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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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PIC16F882/883/884/886/887
3.2.3.2 RA1/AN1/C12IN1-

Figure 3-2 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• a general purpose I/O

• an analog input for the ADC

• a negative analog input to Comparator C1 or C2

FIGURE 3-2: BLOCK DIAGRAM OF RA1

3.2.3.3 RA2/AN2/VREF-/CVREF/C2IN+

Figure 3-3 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• a general purpose I/O

• an analog input for the ADC

• a negative voltage reference input for the ADC 
and CVREF

• a comparator voltage reference output

• a positive analog input to Comparator C2

FIGURE 3-3: BLOCK DIAGRAM OF RA2
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3.2.3.4 RA3/AN3/VREF+/C1IN+

Figure 3-4 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• a general purpose input

• an analog input for the ADC

• a positive voltage reference input for the ADC and 
CVREF

• a positive analog input to Comparator C1

FIGURE 3-4: BLOCK DIAGRAM OF RA3

3.2.3.5 RA4/T0CKI/C1OUT

Figure 3-5 shows the diagram for this pin. This pin is
configurable to function as one of the following:

• a general purpose I/O

• a clock input for Timer0

• a digital output from Comparator C1

FIGURE 3-5: BLOCK DIAGRAM OF RA4
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4.5.3 LFINTOSC

The Low-Frequency Internal Oscillator (LFINTOSC) is
an uncalibrated 31 kHz internal clock source.

The output of the LFINTOSC connects to a postscaler
and multiplexer (see Figure 4-1). Select 31 kHz, via
software, using the IRCF<2:0> bits of the OSCCON
register. See Section 4.5.4 “Frequency Select Bits
(IRCF)” for more information. The LFINTOSC is also the
frequency for the Power-up Timer (PWRT), Watchdog
Timer (WDT) and Fail-Safe Clock Monitor (FSCM).

The LFINTOSC is enabled by selecting 31 kHz
(IRCF<2:0> bits of the OSCCON register = 000) as the
system clock source (SCS bit of the OSCCON
register = 1), or when any of the following are enabled:

• Two-Speed Start-up IESO bit of the Configuration 
Word Register 1 = 1 and IRCF<2:0> bits of the 
OSCCON register = 000

• Power-up Timer (PWRT)

• Watchdog Timer (WDT)

• Fail-Safe Clock Monitor (FSCM)

The LF Internal Oscillator (LTS) bit of the OSCCON
register indicates whether the LFINTOSC is stable or
not.

4.5.4 FREQUENCY SELECT BITS (IRCF)

The output of the 8 MHz HFINTOSC and 31 kHz
LFINTOSC connects to a postscaler and multiplexer
(see Figure 4-1). The Internal Oscillator Frequency
Select bits IRCF<2:0> of the OSCCON register select
the frequency output of the internal oscillators. One of
eight frequencies can be selected via software:

• 8 MHz

• 4 MHz (Default after Reset)

• 2 MHz

• 1 MHz

• 500 kHz

• 250 kHz

• 125 kHz

• 31 kHz (LFINTOSC)

4.5.5 HFINTOSC AND LFINTOSC CLOCK 
SWITCH TIMING

When switching between the LFINTOSC and the
HFINTOSC, the new oscillator may already be shut
down to save power (see Figure 4-6). If this is the case,
there is a delay after the IRCF<2:0> bits of the
OSCCON register are modified before the frequency
selection takes place. The LTS and HTS bits of the
OSCCON register will reflect the current active status
of the LFINTOSC and HFINTOSC oscillators. The
timing of a frequency selection is as follows:

1. IRCF<2:0> bits of the OSCCON register are
modified.

2. If the new clock is shut down, a clock start-up
delay is started.

3. Clock switch circuitry waits for a falling edge of
the current clock.

4. CLKOUT is held low and the clock switch
circuitry waits for a rising edge in the new clock.

5. CLKOUT is now connected with the new clock.
LTS and HTS bits of the OSCCON register are
updated as required.

6. Clock switch is complete.

See Figure 4-1 for more details.

