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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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C16(L)F18313 (A) 3.5 2 256 256 6 5 1 1 1/1/1 2/2 1 1
C16(L)F18323 (A) 3.5 2 256 256 12 11 2 1 1/1/1 2/2 1 1
C16(L)F18324 (B) 7 4 256 512 12 11 2 1 1/3/3 4/2 2 1
C16(L)F18325 (C) 14 8 256 1K 12 11 2 1 1/3/3 4/2 2 1
C16(L)F18326 (D) 28 16 256 2K 12 11 2 1 1/3/3 4/2 2 1
C16(L)F18344 (B) 7 4 256 512 18 17 2 1 1/3/3 4/2 2 1
C16(L)F18345 (C) 14 8 256 1K 18 17 2 1 1/3/3 4/2 2 1
C16(L)F18346 (D) 28 16 256 2K 18 17 2 1 1/3/3 4/2 2 1
te 1: One pin is input-only. 

2: Debugging Methods: (I) – Integrated on Chip; E – using Emulation Header. 
ta Sheet Index: (Unshaded devices are described in this document.)
te A: DS40001799    PIC16(L)F18313/18323 Data Sheet,Full-Featured, Low Pin Count Microcontrollers with XLP

B: DS40001800 PIC16(L)F18324/18344 Data Sheet,Full-Featured, Low Pin Count Microcontrollers with XLP
C: DS40001795 PIC16(L)F18325/18345 Data Sheet,Full-Featured, Low Pin Count Microcontrollers with XLP
D: DS40001839 PIC16(L)F18326/18346 Data Sheet,Full-Featured, Low Pin Count Microcontrollers with XLP

ote: For other small form-factor package availability and marking information, visit
http://www.microchip.com/packaging or contact your local sales office.

http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F18323
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F18344
http://www.microchip.com/wwwproducts/Devices.aspx?product=PIC16F18345
http://ww1.microchip.com/downloads/en/devicedoc/40001839a.pdf
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4.4 Stack
All devices have a 16-level x 15-bit wide hardware
stack (refer to Figure 4-4 through Figure 4-7). The
stack space is not part of either program or data space.
The PC is PUSHed onto the stack when CALL or
CALLW instructions are executed or an interrupt causes
a branch. The stack is POPed in the event of a
RETURN, RETLW or a RETFIE instruction execution.
PCLATH is not affected by a PUSH or POP operation.

The stack operates as a circular buffer and does not
cause a Reset when either a Stack Overflow or
Underflow occur if the STVREN bit is programmed to
‘0‘ (Configuration Words). This means that after the
stack has been PUSHed sixteen times, the
seventeenth PUSH overwrites the value that was
stored from the first PUSH. The eighteenth PUSH
overwrites the second PUSH (and so on). The
STKOVF and STKUNF flag bits will be set on an
Overflow/Underflow, regardless of whether the Reset is
enabled.

If the STVREN bit in Configuration Words is
programmed to ‘1’, the device will be Reset if the stack
is PUSHed beyond the sixteenth level or POPed
beyond the first level, setting the appropriate bits
(STKOVF or STKUNF, respectively) in the PCON
register. 

4.4.1 ACCESSING THE STACK
The stack is accessible through the TOSH, TOSL and
STKPTR registers. STKPTR is the current value of the
Stack Pointer. TOSH:TOSL register pair points to the
TOP of the stack. Both registers are read/writable. TOS
is split into TOSH and TOSL due to the 15-bit size of the
PC. To access the stack, adjust the value of STKPTR,
which will position TOSH:TOSL, then read/write to
TOSH:TOSL. STKPTR is five bits to allow detection of
Overflow and Underflow.

During normal program operation, CALL, CALLW and
Interrupts will increment STKPTR while RETLW,
RETURN, and RETFIE will decrement STKPTR. At any
time, STKPTR can be read to see how much stack is
left. The STKPTR always points at the currently used
place on the stack. Therefore, a CALL or CALLW will
increment the STKPTR and then write the PC, and a
return will unload the PC and then decrement the
STKPTR.

Reference Figure 4-4 through Figure 4-7 for examples
of accessing the stack.

FIGURE 4-4: ACCESSING THE STACK EXAMPLE 1

Note 1: There are no instructions/mnemonics
called PUSH or POP. These are actions
that occur from the execution of the
CALL, CALLW, RETURN, RETLW and
RETFIE instructions or the vectoring to
an interrupt address.

