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 Using the CCP Module

Introduction
The Capture/Compare/PWM (CCP) module is a peripheral that allows the measurement and control of different
events and also generates pulse-width modulated (PWM) output signals. In Capture mode, the module can be used
to measure the duration of an event. Compare mode allows the user to trigger an external event after a
predetermined amount of time has expired. PWM mode is used to generate pulsed output signals that may vary in
frequency and duty cycle. This technical brief describes each of the three CCP modes.
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1. CCP Module Overview

1.1 CCP Module Configuration
Each CCP module is associated with a CCP Control register (CCPxCON), a CCP Capture Input Selection register
(CCPxCAP) and a CCP Data register pair (CCPRxH:CCPRxL). The CCPxCAP register is used only in Capture mode
and selects the input signal that will be measured. The CCPRx register pair is used in each CCP mode of operation.
In Capture mode, the CCPRx register pair stores the captured value from the specified signal. In Compare mode, the
CCPRx register pair holds the value for comparison while in PWM mode, this register is used to configure the duty
cycle of the output signal.

1.2 CCP Timer Resources
The CCP modules utilize both the 8-bit and 16-bit timers, depending on the CCP mode. Table 1-1 shows the timer
resources available to the CCP in Capture, Compare and PWM modes.

All the CCP modules can be active at once and share the same timer resource, so long as they are configured to
operate in the same mode at the same time. For example, if CCP1 and CCP2 are both operating in PWM mode, they
both can use Timer2 as the timer resource.

Table 1-1. CCP Timer Resources

CCP Mode Timer Resource

Capture
Timer0 (16-bit mode), Timer1, Timer3 or Timer5

Compare

PWM Timer2, Timer4 or Timer6

Important:  Timer1 is the default timer resource for Capture and Compare modes while Timer2 is the
default resource for PWM mode.

1.2.1 CCP Timer Selection
Many devices have multiple instances of both 16-bit and 8-bit timers. For those devices, each CCP module can be
configured to use an independent timer resource via the CCP Timers Selection (CCPTMRSx) register. For example, if
the device has two CCP modules, CCP1 operating in Compare mode may select Timer1 as the clock source,
whereas CCP2 operating in Compare mode may select Timer3 as the clock source.

Important:  Devices with a single 8/16-bit timer resource will not have a CCP Timer Selection register.
Instead, Timer1 is the default resource for Capture and Compare modes while Timer2 is the resource for
PWM mode.

1.3 Open-Drain Output Option
When operating in Compare or PWM modes, the output drivers for the CCPx pins can be configured optionally as
open-drain outputs by setting the associated Open-Drain Control (ODCONx) register bit. The open-drain feature
allows the voltage level on the pin to be pulled to a higher level through an external pull-up resistor, which removes
the need for additional level shifters when communicating with external circuits.
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1.4 Effects of Reset
Any Reset will force all ports to Input mode and the CCP registers to their Reset states.
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2. Capture Mode
Capture mode uses the 16-bit odd numbered timer resources (Timer1, Timer3, etc.). When an event occurs on the
capture source, the 16-bit CCPRx register captures and stores the 16-bit value of the TMRx register. The valid events
that can be detected when using the CCP module in Capture mode are defined in the following list and are
configured using the MODE bits:

• Every falling edge of CCPx input
• Every rising edge of CCPx input
• Every 4th rising edge of CCPx input
• Every 16th rising edge of CCPx input
• Every Edge of CCPx input (rising and falling)

When a capture is made, the CCP Interrupt Flag (CCPxIF) bit is set. The interrupt flag must be cleared in software. If
another capture occurs before the value in the CCPRx register is read, the old captured value is overwritten by the
new captured value. Figure 2-1 shows a simplified diagram of the capture operation.

Important:  If an event occurs during a 2-byte read, the high and low-byte data will be from different
events. It is recommended that, while reading the CCPRx register pair, to either disable the module or read
the register pair twice for data integrity.

Figure 2-1. Capture Mode Operation Block Diagram
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2.1 Capture Sources
The capture source is selected with the Capture Trigger Input Selection (CTS) bits. The capture source may come
from an internal source, such as a CLC or comparator output, or from an external source routed through the CCPx
pin via the CCPxPPS input selection register.