If the internal oscillator speed selected is between
8 MHz and 125 kHz, there is no start-up delay before
the new frequency is selected. This is because the old
and new frequencies are derived from the HFINTOSC
via the postscaler and multiplexer.

Start-up delay specifications are located in the
oscillator tables of Section 17.0 “Electrical
Specifications”.

Note: Following any Reset, the IRCF<2:0> bits
of the OSCCON register are set to ‘110’
and the frequency selection is set to
4 MHz. The user can modify the IRCF bits
to select a different frequency.
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4.7.2 TWO-SPEED START-UP 
SEQUENCE

1. Wake-up from Power-on Reset or Sleep.

2. Instructions begin execution by the internal
oscillator at the frequency set in the IRCF<2:0>
bits of the OSCCON register.

3. OST enabled to count 1024 clock cycles.

4. OST timed out, wait for falling edge of the
internal oscillator.

5. OSTS is set.

6. System clock held low until the next falling edge
of new clock (LP, XT or HS mode).

7. System clock is switched to external clock
source.

4.7.3 CHECKING TWO-SPEED CLOCK 
STATUS

Checking the state of the OSTS bit of the OSCCON
register will confirm if the microcontroller is running
from the external clock source, as defined by the
FOSC<2:0> bits in the Configuration Word Register 1
(CONFIG1), or the internal oscillator.

FIGURE 4-7: TWO-SPEED START-UP 
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11.3 Capture Mode

In Capture mode, the CCPRxH, CCPRxL register pair
captures the 16-bit value of the TMR1 register when an
event occurs on pin CCPx. An event is defined as one
of the following and is configured by the CCP1M<3:0>
bits of the CCP1CON register:

• Every falling edge

• Every rising edge

• Every 4th rising edge

• Every 16th rising edge

When a capture is made, the Interrupt Request Flag bit
CCPxIF of the PIRx register is set. The interrupt flag
must be cleared in software. If another capture occurs
before the value in the CCPRxH, CCPRxL register pair
is read, the old captured value is overwritten by the new
captured value (see Figure 11-1).

11.3.1 CCP PIN CONFIGURATION

In Capture mode, the CCPx pin should be configured
as an input by setting the associated TRIS control bit.

FIGURE 11-1: CAPTURE MODE 
OPERATION BLOCK 
DIAGRAM

11.3.2 TIMER1 MODE SELECTION

Timer1 must be running in Timer mode or Synchronized
Counter mode for the CCP module to use the capture
feature. In Asynchronous Counter mode, the capture
operation may not work. 

11.3.3 SOFTWARE INTERRUPT

When the Capture mode is changed, a false capture
interrupt may be generated. The user should keep the
CCPxIE interrupt enable bit of the PIEx register clear to
avoid false interrupts. Additionally, the user should
clear the CCPxIF interrupt flag bit of the PIRx register
following any change in Operating mode.

11.3.4 CCP PRESCALER

There are four prescaler settings specified by the
CCPxM<3:0> bits of the CCPxCON register. Whenever
the CCP module is turned off, or the CCP module is not
in Capture mode, the prescaler counter is cleared. Any
Reset will clear the prescaler counter.

Switching from one capture prescaler to another does not
clear the prescaler and may generate a false interrupt. To
avoid this unexpected operation, turn the module off by
clearing the CCPxCON register before changing the
prescaler (see Example 11-1).

EXAMPLE 11-1: CHANGING BETWEEN 
CAPTURE PRESCALERS

Note: If the CCPx pin is configured as an output,
a write to the port can cause a capture
condition. 

