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"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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2.1 Automatic Interrupt Context 

Saving
During interrupts, certain registers are automatically
saved in shadow registers and restored when returning
from the interrupt. This saves stack space and user
code. See 8.5 “Automatic Context Saving”, for more
information.

2.2 16-level Stack with Overflow and 
Underflow

These devices have an external stack memory 15 bits
wide and 16 words deep. A Stack Overflow or Under-
flow will set the appropriate bit (STKOVF or STKUNF)
in the PCON register, and if enabled will cause a soft-
ware Reset. See Section 3.5 “Stack” for more details.

2.3 File Select Registers
There are two 16-bit File Select Registers (FSR). FSRs
can access all file registers and program memory,
which allows one Data Pointer for all memory. When an
FSR points to program memory, there is one additional
instruction cycle in instructions using INDF to allow the
data to be fetched. General purpose memory can now
also be addressed linearly, providing the ability to
access contiguous data larger than 80 bytes. There are
also new instructions to support the FSRs. See
Section 3.6 “Indirect Addressing” for more details.

2.4 Instruction Set
There are 49 instructions for the enhanced mid-range
CPU to support the features of the CPU. See
Section 29.0 “Instruction Set Summary” for more
details.
 2011-2014 Microchip Technology Inc. DS40001579E-page 13
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3.6.1 TRADITIONAL DATA MEMORY
The traditional data memory is a region from FSR
address 0x000 to FSR address 0xFFF. The addresses
correspond to the absolute addresses of all SFR, GPR
and common registers.

FIGURE 3-10: TRADITIONAL DATA MEMORY MAP

Indirect AddressingDirect Addressing

Bank Select Location Select

4 BSR 6 0From Opcode FSRxL7 0

Bank Select Location Select
00000 00001 00010 11111

0x00

0x7F

Bank 0 Bank 1 Bank 2 Bank 31

0 FSRxH7 0

0 0 0 0
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bit 2-0 FOSC<2:0>: Oscillator Selection bits
111 = ECH: External Clock, High-Power mode (4-20 MHz): device clock supplied to CLKIN pin
110 = ECM: External Clock, Medium-Power mode (0.5-4 MHz): device clock supplied to CLKIN pin
101 = ECL: External Clock, Low-Power mode (0-0.5 MHz): device clock supplied to CLKIN pin
100 = INTOSC oscillator: I/O function on CLKIN pin
011 = EXTRC oscillator: External RC circuit connected to CLKIN pin
010 = HS oscillator: High-speed crystal/resonator connected between OSC1 and OSC2 pins
001 = XT oscillator: Crystal/resonator connected between OSC1 and OSC2 pins
000 = LP oscillator: Low-power crystal connected between OSC1 and OSC2 pins

Note 1: The entire data EEPROM will be erased when the code protection is turned off during an erase.Once the 
Data Code Protection bit is enabled, (CPD = 0), the Bulk Erase Program Memory Command (through 
ICSP) can disable the Data Code Protection (CPD =1). When a Bulk Erase Program Memory Command 
is executed, the entire Program Flash Memory, Data EEPROM and configuration memory will be erased.

REGISTER 4-1: CONFIG1: CONFIGURATION WORD 1 (CONTINUED)
 2011-2014 Microchip Technology Inc. DS40001579E-page 41
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FIGURE 6-1: SIMPLIFIED PIC® MCU CLOCK SOURCE BLOCK DIAGRAM
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6.3 Clock Switching
The system clock source can be switched between
external and internal clock sources via software using
the System Clock Select (SCS) bits of the OSCCON
register. The following clock sources can be selected
using the SCS bits:

• Default system oscillator determined by FOSC 
bits in Configuration Words

• Timer1 32 kHz crystal oscillator
• Internal Oscillator Block (INTOSC)

6.3.1 SYSTEM CLOCK SELECT (SCS) 
BITS

The System Clock Select (SCS) bits of the OSCCON
register selects the system clock source that is used for
the CPU and peripherals.

• When the SCS bits of the OSCCON register = 00, 
the system clock source is determined by the 
value of the FOSC<2:0> bits in the Configuration 
Words.