Note: Care should be taken when modifying the
STKPTR while interrupts are enabled.
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STKPTR = 0x1F

Initial Stack Configuration:

After Reset, the stack is empty. The
empty stack is initialized so the Stack
Pointer is pointing at 0x1F. If the Stack
Overflow/Underflow Reset is enabled, the
TOSH/TOSL registers will return ‘0’. If
the Stack Overflow/Underflow Reset is
disabled, the TOSH/TOSL registers will
return the contents of stack address 0x0F. 

0x1F STKPTR = 0x1F

Stack Reset Disabled
(STVREN = 0) 

Stack Reset Enabled
(STVREN = 1) 

TOSH:TOSL

TOSH:TOSL
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REGISTER 7-5: OSCEN: OSCILLATOR MANUAL ENABLE REGISTER
R/W-0/0 R/W-0/0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 U-0 U-0
EXTOEN HFOEN — LFOEN SOSCEN ADOEN — —

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 EXTOEN: External Oscillator Manual Request Enable bit
1 = EXTOSC is explicitly enabled, operating as specified by FEXTOSC
0 = EXTOSC could be enabled by another module

bit 6 HFOEN: HFINTOSC Oscillator Manual Request Enable bit
1 = HFINTOSC is explicitly enabled, operating as specified by OSCFRQ (Register 7-6)
0 = HFINTOSC could be enabled by another module

bit 5 Unimplemented: Read as ‘0’
bit 4 LFOEN: LFINTOSC (31 kHz) Oscillator Manual Request Enable bit

1 = LFINTOSC is explicitly enabled
0 = LFINTOSC could be enabled by another module

bit 3 SOSCEN: Secondary Oscillator Manual Request Enable bit
1 = Secondary Oscillator is explicitly enabled
0 = Secondary Oscillator could be enabled by another module

bit 2 ADOEN: ADOSC (600 kHz) Oscillator Manual Request Enable bit
1 = ADOSC is explicitly enabled
0 = ADOSC could be enabled by another module

bit 1-0 Unimplemented: Read as ‘0’
DS40001839B-page 92 Preliminary  2016-2017 Microchip Technology Inc.
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EXAMPLE 11-3: ERASING ONE ROW OF PROGRAM FLASH MEMORY
; This sample row erase routine assumes the following:

; 1.A valid address within the erase row is loaded in variables ADDRH:ADDRL
; 2.ADDRH and ADDRL are located in common RAM (locations 0x70 - 0x7F)

BANKSEL NVMADRL

MOVF ADDRL,W

MOVWF NVMADRL ; Load lower 8 bits of erase address boundary

MOVF ADDRH,W

MOVWF NVMADRH ; Load upper 6 bits of erase address boundary

BCF NVMCON1,NVMREGS ; Choose Program Flash Memory area

BSF NVMCON1,FREE ; Specify an erase operation

BSF NVMCON1,WREN ; Enable writes
BCF INTCON,GIE ; Disable interrupts during unlock sequence

; -------------------------------REQUIRED UNLOCK SEQUENCE:------------------------------

MOVLW 55h ; Load 55h to get ready for unlock sequence

MOVWF NVMCON2 ; First step is to load 55h into NVMCON2

MOVLW AAh ; Second step is to load AAh into W

MOVWF NVMCON2 ; Third step is to load AAh into NVMCON2
BSF NVMCON1,WR ; Final step is to set WR bit

; --------------------------------------------------------------------------------------

BSF INTCON,GIE ; Re-enable interrupts, erase is complete

BCF NVMCON1,WREN ; Disable writes

TABLE 11-2: NVM ORGANIZATION AND ACCESS INFORMATION
Master Values NVMREG Access FSR Access

Memory
Function

Program 
Counter (PC), 

ICSP™ Address

Memory 
Type

NVMREGS 
bit 

(NVMCON1)

NVMADR
<14:0>

Allowed 
Operations

FSR
Address

FSR
Programming 

Address

Reset Vector 0000h

Program 
Flash 

Memory

0 0000h

READ
WRITE

8000h

READ-ONLY

User Memory 0001h 0 0001h 8001h
0003h 0003h 8003h

INT Vector 0004h 0 0004h 8004h
User Memory 0005h 0 0005h 8005h

3FFFh 3FFFh BFFFh
User ID

No PC Address

Program 
Flash 

Memory

1 0000h

READ

No Access

0003h

Reserved — — 0004h —
Rev ID

Program 
Flash 

Memory

1 0005h

READ

Device ID 1 0006h
CONFIG1 1 0007h
CONFIG2 1 0008h
CONFIG3 1 0009h
CONFIG4 000Ah
User Memory EEPROM 1 7000h READ 7000h READ-ONLY

