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Welcome to E-XFL.COM

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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Voltage - Supply (Vcc/Vdd) 2.3V ~ 5.5V

Data Converters A/D 24x10b; D/A 1x5b
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PIC16(L)F18856/76
PIC16(L)F188XX Family Types
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PIC16(L)F18854 (1) 4096 7 256 512 25 24 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18855 (2) 8192 14 256 1024 25 24 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18856 (3) 16384 28 256 2048 25 24 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18857 (4) 32768 56 256 4096 25 24 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18875 (2) 8192 14 256 1024 36 35 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18876 (3) 16384 28 256 2048 36 35 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

PIC16(L)F18877 (4) 32768 56 256 4096 36 35 1 2 3/4 2 Y Y 5/2 Y 3 1 4 1 1/2 Y Y

Note 1: One pin is input-only.

Data Sheet Index: (Unshaded devices are described in this document)
1: DS40001826 PIC16(L)F18854 Data Sheet, 28-Pin, Full-Featured 8-bit Microcontrollers
2: DS40001802 PIC16(L)F18855/75 Data Sheet, 28/40-Pin, Full-Featured 8-bit Microcontrollers
3: DS40001824 PIC16(L)F18856/76 Data Sheet, 28/40-Pin, Full-Featured 8-bit Microcontrollers
4: DS40001825 PIC16(L)F18857/77 Data Sheet, 28/40-Pin, Full-Featured 8-bit Microcontrollers

Note: For other small form-factor package availability and marking information, please visit
http://www.microchip.com/packaging or contact your local sales office.
 2016-2017 Microchip Technology Inc. DS40001824B-page 3



PIC16(L)F18856/76
RB2/ANB2/SDA2(3,4)/SDI2(1)/
CWG3IN(1)/IOCB2

RB2 TTL/ST CMOS/OD General purpose I/O.

ANB2 AN — ADC Channel B2 input.

SDA2(3,4) I2C/SMBus OD MSSP2 I2C serial data input/output.

SDI2(1) TTL/ST — MSSP2 SPI serial data input.

CWG3IN(1) TTL/ST — Complementary Waveform Generator 3 input.

IOCB2 TTL/ST — Interrupt-on-change input.

RB3/ANB3/C1IN2-/C2IN2-/IOCB3 RB3 TTL/ST CMOS/OD General purpose I/O.

ANB3 AN — ADC Channel B3 input.

C1IN2- AN — Comparator negative input.

C2IN2- AN — Comparator negative input.

IOCB3 TTL/ST — Interrupt-on-change input.

RB4/ANB4/ADCACT(1)/T5G(1)/
SMTWIN2(1)/IOCB4

RB4 TTL/ST CMOS/OD General purpose I/O.

ANB4 AN — ADC Channel B4 input.

ADCACT(1) TTL/ST — ADC Auto-Conversion Trigger input.

T5G(1) TTL/ST — Timer5 gate input.

SMTWIN2(1) TTL/ST — Signal Measurement Timer2 (SMT2) window input.

IOCB4 TTL/ST — Interrupt-on-change input.

RB5/ANB5/T1G(1)/SMTSIG2(1)/
CCP3(1)/IOCB5

RB5 TTL/ST CMOS/OD General purpose I/O.

ANB5 AN — ADC Channel B5 input.

T1G(1) TTL/ST — Timer1 gate input.

SMTSIG2(1) TTL/ST — Signal Measurement Timer2 (SMT2) signal input.

CCP3(1) TTL/ST CMOS/OD Capture/compare/PWM3 (default input location for capture 
function).

IOCB5 TTL/ST — Interrupt-on-change input.

RB6/ANB6/CLCIN2(1)/IOCB6/
ICSPCLK

RB6 TTL/ST CMOS/OD General purpose I/O.

ANB6 AN — ADC Channel B6 input.

CLCIN2(1) TTL/ST — Configurable Logic Cell source input.

IOCB6 TTL/ST — Interrupt-on-change input.

ICSPCLK ST — In-Circuit Serial Programming™ and debugging clock input.

RB7/ANB7/DAC1OUT2/T6IN(1)/
CLCIN3(1)/IOCB7/ICSPDAT

RB7 TTL/ST CMOS/OD General purpose I/O.

ANB7 AN — ADC Channel B7 input.