• When the SCS bits of the OSCCON register = 01, 
the system clock source is the Timer1 oscillator.

• When the SCS bits of the OSCCON register = 1x, 
the system clock source is chosen by the internal 
oscillator frequency selected by the IRCF<3:0> 
bits of the OSCCON register. After a Reset, the 
SCS bits of the OSCCON register are always 
cleared.

When switching between clock sources, a delay is
required to allow the new clock to stabilize. These
oscillator delays are shown in Table 6-1.

6.3.2 OSCILLATOR START-UP TIMER 
STATUS (OSTS) BIT

The Oscillator Start-up Timer Status (OSTS) bit of the
OSCSTAT register indicates whether the system clock
is running from the external clock source, as defined by
the FOSC<2:0> bits in the Configuration Words, or
from the internal clock source. In particular, OSTS
indicates that the Oscillator Start-up Timer (OST) has
timed out for LP, XT or HS modes. The OST does not
reflect the status of the Timer1 oscillator.

6.3.3 TIMER1 OSCILLATOR
The Timer1 oscillator is a separate crystal oscillator
associated with the Timer1 peripheral. It is optimized
for timekeeping operations with a 32.768 kHz crystal
connected between the T1OSO and T1OSI device
pins.

The Timer1 oscillator is enabled using the T1OSCEN
control bit in the T1CON register. See Section 22.0
“Timer1 Module with Gate Control” for more
information about the Timer1 peripheral.

6.3.4 TIMER1 OSCILLATOR READY 
(T1OSCR) BIT

The user must ensure that the Timer1 oscillator is
ready to be used before it is selected as a system clock
source. The Timer1 Oscillator Ready (T1OSCR) bit of
the OSCSTAT register indicates whether the Timer1
oscillator is ready to be used. After the T1OSCR bit is
set, the SCS bits can be configured to select the Timer1
oscillator.

Note: Any automatic clock switch, which may
occur from Two-Speed Start-up or
Fail-Safe Clock Monitor, does not update
the SCS bits of the OSCCON register. The
user can monitor the OSTS bit of the
OSCSTAT register to determine the current
system clock source.
 2011-2014 Microchip Technology Inc. DS40001579E-page 63
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FIGURE 6-10: FSCM TIMING DIAGRAM 
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13.5.6 PORTB FUNCTIONS AND OUTPUT 

PRIORITIES
Each PORTB pin is multiplexed with other functions. The
pins, their combined functions and their output priorities
are shown in Table 13-5.
When multiple outputs are enabled, the actual pin
control goes to the peripheral with the highest priority.
Analog input and some digital input functions are not
included in the list below. These input functions can
remain active when the pin is configured as an output.
Certain digital input functions override other port
functions and are included in the priority list.

TABLE 13-5: PORTB OUTPUT PRIORITY
Pin Name Function Priority(1)

RB0 CCP1
RB0

RB1 OPA2OUT
RB1

RB2 CLKR
RB2

RB3 CCP2
RB3

RB4 RB4
RB5 SDO

C3OUT
RB5

RB6 ICSPCLK
SDA
TX/CK
RB6

RB7 ICSPDAT
DACOUT2
SCL/SCK
DT
RB7

Note 1: Priority listed from highest to lowest.
 2011-2014 Microchip Technology Inc. DS40001579E-page 119
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17.2.6 A/D CONVERSION PROCEDURE
This is an example procedure for using the ADC to
perform an Analog-to-Digital conversion:

1. Configure Port:
• Disable pin output driver (Refer to the TRIS 

register)
• Configure pin as analog (Refer to the ANSEL 

register)
2. Configure the ADC module:

• Select ADC conversion clock
• Configure voltage reference
• Select ADC input channel
• Turn on ADC module

3. Configure ADC interrupt (optional):
• Clear ADC interrupt flag 
• Enable ADC interrupt
• Enable peripheral interrupt
• Enable global interrupt(1)

4. Wait the required acquisition time(2).
5. Start conversion by setting the GO/DONE bit.
6. Wait for ADC conversion to complete by one of

the following:
• Polling the GO/DONE bit
• Waiting for the ADC interrupt (interrupts 

enabled)
7. Read ADC Result.
8. Clear the ADC interrupt flag (required if interrupt

is enabled).