CCPRxH CCPRxL

TMR1H TMR1L

Set Flag bit CCPxIF
(PIRx register)

Capture
Enable

CCPxCON<3:0>

Prescaler
 1, 4, 16

and
Edge Detect

pin
CCPx

System Clock (FOSC)

BANKSEL CCP1CON ;Set Bank bits to point
;to CCP1CON

CLRF CCP1CON ;Turn CCP module off
MOVLW NEW_CAPT_PS;Load the W reg with

; the new prescaler
; move value and CCP ON

MOVWF CCP1CON ;Load CCP1CON with this
; value
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FIGURE 12-4: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)        

TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION 

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

BAUDCTL ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN 159

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 32

PIE1 — ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 33

PIR1 — ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 35

RCREG EUSART Receive Data Register 155

RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 158

SPBRG BRG7 BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRG0 160

SPBRGH BRG15 BRG14 BRG13 BRG12 BRG11 BRG10 BRG9 BRG8 160

TRISC TRISC7 TRISC6 TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 54

TXREG EUSART Transmit Data Register 150

TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 157

Legend: x = unknown, – = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.

Transmit Shift Reg.

Write to TXREG

BRG Output
(Shift Clock)

TX/CK

TRMT bit
(Transmit Shift

Reg. Empty Flag)

Word 1 Word 2

Word 1 Word 2

Start bit Stop bit Start bit

Transmit Shift Reg.

Word 1 Word 2
bit 0 bit 1 bit 7/8 bit 0

Note: This timing diagram shows two consecutive transmissions.

1 TCY

1 TCY

pin

TXIF bit
(Transmit Buffer

Reg. Empty Flag)
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12.3.2 AUTO-WAKE-UP ON BREAK

During Sleep mode, all clocks to the EUSART are
suspended. Because of this, the Baud Rate Generator
is inactive and a proper character reception cannot be
performed. The Auto-Wake-up feature allows the
controller to wake-up due to activity on the RX/DT line.
This feature is available only in Asynchronous mode.

The Auto-Wake-up feature is enabled by setting the
WUE bit of the BAUDCTL register. Once set, the normal
receive sequence on RX/DT is disabled, and the
EUSART remains in an Idle state, monitoring for a wake-
up event independent of the CPU mode. A wake-up
event consists of a high-to-low transition on the RX/DT
line. (This coincides with the start of a Sync Break or a
wake-up signal character for the LIN protocol.)

The EUSART module generates an RCIF interrupt
coincident with the wake-up event. The interrupt is
generated synchronously to the Q clocks in normal CPU
operating modes (Figure 12-7), and asynchronously if
the device is in Sleep mode (Figure 12-8). The interrupt
condition is cleared by reading the RCREG register.

The WUE bit is automatically cleared by the low-to-high
transition on the RX line at the end of the Break. This
signals to the user that the Break event is over. At this
point, the EUSART module is in Idle mode waiting to
receive the next character.

12.3.2.1 Special Considerations

Break Character

To avoid character errors or character fragments during
a wake-up event, the wake-up character must be all
zeros.

When the wake-up is enabled the function works
independent of the low time on the data stream. If the
WUE bit is set and a valid non-zero character is
received, the low time from the Start bit to the first rising
edge will be interpreted as the wake-up event. The
remaining bits in the character will be received as a
fragmented character and subsequent characters can
result in framing or overrun errors.

Therefore, the initial character in the transmission must
be all ‘0’s. This must be 10 or more bit times, 13-bit
times recommended for LIN bus, or any number of bit
times for standard RS-232 devices.

Oscillator Startup Time

Oscillator start-up time must be considered, especially
in applications using oscillators with longer start-up
intervals (i.e., LP, XT or HS/PLL mode). The Sync
Break (or wake-up signal) character must be of
sufficient length, and be followed by a sufficient
interval, to allow enough time for the selected oscillator
to start and provide proper initialization of the EUSART. 

WUE Bit

The wake-up event causes a receive interrupt by
setting the RCIF bit. The WUE bit is cleared in
hardware by a rising edge on RX/DT. The interrupt
condition is then cleared in software by reading the
RCREG register and discarding its contents.

To ensure that no actual data is lost, check the RCIDL
bit to verify that a receive operation is not in process
before setting the WUE bit. If a receive operation is not
occurring, the WUE bit may then be set just prior to
entering the Sleep mode.