70FFh WRITE 70FFh
DS40001839B-page 128 Preliminary  2016-2017 Microchip Technology Inc.
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12.5 Register Definitions: PORTB

REGISTER 12-9: PORTB: PORTB REGISTER
R/W-x/x R/W-x/x R/W-x/x R/W-x/x U-0 U-0 U-0 U-0

RB7 RB6 RB5 RB4 — — — —
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 RB<7:4>: PORTB I/O Value bits(1)

1 = Port pin is > VIH
0 = Port pin is < VIL

bit 3-0 Unimplemented: Read as ‘0’

Note 1: Writes to PORTB are actually written to corresponding LATB register. Reads from PORTB register return 
actual I/O pin values.

REGISTER 12-10: TRISB: PORTB TRI-STATE REGISTER
R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 U-0 U-0 U-0 U-0
TRISB7 TRISB6 TRISB5 TRISB4 — — — —

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 TRISB<7:4>: PORTB I/O Tri-State Control bits
1 = PORTB pin configured as an output
0 = PORTB pin configured as an input (tri-stated)

bit 3-0 Unimplemented: Read as ‘0’
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 149
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12.7 Register Definitions: PORTC
REGISTER 12-17: PORTC: PORTC REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
RC7(1) RC6(1) RC5 RC4 RC3 RC2 RC1 RC0

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 RC<7:6>: PORTC I/O Value bits(1,2)

1 = Port pin is > VIH
0 = Port pin is < VIL

bit 5-0 RC<5:0>: PORTC General Purpose I/O Pin bits(2)

1 = Port pin is > VIH
0 = Port pin is < VIL

Note 1: PIC16(L)F18346 only; otherwise read as ‘0’.
2: Writes to PORTC are actually written to corresponding LATC register. Reads from PORTC register is 

return of actual I/O pin values. 

REGISTER 12-18: TRISC: PORTC TRI-STATE REGISTER
R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1

TRISC7(1) TRISC6(1) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0
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 TRISC<7:6>: PORTC Tri-State Control bits(1)

1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

bit 5-0 TRISC<5:0>: PORTC Tri-State Control bits
1 = PORTC pin configured as an input (tri-stated)
0 = PORTC pin configured as an output

Note 1: PIC16(L)F18346 only; otherwise read as ‘0’.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 155
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18.2 Comparator Control
Each comparator has two control registers: CMxCON0
and CMxCON1.

The CMxCON0 register (see Register 18-1) contains
Control and Status bits for the following:

• Enable
• Output
• Output polarity
• Hysteresis enable
• Timer1 output synchronization

The CMxCON1 register (see Register 18-2) contains
Control bits for the following:

• Interrupt on positive/negative edge enables
• Positive input channel selection
• Negative input channel selection

18.2.1 COMPARATOR ENABLE
Setting the CxON bit of the CMxCON0 register enables
the comparator for operation. Clearing the CxON bit
disables the comparator resulting in minimum current
consumption.

18.2.2 COMPARATOR OUTPUT 
The output of the comparator can be monitored by
reading either the CxOUT bit of the CMxCON0 register
or the MCxOUT bit of the CMOUT register.

The comparator output can also be routed to an
external pin through the RxyPPS register
(Register 13-2). The corresponding TRIS bit must be
clear to enable the pin as an output. 

18.2.3 COMPARATOR OUTPUT POLARITY
Inverting the output of the comparator is functionally
equivalent to swapping the comparator inputs. The
polarity of the comparator output can be inverted by
setting the CxPOL bit of the CMxCON0 register.
Clearing the CxPOL bit results in a non-inverted output.

Table 18-2 shows the output state versus input
conditions, including polarity control.

18.3 Comparator Hysteresis
A selectable amount of separation voltage can be
added to the input pins of each comparator to provide a
hysteresis function to the overall operation. Hysteresis
is enabled by setting the CxHYS bit of the CMxCON0
register.

See Comparator Specifications in Table 35-14 for more
information.

18.4 Timer1 Gate Operation
The output resulting from a comparator operation can
be used as a source for gate control of Timer1. See
Section 27.5 “Timer1 Gate” for more information.
This feature is useful for timing the duration or interval
of an analog event.