EXAMPLE 17-1: A/D CONVERSION

Note 1: The global interrupt can be disabled if the
user is attempting to wake-up from Sleep
and resume in-line code execution.

2: Refer to Section 17.4 “ADC
Acquisition Requirements”.

;This code block configures the ADC

;for polling, Vdd and Vss references, Frc 

;clock and AN0 input.

;

;Conversion start & polling for completion 

; are included.

;

BANKSEL ADCON1 ;

MOVLW B’11110000’ ;2’s complement, Frc

;clock

MOVWF ADCON1 ;Vdd and Vss Vref

MOVLW B’00001111’ ;set negative input

MOVWF ADCON2 ;to negative

;reference

BANKSEL TRISA ;

BSF TRISA,0 ;Set RA0 to input

BANKSEL ANSEL ;

BSF ANSEL,0 ;Set RA0 to analog

BANKSEL ADCON0 ;

MOVLW B’00000001’ ;Select channel AN0

MOVWF ADCON0 ;Turn ADC On

CALL SampleTime ;Acquisiton delay

BSF ADCON0,ADGO ;Start conversion

BTFSC ADCON0,ADGO ;Is conversion done?

GOTO $-1 ;No, test again

BANKSEL ADRESH ;

MOVF ADRESH,W ;Read upper 2 bits

MOVWF RESULTHI ;store in GPR space
DS40001579E-page 146  2011-2014 Microchip Technology Inc.
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24.3.4 PUSH-PULL PWM WITH 

COMPLEMENTARY OUTPUTS
The complementary push-pull PWM is used to drive
transistor bridge circuits as well as synchronous
switches on the secondary side of the bridge. The
PWM waveform is output on four pins presented as
two pairs of two-output signals with a normal and
complementary output in each pair. Dead band can be
inserted between the normal and complementary
outputs at the transition times.

24.3.4.1 Mode Features
• Dead-band control is available
• No steering control available
• Primary PWM output is only on:

- PSMCxA
- PSMCxB

• Complementary PWM output is only on:
- PSMCxE
- PSMCxF

24.3.4.2 Waveform Generation
Push-Pull waveforms generate alternating outputs on
the output pairs. Therefore, there are two sets of rising
edge events and two sets of falling edge events

Odd numbered period rising edge event:

• PSMCxE is set inactive
• Dead-band rising is activated (if enabled)
• PSMCxA is set active

Odd numbered period falling edge odd event:

• PSMCxA is set inactive
• Dead-band falling is activated (if enabled)
• PSMCxE is set active

Even numbered period rising edge event:

• PSMCxF is set inactive
• Dead-band rising is activated (if enabled)
• PSMCxB is set active 

Even numbered period falling edge event:

• PSMCxB is set inactive
• Dead-band falling is activated (if enabled)
• PSMCxF is set active

FIGURE 24-7: PUSH-PULL WITH COMPLEMENTARY OUTPUTS PWM WAVEFORM

Note: This is a subset of the 6-pin output of the
push-pull PWM output, which is why pin func-
tions are fixed in these positions, so they are
compatible with that mode. See
Section 24.3.6 “Push-Pull PWM with Four
Full-Bridge and Complementary Outputs”. 
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24.12 Register Definitions: PSMC Control

REGISTER 24-1: PSMCxCON: PSMC CONTROL REGISTER 

R/W-0/0 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
PSMCxEN PSMCxLD PxDBFE PxDBRE PxMODE<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      

bit 7 PSMCxEN: PSMC Module Enable bit
1 = PSMCx module is enabled 
0 = PSMCx module is disabled

bit 6 PSMCxLD: PSMC Load Buffer Enable bit
1 = PSMCx registers are ready to be updated with the appropriate register contents 
0 = PSMCx buffer update complete

bit 5 PxDBFE: PSMC Falling Edge Dead-Band Enable bit
1 = PSMCx falling edge dead band enabled 
0 = PSMCx falling edge dead band disabled

bit 4 PxDBRE: PSMC Rising Edge Dead-Band Enable bit
1 = PSMCx rising edge dead band enabled 
0 = PSMCx rising edge dead band disabled