DAC1OUT2 — AN Digital-to-Analog Converter output.

T6IN(1) TTL/ST — Timer6 external digital clock input.

CLCIN3(1) TTL/ST — Configurable Logic Cell source input.

IOCB7 TTL/ST — Interrupt-on-change input.

ICSPDAT ST CMOS In-Circuit Serial Programming™ and debugging data input/
output.

TABLE 1-3: PIC16F18876 PINOUT DESCRIPTION (CONTINUED) 

Name Function Input Type Output Type Description

Legend: AN =  Analog input or output  CMOS = CMOS compatible input or output  OD = Open-Drain
TTL =  TTL compatible input  ST = Schmitt Trigger input with CMOS levels I2C = Schmitt Trigger input with I2CHV= 
High Voltage XTAL= Crystal levels

Note 1: This is a PPS remappable input signal. The input function may be moved from the default location shown to one of several other PORTx 
pins. Refer to Table 13-1 for details on which PORT pins may be used for this signal.

2: All output signals shown in this row are PPS remappable. These signals may be mapped to output onto one of several PORTx pin options 
as described in Table 13-3.

3: This is a bidirectional signal. For normal module operation, the firmware should map this signal to the same pin in both the PPS input and 
PPS output registers.

4: These pins are configured for I2C logic levels. The SCLx/SDAx signals may be assigned to any of the RB1/RB2/RC3/RC4 pins. PPS 
assignments to the other pins (e.g., RA5) will operate, but input logic levels will be standard TTL/ST, as selected by the INLVL register, 
instead of the I2C specific or SMBus input buffer thresholds.
 2016-2017 Microchip Technology Inc. DS40001824B-page 28
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Ba

E2 LC2G3D1N xxxx xxxx uuuu uuuu

E2 LC2G4D1N xxxx xxxx uuuu uuuu

E2 0-x0 0000 0-x0 0000

E2 LC3G1POL 0--- xxxx 0--- uuuu

E2 --xx xxxx --uu uuuu

E2 --xx xxxx --uu uuuu

E2 --xx xxxx --uu uuuu

E2 --xx xxxx --uu uuuu

E2 LC3G1D1N xxxx xxxx uuuu uuuu

E2 LC3G2D1N xxxx xxxx uuuu uuuu

E2 LC3G3D1N xxxx xxxx uuuu uuuu

E2 LC3G4D1N xxxx xxxx uuuu uuuu

E2 0-x0 0000 0-x0 0000

E2 LC4G1POL 0--- xxxx 0--- uuuu

E3 --xx xxxx --uu uuuu

E3 --xx xxxx --uu uuuu

E3 --xx xxxx --uu uuuu

E3 --xx xxxx --uu uuuu

E3 LC4G1D1N xxxx xxxx uuuu uuuu

E3 LC4G2D1N xxxx xxxx uuuu uuuu

E3 LC4G3D1N xxxx xxxx uuuu uuuu

E3 LC4G4D1N xxxx xxxx uuuu uuuu

E3
E6

— —

TA

A Bit 0
Value on:
POR, BOR

Value on all 
other Resets

Le ‘0’. 
No
nk 28 (Continued)