FIGURE 12-7: AUTO-WAKE-UP BIT (WUE) TIMING DURING NORMAL OPERATION 

Q1 Q2 Q3 Q4 Q1 Q2 Q3Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1Q2 Q3 Q4

OSC1

WUE bit

RX/DT Line

RCIF

Bit set by user Auto Cleared

Cleared due to User Read of RCREG

Note 1: The EUSART remains in Idle while the WUE bit is set.
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13.3.3 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave is to broadcast data by the software
protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (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 SSPBUF register as
a normal received byte (interrupts and Status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

The clock polarity is selected by appropriately program-
ming the CKP bit of the SSPCON register. This, then,
would give waveforms for SPI communication as
shown in Figure 13-2, Figure 13-4 and Figure 13-5,
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

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 13-2 shows the waveforms for Master mode.
When the CKE bit of the SSPSTAT register 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 of the SSPSTAT register. The time
when the SSPBUF is loaded with the received data is
shown.

FIGURE 13-2: SPI MODE WAVEFORM (MASTER MODE)        
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FIGURE 14-4: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 1

FIGURE 14-5: TIME-OUT SEQUENCE ON POWER-UP (DELAYED MCLR): CASE 2

FIGURE 14-6: TIME-OUT SEQUENCE ON POWER-UP (MCLR WITH VDD)
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TABLE 14-5: INITIALIZATION CONDITION FOR SPECIAL REGISTERS

CM2CON1 109h 0000 0--0 0000 0--0 uuuu u--u

EEDAT 10Ch 0000 0000 0000 0000 uuuu uuuu

EEADR 10Dh 0000 0000 0000 0000 uuuu uuuu

EEDATH 10Eh --00 0000 --00 0000 --uu uuuu

EEADRH 10Fh ---0 0000 ---0 0000 ---u uuuu

SRCON 185h 0000 00-0 0000 00-0 uuuu uu-u

BAUDCTL 187h 01-0 0-00 01-0 0-00 uu-u u-uu

ANSEL 188h 1111 1111 1111 1111 uuuu uuuu

ANSELH 189h 1111 1111 1111 1111 uuuu uuuu

EECON1 18Ch ---- x000 ---- q000 ---- uuuu

EECON2 18Dh ---- ---- ---- ---- ---- ----

Condition
Program
Counter

Status
Register

PCON
Register

Power-on Reset 000h 0001 1xxx --01 --0x

MCLR Reset during normal operation 000h 000u uuuu --0u --uu

MCLR Reset during Sleep 000h 0001 0uuu --0u --uu

WDT Reset 000h 0000 uuuu --0u --uu

WDT Wake-up PC + 1 uuu0 0uuu --uu --uu

Brown-out Reset 000h 0001 1uuu --01 --u0

Interrupt Wake-up from Sleep PC + 1(1) uuu1 0uuu --uu --uu

Legend: u = unchanged,   x = unknown, — = unimplemented bit, reads as ‘0’.

Note 1: When the wake-up is due to an interrupt and Global Interrupt Enable bit, GIE, is set, the PC is loaded with 
the interrupt vector (0004h) after execution of PC + 1.

TABLE 14-4: INITIALIZATION CONDITION FOR REGISTER (CONTINUED)

Register Address
Power-on 

Reset

MCLR Reset
WDT Reset (Continued)

Brown-out Reset(1)

Wake-up from Sleep through 
Interrupt

Wake-up from Sleep through 
WDT Time-out (Continued)

Legend: u = unchanged, x = unknown, – = unimplemented bit, reads as ‘0’, q = value depends on condition.

Note 1: If VDD goes too low, Power-on Reset will be activated and registers will be affected differently.

2: One or more bits in INTCON and/or PIR1 will be affected (to cause wake-up).

3: When the wake-up is due to an interrupt and the GIE bit is set, the PC is loaded with the interrupt 
vector (0004h).

4: See Table 14-5 for Reset value for specific condition.