bit 3-0 PxMODE<3:0> PSMC Operating Mode bits
1111 = Reserved
1110 = Reserved
1101 = Reserved
1100 = 3-phase steering PWM
1011 = Fixed duty cycle, variable frequency, complementary PWM
1010 = Fixed duty cycle, variable frequency, single PWM 
1001 = ECCP compatible Full-Bridge forward output
1000 = ECCP compatible Full-Bridge reverse output 
0111 = Pulse-skipping with complementary output
0110 = Pulse-skipping PWM output
0101 = Push-pull with four full-bridge outputs and complementary outputs
0100 = Push-pull with four full-bridge outputs
0011 = Push-pull with complementary outputs
0010 = Push-pull output 
0001 = Single PWM with complementary output (with PWM steering capability)
0000 = Single PWM waveform generation (with PWM steering capability)
 2011-2014 Microchip Technology Inc. DS40001579E-page 223
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REGISTER 24-7:  PSMCxPOL: PSMC POLARITY CONTROL REGISTER 

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 R/W-0/0
— PxPOLIN PxPOLF(1) PxPOLE(1) PxPOLD(1) PxPOLC(1) PxPOLB PxPOLA

bit 7 bit 0

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

bit 7 Unimplemented: Read as ‘0’
bit 6 PxPOLIN: PSMCxIN Polarity bit

1 = PSMCxIN input is active-low
0 = PSMCxIN input is active-high

bit 5-0 PxPOLy: PSMCx Output y Polarity bit(1)

1 = PWM PSMCx output y is active-low
0 = PWM PSMCx output y is active-high

Note 1: These bits are not implemented on PSMC2.

REGISTER 24-8: PSMCxBLNK: PSMC BLANKING 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
— — PxFEBM1 PxFEBM0 — — PxREBM1 PxREBM0

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 PxFEBM<1:0> PSMC Falling Edge Blanking Mode bits

11 = Reserved – do not use
10 = Reserved – do not use
01 = Immediate blanking
00 = No blanking

bit 3-2 Unimplemented: Read as ‘0’
bit 1-0 PxREBM<1:0> PSMC Rising Edge Blanking Mode bits

11 = Reserved – do not use
10 = Reserved – do not use
01 = Immediate blanking
00 = No blanking
 2011-2014 Microchip Technology Inc. DS40001579E-page 227
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REGISTER 24-14: PSMCxASDC: PSMC AUTO-SHUTDOWN CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0 U-0 U-0 R/W-0/0
PxASE PxASDEN PxARSEN — — — — PxASDOV

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 PxASE: PWM Auto-Shutdown Event Status bit(1)

1 = A shutdown event has occurred, PWM outputs are inactive and in their shutdown states
0 =    PWM outputs are operating normally

bit 6 PxASDEN: PWM Auto-Shutdown Enable bit
1 = Auto-shutdown is enabled. If any of the sources in PSMCxASDS assert a logic ‘1’, then the out-

puts will go into their auto-shutdown state and PSMCxSIF flag will be set.
0 = Auto-shutdown is disabled

bit 5 PxARSEN: PWM Auto-Restart Enable bit
1 = PWM restarts automatically when the shutdown condition is removed.
0 = The PxASE bit must be cleared in firmware to restart PWM after the auto-shutdown condition is

cleared.
bit 4-1 Unimplemented: Read as ‘0’
bit 0 PxASDOV: PWM Auto-Shutdown Override bit

PxASDEN = 1:
1 = Force PxASDL[n] levels on the PSMCx[n] pins without causing a PSMCxSIF interrupt
0 = Normal PWM and auto-shutdown execution
PxASDEN = 0:
No effect

Note 1: PASE bit may be set in software. When this occurs the functionality is the same as that caused by 
hardware.
DS40001579E-page 232  2011-2014 Microchip Technology Inc.
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25.3 PWM Overview
Pulse-Width Modulation (PWM) is a scheme that
provides power to a load by switching quickly between
fully on and fully off states. The PWM signal resembles
a square wave where the high portion of the signal is
considered the on state and the low portion of the signal
is considered the off state. The high portion, also known
as the pulse width, can vary in time and is defined in
steps. A larger number of steps applied, which
lengthens the pulse width, also supplies more power to
the load. Lowering the number of steps applied, which
shortens the pulse width, supplies less power. The
PWM period is defined as the duration of one complete
cycle or the total amount of on and off time combined.