2h CLC2GLS2 LC2G3D4T LC2G3D4N LC2G3D3T LC2G3D3N LC2G3D2T LC2G3D2N LC2G3D1T

3h CLC2GLS3 LC2G4D4T LC2G4D4N LC2G4D3T LC2G4D3N LC2G4D2T LC2G4D2N LC2G4D1T

4h CLC3CON LC3EN — LC3OUT LC3INTP LC3INTN LC3MODE<2:0>

5h CLC3POL LC3POL — — — LC3G4POL LC3G3POL LC3G2POL

6h CLC3SEL0 — — LC3D1S<5:0>

7h CLC3SEL1 — — LC3D2S<5:0>

8h CLC3SEL2 — — LC3D3S<5:0>

9h CLC3SEL3 — — LC3D4S<5:0>

Ah CLC3GLS0 LC3G1D4T LC3G1D4N LC3G1D3T LC3G1D3N LC3G1D2T LC3G1D2N LC3G1D1T

Bh CLC3GLS1 LC3G2D4T LC3G2D4N LC3G2D3T LC3G2D3N LC3G2D2T LC3G2D2N LC3G2D1T

Ch CLC3GLS2 LC3G3D4T LC3G3D4N LC3G3D3T LC3G3D3N LC3G3D2T LC3G3D2N LC3G3D1T

Dh CLC3GLS3 LC3G4D4T LC3G4D4N LC3G4D3T LC3G4D3N LC3G4D2T LC3G4D2N LC3G4D1T

Eh CLC4CON LC4EN — LC4OUT LC4INTP LC4INTN LC4MODE<2:0>

Fh CLC4POL LC4POL — — — LC4G4POL LC4G3POL LC4G2POL

0h CLC4SEL0 — — LC4D1S<5:0>

1h CLC4SEL1 — — LC4D2S<5:0>

2h CLC4SEL2 — — LC4D3S<5:0>

3h CLC4SEL3 — — LC4D4S<5:0>

4h CLC4GLS0 LC4G1D4T LC4G1D4N LC4G1D3T LC4G1D3N LC4G1D2T LC4G1D2N LC4G1D1T

5h CLC4GLS1 LC4G2D4T LC4G2D4N LC4G2D3T LC4G2D3N LC4G2D2T LC4G2D2N LC4G2D1T

6h CLC4GLS2 LC4G3D4T LC4G3D4N LC4G3D3T LC4G3D3N LC4G3D2T LC4G3D2N LC4G3D1T

7h CLC4GLS3 LC4G4D4T LC4G4D4N LC4G4D3T LC4G4D3N LC4G4D2T LC4G4D2N LC4G4D1T

8h to 
Fh

— — Unimplemented

BLE 3-13: SPECIAL FUNCTION REGISTER SUMMARY BANKS 0-31 (CONTINUED)

ddress Name

P
IC

16
(L

)F
18

8
56

P
IC

16
(L

)F
18

8
76

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

gend: x = unknown, u = unchanged, q =depends on condition, - = unimplemented, read as ‘0’, r = reserved. Shaded locations unimplemented, read as 
te 1: Register present on PIC16F18855/75 devices only.

2: Unimplemented, read as ‘1’.



PIC16(L)F18856/76
7.1 Operation

Interrupts are disabled upon any device Reset. They
are enabled by setting the following bits:

• GIE bit of the INTCON register

• Interrupt Enable bit(s) for the specific interrupt 
event(s)

• PEIE bit of the INTCON register (if the Interrupt 
Enable bit of the interrupt event is contained in the 
PIEx registers)

The PIR1, PIR2, PIR3 and PIR4 registers record
individual interrupts via interrupt flag bits. Interrupt flag
bits will be set, regardless of the status of the GIE, PEIE
and individual interrupt enable bits.

The following events happen when an interrupt event
occurs while the GIE bit is set:

• Current prefetched instruction is flushed

• GIE bit is cleared

• Current Program Counter (PC) is pushed onto the 
stack

• Critical registers are automatically saved to the 
shadow registers (See “Section 7.5 “Automatic 
Context Saving”)

• PC is loaded with the interrupt vector 0004h

The firmware within the Interrupt Service Routine (ISR)
should determine the source of the interrupt by polling
the interrupt flag bits. The interrupt flag bits must be
cleared before exiting the ISR to avoid repeated
interrupts. Because the GIE bit is cleared, any interrupt
that occurs while executing the ISR will be recorded
through its interrupt flag, but will not cause the
processor to redirect to the interrupt vector. 

The RETFIE instruction exits the ISR by popping the
previous address from the stack, restoring the saved
context from the shadow registers and setting the GIE
bit.

For additional information on a specific interrupt’s
operation, refer to its peripheral chapter.

7.2 Interrupt Latency

Interrupt latency is defined as the time from when the
interrupt event occurs to the time code execution at the
interrupt vector begins. The latency for synchronous
interrupts is three or four instruction cycles. For
asynchronous interrupts, the latency is three to five
instruction cycles, depending on when the interrupt
occurs. See Figure 7-2 and Figure 7-3 for more details.

Note 1: Individual interrupt flag bits are set,
regardless of the state of any other
enable bits.

