RSIM11: COGx Rising Event Input Source 11 Mode bit
RIS11 = 1:
1 = CLC1 output low-to-high transition will cause a rising event after rising event phase delay
0 = CLC1 output high level will cause an immediate rising event
RIS11 = 0:
CLC1 output has no effect on rising event.

bit 2 RSIM10: COGx Rising Event Input Source 10 Mode bit
RIS10 = 1:
1 = PWM6 output low-to-high transition will cause a rising event after rising event phase delay
0 = PWM6 output high level will cause an immediate rising event
RIS10 = 0:
PWM6 output has no effect on rising event.

Note 1: PIC16(L)F1768/9 only. Otherwise unimplemented, read as ‘0’.
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32.2.3 SPI MASTER MODE
The master can initiate the data transfer at any time
because it controls the SCK line. The master
determines when the slave (Processor 2, Figure 32-5)
is to broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPxBUF register is written to. If the SPI
is only going to receive, the SDO output could be
disabled (programmed as an input). The SSPSR
register will continue to shift in the signal present on the
SDI pin at the programmed clock rate. As each byte is
received, it will be loaded into the SSPxBUF register as
if a normal received byte (interrupts and status bits
appropriately set).

The clock polarity is selected by appropriately
programming the CKP bit of the SSPxCON1 register
and the CKE bit of the SSPxSTAT register. This then,
would give waveforms for SPI communication as
shown in Figure 32-6, Figure 32-8, Figure 32-9 and
Figure 32-10, where the MSB is transmitted first. In
Master mode, the SPI clock rate (bit rate) is user
programmable to be one of the following:

• FOSC/4 (or TCY)
• FOSC/16 (or 4 * TCY)
• FOSC/64 (or 16 * TCY)
• Timer2 output/2 
• FOSC/(4 * (SSPxADD + 1))

Figure 32-6 shows the waveforms for Master mode.

When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPxBUF is loaded with the received
data is shown.

Note: In Master mode, the clock signal output to
the SCK pin is also the clock signal input
to the peripheral. The pin selected for out-
put with the RxyPPS register must also be
selected as the peripheral input with the
SSPCLKPPS register.
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32.6.13.1 Bus Collision During a Start 

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

a) SDA or SCL is sampled low at the beginning of
the Start condition (Figure 32-33).

b) SCL is sampled low before SDA is asserted low
(Figure 32-34).

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 BCLIF flag is set and
•  The MSSP module is reset to its Idle state 

(Figure 32-33). 

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
collision 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 32-35). 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 32-33: BUS COLLISION DURING START CONDITION (SDA ONLY)      

Note: The reason that bus collision is not a
factor during a Start condition is that no
two bus masters can assert a Start condi-
tion 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 SSPxIF Set because

MSSP module Reset into Idle State
SEN Cleared Automatically because of Bus Collision

S bit and SSPxIF Set because

Set SEN, Enable Start
Condition if SDA = 1, SCL = 1

SDA = 0, SCL = 1

BCLIF

S

SSPxIF

SDA = 0, SCL = 1

SSPxIF and BCLIF are
Cleared by Software

SSPxIF and BCLIF are
Cleared by Software

Set BCLIF;

Start Condition, Set BCLIF;
DS40001775C-page 418  2014-2017 Microchip Technology Inc.



PIC16(L)F1764/5/8/9

33.4 EUSART Baud Rate Generator 

(BRG)
The Baud Rate Generator (BRG) is an 8-bit or 16-bit
timer that is dedicated to the support of both the
asynchronous and synchronous EUSART operation.
By default, the BRG operates in 8-bit mode. Setting the
BRG16 bit of the BAUDxCON register selects 16-bit
mode.

The SPxBRGH, SPxBRGL register pair determines the
period of the free-running baud rate timer. In
Asynchronous mode, the multiplier of the baud rate
period is determined by both the BRGH bit of the
TXxSTA register and the BRG16 bit of the BAUDxCON
register. In Synchronous mode, the BRGH bit is ignored.

Table 33-3 contains the formulas for determining the
baud rate. Example 33-1 provides a sample calculation
for determining the baud rate and baud rate error. 

Typical baud rates and error values for various
Asynchronous modes have been computed for your
convenience and are shown in Table 33-5. It may be
advantageous to use the high baud rate (BRGH = 1) or
the 16-bit BRG (BRG16 = 1) to reduce the baud rate
error. The 16-Bit BRG mode is used to achieve slow
baud rates for fast oscillator frequencies.