PWM resolution defines the maximum number of steps
that can be present in a single PWM period. A higher
resolution allows for more precise control of the pulse
width time and in turn the power that is applied to the
load.

The term duty cycle describes the proportion of the on
time to the off time and is expressed in percentages,
where 0% is fully off and 100% is fully on. A lower duty
cycle corresponds to less power applied and a higher
duty cycle corresponds to more power applied.

Figure 25-3 shows a typical waveform of the PWM
signal.

25.3.1 STANDARD PWM OPERATION
The standard PWM function described in this section is
available and identical for all CCP modules. 

The standard PWM mode generates a Pulse-Width
Modulation (PWM) signal on the CCPx pin with up to 10
bits of resolution. The period, duty cycle, and resolution
are controlled by the following registers:

• PR2 registers
• T2CON registers
• CCPRxL registers
• CCPxCON registers

Figure 25-4 shows a simplified block diagram of PWM
operation.

FIGURE 25-3: CCP PWM OUTPUT SIGNAL

FIGURE 25-4: SIMPLIFIED PWM BLOCK 
DIAGRAM     

Note 1: The corresponding TRIS bit must be
cleared to enable the PWM output on the
CCPx pin.

2: Clearing the CCPxCON register will
relinquish control of the CCPx pin.
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create the 10-bit time base.

2: In PWM mode, CCPR1H is a read-only 
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25.3.2 SETUP FOR PWM OPERATION
The following steps should be taken when configuring
the CCP module for standard PWM operation:

1. Disable the CCPx pin output driver by setting the
associated TRIS bit.

2. Load the PR2 register with the PWM period
value.

3. Configure the CCP module for the PWM mode
by loading the CCPxCON register with the
appropriate values.

4. Load the CCPRxL register and the DCxBx bits
of the CCPxCON register, with the PWM duty
cycle value.

5. Configure and start Timer2:
• Clear the TMR2IF interrupt flag bit of the 

PIRx register. See Note below.
• Configure the T2CKPS bits of the T2CON 

register with the Timer prescale value.
• Enable the Timer by setting the TMR2ON 

bit of the T2CON register.
6. Enable PWM output pin:

• Wait until the Timer overflows and the 
TMR2IF bit of the PIR1 register is set. See 
Note below.

• Enable the CCPx pin output driver by 
clearing the associated TRIS bit.

25.3.3 TIMER2 TIMER RESOURCE
The PWM standard mode makes use of the 8-bit
Timer2 timer resources to specify the PWM period.

25.3.4 PWM PERIOD
The PWM period is specified by the PR2 register of
Timer2. The PWM period can be calculated using the
formula of Equation 25-1.

EQUATION 25-1: PWM PERIOD

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

• TMR2 is cleared
• The CCPx pin is set. (Exception: If the PWM duty 

cycle = 0%, the pin will not be set.)
• The PWM duty cycle is latched from CCPRxL into 

CCPRxH.

25.3.5 PWM DUTY CYCLE
The PWM duty cycle is specified by writing a 10-bit
value to multiple registers: CCPRxL register and
DCxB<1:0> bits of the CCPxCON register. The
CCPRxL contains the eight MSbs and the DCxB<1:0>
bits of the CCPxCON register contain the two LSbs.
CCPRxL and DCxB<1:0> bits of the CCPxCON
register can be written to at any time. The duty cycle
value is not latched into CCPRxH until after the period
completes (i.e., a match between PR2 and TMR2
registers occurs). While using the PWM, the CCPRxH
register is read-only.

Equation 25-2 is used to calculate the PWM pulse
width.

Equation 25-3 is used to calculate the PWM duty cycle
ratio.