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

Important:  If the CCPx pin is configured as an output, a write to the port can cause a capture condition.
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2.2 Timer1 Mode for Capture
Timer1 must be operating synchronously to the system clock for the CCP module to use the capture feature. When
Timer1 uses the internal instruction clock (FOSC/4) as its clock source, clock synchronization is handled by module
hardware automatically. When Timer1 uses an external clock source, the Timer External Clock Input Synchronization
Control (SYNC) bit must be clear (SYNC = 0) so that the external source is synchronized with the system clock. If the
Timer clock source is not synchronized, the capture operation may not work.

See the “TMR1 - Timer1 Module with Gate Control” chapter in the device data sheet for more information on
configuring Timer1 for use with the CCP module.

Important:  Do not clock Timer1 from the system clock (FOSC) in Capture mode. In order for Capture
mode to recognize the trigger event, Timer1 must be clocked from the instruction clock or from an external
clock source.

2.3 Software Interrupt Mode
The CCP Interrupt Flag (CCPxIF) bit is set with every capture. If the device is in Sleep and the CCP Interrupt Enable
(CCPxIE) bit is set, the device will wake up.

When the Capture mode is changed, a false capture interrupt may be generated. Software should keep the CCPxIE
bit clear (CCPxIE = 0) to avoid false interrupts. Additionally, the user can clear the CCPxIF bit following any change in
Operating mode.

2.4 Capture Mode Prescaler
There are four prescaler settings specified by the CCP Mode Select (MODE) bits where bits that determine which
input edge triggers a Capture event. A Capture event can be configured to occur every:

• 16th rising edge of the CCP input
• 4th rising edge of the CCP input
• Rising or falling edge of the CCP input
• Edge (rising and falling) of the CCP input

Important:  When capturing events on every edge (both rising and falling), the input trigger source must
be operating at a frequency less than the instruction clock frequency and at least one instruction period
must be between capture events. If the trigger source frequency is greater than the instruction clock
frequency, a capture event may be missed, resulting in invalid data.

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. Example 2-1 demonstrates the code to perform this function.

Example 2-1. Changing Between Capture Prescalers

void UpdatePrescale(void)
{
    CCP1CONbits.EN = 0;               // Disable CCP
    CCP1CONbits.MODE = 0b0100;        // Update with new prescale
    CCP1CONbits.EN = 1;               // Re-enable CCP
}
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2.5 Capture During Sleep
Capture mode depends upon the Timer1 module for proper operation. There are two options for driving the Timer1
module in Capture mode. It can be driven by the instruction clock (FOSC/4) or by an external clock source.

When Timer1 is clocked by FOSC/4, Timer1 will not increment during Sleep. When the device wakes from Sleep,
Timer1 will continue from its previous state.

Capture mode will operate during Sleep when Timer1 is clocked by an external clock source.

2.6 Capture Mode Configuration
Example 2-2 shows the CCP configured in Capture mode. The example contains the CCP Initialization and Capture
Interrupt Service Routines, as well as the Timer1 Initialization routine. The software demonstrates how the CCP
module can be configured to measure a continuous series of pulses using Timer1 as the time base. The
measurement occurs on every edge of the incoming signal. Timer1 is configured to use the ‘FOSC/4’ clock source.

Example 2-2. Capture Mode Initialization and Interrupt Service Routines

static void (*CCP1_CallBack)(uint16_t);
static void CCP1_DefaultCallBack(uint16_t capturedValue)
{
    // Add your code here
}

void CCP1_Initialize(void)
{
    CCP1CON = 0x83;                     // MODE Every edge; FMT right;
    CCP1CAP = 0x00;                     // CCP1CTS CCP1 pin;
    CCPR1H = 0x00;
    CCPR1L = 0x00;
    CCP1_SetCallBack(CCP1_DefaultCallBack);  // Set call back function
    PIR1bits.CCP1IF = 0;                // Clear CCP1 interrupt flag
    PIE1bits.CCP1IE = 1;                // Enable the CCP1 interrupt
}