2: All interrupts will be ignored while the GIE
bit is cleared. Any interrupt occurring
while the GIE bit is clear will be serviced
when the GIE bit is set again.
 2016-2017 Microchip Technology Inc. DS40001824B-page 130



PIC16(L)F18856/76
REGISTER 7-9: PIE7: PERIPHERAL INTERRUPT ENABLE REGISTER 7

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0

SCANIE CRCIE NVMIE NCO1IE — CWG3IE CWG2IE CWG1IE

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 HS = Hardware set

bit 7 SCANIE: Scanner Interrupt Enable bit
1 = Enables the scanner interrupt
0 = Disables the scanner interrupt

bit 6 CRCIE: CRC Interrupt Enable bit
1 = Enables the CRC interrupt
0 = Disables the CRC interrupt

bit 5 NVMIE: NVM Interrupt Enable bit
1 = NVM task complete interrupt enabled
0 = NVM interrupt not enabled

bit 4 NCO1IE: NCO Interrupt Enable bit
1 = NCO rollover interrupt enabled
0 = NCO rollover interrupt disabled

bit 3 Unimplemented: Read as ‘0’.

bit 2 CWG3IE: Complementary Waveform Generator (CWG) 3 Interrupt Enable bit
1 = CWG3 interrupt enabled
0 =   CWG3 interrupt disabled

bit 1 CWG2IE: Complementary Waveform Generator (CWG) 2 Interrupt Enable bit
1 = CWG2 interrupt is enabled
0 =   CWG2 interrupt disabled

bit 0 CWG1IE: Complementary Waveform Generator (CWG) 2 Interrupt Enable bit
1 = CWG1 interrupt is enabled
0 =   CWG1 interrupt disabled

Note: Bit PEIE of the INTCON register must be
set to enable any peripheral interrupt
controlled by registers PIE1-PIE8.
 2016-2017 Microchip Technology Inc. DS40001824B-page 142



PIC16(L)F18856/76
12.8.8 CURRENT-CONTROLLED DRIVE 
MODE CONTROL

The CCDPC and CCDNC registers (Register 12-30
and Register 12-31) control the Current-Controlled
Drive mode for both the positive-going and nega-
tive-going drivers. When a CCDPC[y] or CCDNC[y] bit
is set and the CCDEN bit of the CCDCON register is
set, the Current-Controlled mode is enabled for the cor-
responding port pin. When the CCDPC[y] or CCDNC[y]
bit is clear, the Current-Controlled mode for the corre-
sponding port pin is disabled. If the CCDPC[y] or
CCDNC[y] bit is set and the CCDEN bit is clear, opera-
tion of the port pin is undefined (see Section 12.1.1
“Current-Controlled Drive” for current-controlled use
precautions).

12.8.9 PORTC FUNCTIONS AND OUTPUT 
PRIORITIES

Each pin defaults to the PORT latch data after Reset.
Other output functions are selected with the peripheral
pin select logic. See Section 13.0 “Peripheral Pin
Select (PPS) Module” for more information.

Analog input functions, such as ADC and comparator
inputs, are not shown in the peripheral pin select lists.
Digital output functions may continue to control the pin
when it is in Analog mode.
 2016-2017 Microchip Technology Inc. DS40001824B-page 219
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18.12 Register Definitions: Comparator Control

  

REGISTER 18-1: CMxCON0: COMPARATOR Cx CONTROL REGISTER 0

R/W-0/0 R-0/0 U-0 R/W-0/0 U-0 U-0 R/W-0/0 R/W-0/0

ON OUT — POL — — HYS SYNC

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 ON: Comparator Enable bit

1 = Comparator is enabled
0 = Comparator is disabled and consumes no active power

bit 6 OUT: Comparator Output bit

If CxPOL = 1 (inverted polarity):
1 = CxVP < CxVN
0 = CxVP > CxVN
If CxPOL = 0 (non-inverted polarity):
1 = CxVP > CxVN
0 = CxVP < CxVN

bit 5 Unimplemented: Read as ‘0’

bit 4 POL: Comparator Output Polarity Select bit

1 = Comparator output is inverted
0 = Comparator output is not inverted

bit 3-2 Unimplemented: Read as ‘0’

bit 1 HYS: Comparator Hysteresis Enable bit 

1 = Comparator hysteresis enabled
0 = Comparator hysteresis disabled

bit 0 SYNC: Comparator Output Synchronous Mode bit

1 = Comparator output to Timer1 and I/O pin is synchronous to changes on Timer1 clock source.
Output updated on the falling edge of Timer1 clock source.