It is recommended that the comparator output be
synchronized to Timer1. This ensures that Timer1 does
not increment while a change in the comparator is
occurring.

18.4.1 COMPARATOR OUTPUT 
SYNCHRONIZATION

The output from a comparator can be synchronized
with Timer1 by setting the CxSYNC bit of the
CMxCON0 register.

Once enabled, the comparator output is latched on the
falling edge of the Timer1 source clock.This allows the
timer/counter to synchronize with the CxOUT bit so that
the software sees no ambiguity due to timing. See the
Comparator Block Diagram (Figure 18-2) and the
Timer1 Block Diagram (Figure 27-1) for more
information.

Note 1: The internal output of the comparator is
latched with each instruction cycle.
Unless otherwise specified, external
outputs are not latched.

TABLE 18-2: COMPARATOR OUTPUT 
STATE VS. INPUT 
CONDITIONS

Input Condition CxPOL CxOUT

CxVN > CxVP 0 0

CxVN < CxVP 0 1

CxVN > CxVP 1 1

CxVN < CxVP 1 0
DS40001839B-page 186 Preliminary  2016-2017 Microchip Technology Inc.



PIC16(L)F18326/18346

19.2 Register Definitions: PWM Control
  

  

REGISTER 19-1: PWMxCON: PWM CONTROL REGISTER
R/W-0/0 U-0 R-0 R/W-0/0 U-0 U-0 U-0 U-0

PWMxEN — PWMxOUT PWMxPOL — — — —
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 PWMxEN: PWM Module Enable bit
1 = PWM module is enabled
0 = PWM module is disabled

bit 6 Unimplemented: Read as ‘0’
bit 5 PWMxOUT: PWM Module Output Level when bit is read.
bit 4 PWMxPOL: PWMx Output Polarity Select bit

1 = PWM output is active-low.
0 = PWM output is active-high.

bit 3-0 Unimplemented: Read as ‘0’

REGISTER 19-2: PWMxDCH: PWM DUTY CYCLE HIGH BITS
R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u

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

REGISTER 19-3: PWMxDCL: PWM DUTY CYCLE LOW BITS
R/W-x/u R/W-x/u U-0 U-0 U-0 U-0 U-0 U-0

PWMxDC<1:0> — — — — — —
bit 7 bit 0

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

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

bit 5-0 Unimplemented: Read as ‘0’
DS40001839B-page 196 Preliminary  2016-2017 Microchip Technology Inc.
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TABLE 23-1: SUMMARY OF REGISTERS ASSOCIATED WITH NCO1

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

TRISA — — TRISA5 TRISA4 —(2) TRISA2 TRISA1 TRISA0 143
ANSELA — — ANSA5 ANSA4 — ANSA2 ANSA1 ANSA0 144
TRISB(1) TRISB7 TRISB6 TRISB5 TRISB4 — — — — 149
ANSELB(1) ANSB7 ANSB6 ANSB5 ANSB4 — — — — 150
TRISC TRISC7(1) TRISC6(1) TRISC5 TRISC4 TRISC3 TRISC2 TRISC1 TRISC0 155
ANSELC ANSC7(1) ANSC6(1) ANSC5 ANSC4 ANSC3 ANSC2 ANSC1 ANSC0 157
PIR2 TMR6IF C2IF C1IF NVMIF SSP2IF BCL2IF TMR4IF NCO1IF 108

PIE2 TMR6IE C2IE C1IE NVMIE SSP2IE BCL2IE TMR4IE NCO1IE 103
INTCON GIE PEIE — — — — — INTEDG 100

NCO1CON N1EN — N1OUT N1POL — — — N1PFM 256

NCO1CLK N1PWS<2:0> — — — N1CKS<1:0> 257
NCO1ACCL NCO1ACC <7:0> 257
NCO1ACCH NCO1ACC <15:8> 258
NCO1ACCU — — — — NCO1ACC <19:16> 258
NCO1INCL NCO1INC<7:0> 258
NCO1INCH NCO1INC<15:8> 259
NCO1INCU — — — — NCO1INC<19:16> 259
CWG1DAT — — — — DAT<3:0> 215
MDSRC — — — — MDMS<3:0> 272
MDCARH — MDCHPOL MDCHSYNC — MDCH<3:0> 273
MDCARL — MDCLPOL MDCLSYNC — MDCL<3:0> 274

CCPxCAP — — — — CCPxCTS<3:0> 309
Legend:  — = unimplemented read as ‘0’. Shaded cells are not used for NCO1 module.
Note 1: PIC16(L)F18346 only.