5: If Reset was due to brown-out, then bit 0 = 0. All other Resets will cause bit 0 = u.

6: Accessible only when SSPCON register bits SSPM<3:0> = 1001.
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14.3 Interrupts

The PIC16F882/883/884/886/887 devices have
multiple interrupt sources:

• External Interrupt RB0/INT

• Timer0 Overflow Interrupt

• PORTB Change Interrupts

• 2 Comparator Interrupts

• A/D Interrupt

• Timer1 Overflow Interrupt

• Timer2 Match Interrupt

• EEPROM Data Write Interrupt

• Fail-Safe Clock Monitor Interrupt

• Enhanced CCP Interrupt

• EUSART Receive and Transmit Interrupts

• Ultra Low-Power Wake-up Interrupt

• MSSP Interrupt

The Interrupt Control register (INTCON) and Peripheral
Interrupt Request Register 1 (PIR1) record individual
interrupt requests in flag bits. The INTCON register
also has individual and global interrupt enable bits. 

A Global Interrupt Enable bit, GIE (INTCON<7>),
enables (if set) all unmasked interrupts, or disables (if
cleared) all interrupts. Individual interrupts can be
disabled through their corresponding enable bits in the
INTCON, PIE1 and PIE2 registers, respectively. GIE is
cleared on Reset.

The Return from Interrupt instruction, RETFIE, exits
the interrupt routine, as well as sets the GIE bit, which
re-enables unmasked interrupts.

The following interrupt flags are contained in the
INTCON register:

• INT Pin Interrupt

• PORTB Change Interrupts

• Timer0 Overflow Interrupt

The peripheral interrupt flags are contained in the PIR1
and PIR2 registers. The corresponding interrupt enable
bits are contained in PIE1 and PIE2 registers.

The following interrupt flags are contained in the PIR1
register:

• A/D Interrupt

• EUSART Receive and Transmit Interrupts

• Timer1 Overflow Interrupt

• Synchronous Serial Port (SSP) Interrupt

• Enhanced CCP1 Interrupt

• Timer1 Overflow Interrupt

• Timer2 Match Interrupt

The following interrupt flags are contained in the PIR2
register:

• Fail-Safe Clock Monitor Interrupt

• 2 Comparator Interrupts

• EEPROM Data Write Interrupt

• Ultra Low-Power Wake-up Interrupt

• CCP2 Interrupt

When an interrupt is serviced:

• The GIE is cleared to disable any further interrupt.

• The return address is pushed onto the stack.

• The PC is loaded with 0004h.

For external interrupt events, such as the INT pin,
PORTB change interrupts, the interrupt latency will be
three or four instruction cycles. The exact latency
depends upon when the interrupt event occurs (see
Figure 14-8). The latency is the same for one or
two-cycle instructions. Once in the Interrupt Service
Routine, the source(s) of the interrupt can be
determined by polling the interrupt flag bits. The
interrupt flag bit(s) must be cleared in software before
re-enabling interrupts to avoid multiple interrupt
requests. 

For additional information on Timer1, Timer2,
comparators, A/D, data EEPROM, EUSART, MSSP or
Enhanced CCP modules, refer to the respective
peripheral section.

14.3.1 RB0/INT INTERRUPT

External interrupt on RB0/INT pin is edge-triggered;
either rising if the INTEDG bit (OPTION_REG<6>) is
set, or falling, if the INTEDG bit is clear. When a valid
edge appears on the RB0/INT pin, the INTF bit
(INTCON<1>) is set. This interrupt can be disabled by
clearing the INTE control bit (INTCON<4>). The INTF
bit must be cleared in software in the Interrupt Service
Routine before re-enabling this interrupt. The RB0/INT
interrupt can wake-up the processor from Sleep, if the
INTE bit was set prior to going into Sleep. The status of
the GIE bit decides whether or not the processor
branches to the interrupt vector following wake-up
(0004h). See Section 14.6 “Power-Down Mode
(Sleep)” for details on Sleep and Figure 14-10 for
timing of wake-up from Sleep through RB0/INT
interrupt.