void CCP1_CaptureISR(void)
{
    CCP1_PERIOD_REG_T module;
    PIR1bits.CCP1IF = 0;                // Clear interrupt flag
    module.ccpr1l = CCPR1L;             // Copy captured value
    module.ccpr1h = CCPR1H;
    CCP1_CallBack(module.ccpr1_16Bit);  // Return 16bit captured value
}

void CCP1_SetCallBack(void (*customCallBack)(uint16_t))
{
    CCP1_CallBack = customCallBack;
}

void TMR1_Initialize(void)
{
    T1GCON = 0x00;                    // T1GE disabled;
    T1GATE = 0x00;
    T1CLK = 0x01;                     // CS FOSC/4;
    TMR1H = 0x00;
    TMR1L = 0x00;
    PIR1bits.TMR1IF = 0;              // Clear IF flag;
    T1CON = 0x33;                     // CKPS 1:8; ON enabled; RD16 enabled;
}
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3. Compare Mode
Compare mode makes use of the 16-bit odd numbered Timer resources (Timer1, Timer3, etc.). The 16-bit value of
the CCPRx register is constantly compared against the 16-bit value of the TMRx register. When a match occurs, one
of the following events can occur based on the configuration of the MODE control bits:

• Toggle the CCPx output and clear TMRx.
• Toggle the CCPx output without clearing TMRx.
• Set the CCPx output.
• Clear the CCPx output.
• Generate a pulse output.
• Generate a pulse output and clear TMRx.

In Compare mode, Timer1 acts as a timebase or as a counter. For example, if Timer1 is configured so that the
comparison match point occurs every 50 ms, CCP hardware will generate an output event at a repeatable interval. If
Timer1 is configured as a counter, CCP hardware will generate an output event based on the number of times Timer1
records an event.

Compare mode hardware can also clear Timer1 after certain events occur. This feature can be useful when operating
Timer1 as a fixed time base.

Figure 3-1 shows a simplified diagram of the compare operation.

Figure 3-1. Compare Mode Operation Block Diagram
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3.1 CCPx Pin Configuration
The CCPx pin must be configured as an output in software by clearing the associated TRIS bit and defining the
appropriate output pin through the RxyPPS registers. See the “PPS - Peripheral Pin Select Module” chapter in the
device data sheet for more details.

The CCP output can also be used as an input for other peripherals. For example, the CCP output can be used as an
optional Timer1 Gate trigger input source.

Important:  Clearing the CCPxCON register will force the CCPx compare output latch to the default low
level. This is not the PORT I/O data latch.
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3.2 Timer1 Mode for Compare
Timer1 must be operating synchronously to the system clock for the CCP module to use the compare feature. When
Timer1 uses the internal instruction clock (FOSC/4) as its clock source, clock synchronization is handled by module
hardware automatically. When Timer1 uses an external clock source, the Timer External Clock Input Synchronization
Control (SYNC) bit must be clear (SYNC = 0) so that the external source is synchronized with the system clock. If the
Timer clock source is not synchronized, a clock collision may occur and the comparison may be invalid.

See the “TMR1 - Timer1 Module with Gate Control” chapter in the device data sheet for more information on
configuring Timer1.

Important:  Timer1 should not be clocked from the system clock (FOSC) in Compare mode. In order for
Compare mode to recognize the trigger event on the CCPx pin, Timer1 must be clocked from the
instruction clock (FOSC/4) or from an external clock source.

3.3 Compare Mode Interrupts
The CCP Interrupt Flag (CCPxIF) bit is set with every comparison match. If the device is in Sleep and the CCP
Interrupt Enable (CCPxIE) bit is set, the device will wake up. CCPxIF must be cleared in software.

3.4 Compare During Sleep
Similar to Capture mode, Compare mode also depends upon the Timer1 module for proper operation. There are two
options for driving the Timer1 module in Compare mode. It can be driven by the instruction clock (FOSC/4) or by an
external clock source.

When Timer1 is clocked by FOSC/4, Timer1 will not increment during Sleep because the system clock is disabled.
When the device wakes from Sleep, Timer1 will continue from its previous state.

Compare mode will operate during Sleep when Timer1 is clocked by an external clock source.

