
 PWM Tips and Tricks
 Pulse-Width Modulation (PWM) Tips and Tricks

Introduction
The 16-bit PWM module features built-in comparison functionality and dual outputs that are individually controllable.
The justification and duty cycle of each PWM output can be controlled individually, which can be advantageous for
many different types of PWM applications. This document describes some of the basic configuration modes that this
PWM module can be configured to operate with.
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1. Left-Aligned Mode
In Left-Aligned mode, the active part of the PWM signal is at the start of the period. As an example, if the PWM
module has been configured to have a left-aligned output with a 75% duty cycle, the output will be active for the first
75% of the period and then transition to inactive for the remaining 25% of the period.

To configure the PWM module to generate a left-aligned output, the MODE bits of the PWM Configuration registers
are used to select the output alignment mode and the P1 or P2 parameter registers are used to determine the
resulting period of the output signal. The code example below shows an initialization routine that can be used to
generate two left-aligned PWM outputs. The P1 output is a left-aligned PWM output with a 75% duty cycle and the P2
output shows a left-aligned PWM output with a 50% duty cycle. The figure below shows the left-aligned PWM output
signals side-by-side, along with the corresponding PWM clock.

Figure 1-1. Left-Aligned Mode
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Example 1-1. PWM Left-Aligned Initialization

void PWM1_Initialize(void)
{    
    PWM1ERS = 0x00;    // PWMERS External Reset Disabled;  
    PWM1CLK = 0x02;    // PWMCLK FOSC;  
    PWM1LDS = 0x00;    // PWMLDS Autoload disabled;     
    PWM1PRL = 0x0F;    // PWMPRL 15;    
    PWM1PRH = 0x00;    // PWMPRH 0;      
    PWM1CPRE = 0x00;   // PWMCPRE No prescale;  
    PWM1PIPOS = 0x00;  // PWMPIPOS No postscale;      
    PWM1GIR = 0x00;    // PWMS1P2IF PWM2 output match did not occur; 
                       // PWMS1P1IF PWM1 output match did not occur;     
    PWM1GIE = 0x00;    // PWMS1P2IE disabled; PWMS1P1IE disabled;     
    PWM1S1CFG = 0x00;  // PWMPOL2 disabled; PWMPOL1 disabled; PWMPPEN
                       // disabled; PWMMODE PWMOUT1,PWMOUT2 in left 
                       // aligned mode         
    PWM1S1P1L = 0x0C;  // PWMS1P1L 12;         
    PWM1S1P1H = 0x00;  // PWMS1P1H 0;        
    PWM1S1P2L = 0x08;  // PWMS1P2L 8;         
    PWM1S1P2H = 0x00;  // PWMS1P2H 0;      
    PWM2CON = 0x80;    // PWMEN enabled; PWMLD disabled; PWMERSPOL
                       // disabled; PWMERSNOW disabled;
}
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2. Right-Aligned Mode
In Right-Aligned mode, the active part of the PWM signal is at the end of the period. As an example, If the PWM
module has been configured to have a right-aligned output with a 75% duty cycle, the output will be inactive for the
first 25% of the period and then transition to active for the remaining 75% of the period.

To configure the PWM module to generate a right-aligned output, the MODE bits of the PWM Configuration registers
are used to select the output alignment mode and the P1 or P2 parameter registers are used to determine the
resulting period of the output signal. The code example below shows an initialization routine that can be used to
generate two right-aligned PWM outputs. The P1 output is a right-aligned PWM output with a 75% duty cycle and the
P2 output shows a right-aligned PWM output with a 50% duty cycle. The figure below shows the right-aligned PWM
output signals side-by-side, along with the corresponding PWM clock.

Figure 2-1. Right-Aligned Mode
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Example 2-1. PWM Right Align Initialization