0 = Comparator output to Timer1 and I/O pin is asynchronous
 2016-2017 Microchip Technology Inc. DS40001824B-page 279



PIC16(L)F18856/76
20.1.4 STEERING MODES

In Steering modes, the data input can be steered to any
or all of the four CWG output pins. In Synchronous
Steering mode, changes to steering selection registers
take effect on the next rising input.

In Non-Synchronous mode, steering takes effect on the
next instruction cycle. Additional details are provided in
Section 20.9 “CWG Steering Mode”.

FIGURE 20-4: SIMPLIFIED CWG BLOCK DIAGRAM (OUTPUT STEERING MODES)

20.2 Clock Source

The CWG module allows the following clock sources to
be selected:

• Fosc (system clock)

• HFINTOSC (16 MHz only)

The clock sources are selected using the CS bit of the
CWGxCLKCON register.

Rev. 10-000164B
8/26/2015

D

E

Q

Q

EN

SHUTDOWN

CWGxISM <3:0>

CWG_dataA

CWG_dataB

CWG_dataC

CWG_dataD

CWG_data

R

See
CWGxISM
Register
 2016-2017 Microchip Technology Inc. DS40001824B-page 295
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20.12 Configuring the CWG

The following steps illustrate how to properly configure
the CWG. 

1. Ensure that the TRIS control bits corresponding
to the desired CWG pins for your application are
set so that the pins are configured as inputs.

2. Clear the EN bit, if not already cleared.

3. Set desired mode of operation with the MODE
bits.

4. Set desired dead-band times, if applicable to
mode, with the CWGxDBR and CWGxDBF reg-
isters.

5. Setup the following controls in the CWGxAS0
and CWGxAS1 registers.

a. Select the desired shutdown source.

b. Select both output overrides to the desired
levels (this is necessary even if not using auto-
shutdown because start-up will be from a shut-
down state).

c. Set which pins will be affected by auto-shut-
down with the CWGxAS1 register.

d. Set the SHUTDOWN bit and clear the REN bit.

6. Select the desired input source using the
CWGxISM register.

7. Configure the following controls.

a. Select desired clock source using the
CWGxCLKCON register.

b. Select the desired output polarities using the
CWGxCON1 register.

c. Set the output enables for the desired outputs.

8. Set the EN bit.

9. Clear TRIS control bits corresponding to the
desired output pins to configure these pins as
outputs.

10. If auto-restart is to be used, set the REN bit and
the SHUTDOWN bit will be cleared automati-
cally. Otherwise, clear the SHUTDOWN bit to
start the CWG.

20.12.1 PIN OVERRIDE LEVELS

The levels driven to the output pins, while the shutdown
input is true, are controlled by the LSBD and LSAC bits
of the CWGxAS0 register. LSBD<1:0> controls the
CWGxB and D override levels and LSAC<1:0> controls
the CWGxA and C override levels. The control bit logic
level corresponds to the output logic drive level while in
the shutdown state. The polarity control does not affect
the override level.

20.12.2 AUTO-SHUTDOWN RESTART

After an auto-shutdown event has occurred, there are
two ways to resume operation:

• Software controlled

• Auto-restart

The restart method is selected with the REN bit of the
CWGxCON2 register. Waveforms of software controlled
and automatic restarts are shown in Figure 20-13 and
Figure 20-14.

20.12.2.1 Software Controlled Restart

When the REN bit of the CWGxAS0 register is cleared,
the CWG must be restarted after an auto-shutdown
event by software. Clearing the shutdown state
requires all selected shutdown inputs to be low, other-
wise the SHUTDOWN bit will remain set. The overrides
will remain in effect until the first rising edge event after
the SHUTDOWN bit is cleared. The CWG will then
resume operation.

20.12.2.2 Auto-Restart

When the REN bit of the CWGxCON2 register is set,
the CWG will restart from the auto-shutdown state
automatically. The SHUTDOWN bit will clear automati-
cally when all shutdown sources go low. The overrides
will remain in effect until the first rising edge event after
the SHUTDOWN bit is cleared. The CWG will then
resume operation.
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23.1 ADC Configuration 

When configuring and using the ADC the following
functions must be considered:

• Port configuration

• Channel selection

• ADC voltage reference selection

• ADC conversion clock source

• Interrupt control

• Result formatting

• Conversion Trigger Selection

• ADC Acquisition Time

• ADC Precharge Time

• Additional Sample and Hold Capacitor

• Single/Double Sample Conversion

• Guard Ring Outputs

23.1.1 PORT CONFIGURATION

The ADC can be used to convert both analog and
digital signals. When converting analog signals, the I/O
pin should be configured for analog by setting the
associated TRIS and ANSEL bits. Refer to
Section 12.0 “I/O Ports” for more information.