3.5 Compare Mode Configuration
Example 3-1 shows the CCP and Timer1 Initialization routines for Compare mode. The CCPRx register pair is loaded
with value 0x3CB0. When Timer1 reaches 0x3CB0, which occurs approximately every 50 ms, CCP hardware
generates a pulsed output and clears Timer1.

Example 3-1. Compare Mode Initialization Routines

void CCP1_Initialize(void)
{
    CCP1CON = 0x8B;              // MODE Pulse-clear-timer
    CCPR1H = 0x3C;               // When TMR1 = 0x3CB0 = 50 ms
    CCPR1L = 0xB0;
}

void TMR1_Initialize(void)
{
    T1GCON = 0x00;
    T1GATE = 0x00;
    T1CLK = 0x01;                // CS FOSC/4
    TMR1H = 0x00;
    TMR1L = 0x00;
    PIR1bits.TMR1IF = 0;         // Clear IF flag   
    T1CON = 0x01;                // CKPS 1:1; ON enabled
}
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4. PWM Mode
Pulse-Width Modulation (PWM) is a scheme that controls power to a load by switching quickly between fully active
and fully inactive states. The PWM signal resembles a square wave where the high portion of the signal is considered
the active state while the low portion of the signal is considered the inactive 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 active
and inactive time combined.

PWM resolution defines the maximum number of steps 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 active time to the inactive time and is expressed in percentages,
where 0% is fully inactive and 100% is fully active. A lower duty cycle corresponds to less power applied while a
higher duty cycle corresponds to more power applied. The figure below shows a typical waveform of the PWM signal.

Figure 4-1. CCP PWM Output Signal

Period

Pulse-Width

TMR2 = 0

TMR2 = CCPRx

TMR2 = PR2

4.1 Standard PWM Operation
The standard PWM function described in this section is available and identical for all CCP modules. It generates a
PWM signal on the CCPx pin with up to ten bits of resolution. The period, duty cycle and resolution are controlled by
the following registers:

• Even numbered TxPR registers (T2PR, T4PR, etc.)
• Even numbered TxCON registers (T2CON, T4CON, etc.)
• 16-bit CCPRx registers
• CCPxCON registers

It is required to have FOSC/4 as the clock input to the selected CCP timer resource for correct PWM operation. The
following figure shows a simplified block diagram of PWM operation.
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Figure 4-2. Simplified PWM Block Diagram
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Important:  The corresponding TRIS bit must be cleared and the CCPx pin must be configured through
the appropriate RxyPPS register to enable the PWM output.

4.2 PWM Mode Timer Resource
PWM mode makes use of the even numbered 8-bit timers (Timer2, Timer4, etc.) to specify the PWM period. For
correct PWM operation, Timer2 must use the instruction clock (FOSC/4) as its clock source. To achieve 10-bit PWM
resolution while using an 8-bit timer as the time base, module hardware combines the 8-bit timer with two additional
bits that are either generated by the system clock (FOSC) or copied from an internal prescaler, creating a 10-bit time
base.

4.3 PWM Period
The PWM period is specified by the T2PR register of Timer2. The PWM period can be calculated using the formula in 
Equation 4-1.

Equation 4-1. PWM Period��������� = �2��+ 1 • 4 • ���� • ���2 �������� ������ℎ���:���� = 1����
When T2TMR is equal to T2PR, the following three events occur on the next increment event:
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• T2TMR is cleared.
• The CCPx pin is set. (Exception: If the PWM duty cycle = 0%, the pin will not be set.)
• The PWM duty cycle is transferred from the CCPRx register into a 10-bit buffer.

Important:  The Timer postscaler is not used in the determination of the PWM frequency.

4.4 PWM Duty Cycle
The PWM duty cycle is specified by writing a 10-bit value to the CCPRx register. The alignment of the 10-bit value is
determined by the CCP Pulse-Width Value Alignment (FMT) bit (see Figure 4-3). The CCPRx register can be written
to at any time. However, the duty cycle value is not latched into the 10-bit buffer until after a match between T2PR
and T2TMR.

Equation 4-2 and Equation 4-3 are used to calculate the PWM pulse-width and the PWM duty cycle ratio,
respectively.