void PWM1_Initialize_RightAlign(void)
{
    PWM1ERS = 0x00;         // External Reset Disabled; 
    PWM1CLK = 0x02;         // FOSC; 
    PWM1LDS = 0x00;         // Autoload disabled; 
    PWM1PRL = 0x0F;         // PWMPRL 15; 
    PWM1PRH = 0x00;         // PWMPRH 0; 
    PWM1CPRE = 0xF9;        // Prescale by 250; 
    PWM1PIPOS = 0x00;       // PWMPIPOS No postscale; 
    PWM1GIR = 0x00;         // PWMS1P2IF PWM2 output match did not occur; 
                            // PWMS1P1IF PWM1 output match did not occur; 
    PWM1S1CFG = 0x01;       // PWMPOL2 disabled; PWMPOL1 disabled; PWMPPEN 
                            // disabled; PWMMODE PWMOUT1 and PWMOUT2 in 
                            // right-aligned mode; 
    PWM1S1P1L = 0x0C;       // PWMS1P1L 12; 
    PWM1S1P1H = 0x00;       // PWMS1P1H 0; 
    PWM1S1P2L = 0x08;       // PWMS1P2L 8; 
    PWM1S1P2H = 0x00;       // PWMS1P2H 0; 
    PWM1GIRbits.S1P1IF = 0; // Clear PWM1 slice 1, output 1 interrupt flag
    PWM1GIRbits.S1P2IF = 0; // Clear PWM1 slice 1, output 2 interrupt flag
    PWM1CON = 0x80;         // PWMEN enabled; PWMLD disabled; PWMERSPOL
                            // disabled; PWMERSNOW disabled; 
}
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3. Center-Aligned Mode
In Center-Aligned mode, the active part of the PWM signal is in the middle of the signal. A typical use case is using
PWM to drive LEDs to prevent sudden current draw changes when all of the LEDs switch to active at once. In this
mode, the effective frequency is half of the configured value. As an example, if the PWM module has been configured
to have a center-aligned output with a 50% duty cycle, the output grows symmetrically from the center for an active
time of 50% and an inactive time of 25% on each side.

To configure the PWM module to generate a center-aligned output, the MODE bits of the PWM Configuration
registers are used to select the output alignment and the P1/P2 parameter registers are used to determine the
resulting period of the output signal. The code example below shows an initialization routine that can be used to
generate a center-aligned PWM output. The P1 output is a center-aligned PWM output with a 75% duty cycle and the
P2 output shows a center-aligned PWM output with a 50% duty cycle. The figure below shows the center-aligned
PWM output signals side-by-side, along with the corresponding PWM clock.

Figure 3-1. Center-Aligned Mode
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Example 3-1. PWM Center-Aligned Initialization

void PWM1_Initialize(void)
{
    PWM1ERS   = 0x00;   //PWMERS External Reset Disabled;
    PWM1CLK   = 0x02;   //PWMCLK FOSC;
    PWM1LDS   = 0x00;   //PWMLDS Autoload disabled;
    PWM1PRL   = 0xFF;   //PWMPRL 255; 
    PWM1PRH   = 0x7C;   //PWMPRH 124;
    PWM1CPRE  = 0x00;   //PWMCPRE No prescale;
    PWM1PIPOS = 0x00;   //PWMPIPOS No postscale;
    PWM1GIR   = 0x00;   //PWMS1P2IF PWM2 output match did not occur; 
                        //PWMS1P1IF PWM1 output match did not occur;
    PWM1S1CFG = 0x02;   //PWMPOL2 disabled; PWMPOL1 disabled; PWMPPEN
                        //disabled; PWMMODE PWMOUT1 and PWMOUT2 in center 
                        //aligned mode;
    PWM1S1P1L = 0xC0;   //PWMS1P1L 192;
    PWM1S1P1H = 0x5D;   //PWMS1P1H 93;
    PWM1S1P2L = 0x80;   //PWMS1P2L 128;
    PWM1S1P2H = 0x3E;   //PWMS1P2H 62;
    PWM1CON   = 0x80;   //PWMEN enabled; PWMLD disabled; PWMERSPOL disabled; 
                        //PWMERSNOW disabled;
}
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4. Variable-Aligned Mode
In Variable-Aligned mode, the active part of the PWM signal can be at any part of the PWM period. A variable-aligned
PWM is commonly used in power supply and motor control applications where a fixed pulse width is needed, but the
effective ON time of the MOSFETs needs to be controlled. In this mode, when the PWM timer and parameter P1
match, the output transitions to the Active state. When the PWM timer and parameter P2 match, the output
transitions to the Inactive state. Adjusting the P1 and P2 values will move the transition edges. Both the PWM outputs
are identical in this mode. As an example, if P1 is 20% of the period, and P2 is 50% of the period, the output will be
low for the first 20% of the period, high for the next 30%, and return to low for the remaining 50%.

Figure 4-1. Variable-Aligned Mode
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Example 4-1. PWM Variable-Aligned Initialization