2: Unimplemented, read as ‘1’.
DS40001839B-page 260 Preliminary  2016-2017 Microchip Technology Inc.
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28.1 Timer2 Operation
The clock input to the Timer2 modules is the system
instruction clock (FOSC/4). 

A 4-bit counter/prescaler on the clock input allows direct
input, divide-by-4 and divide-by-16 prescale options.
These options are selected by the prescaler control bits,
T2CKPS<1:0> of the T2CON register. The value of
TMR2 is compared to that of the Period register, PR2, on
each clock cycle. When the two values match, the
comparator generates a match signal as the timer
output. This signal also resets the value of TMR2 to 00h
on the next cycle and drives the output
counter/postscaler (see Section 28.2 “Timer2
Interrupt”).

The TMR2 and PR2 registers are both directly readable
and writable. The TMR2 register is cleared on any
device Reset, whereas the PR2 register initializes to
FFh. Both the prescaler and postscaler counters are
cleared on the following events:

• A write to the TMR2 register
• A write to the T2CON register
• Power-on Reset (POR)
• Brown-out Reset (BOR)
• MCLR Reset
• Watchdog Timer (WDT) Reset
• Stack Overflow Reset
• Stack Underflow Reset
• RESET Instruction

28.2 Timer2 Interrupt
Timer2 can also generate an optional device interrupt.
The Timer2 output signal (TMR2-to-PR2 match)
provides the input for the 4-bit counter/postscaler. This
counter generates the TMR2 match interrupt flag which
is latched in TMR2IF of the PIR1 register. The interrupt
is enabled by setting the TMR2 Match Interrupt Enable
bit, TMR2IE, of the PIE1 register.

A range of 16 postscale options (from 1:1 through 1:16
inclusive) can be selected with the postscaler control
bits, T2OUTPS<3:0>, of the T2CON register.

28.3 Timer2 Output
The unscaled output of TMR2 is available primarily to
the CCP modules, where it is used as a time base for
operations in PWM mode. 

Timer2 can be optionally used as the shift clock source
for the MSSPx module operating in SPI mode.
Additional information is provided in Section 30.0
“Master Synchronous Serial Port (MSSPx) Module”

28.4 Timer2 Operation During Sleep
The Timer2 timers cannot be operated while the
processor is in Sleep mode. The contents of the TMR2
and PR2 registers will remain unchanged while the
processor is in Sleep mode.

Note: TMR2 is not cleared when T2CON is
written.
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29.0 CAPTURE/COMPARE/PWM 
MODULES

The Capture/Compare/PWM module is a peripheral
that allows the user to time and control different events
and to generate Pulse-Width Modulation (PWM)
signals. In Capture mode, the peripheral allows the
timing of the duration of an event. The Compare mode
allows the user to trigger an external event when a
predetermined amount of time has expired. The PWM
mode can generate Pulse-Width Modulated signals of
varying frequency and duty cycle.

This family of devices contains four standard
Capture/Compare/PWM modules (CCP1, CCP2, CCP3
and CCP4).

The Capture and Compare functions are identical for all
CCP modules.

29.1 CCP/PWM Clock Selection 
The PIC16(L)F18326/18346 devices allow each
individual CCP and PWM module to select the timer
source that controls the module. Each module has an
independent selection.

As there are up to three 8-bit timers with auto-reload
(Timer2, Timer4, and Timer6), PWM mode on the CCP
and PWM modules can use any of these timers.

The CCPTMRS register is used to select which timer is
used.

29.2 Capture Mode
Capture mode makes use of either the 16-bit Timer0 or
Timer1 resource. When an event occurs on the capture
source, the 16-bit CCPRxH:CCPRxL register pair
captures and stores the 16-bit value of the
TMR0H:TMR0L or TMR1H:TMR1L register pair,
respectively. An event is defined as one of the following
and is configured by the CCPxMODE<3:0> bits of the
CCPxCON 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 PIR4 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.

Figure 29-1 shows a simplified diagram of the capture
operation.

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

The capture source is selected by configuring the
CCPxCTS<3:0> bits of the CCPxCAP register. The
following sources can be selected:

• CCPxPPS input
• C1_output
• C2_output
• NCO_output
• IOC_interrupt
• LC1_output
• LC2_output
• LC3_output
• LC4_output

Note 1: In devices with more than one CCP
module, it is very important to pay close
attention to the register names used. A
number placed after the module acronym
is used to distinguish between separate
modules. For example, the CCP1CON
and CCP2CON control the same
operational aspects of two completely
different CCP modules.