Writing a new value to the SPxBRGH, SPxBRGL regis-
ter pair causes the BRG timer to be reset (or cleared).
This ensures that the BRG does not wait for a timer
overflow before outputting the new baud rate.

If the system clock is changed during an active receive
operation, a receive error or data loss may result. To
avoid this problem, check the status of the RCIDL bit to
make sure that the receive operation is Idle before
changing the system clock.

EXAMPLE 33-1: CALCULATING BAUD 
RATE ERROR 

For a device with FOSC of 16 MHz, desired baud rate
of 9600, Asynchronous mode, 8-bit BRG:

Solving for SPxBRGH:SPxBRGL:

 X

FOSC
Desired Baud Rate
---------------------------------------------

64
--------------------------------------------- 1–=

Desired Baud Rate FOSC
64 [SPBRGH:SPBRGL] 1+ 
------------------------------------------------------------------------=

  

16000000
9600

------------------------

64
------------------------ 1–=

  25.042  25= =

Calculated Baud Rate 16000000
64 25 1+ 
---------------------------=

  9615=

Error Calc. Baud Rate Desired Baud Rate –
Desired Baud Rate 

--------------------------------------------------------------------------------------------=

  9615 9600– 
9600

---------------------------------- 0.16%= =
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TABLE 33-3: BAUD RATE FORMULAS

TABLE 33-4: 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 SPxBRGH, SPxBRGL register pair.

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

BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 442
RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 441
SP1BRGL BRG<7:0> 443
SP1BRGH BRG<15:8> 443
TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 440
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for the Baud Rate Generator.

* Page provides register information.
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33.4.4 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 TXxSTA register. The Break character trans-
mission is then initiated by a write to the TXxREG. The
value of data written to TXxREG 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 TXxSTA register indicates when the
transmit operation is active or Idle, just as it does during
normal transmission. See Figure 33-9 for the timing of
the Break character sequence.

33.4.4.1 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 TXxREG with a dummy character to

initiate transmission (the value is ignored).
4. Write ‘55h’ to TXxREG 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 TXxREG becomes empty, as indicated by
the TXIF, the next data byte can be written to TXxREG.

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

The first method to detect a Break character uses the
FERR bit of the RCxSTA register and the received data
as indicated by RCxREG. 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
• RCxREG = 00h

The second method uses the auto-wake-up feature
described in Section 33.4.3 “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 BAUDxCON register before placing the EUSART in
Sleep mode.

FIGURE 33-9: SEND BREAK CHARACTER SEQUENCE

Write to TXxREG
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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33.5.2.3 EUSART Synchronous Slave 

Reception
The operation of the Synchronous Master and Slave
modes is identical (Section 33.5.1.5 “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 RCxREG 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.

33.5.2.4 Synchronous Slave Reception Setup
1. Set the SYNC and SPEN bits, and clear the

CSRC bit.
2. Clear the ANSELx 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 RCxSTA
register.

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

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

TABLE 33-10: 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

ANSELA — — — ANSA4 — ANSA<2:0> 137
ANSELB(1) ANSB<7:4> — — — — 143
ANSELC ANSC<7:6>(1) — — ANSC<3:0> 148
BAUD1CON ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 442
CKPPS — — — CKPPS<4:0> 154, 156
INTCON GIE PEIE TMR0IE INTE IOCIE TMR0IF INTF IOCIF 101
PIE1 TMR1GIE ADIE RCIE TXIE SSP1IE CCP1IE TMR2IE TMR1IE 102
PIR1 TMR1GIF ADIF RCIF TXIF SSP1IF CCP1IF TMR2IF TMR1IF 105
RC1REG EUSART Receive Data Register 436*
RC1STA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 441
RXPPS — — — RXPPS<4:0> 154, 156
TRISA — — TRISA<5:4> —(2) TRISA<2:0> 136
TRISB(1) TRISB<7:4> — — — — 142
TRISC TRISC<7:6>(1) TRISC<5:0> 147
TX1STA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 440
Legend: — = unimplemented location, read as ‘0’. Shaded cells are not used for synchronous slave reception.

* Page provides register information.
Note 1: PIC16(L)F1768/9 only.

2: Unimplemented, read as ‘1’. 
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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Note: For the most current package drawings, please see the Microchip Packaging Specification located at 
http://www.microchip.com/packaging
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