void PWM1_Initialize_V_Aligned(void)
{    
    PWM1ERS = 0x00;   //PWMERS External Reset Disabled; 
    PWM1CLK = 0x02;   //PWMCLK FOSC; 
    PWM1LDS = 0x00;   //PWMLDS Autoload disabled; 
    PWM1PRL = 0x9F;   //PWMPRL 159; 
    PWM1PRH = 0x0F;   //PWMPRH 15; 
    PWM1CPRE = 0x00;  //PWMCPRE No prescale; 
    PWM1PIPOS = 0x00; //PWMPIPOS No postscale;  
    PWM1GIR = 0x00;   //PWMS1P2IF PWM2 output match did not occur; 
                      //PWMS1P1IF PWM1 output match did not occur; 
    PWM1S1CFG = 0x03; //PWMPOL2 disabled; PWMPOL1 disabled; PWMPPEN 
                      //disabled; PWMOUT1 and PWMOUT2 in variable 
                      //aligned mode; 
    PWM1S1P1L = 0xF0; //PWMS1P1L = 240; 
    PWM1S1P1H = 0x09; //PWMS1P1H  = 9; 
    PWM1S1P2L = 0xA0; //PWMS1P2L = 160; 
    PWM1S1P2H = 0x0E; //PWMS1P2H = 14; 
    PWM1CON = 0x80;   //PWMEN enabled; PWMLD disabled; PWMERSPOL 
                      //disabled; PWMERSNOW disabled; 
}
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5. Push-Pull Mode
The Push-Pull mode generates two PWM outputs alternately on the P1 and P2 channels. The duty cycle of the two
outputs are still independently controllable. This mode works with Left-Aligned and Right-Aligned modes. Typically,
this mode is used to generate an AC drive for either a motor or transformer primary drive using a full-bridge driver.
Figure 5-1. Push-Pull Mode
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Example 5-1. PWM Push-Pull Initialization

void PWM1_Initialize(void)
{
    PWM1ERS = 0x00;         //PWMERS External Reset Disabled;
    PWM1CLK = 0x02;         //PWMCLK FOSC;
    PWM1LDS = 0x00;         //PWMLDS Autoload disabled;
    PWM1PRL = 0x1F;         //PWMPRL 31;    
    PWM1PRH = 0x00;         //PWMPRH 0;
    PWM1CPRE = 0x00;        //PWMCPRE No prescale;    
    PWM1PIPOS = 0x00;       //PWMPIPOS No postscale;
    PWM1GIR = 0x00;         //PWMS1P2IF PWM2, PWMS1P1IF PWM1 no match
    PWM1S1CFG = 0x0A;       //PWMPOL2 disabled; PWMPOL1 disabled;
                            //PWMPPEN disabled; PWMMODE PWMOUT1 and
                            //PWMOUT2 in center-aligned mode;
    PWM1S1P1L = 0x10;       //PWMS1P1L 16;
    PWM1S1P1H = 0x00;       //PWMS1P1H 0;
    PWM1S1P2L = 0x10;       //PWMS1P2L 16;
    PWM1S1P2H = 0x00;       //PWMS1P2H 0;
    PWM1GIRbits.S1P1IF = 0; //Clear PWM1 slice 1, output 1 interrupt flag
    PWM1GIRbits.S1P2IF = 0; //Clear PWM1 slice 1, output 2 interrupt flag
    PWM1CON = 0x80;         //PWMEN enabled; PWMLD disabled;
                            //PWMERSPOL disabled; PWMERSNOW disabled;
}
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6. Toggle on Compare
This output mode toggles the PWM slice output when the duty cycle compare match fires. The result is two 50% duty
cycle outputs, with double the PWM period, and offset from each other by the difference in the duty cycle settings. If
both duty cycle registers are set to the same value, both outputs will rise and fall together. If the duty cycle registers
are set with a 20 µs difference, the two 50% duty cycle outputs will be offset from each other by 20 µs. This output
mode allows the users to generate 50% duty cycle clock signals with a programmable phase difference. The
following code generates a 10 kHz output with a 30 µs offset.
Figure 6-1. Toggle Mode
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Example 6-1. PWM Toggle Initialization

void PWM1_Initialize(void)
{

    PWM1ERS = 0x00;    //PWMERS External Reset Disabled;  
    PWM1CLK = 0x03;    //PWMCLK HFINTOSC;
    PWM1LDS = 0x00;    //PWMLDS Autoload disabled;
    PWM1PRL = 0xC7;    //PWMPRL 199;
    PWM1PRH = 0x00;    //PWMPRH 0;
    PWM1CPRE = 0x00;   //PWMCPRE No prescale;
    PWM1PIPOS = 0x00;  //PWMPIPOS No postscale;
    PWM1GIR = 0x00;    //PWMS1P2IF PWM2 output no match; PWMS1P1IF PWM1 output 
                       //no match;
    PWM1GIE = 0x00;    //PWMS1P2IE disabled; PWMS1P1IE disabled;
    PWM1S1CFG = 0x05;  //PWMPOL2 disabled; PWMPOL1 disabled; PWMPPEN disabled;
                       //PWMMODE Toggle PWMOUT1 and PWMOUT2 on compare match;
    PWM1S1P1L = 0x27;  //PWMS1P1L 39;
    PWM1S1P1H = 0x00;  //PWMS1P1H 0;
    PWM1S1P2L = 0x9F;  //PWMS1P2L 159;
    PWM1S1P2H = 0x00;  //PWMS1P2H 0;
    PWM1CON = 0x80;    //PWMEN enabled; PWMLD disabled; PWMERSPOL disabled;
}
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7. Servo Control
The 16-bit PWM module is an excellent choice to be used as a servo motor controller, which requires minimal
software intervention. Servo motors usually have three-pin connectors consisting of VDD, VSS and a Control Pin
(PWM Output from the microcontroller). The typical PWM output signal used to drive servo motors generates a pulse
every 20 ms that lasts anywhere from 1 ms to 2 ms. This equates to a PWM frequency of 50 Hz with a varying duty
cycle of 5% to 10%, depending upon the desired position of the output shaft. A pulse width of 1 ms typically
corresponds to the -90° position of the servo output shaft, and a 2 ms pulse will cause the output shaft to move to the
90° position.