EQUATION 25-2: PULSE WIDTH

EQUATION 25-3: DUTY CYCLE RATIO

The CCPRxH register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

Note: In order to send a complete duty cycle and
period on the first PWM output, the above
steps must be included in the setup
sequence. If it is not critical to start with a
complete PWM signal on the first output,
then step 6 may be ignored.

Note: The Timer postscaler (see Section 23.1
“Timer2 Operation”) is not used in the
determination of the PWM frequency.

PWM Period PR2  1+  4 TOSC  =
(TMR2 Prescale Value)

Note 1: TOSC = 1/FOSC

Pulse Width CCPRxL:CCPxCON<5:4>   =

TOSC     (TMR2 Prescale Value)

Duty Cycle Ratio CCPRxL:CCPxCON<5:4> 
4 PR2 1+ 

-----------------------------------------------------------------------=
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25.4 Register Definitions: CCP Control
  
REGISTER 25-1: CCPxCON: CCPx 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

— — DCxB<1:0> CCPxM<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 Reset
‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-6 Unimplemented: Read as ‘0’
bit 5-4 DCxB<1:0>: PWM Duty Cycle Least Significant bits

Capture mode:
Unused
Compare mode:
Unused
PWM mode:
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPRxL.

bit 3-0 CCPxM<3:0>: CCPx Mode Select bits
11xx = PWM mode

1011 = Compare mode: Auto-conversion Trigger (sets CCPxIF bit (CCP2), starts ADC conversion if
ADC module is enabled)(1)

1010 = Compare mode: generate software interrupt only
1001 = Compare mode: clear output on compare match (set CCPxIF)
1000 = Compare mode: set output on compare match (set CCPxIF)

0111 = Capture mode: every 16th rising edge
0110 = Capture mode: every 4th rising edge 
0101 = Capture mode: every rising edge
0100 = Capture mode: every falling edge 

0011 = Reserved
0010 = Compare mode: toggle output on match
0001 = Reserved 
0000 = Capture/Compare/PWM off (resets CCPx module)
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26.5.2 SLAVE RECEPTION

When the R/W bit of a matching received address byte
is clear, the R/W bit of the SSPSTAT register is cleared.
The received address is loaded into the SSPBUF
register and acknowledged. 

When the overflow condition exists for a received
address, then not Acknowledge is given. An overflow
condition is defined as either bit BF of the SSPSTAT
register is set, or bit SSPOV of the SSPCON1 register
is set. The BOEN bit of the SSPCON3 register modifies
this operation. For more information see Register 26-4.

An MSSP interrupt is generated for each transferred
data byte. Flag bit, SSP1IF, must be cleared by soft-
ware.

When the SEN bit of the SSPCON2 register is set, SCL
will be held low (clock stretch) following each received
byte. The clock must be released by setting the CKP
bit of the SSPCON1 register, except sometimes in
10-bit mode. See Section 26.2.3 “SPI Master Mode”
for more detail.

26.5.2.1 7-bit Addressing Reception

This section describes a standard sequence of events
for the MSSP module configured as an I2C Slave in
7-bit Addressing mode. All decisions made by hard-
ware or software and their effect on reception.
Figure 26-13 and Figure 26-14 is used as a visual
reference for this description.

This is a step by step process of what typically must
be done to accomplish I2C communication.

1. Start bit detected.
2. S bit of SSPSTAT is set; SSP1IF is set if inter-

rupt on Start detect is enabled.
3. Matching address with R/W bit clear is received.
4. The slave pulls SDA low sending an ACK to the

master, and sets SSP1IF bit.
5. Software clears the SSP1IF bit.
6. Software reads received address from SSPBUF

clearing the BF flag.
7. If SEN = 1; Slave software sets CKP bit to

release the SCL line.
8. The master clocks out a data byte.
9. Slave drives SDA low sending an ACK to the

master, and sets SSP1IF bit.
10. Software clears SSP1IF.
11. Software reads the received byte from SSPBUF

clearing BF.
12. Steps 8-12 are repeated for all received bytes

from the master.
13. Master sends Stop condition, setting P bit of

SSPSTAT, and the bus goes idle.