2: Throughout this section, generic
references to a CCP module in any of its
operating modes may be interpreted as
being equally applicable to CCPx module.
Register names, module signals, I/O pins,
and bit names may use the generic
designator ‘x’ to indicate the use of a
numeral to distinguish a particular module,
when required.

Note: If the CCPx pin is configured as an output,
a write to the port can cause a Capture
condition.
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 301



PIC16(L)F18326/18346

29.4 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 29-3 shows a typical waveform of the PWM
signal.

29.4.1 STANDARD PWM OPERATION
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:

• PR2/4/6 registers
• T2/4/6CON registers
• CCPRxL registers
• CCPxCON registers

Figure 29-4 shows a simplified block diagram of PWM
operation.

FIGURE 29-3: CCP PWM OUTPUT SIGNAL

FIGURE 29-4: SIMPLIFIED PWM BLOCK DIAGRAM     

Note: The corresponding TRIS bit must be
cleared to enable the PWM output on the
CCPx pin.
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Notes: 1. 8-bit timer is concatenated with two bits generated by Fosc or two bits of the internal prescaler to 
create 10-bit time-base.

2. The alignment of the 10 bits from the CCPR register is determined by the CCPxFMT bit.
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FIGURE 30-7: SPI DAISY-CHAIN CONNECTION

FIGURE 30-8: SLAVE SELECT SYNCHRONOUS WAVEFORM
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FIGURE 30-9: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0) 

FIGURE 30-10: SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 1)    
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30.5.8 GENERAL CALL ADDRESS 

SUPPORT
The addressing procedure for the I2C bus is such that
the first byte after the Start condition usually deter-
mines which device will be the slave addressed by the
master device. The exception is the general call
address which can address all devices. When this
address is used, all devices should, in theory, respond
with an acknowledge.

The general call address is a reserved address in the
I2C protocol, defined as address 0x00. When the
GCEN bit of the SSPxCON2 register is set, the slave
module will automatically ACK the reception of this
address regardless of the value stored in SSPxADD.
After the slave clocks in an address of all zeros with

the R/W bit clear, an interrupt is generated and slave
software can read SSPxBUF and respond.
Figure 30-24 shows a general call reception
sequence.

In 10-bit Address mode, the UA bit will not be set on
the reception of the general call address. The slave
will prepare to receive the second byte as data, just as
it would in 7-bit mode.

If the AHEN bit of the SSPxCON3 register is set, just
as with any other address reception, the slave hard-
ware will stretch the clock after the eighth falling edge
of SCL. The slave must then set its ACKDT value and
release the clock with communication progressing as it
would normally.

FIGURE 30-24: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE

30.5.9 SSP MASK REGISTER
An SSP Mask (SPPxMSK) register (Register 30-5) is
available in I2C Slave mode as a mask for the value
held in the SSPxSR register during an address
comparison operation. A zero (‘0’) bit in the SSPxMSK
register has the effect of making the corresponding bit
of the received address a “don’t care”.

This register is reset to all ‘1’s upon any Reset
condition and, therefore, has no effect on standard
SSP operation until written with a mask value.

The SSP Mask register is active during:

• 7-bit Address mode: address compare of A<7:1>.
• 10-bit Address mode: address compare of A<7:0> 

only. The SSP mask has no effect during the 
reception of the first (high) byte of the address.
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31.1.2.8 Asynchronous Reception Setup
1. Initialize the SP1BRGH, SP1BRGL register pair

and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 31.3
“EUSART1 Baud Rate Generator (BRG)”).

2. Clear the ANSEL bit for the RX pin (if applicable).
3. Enable the serial port by setting the SPEN bit.

The SYNC bit must be clear for asynchronous
operation.

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

5. If 9-bit reception is desired, set the RX9 bit.
6. Enable reception by setting the CREN bit.
7. The RCIF interrupt flag bit will be set when a

character is transferred from the RSR to the
receive buffer. An interrupt will be generated if
the RCIE interrupt enable bit was also set.