Figure 4-3. PWM 10-Bit Alignment
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Equation 4-2. Pulse-Width����� ����ℎ = ������:������ �������� ����� • ���� • ���2 �������� �����
Equation 4-3. Duty Cycle���� ����� ����� = ������:������ �������� �����4 �2�� + 1
The CCPRx register is used to double buffer the PWM duty cycle. This double buffering is essential for glitchless
PWM operation.

The 8-bit timer T2TMR register is concatenated with either the 2-bit internal system clock (FOSC) or two bits of the
prescaler, creating the 10-bit time base. The system clock is used if the Timer2 prescaler is set to 1:1.

When the 10-bit time base matches the CCPRx register, the CCPx pin is cleared.

4.5 PWM Resolution
The resolution determines the number of available duty cycles for a given period. For example, a 10-bit resolution will
result in 1,024 discrete duty cycles while an 8-bit resolution will result in 256 discrete duty cycles.

The maximum PWM resolution is ten bits when T2PR is 0xFF. The resolution is a function of the T2PR register value
as shown in Equation 4-4.
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Equation 4-4. PWM Resolution���������� = ��� 4 �2�� + 1��� 2 ����
Important:  If the pulse-width value is greater than the period, the assigned PWM pin(s) will remain
unchanged.

Table 4-1. Example PWM Frequencies and Resolutions (FOSC = 20 MHz)

PWM Frequency 1.22 kHz 4.88 kHz 19.53 kHz 78.12 kHz 156.3 kHz 208.3 kHz

Timer Prescale 16 4 1 1 1 1

T2PR Value 0xFF 0xFF 0xFF 0x3F 0x1F 0x17

Maximum Resolution (bits) 10 10 10 8 7 6

Table 4-2. Example PWM Frequencies and Resolutions (FOSC = 8 MHz)

PWM Frequency 1.22 kHz 4.90 kHz 19.61 kHz 76.92 kHz 153.85 kHz 200.0 kHz

Timer Prescale 16 4 1 1 1 1

T2PR Value 0x65 0x65 0x65 0x19 0x0C 0x09

Maximum Resolution (bits) 8 8 8 6 5 5

4.6 Operation in Sleep Mode
In Sleep mode, the T2TMR register will not increment and the state of the module will not change since the timer’s
clock source is suspended during Sleep. If the CCPx pin is driving a value, it will continue to drive that value. When
the device wakes up, T2TMR will continue from the previous state.

4.7 Changes in System Clock Frequency
The PWM frequency is derived from the system clock frequency. Any changes in the system clock frequency will
result in changes to the PWM frequency. See the “OSC - Oscillator Module (with Fail-Safe Clock Monitor)”
chapter in the device data sheet for additional details.

4.8 PWM Mode Configuration
Example 4-1 shows the CCP and Timer2 Initialization routines. In this example, the CCPRx register pair is loaded
with a value, 0x63, which will result in a 50% duty cycle. Timer2 is configured to generate a PWM frequency of 20
kHz.
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Example 4-1. PWM Mode Initialization Routines

void PWM1_Initialize(void)
{
    CCP1CON = 0x8F;                // MODE PWM; EN enabled; FMT right
    CCPR1H = 0x00;                 // Set for 50% duty cycle
    CCPR1L = 0x63;
}

void TMR2_Initialize(void)
{
    T2CLKCON = 0x01;               // T2CS FOSC/4
    T2HLT = 0x00;
    T2RST = 0x00;
    T2PR = 0x31;                   // Set PWM Period
    T2TMR = 0x00;
    PIR1bits.TMR2IF = 0;           // Clear IF flag
    T2CON = 0x80;                  // T2CKPS 1:1; T2OUTPS 1:1; TMR2ON on
}
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5. Conclusion
The Capture/Compare/PWM module is a peripheral that can be used for a variety of functions. Capture mode can be
used to measure the duration of an event, such as measuring the rotational speed of a motor. Compare mode can be
used to create a specific event at a certain time, such as generating an output pulse to quickly turn on/off a switch
every second. PWM mode is used to generate pulse-width modulated output signals that can be used in a wide
variety of applications, such as motor control or lighting control.
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The Microchip Website
Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

• General Technical Support – Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service
Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support
Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Embedded Solutions Engineer (ESE)
• Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is one of the most secure families of its kind on the market today,

when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these

methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code

protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
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