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Pulse-Width Modulation (PWM)
Pulse-width modulation is used in many switching situations, particularly 
where switching is used to control analog voltages and currents. 

A PWM signal is pulse wave, in which the high time can controlled 
(modulated) by an external signal. 

Since PWM is often used to control a switch, we use “on” and “off” to 
characterize the two states, rather than “high” and “low”.

The frequency (and period) of the signal is fixed. The frequencies can range 
from a few 10s of Hz to several MHz. The corresponding periods are a few 
milliseconds to a few tenths of a microsecond. Of course, the speed will the 
type of circuit needed to generate the pulse train. 

Obviously, ton + toff = T — as ton changes, toff must change in the opposite 
fashion. Theoretically, the “high” time can be varied from 0 to T, but 
sometimes there may limitations that prevent ton from ranging all the way to 
the extreme values. 
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PWM signals are usually  described in terms of a duty cycle, defined as  
D = ton /T.  The value of the duty cycle ranges between 0 and 1. Then, ton = 
D·T and toff = (1 – D)T.
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Thinking in EE 224 terms, the Fourier Transform of the signal will have a DC 
value and harmonics based on the fundamental frequency of the signal.

As the duty cycle changes, the relative heights of the DC and harmonic 
“spikes” will change, but the frequencies are fixed.
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The DC value is the average value of the waveform is easily calculated: 

 

      

      

If Voff = 0, then . 

This is a very nice result — a variable DC voltage controlled by the duty 
cycle of the PWM signal. 

We can extract the DC easily by using a low-pass filter with fc << fo to 
attenuate the harmonic components.
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Generating PWM signals is a standard feature of most microcontrollers. For 
example, Arduino has several pins ready for pwm. Use the analogWrite 
function to set the pwm. The default frequency is 490 Hz, but that can be 
changed, if needed. The pwm value can range between 0 and 255. ( 0 for 
D = 0 and 255 for D = 1. ) The program below ramps the level from min to 
max and back repeatedly.
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There are simple circuits that can be used to generate PWM signals. A 
standard method is to generate a periodic ramp or triangle wave and use a 
comparator to produce the PWM square wave.
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The upper two op amps form an 
oscillator circuit the sets the 
frequency and provides square- and 
triangle-wave outputs. (See EE 230 
notes for a detailed explanation.) 

The lower op amp is a simple 
comparator. Changing the voltage at 
the reference input changes the 
PWM duty cycle.