Note 1: Individual interrupt flag bits are set,
regardless of the status of their
corresponding mask bit or the GIE bit.

2: When an instruction that clears the GIE
bit is executed, any interrupts that were
pending for execution in the next cycle
are ignored. The interrupts, which were
ignored, are still pending to be serviced
when the GIE bit is set again.
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FIGURE 14-8: INT PIN INTERRUPT TIMING

TABLE 14-6: SUMMARY OF INTERRUPT REGISTERS

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

Page

INTCON GIE PEIE T0IE INTE RBIE T0IF INTF RBIF 32

PIE1 — ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMR1IE 33

PIE2 OSFIE C2IE C1IE EEIE BCLIE ULPWUIE — CCP2IE 34

PIR1 — ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF 35

PIR2 OSFIF C2IF C1IF EEIF BCLIF ULPWUIF — CCP2IF 36

Legend: x = unknown, u = unchanged, — = unimplemented read as ‘0’, q = value depends upon condition. 
Shaded cells are not used by the interrupt module.

Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4 Q2Q1 Q3 Q4

OSC1

CLKOUT

INT pin

INTF flag
(INTCON<1>)

GIE bit
(INTCON<7>)

INSTRUCTION FLOW

PC

Instruction
Fetched

Instruction
Executed

Interrupt Latency

PC PC + 1 PC + 1 0004h 0005h

Inst (0004h) Inst (0005h)

Dummy Cycle

Inst (PC) Inst (PC + 1)

Inst (PC – 1) Inst (0004h)Dummy CycleInst (PC)

—

Note 1: INTF flag is sampled here (every Q1).

2: Asynchronous interrupt latency = 3-4 TCY. Synchronous latency = 3 TCY, where TCY = instruction cycle time.
Latency is the same whether Inst (PC) is a single cycle or a 2-cycle instruction.

3: CLKOUT is available only in INTOSC and RC Oscillator modes.

4: For minimum width of INT pulse, refer to AC specifications in Section 17.0 “Electrical Specifications”.

5: INTF is enabled to be set any time during the Q4-Q1 cycles.

(1)

(2)

(3)

(4)

(5)
(1)
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RETFIE Return from Interrupt

Syntax: [ label ]    RETFIE

Operands: None

Operation: TOS  PC,
1  GIE

Status Affected: None

Description: Return from Interrupt. Stack is 
POPed and Top-of-Stack (TOS) 
is loaded in the PC. Interrupts are 
enabled by setting Global
Interrupt Enable bit, GIE 
(INTCON<7>). This is a 2-cycle 
instruction.

Words: 1

Cycles: 2

Example: RETFIE

After Interrupt
PC = TOS
GIE = 1

RETLW Return with literal in W

Syntax: [ label ]    RETLW   k

Operands: 0  k  255

Operation: k  (W); 
TOS  PC

Status Affected: None

Description: The W register is loaded with the 
8-bit literal ‘k’. The program 
counter is loaded from the top of 
the stack (the return address). 
This is a 2-cycle instruction.

Words: 1

Cycles: 2

Example:

TABLE

CALL TABLE;W contains 
table

;offset value
• ;W now has
• ;table value
•
•
ADDWF PC ;W = offset
RETLW k1 ;Begin table
RETLW k2 ;
•
•
•
RETLW kn ;End of table

Before Instruction
W = 0x07

After Instruction
W = value of k8

RETURN Return from Subroutine

Syntax: [ label ]    RETURN

Operands: None

Operation: TOS  PC

Status Affected: None

Description: Return from subroutine. The stack 
is POPed and the top of the stack 
(TOS) is loaded into the program 
counter. This is a 2-cycle instruc-
tion.
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16.0 DEVELOPMENT SUPPORT

The PIC® microcontrollers (MCU) and dsPIC® digital
signal controllers (DSC) are supported with a full range
of software and hardware development tools:

• Integrated Development Environment

- MPLAB® X IDE Software

• Compilers/Assemblers/Linkers

- MPLAB XC Compiler 

- MPASMTM Assembler

- MPLINKTM Object Linker/
MPLIBTM Object Librarian

- MPLAB Assembler/Linker/Librarian for
Various Device Families

• Simulators

- MPLAB X SIM Software Simulator

• Emulators

- MPLAB REAL ICE™ In-Circuit Emulator

• In-Circuit Debuggers/Programmers

- MPLAB ICD 3

- PICkit™ 3 

• Device Programmers

- MPLAB PM3 Device Programmer

• Low-Cost Demonstration/Development Boards, 
Evaluation Kits and Starter Kits

• Third-party development tools

16.1 MPLAB X Integrated Development 
Environment Software

The MPLAB X IDE is a single, unified graphical user
interface for Microchip and third-party software, and
hardware development tool that runs on Windows®,
Linux and Mac OS® X. Based on the NetBeans IDE,
MPLAB X IDE is an entirely new IDE with a host of free
software components and plug-ins for high-
performance application development and debugging.
Moving between tools and upgrading from software
simulators to hardware debugging and programming
tools is simple with the seamless user interface.

With complete project management, visual call graphs,
a configurable watch window and a feature-rich editor
that includes code completion and context menus,
MPLAB X IDE is flexible and friendly enough for new
users. With the ability to support multiple tools on
multiple projects with simultaneous debugging, MPLAB
X IDE is also suitable for the needs of experienced
users.

Feature-Rich Editor:

• Color syntax highlighting

• Smart code completion makes suggestions and 
provides hints as you type

• Automatic code formatting based on user-defined 
rules

• Live parsing

User-Friendly, Customizable Interface:

• Fully customizable interface: toolbars, toolbar 
buttons, windows, window placement, etc.

• Call graph window

Project-Based Workspaces:

• Multiple projects

• Multiple tools

• Multiple configurations

• Simultaneous debugging sessions

File History and Bug Tracking:

• Local file history feature

• Built-in support for Bugzilla issue tracker
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TABLE 17-14: SPI MODE REQUIREMENTS   

FIGURE 17-18: I2C™ BUS START/STOP BITS TIMING

Param 
No.

Symbol Characteristic Min. Typ† Max. Units Conditions

70* TSSL2SCH, 
TSSL2SCL

SS to SCK or SCK input TCY — — ns

71* TSCH SCK input high time (Slave mode) TCY + 20 — — ns

72* TSCL SCK input low time (Slave mode) TCY + 20 — — ns

73* TDIV2SCH, 
TDIV2SCL

Setup time of SDI data input to SCK edge 100 — — ns

74* TSCH2DIL, 
TSCL2DIL

Hold time of SDI data input to SCK edge 100 — — ns

75* TDOR SDO data output rise time 3.0-5.5V — 10 25 ns

2.0-5.5V — 25 50 ns

76* TDOF SDO data output fall time — 10 25 ns

77* TSSH2DOZ SS to SDO output high-impedance 10 — 50 ns

78* TSCR SCK output rise time 
(Master mode)

3.0-5.5V — 10 25 ns

2.0-5.5V — 25 50 ns

79* TSCF SCK output fall time (Master mode) — 10 25 ns

80* TSCH2DOV,
TSCL2DOV

SDO data output valid after 
SCK edge

3.0-5.5V — — 50 ns

2.0-5.5V — — 145 ns

81* TDOV2SCH,
TDOV2SCL

SDO data output setup to SCK edge Tcy — — ns

82* TSSL2DOV SDO data output valid after SS edge — — 50 ns

83* TSCH2SSH,
TSCL2SSH

SS after SCK edge 1.5TCY + 40 — — ns

* These parameters are characterized but not tested.

† Data in “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance 
only and are not tested.

Note: Refer to Figure 17-3 for load conditions.