8. Read the RC1STA register to get the error flags
and, if 9-bit data reception is enabled, the ninth
data bit.

9. Get the received eight Least Significant data bits
from the receive buffer by reading the RC1REG
register.

10. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

31.1.2.9 9-bit Address Detection Mode Setup
This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1. Initialize the SP1BRGH, SP1BRGL register pair
and the BRGH and BRG16 bits to achieve the
desired baud rate (see Section 31.3
“EUSART1 Baud Rate Generator (BRG)”).

2. Clear the ANSEL bit for the RX pin (if applicable).
3. Enable the serial port by setting the SPEN bit.

The SYNC bit must be clear for asynchronous
operation.

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

5. Enable 9-bit reception by setting the RX9 bit.
6. Enable address detection by setting the ADDEN

bit.
7. Enable reception by setting the CREN bit.
8. The RCIF interrupt flag bit will be set when a

character with the ninth bit set is transferred
from the RSR to the receive buffer. An interrupt
will be generated if the RCIE interrupt enable bit
was also set.

9. Read the RC1STA register to get the error flags.
The ninth data bit will always be set.

10. Get the received eight Least Significant data bits
from the receive buffer by reading the RC1REG
register. Software determines if this is the
device’s address.

11. If an overrun occurred, clear the OERR flag by
clearing the CREN receiver enable bit.

12. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and generate interrupts. 

FIGURE 31-5: ASYNCHRONOUS RECEPTION          
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Note: This timing diagram shows three words appearing on the RX input. The RC1REG (receive buffer) is read after the third word,
causing the OERR (overrun) bit to be set.
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31.5 EUSART1 Operation During Sleep
The EUSART1 will remain active during Sleep only in
the Synchronous Slave mode. All other modes require
the system clock and therefore cannot generate the
necessary signals to run the Transmit or Receive Shift
registers during Sleep.

Synchronous Slave mode uses an externally generated
clock to run the Transmit and Receive Shift registers.

31.5.1 SYNCHRONOUS RECEIVE DURING 
SLEEP

To receive during Sleep, all the following conditions
must be met before entering Sleep mode:

• RC1STA and TX1STA Control registers must be 
configured for Synchronous Slave Reception (see 
Section 31.4.2.4 “Synchronous Slave Recep-
tion Setup”).

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

• The RCIF interrupt flag must be cleared by read-
ing RC1REG to unload any pending characters in 
the receive buffer.

Upon entering Sleep mode, the device will be ready to
accept data and clocks on the RX/DT and TX/CK pins,
respectively. When the data word has been completely
clocked in by the external device, the RCIF interrupt
flag bit of the PIR1 register will be set. Thereby, waking
the processor from Sleep.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global
Interrupt Enable (GIE) bit of the INTCON register is
also set, then the Interrupt Service Routine at address
004h will be called.

31.5.2 SYNCHRONOUS TRANSMIT 
DURING SLEEP

To transmit during Sleep, all the following conditions
must be met before entering Sleep mode:

• The RC1STA and TX1STA Control registers must 
be configured for synchronous slave transmission 
(see Section 31.4.2.2 “Synchronous Slave 
Transmission Setup”).

• The TXIF interrupt flag must be cleared by writing 
the output data to the TX1REG, thereby filling the 
TSR and transmit buffer.

• If interrupts are desired, set the TXIE bit of the 
PIE1 register and the PEIE bit of the INTCON 
register.

• Interrupt enable bits TXIE of the PIE1 register and 
PEIE of the INTCON register must set.

Upon entering Sleep mode, the device will be ready to
accept clocks on TX/CK pin and transmit data on the
RX/DT pin. When the data word in the TSR has been
completely clocked out by the external device, the
pending byte in the TX1REG will transfer to the TSR
and the TXIF flag will be set. Thereby, waking the pro-
cessor from Sleep. At this point, the TX1REG is avail-
able to accept another character for transmission,
which will clear the TXIF flag.

Upon waking from Sleep, the instruction following the
SLEEP instruction will be executed. If the Global
Interrupt Enable (GIE) bit is also set then the Interrupt
Service Routine at address 0004h will be called.
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REGISTER 31-4: RC1REG(1): RECEIVE DATA REGISTER
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

RC1REG<7:0>
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 7-0 RC1REG<7:0>: Lower eight bits of the received data; read-only; see also RX9D (Register 31-2)
Note 1: RC1REG (including the ninth bit) is double buffered, and data is available while new data is being 

received.

REGISTER 31-5: TX1REG(1): TRANSMIT DATA REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

TX1REG<7:0>
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 7-0 TX1REG<7:0>: Lower eight bits of the received data; read-only; see also RX9D (Register 31-1)
Note 1: TX1REG (including the ninth bit) is double buffered, and can be written when previous data has started 

shifting.