To use the PWM module to drive a servo motor, the PWM frequency should be configured to be 50 Hz by selecting
the appropriate PWM clock source and clock prescaler value. The user should then generate a left-aligned PWM
output with a duty cycle of 5% to 10% to generate a pulse between 1 ms and 2 ms by using the corresponding PR
register to change the duty cycle of the signal. The Example 1 below shows how the 16-bit PWM module can be
initialized to drive a servo motor, and Example 2 includes a code snippet that can be used to sweep the servo motor
output shaft between 0° and 180°. The figure below illustrates the PWM output signals that can be used to drive a
servo motor between 0° and 180°.
Figure 7-1. PWM Output Signals
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Example 7-1. PWM Servo Motor Control Initialization

void PWM1_Initialize(void)
{
    PWM1ERS = 0x00;            //PWMERS External Reset Disabled;
    PWM1CLK = 0x03;            //PWMCLK HFINTOSC;
    PWM1LDS = 0x00;            //PWMLDS Autoload disabled;
    PWM1PRL = 0x3F;            //PWMPRL 63;
    PWM1PRH = 0x9C;            //PWMPRH 156;
    PWM1CPRE = 0x01;           //PWMCPRE Prescale by 2;
    PWM1PIPOS = 0x00;          //PWMPIPOS No postscale;
    PWM1GIR = 0x00;            //PWMS1P2IF PWM2 output match did not occur; 
                               //PWMS1P1IF PWM1 output match did not occur;
    PWM1GIE = 0x00;            //PWMS1P2IE disabled; PWMS1P1IE disabled;
    PWM1S1CFG = 0x00;          //PWMPOL2 disabled; PWMPOL1 disabled; 
                               //PWMPPEN disabled; PWMMODE PWMOUT1 and PWMOUT2
                               //in left-aligned mode;
    PWM1S1P1L = 0xA0;          //PWMS1P1L 160;
    PWM1S1P1H = 0x0F;          //PWMS1P1H 15;
    PWM1S1P2L = 0x80;          //PWMS1P2L 128;
    PWM1S1P2H = 0x0C;          //PWMS1P2H 12;
    PIR4bits.PWM1PIF = 0;      //Clear PWM1 period interrupt flag
    PIR4bits.PWM1IF = 0;       //Clear PWM1 interrupt flag
    PWM1GIRbits.S1P1IF = 0;    //Clear PWM1 slice 1, output 1 interrupt flag
    PWM1GIRbits.S1P2IF = 0;    //Clear PWM1 slice 1, output 2 interrupt flag
    PIE4bits.PWM1IE = 0;       //PWM1 interrupt enable bit
    PIE4bits.PWM1PIE = 0;      //PWM1 period interrupt enable bit
    PWM1CON = 0x80;            //PWMEN enabled; PWMLD disabled; PWMERSPOL 
                               //disabled; PWMERSNOW disabled;
}
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Example 7-2. Servo Motor 5% to 10%

while (1) 
{  
   PWM1_SetSlice1Output1DutyCycleRegister(0x07D0);    //PWM duty cycle at 5%   
   PWM1CONbits.LD = 1;                                //PWM Reload Period & 
                                                      //Duty Cycle Registers
                                                      //Bit
   __delay_ms(1000);     
   PWM1_SetSlice1Output1DutyCycleRegister(0x0FA0);    //PWM duty cycle at 10%
   PWM1CONbits.LD = 1;                                //PWM Reload Period & 
                                                      //Duty Cycle Registers
                                                      //Bit
   __delay_ms(1000);
}
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The Microchip Website
Microchip provides online support via our website at http://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 http://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: http://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
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice
Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.
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