26.5.2.2 7-bit Reception with AHEN and DHEN

Slave device reception with AHEN and DHEN set
operate the same as without these options with extra
interrupts and clock stretching added after the 8th
falling edge of SCL. These additional interrupts allow
the slave software to decide whether it wants to ACK
the receive address or data byte, rather than the hard-
ware. This functionality adds support for PMBus™ that
was not present on previous versions of this module. 

This list describes the steps that need to be taken by
slave software to use these options for I2C communi-
cation. Figure 26-15 displays a module using both
address and data holding. Figure 26-16 includes the
operation with the SEN bit of the SSPCON2 register
set.

1. S bit of SSPSTAT is set; SSP1IF is set if inter-
rupt on Start detect is enabled.

2. Matching address with R/W bit clear is clocked
in. SSP1IF is set and CKP cleared after the 8th
falling edge of SCL.

3. Slave clears the SSP1IF.
4. Slave can look at the ACKTIM bit of the

SSPCON3 register to determine if the SSP1IF
was after or before the ACK.

5. Slave reads the address value from SSPBUF,
clearing the BF flag.

6. Slave sets ACK value clocked out to the master
by setting ACKDT.

7. Slave releases the clock by setting CKP.
8. SSP1IF is set after an ACK, not after a NACK.
9. If SEN = 1 the slave hardware will stretch the

clock after the ACK.
10. Slave clears SSP1IF.

11. SSP1IF set and CKP cleared after 8th falling
edge of SCL for a received data byte.

12. Slave looks at ACKTIM bit of SSPCON3 to
determine the source of the interrupt.

13. Slave reads the received data from SSPBUF
clearing BF.

14. Steps 7-14 are the same for each received data
byte.

15. Communication is ended by either the slave
sending an ACK = 1, or the master sending a
Stop condition. If a Stop is sent and Interrupt on
Stop Detect is disabled, the slave will only know
by polling the P bit of the SSTSTAT register.

Note: SSP1IF is still set after the 9th falling edge
of SCL even if there is no clock stretching
and BF has been cleared. Only if NACK is
sent to master is SSP1IF not set
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30.2 Standard Operating Conditions
The standard operating conditions for any device are defined as:

Operating Voltage: VDDMIN VDD VDDMAX
Operating Temperature: TA_MIN TA TA_MAX

VDD — Operating Supply Voltage(1)

PIC16LF1782/3
VDDMIN (Fosc  16 MHz).......................................................................................................... +1.8V
VDDMIN (16 MHz < Fosc  32 MHz) ......................................................................................... +2.7V
VDDMAX .................................................................................................................................... +3.6V

PIC16F1782/3
VDDMIN (Fosc  16 MHz).......................................................................................................... +2.3V
VDDMIN (16 MHz < Fosc  32 MHz) ......................................................................................... +2.7V
VDDMAX .................................................................................................................................... +5.5V

TA — Operating Ambient Temperature Range
Industrial Temperature

TA_MIN ......................................................................................................................................  -40°C
TA_MAX ....................................................................................................................................  +85°C

Extended Temperature
TA_MIN ......................................................................................................................................  -40°C
TA_MAX ..................................................................................................................................  +125°C

Note 1: See Parameter D001, DC Characteristics: Supply Voltage.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 31-67: LPBOR Reset Voltage. FIGURE 31-68: LPBOR Reset Hysteresis.

Max. 

Min. 

Typical 

1.7 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

-60 -40 -20 0 20 40 60 80 100 120 140 

Vo
lta

ge
 (V

) 

Temperature (°C) 

Max: Typical + 3σ 
Typical: Statistical Mean 
Min: Typical - 3σ 
 

y

Typical 

Max. 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

-60 -40 -20 0 20 40 60 80 100 120 140 

Vo
lta

ge
 (m

V)
 

Temperature (°C) 

Max: Typical + 3σ 
Typical: Statistical Mean 
 

FIGURE 31-69: PWRT Period, 
PIC16F1782/3 Only.

FIGURE 31-70: PWRT Period, 
PIC16LF1782/3 Only.
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FIGURE 31-71: POR Release Voltage. FIGURE 31-72: POR Rearm Voltage, 
NP Mode (VREGPM = 0), PIC16F1782/3 Only.
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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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QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
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hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
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