23.1.2 CHANNEL SELECTION

There are several channel selections available:

• Eight PORTA pins (RA<7:0>)

• Eight PORTB pins (RB<7:0>)

• Eight PORTC pins (RC<7:0>)

• Eight PORTD pins (RD<7:0>, PIC16(L)F18875 
only)

• Three PORTE pins (RE<2:0>, PIC16(L)F18875 
only)

• Temperature Indicator

• DAC output

• Fixed Voltage Reference (FVR)

• AVSS (ground)

The ADPCH register determines which channel is
connected to the sample and hold circuit.

When changing channels, a delay is required before
starting the next conversion. Refer to Section 23.2
“ADC Operation” for more information.

23.1.3 ADC VOLTAGE REFERENCE

The ADPREF bits of the ADREF register provides
control of the positive voltage reference. The positive
voltage reference can be:

• VREF+ pin
• VDD

• FVR 1.024V
• FVR 2.048V
• FVR 4.096V

The ADNREF bit of the ADREF register provides
control of the negative voltage reference. The negative
voltage reference can be:

• VREF- pin
• VSS

See Section 16.0 “Fixed Voltage Reference (FVR)”
for more details on the Fixed Voltage Reference.

23.1.4  CONVERSION CLOCK

The source of the conversion clock is software
selectable via the ADCLK register and the ADCS bit of
the ADCON0 register. There are two possible clock
sources:

• FOSC/(2*(n+1)) (where n is from 0 to 63),
• FRC (dedicated RC oscillator)

The time to complete one bit conversion is defined as
TAD. One full 10-bit conversion requires 11.5 TAD peri-
ods as shown in Figure 23-2.

For correct conversion, the appropriate TAD specification
must be met. Refer to Table 37-13 for more information.
Table 23-1 gives examples of appropriate ADC clock
selections.

Note: Analog voltages on any pin that is defined
as a digital input may cause the input
buffer to conduct excess current.

Note: It is recommended that when switching
from an ADC channel of a higher voltage
to a channel of a lower voltage, the soft-
ware selects the VSS channel before
switching to the channel of the lower volt-
age. If the ADC does not have a dedicated
VSS input channel, the VSS selection
(DAC1R<4:0> = b'00000') through the
DAC output channel can be used. If the
DAC is in use, a free input channel can be
connected to VSS, and can be used in
place of the DAC.

Note 1: Unless using the FRC, any changes in
the system clock frequency will change
the ADC clock frequency, which may
adversely affect the ADC result.

2: The internal control logic of the ADC runs
off of the clock selected by the ADCS bit of
ADCON0. What this can mean is when the
ADCS bit of ADCON0 is set to 1 (ADC runs
on FRC), there may be unexpected delays
in operation when setting ADC control bits.
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REGISTER 26-4: MDCARH: MODULATION HIGH CARRIER CONTROL REGISTER

U-0 U-0 U-0 U-0 R/W-x/u R/W-x/u R/W-x/u R/W-x/u

— — — — MDCHS<3:0>(1)

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 7-4 Unimplemented: Read as ‘0’

bit 3-0 MDCHS<3:0> Modulator Data High Carrier Selection bits (1)

1111 = LC4_out
1110 = LC3_out
1101 = LC2_out
1100 = LC1_out
1011 = NCO output
1010 = PWM7_out 
1001 = PWM6_out
1000 = CCP5 output (PWM Output mode only)
0111 = CCP4 output (PWM Output mode only)
0110 = CCP3 output (PWM Output mode only)
0101 = CCP2 output (PWM Output mode only)
0100 = CCP1 output (PWM Output mode only)
0011 = Reference clock module signal (CLKR)
0010 = HFINTOSC
0001 = FOSC

0000 = Pin selected by MDCARHPPS

Note 1: Narrowed carrier pulse widths or spurs may occur in the signal stream if the carrier is not synchronized.
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29.5.6 EDGE-TRIGGERED ONE-SHOT 
MODE

The Edge-Triggered One-Shot modes start the timer 
on an edge from the external signal input, after the ON 
bit is set, and clear the ON bit when the timer matches 
the PRx period value. The following edges will start the 
timer:
• Rising edge (MODE<4:0> = 01001)

• Falling edge (MODE<4:0> = 01010)

• Rising or Falling edge (MODE<4:0> = 01011)

If the timer is halted by clearing the ON bit then another
TMRx_ers edge is required after the ON bit is set to
resume counting. Figure 29-9 illustrates operation in
the rising edge One-Shot mode.

