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Project Name: Example_PRS_PWM 

Programming Language: C 
Associated Part Families:CY8C21x34, CY8C24x23, CY8C27x43, CY8C29x66  

Software Version: PSoC
®
 Designer™ 5.2 

Related Hardware: CY3210 PSoCEval1 
 

Objective 
This project demonstrates the use of the PRS user module as a pseudo random pulse width modulator (PWM) and compares 
the PRS PWM and conventional PWM in terms of average duty cycle and harmonic noise. 

  

Overview 
The PRS user module when used with PWM output; it generates the pseudo random PWM signal. This signal has average 
duty cycle constant over the period as compared to the conventional PWM signal. But, in PRS PWM; the ON time and OFF 
time of the conventional PWM signal is divided into pulses of random period and spread randomly across the period of PWM 
signal. This helps to reduce the harmonic noise by spreading the energy spectrum. 
 
The PRS PWM provides spread spectrum operation and ensures good immunity from external noise sources. In addition, 
designs with the spread-spectrum PWM have lower electromagnetic emission levels as power is not concentrated at a specific 
frequency. When your application is targeted to pass the EMC/EMI tests or must provide reliable operation in the harsh 
environments, the PRS PWM configuration is recommended. 
 
In this project an 8-bit conventional PWM is compared with a PRS output in terms of average duty cycle and harmonic noise, 
functionality of which is explained in the following block diagram. 

Block Diagram 

 

User Module List and 
Placement 
The following table lists user 
modules in this project and the 
hardware resources occupied by 
each user module. 

User Module Placement 

PWM DBB01 

PRS DBB00 
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User Module Parameter Settings 
The following table shows the user module parameter settings for each user modules in the project. 

PWM 

Parameter Value Comments 

Clock VC1 
VC1 is configured to generate a clock of 1.5 MHz. This is the clock to the 
PWM. 

Enable High Enable the PWM. 

CompareOut Row_0_Output_1 The PWM output is connected to P2[1] through Row_0_Output_1. 

TerminalCountOut None Terminal count is not used in this project. 

Period 255 Set the pulse period to 255. 

PulseWidth 127 Set the initial pulse width to 127 for 50% duty cycle. 

CompareType Less Than Or Equal This parameter sets the compare function type "Less Than or Equal To”. 

InterruptType Terminal Count Default value. Interrupt is not used in this project. 

ClockSync Sync to SysClk As VC1 is derived from SysClk, the clock sync is set to Sync To SysClk. 

InvertEnable Normal When "Normal" is selected for InvertEnable, the enable input is active-high. 

PRS 

Parameter Value Comments 

Clock VC1 
VC1 is configured to generate a clock of 1.5 MHz. This is the clock to the 
PRS. 

OutputBitStream None The output bit stream is not used in this project. 

CompareOut Row_0_Output_0 

Whenever the compare condition between the PRS register and Seed 
register satisfies the compare condition below, this output goes high. This 
output is routed to P2[0] through Row_0_Output_0. 

CompareType Less Than Or Equal This parameter sets the compare function type "Less Than or Equal To”. 

ClockSync Sync to SysClk As VC1 is derived from SysClk, the clock sync is set to Sync To SysClk. 

Global Resources 
Important Global Resources 

Parameter Value Comments 

Power Setting 5 V/24 MHz Selects 5V operation and 24 MHz SysClk. 

CPU Clock SysClk/8 Sets CPU clock to 3 MHz. 

VC1 Source 16 Generates 1.5 MHz clock for PRS and PWM user modules. 
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Hardware Connections 
The schematic diagram for the project is shown below. The PRS PWM output is brought out on P2[0]. The conventional PWM 
output is brought out on P2[1]. R1/C1 and R2/C2 are RC filters on the PRS PWM and the PWM outputs respectively. They 
filter the pulse width outputs to DC. Measuring the DC voltages on the RC filters prove that the average output from PRS PWM 
and PWM are equal. Switches S1 and S2 are used to increment and decrement the pulse width values. Pins P1[0] and P1[1] 
are configured as StdCPU and pull down, thus saving external pull down resistors. 