REGISTER 31-6: SP1BRGL(1): BAUD RATE GENERATOR REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

SP1BRG<7:0>
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 7-0 SP1BRG<7:0>: Lower eight bits of the Baud Rate Generator 
Note 1: Writing to SP1BRG resets the BRG counter.
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CALL Call Subroutine

Syntax: [ label ]   CALL   k

Operands: 0  k  2047

Operation: (PC)+ 1 TOS,
k  PC<10:0>,
(PCLATH<6:3>)  PC<14:11>

Status Affected: None

Description: Call Subroutine. First, return address 
(PC + 1) is pushed onto the stack. 
The 11-bit immediate address is 
loaded into PC bits <10:0>. The upper 
bits of the PC are loaded from 
PCLATH. CALL is a 2-cycle 
instruction.

CALLW Subroutine Call With W

Syntax: [ label ] CALLW

Operands: None

Operation: (PC) +1  TOS,
(W)  PC<7:0>,
(PCLATH<6:0>) PC<14:8>

Status Affected: None

Description: Subroutine call with W. First, the 
return address (PC + 1) is pushed 
onto the return stack. Then, the 
contents of W is loaded into PC<7:0>, 
and the contents of PCLATH into 
PC<14:8>. CALLW is a 2-cycle 
instruction.

CLRF Clear f

Syntax: [ label ]  CLRF    f

Operands: 0  f  127

Operation: 00h  (f)
1  Z

Status Affected: Z

Description: The contents of register ‘f’ are cleared 
and the Z bit is set.

CLRW Clear W

Syntax: [ label ]   CLRW

Operands: None

Operation: 00h  (W)
1  Z

Status Affected: Z

Description: W register is cleared. Zero bit (Z) is 
set.

CLRWDT Clear Watchdog Timer

Syntax: [ label ]   CLRWDT

Operands: None

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

Status Affected: TO, PD

Description: CLRWDT instruction resets the Watch-
dog Timer. It also resets the prescaler 
of the WDT. Status bits TO and PD 
are set.

COMF Complement f

Syntax: [ label ]   COMF    f,d

Operands: 0  f  127
d  [0,1]

Operation: (f)  (destination)

Status Affected: Z

Description: The contents of register ‘f’ are 
complemented. If ‘d’ is ‘0’, the result is 
stored in W. If ‘d’ is ‘1’, the result is 
stored back in register ‘f’.

DECF Decrement f

Syntax: [ label ]   DECF f,d

Operands: 0  f  127
d  [0,1]

Operation: (f) - 1  (destination)

Status Affected: Z

Description: Decrement 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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TABLE 35-6: THERMAL CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)

Param.
No. Sym. Characteristic Typ. Units Conditions

TH01 JA Thermal Resistance Junction to 
Ambient

70.0 C/W 14-pin PDIP package
95.3 C/W 14-pin SOIC package
100.0 C/W 14-pin TSSOP package
51.5 C/W 16-pin UQFN 4x4mm package
62.2 C/W 20-pin PDIP package
87.3 C/W 20-pin SSOP package
77.7 C/W 20-pin SOIC package
43.0 C/W 20-pin UQFN 4x4mm package

TH02 JC Thermal Resistance Junction to 
Case

32.75 C/W 14-pin PDIP package
31.0 C/W 14-pin SOIC package
24.4 C/W 14-pin TSSOP package
5.4 C/W 16-pin UQFN 4x4mm package

27.5 C/W 20-pin PDIP package
31.1 C/W 20-pin SSOP package
23.1 C/W 20-pin SOIC package
5.3 C/W 20-pin UQFN 4x4mm package

TH03 TJMAX Maximum Junction Temperature 150 C
TH04 PD Power Dissipation 0.800 W PD = PINTERNAL + PI/O
TH05 PINTERNAL Internal Power Dissipation — W PINTERNAL = IDD x VDD(1)

TH06 PI/O I/O Power Dissipation — W PI/O =  (IOL * VOL) +  (IOH * (VDD - VOH))
TH07 PDER Derated Power — W PDER = PDMAX (TJ - TA)/JA(2)

Note 1: IDD is current to run the chip alone without driving any load on the output pins.
2: TA = Ambient Temperature, TJ = Junction Temperature
 2016-2017 Microchip Technology Inc. Preliminary DS40001839B-page 419