When Edge-Triggered One-Shot mode is used in con-
junction with the CCP then the edge-trigger will activate
the PWM drive and the PWM drive will deactivate when
the timer matches the CCPRx pulse width value and
stay deactivated when the timer halts at the PRx period
count match.

FIGURE 29-9: EDGE-TRIGGERED ONE-SHOT MODE TIMING DIAGRAM (MODE = 01001)

Rev. 10-000200B
5/19/2016

TMRx_clk

ON

PRx

TMRx

BSF BSF

5

0 1 2 3 4 5 0 1

MODE 0b01001

2

CCP_pset

TMRx_postscaled

BCF

TMRx_ers

PWM Duty 
Cycle 3

PWM Output

Instruction(1)

Note 1:   BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to 
set or clear the ON bit of TxCON. CPU execution is asynchronous to the timer clock input.
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31.5.3.3 7-bit Transmission with Address 
Hold Enabled

Setting the AHEN bit of the SSPxCON3 register
enables additional clock stretching and interrupt
generation after the eighth falling edge of a received
matching address. Once a matching address has
been clocked in, CKP is cleared and the SSPxIF
interrupt is set.

Figure 31-19 displays a standard waveform of a 7-bit
address slave transmission with AHEN enabled.

1. Bus starts Idle.

2. Master sends Start condition; the S bit of
SSPxSTAT is set; SSPxIF is set if interrupt on
Start detect is enabled.

3. Master sends matching address with R/W bit
set. After the eighth falling edge of the SCL line
the CKP bit is cleared and SSPxIF interrupt is
generated.

4. Slave software clears SSPxIF.

5. Slave software reads ACKTIM bit of SSPxCON3
register, and R/W and D/A of the SSPxSTAT
register to determine the source of the interrupt.

6. Slave reads the address value from the
SSPxBUF register clearing the BF bit.

7. Slave software decides from this information if it
wishes to ACK or not ACK and sets the ACKDT
bit of the SSPxCON2 register accordingly.

8. Slave sets the CKP bit releasing SCL.

9. Master clocks in the ACK value from the slave.

10. Slave hardware automatically clears the CKP bit
and sets SSPxIF after the ACK if the R/W bit is
set.

11. Slave software clears SSPxIF.

12. Slave loads value to transmit to the master into
SSPxBUF setting the BF bit.

13. Slave sets the CKP bit releasing the clock.

14. Master clocks out the data from the slave and
sends an ACK value on the ninth SCL pulse.

15. Slave hardware copies the ACK value into the
ACKSTAT bit of the SSPxCON2 register.

16. Steps 10-15 are repeated for each byte transmit-
ted to the master from the slave.

17. If the master sends a not ACK the slave
releases the bus allowing the master to send a
Stop and end the communication.

Note: SSPxBUF cannot be loaded until after the
ACK.

Note: Master must send a not ACK on the last
byte to ensure that the slave releases the
SCL line to receive a Stop.
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FIGURE 32-1: SMT BLOCK DIAGRAM   

FIGURE 32-2: SMT SIGNAL AND WINDOW BLOCK DIAGRAM   

Rev. 10-000161C
7/28/2015
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MOVWI Move W to INDFn

Syntax: [ label ] MOVWI ++FSRn
[ label ] MOVWI --FSRn
[ label ] MOVWI FSRn++
[ label ] MOVWI FSRn--
[ label ] MOVWI k[FSRn]

Operands: n  [0,1]
mm  [00,01, 10, 11]
-32  k  31

Operation: W  INDFn
Effective address is determined by
• FSR + 1 (preincrement)
• FSR - 1 (predecrement)
• FSR + k (relative offset)
After the Move, the FSR value will be 
either:
• FSR + 1 (all increments)
• FSR - 1 (all decrements)
Unchanged

Status Affected:  None

 Mode  Syntax  mm

 Preincrement   ++FSRn  00

 Predecrement   --FSRn  01

 Postincrement  FSRn++  10

 Postdecrement  FSRn--  11

Description: This instruction is used to move data 
between W and one of the indirect 
registers (INDFn). Before/after this 
move, the pointer (FSRn) is updated by 
pre/post incrementing/decrementing it.