Figure 1. Project Schematic Diagram 
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The project can be tested using the CY3210 – PSoC Eval1 board by making the following connections: 

 Use the bread board area of the CY3210 to assemble the two RC filters as shown in the schematic above. 

 Connect P2[0] from J8 to one RC filter. 

 Connect P2[1] from J8 to the other RC filter. 

 Place two push button switches on the bread board. Connect one end of the switches to VCC; connect the other end to 
P0[0] and P0[1] on J6. 
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Operation 
PWM are used in applications such as motor control and LED control. A PWM has a variable pulse width, varying from 0 to 
100% of its period. In PSoC®, a conventional PWM has a simple down counter and a compare register. When the value in the 
Count register is less than or equal to the Compare register, the Compare output goes high. The pulse width of the PWM can 
be varied by changing the value in the Compare register. The waveform of a conventional PWM operating at 50% duty cycle 
and its spectrum plot are shown in Figure 2. 

Figure 2. Conventional PWM Waveform and Spectrum Plot 
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As expected, the harmonic content of a conventional PWM is quite high. If the down counter is replaced with a Pseudo 
Random Sequence, the Compare value still causes the same percent of High states, but the high states are randomly 
dispersed. For a compare value of 50%, the output has a probability of being high 50% of the time. The waveform of such a 
PRS PWM and its spectrum plot are shown in Figure 3. As it can be seen in Figure 3, the dithering of the PWM output 
significantly removes the harmonics and spreads the power spectrum of the signal. This property is extremely useful in 
applications where reduction of radiated noise is a concern. 

Figure 3. PRS PWM Waveform and Spectral Plot 
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The flow of the PSoC Designer project is detailed as follows. 

On reset, all hardware settings from the device configuration are loaded into the device and main.c is executed. 

The following operations are performed in main.c: 

 Start the PRS PWM; start the PWM. 

 Enable the pull down resistors on P1[0] and P1[1]. 

 Set the duty cycle of the PRS PWM and PWM to 50% by setting the Compare value to 127. 

 Inside an infinite loop 

 Check if the UP key is pressed. If pressed, increment the Compare value by 5, update the duty cycle of both PWMs, 
and wait until the key is released. 

 Check if the DOWN key is pressed. If pressed, decrement the Compare value by 5, update the duty cycle of both 
PWMs, and wait until the key is released. 

In order to verify that the average duty cycle of conventional PWM and PRS PWM are same; the outputs from a PRS PWM 
and a conventional PWM are filtered using low pass RC filters. For the same pulse width setting, the DC values can be 
measured (using an oscilloscope or multi-meter) after the RC filters from the PWM and PRS PWM which can be verified to be 
identical. 
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Scope Captures 

Following scope captures give a clear picture of the difference between the waveforms those are generated by the 
conventional PWM module and the PRS PWM module. The waveforms are taken at 50% duty cycle for both user modules.  
A part of PRS PWM waveform is also shown with time scale modified to 10x in order to give the idea of randomness in the ON 
and OFF pulses in the PRS PWM waveform.   

Note To get the scope capture using this project, remove the RC filters shown in the schematic above and then connect the 

Oscilloscope/Spectrum analyzer. 

Figure 4. Scope Capture of PWM and PRS PWM Waveforms 

       

 

If we have a look at the spectrum of two signals; we can verify the PRS PWM will spread the peaks those are present in the 
conventional PWM signal.  Figure 5 shows the spectrum of the conventional PWM signal. The spectrum clearly shows the 
dominant power at fundamental frequency and all the harmonics apart from the DC power. This will cause intense radiations at 
these frequencies 

Figure 5. Spectrum of conventional PWM signal 
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Figure 6 shows the spectrum of the PRS PWM signal. This spectrum essentially has same power at DC. But, apart from that 
no other peak is exists. This clearly shows the spread spectrum nature of the PRS PWM wave. This property of PRS PWM is 
important while EMI and EMC are main considerations in the system design. 

Figure 6. Spectrum of PRS PWM Signal 

 

 

 

Upgrade Information  

N/A 
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