91

92

93
SCL

SDA

Start
Condition

Stop
Condition

90
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FIGURE 18-1: TYPICAL IDD vs. FOSC OVER VDD (EC MODE)

FIGURE 18-2: MAXIMUM IDD vs. FOSC OVER VDD (EC MODE)

Typical 2V 3V 4V 5V 5.5V
1Mhz 0.086 0.153 0.220 0.277 0.310
2Mhz 0.150 0.2596 0.3718 0.4681 0.5236
4Mhz 0.279 0.472 0.675 0.850 0.951
6Mhz 0.382 0.635 0.903 1.135 1.269
8Mhz 0.486 0.798 1.132 1.420 1.587
10Mhz 0.589 0.961 1.360 1.706 1.905
12Mhz 0.696 1.126 1.596 2.005 2.241
14Mhz 0.802 1.291 1.832 2.304 2.577
16Mhz 0.908 1.457 2.068 2.603 2.913
18Mhz 1.017 1.602 2.268 2.848 3.185
20Mhz 1.126 1.748 2.469 3.093 3.458

Max 2V 3V 4V 5V 5.5V
1Mhz 0.168 0.236 0.315 0.412 0.452
2Mhz 0.261 0.394 0.537 0.704 0.780
4Mhz 0.449 0.710 0.981 1.287 1.435
6Mhz 0.577 0.972 1.331 1.739 1.950
8Mhz 0.705 1.233 1.682 2.191 2.465
10Mhz 0.833 1.495 2.032 2.642 2.979
12Mhz 0.956 1.711 2.372 3.101 3.506
14Mhz 1.078 1.926 2.713 3.560 4.032
16Mhz 1.201 2.142 3.054 4.018 4.558
18Mhz 1.305 2.326 3.295 4.324 4.887
20Mhz 1.409 2.510 3.536 4.630

EC Mode

3V

4V

5V

5.5V

2V
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A
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Typical: Statistical Mean @25°C
Maximum: Mean (Worst-case Temp) + 3
(-40°C to 125°C)
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0.0
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Typical: Statistical Mean @25°C
Maximum: Mean (Worst-case Temp) + 3
(-40°C to 125°C)
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FIGURE 18-47: TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (3V, 85°C)

FIGURE 18-48: TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (3V, 125°C)

Typical VP6 Reference Voltage Distribution (VDD=3V, 85×C)

0

5

10

15

20

25

30

35

40
0

.5
0

0

0
.5

1
0

0
.5

2
0

0
.5

3
0

0
.5

4
0

0
.5

5
0

0
.5

6
0

0
.5

7
0

0
.5

8
0

0
.5

9
0

0
.6

0
0

0
.6

1
0

0
.6

2
0

0
.6

3
0

0
.6

4
0

0
.6

5
0

0
.6

6
0

0
.6

7
0

0
.6

8
0

0
.6

9
0

0
.7

0
0

Voltage (V)

N
u

m
b

er
 o

f 
P

ar
ts

Parts=118

Typical VP6 Reference Voltage Distribution (VDD=3V, 125×C)

0

5

10

15

20

25

30

35

40

0.
5

0
0

0.
5

1
0

0.
5

2
0

0.
5

3
0

0.
5

4
0

0.
5

5
0

0.
5

6
0

0.
5

7
0

0.
5

8
0

0.
5

9
0

0.
6

0
0

0.
6

1
0

0.
6

2
0

0.
6

3
0

0.
6

4
0

0.
6

5
0

0.
6

6
0

0.
6

7
0

0.
6

8
0

0.
6

9
0

0.
7

0
0

Voltage (V)

N
u

m
b

e
r 

o
f 

P
a

rt
s

Parts=118
DS40001291H-page 294  2006-2015 Microchip Technology Inc.



PIC16F882/883/884/886/887
FIGURE 18-49: TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (3V, -40°C)

FIGURE 18-50: TYPICAL VP6 REFERENCE VOLTAGE DISTRIBUTION (5V, 25°C)

Typical VP6 Reference Voltage Distribution (VDD=3V, -40×C)
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