Note: The INDFn registers are not 
physical registers. Any instruction that 
accesses an INDFn register actually 
accesses the register at the address 
specified by the FSRn.

FSRn is limited to the range 
0000h-FFFFh. 
Incrementing/decrementing it beyond 
these bounds will cause it to 
wrap-around.

The increment/decrement operation on 
FSRn WILL NOT affect any Status bits.

NOP No Operation

Syntax: [ label ]    NOP

Operands: None

Operation: No operation

Status Affected: None

Description: No operation.

Words: 1

Cycles: 1

Example: NOP

RESET Software Reset

Syntax: [ label ]   RESET

Operands: None

Operation: Execute a device Reset. Resets the 
RI flag of the PCON register. 

Status Affected: None

Description: This instruction provides a way to 
execute a hardware Reset by 
software.

RETFIE Return from Interrupt

Syntax: [ label ]    RETFIE k

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
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XORLW Exclusive OR literal with W

Syntax: [ label ] XORLW   k

Operands: 0 k 255

Operation: (W) .XOR. k W)

Status Affected: Z

Description: The contents of the W register are 
XOR’ed with the 8-bit literal ‘k’. The 
result is placed in the W register.

XORWF Exclusive OR W with f

Syntax: [ label ] XORWF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (W) .XOR. (f) destination)

Status Affected: Z

Description: Exclusive OR the contents of the W 
register with register ‘f’. If ‘d’ is ‘0’, the 
result is stored in the W register. If ‘d’ 
is ‘1’, the result is stored back in 
register ‘f’.
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Note: Unless otherwise noted, VIN = 5V, FOSC = 300 kHz, CIN = 0.1 µF, TA = 25°C.

FIGURE 38-43: Temp. Indicator Initial Offset, 
Low Range, Temp. = 20°C, PIC16LF18856/76 
Only.

FIGURE 38-44: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 5.5V, 
PIC16F18856/76 Only.

FIGURE 38-45: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 3.6V.

FIGURE 38-46: Temp. Indicator Slope 
Normalized to 20°C, High Range, VDD = 3.0V.

FIGURE 38-47: Temp. Indicator Slope 
Normalized to 20°C, Low Range, VDD = 3.6V.

FIGURE 38-48: Temp. Indicator Slope 
Normalized to 20°C, Low Range, VDD = 3.0V.
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39.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on I/O, most peripherals and internal registers. 

The MPLAB X SIM Software Simulator fully supports
symbolic debugging using the MPLAB XC Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool. 

39.7 MPLAB REAL ICE In-Circuit 
Emulator System

The MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

The emulator is connected to the design engineer’s
PC using a high-speed USB 2.0 interface and is
connected to the target with either a connector
compatible with in-circuit debugger systems (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CAT5). 

The emulator is field upgradeable through future firm-
ware downloads in MPLAB X IDE. MPLAB REAL ICE
offers significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

39.8 MPLAB ICD 3 In-Circuit Debugger 
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected to the design engineer’s PC using a high-
speed USB 2.0 interface and is connected to the target
with a connector compatible with the MPLAB ICD 2 or
MPLAB REAL ICE systems (RJ-11). MPLAB ICD 3
supports all MPLAB ICD 2 headers.

39.9 PICkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and program-
ming of PIC and dsPIC Flash microcontrollers at a most
affordable price point using the powerful graphical user
interface of the MPLAB IDE. The MPLAB PICkit 3 is
connected to the design engineer’s PC using a full-
speed USB interface and can be connected to the tar-
get via a Microchip debug (RJ-11) connector (compati-
ble with MPLAB ICD 3 and MPLAB REAL ICE). The
connector uses two device I/O pins and the Reset line
to implement in-circuit debugging and In-Circuit Serial
Programming™ (ICSP™).

39.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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40.2 Package Details

The following sections give the technical details of the packages.
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