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Summary

Pulse Width Modulation is a default output for many Microcontrollers.  Communication with an 
external circuit or device may require a varying DC output, so it becomes necessary to convert a 
PWM to a DC signal.  This application note will outline the steps needed to design and adjust a 
low-cost PWM to DC converter.
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How it works

A pulse width modulated square wave can be broken down into a sum of sinusoids with a DC 
offset.  The DC offset is determined by the average value of the signal as shown by Fourier 
Series analysis.  The DC component can be filtered out using a low-pass filter with a low center 
frequency, and a non-inverting amplifier to amplify the output to a desired value.

The average value of a PWM square wave is the peak value of the square wave multiplied by the
duty cycle.  This means that the duty cycle and the DC-output are proportional, and the output 
will increase linearly with respect to the duty cycle.



Design

 

(Electronics Tutorials)

This design uses a first-order low-pass filter with a gain of one to filter out the DC component, 
and a non-inverting op-amp to amplify the signal.  The max value of the output can be changed 
by adjusting the resistors R1 and R2 in the circuit such that:

Vout(max) = Vin(max) * (R1 + R2) / R1

Vin(max) is the high voltage of the PWM output from the microcontroller; this is typically 3.3V. 
Vout(max) is the desired output for a 100% duty cycle square wave.  The center frequency 
should be much lower than the frequency of the output square wave.  Since microcontrollers 
typically run in the megahertz range, a value of 100Hz is selected for this design.  This will 
create a DC-Output that mirrors the average value of the square wave with a slight ripple from 
low-frequency components.  The center frequency can be changed using the following equation:

fc = 1 / (2*pi*R3*C1)



Design Simulation in PSPICE

For this simulation the following component values are used:

R1 = 10kOhm
R2 = 20kOhm
R3 = 33kOhm
C1 = .047uF

This results in a Gain of 3 and a center frequency of 102.61Hz.

PSPICE CODE
1st Order Design
Vin 1 0 PULSE(0 3.3 0 0 0 .5u 1u)
R1 3 0 10k
R2 3 4 20k
R3 1 2 33k
C1 2 0 .047u
X1 2 3 4 OPAMP
.SUBCKT OPAMP 1 2 3
RI 1 2 100MEG
EA 3 0 1 2 100MEG
.ENDS OPAMP
.TRAN 20n 10ms 9.9ms 20n
.PROBE
.END

The simulation graphs display both the PWM square wave and the output voltage.



0% Duty Cycle Simulation

A simulation at 0% Duty Cycle yields an output of 0V.

25% Duty Cycle Simulation

A simulation at 25% Duty Cycle yields an output of about 2.63V at 5.2% error.



50% Duty Cycle Simulation

A simulation at 50% Duty Cycle yields an output of about 5.1V at 2% error.

75% Duty Cycle Simulation

A simulation at 75% Duty Cycle yields an output of about 7.6V at 1.33% error.



100% Duty Cycle Simulation

A simulation at 100% Duty Cycle yields an output of about 9.9V at 1% error.



Recommendations and Additional Information

The error from the circuit comes from using standard capacitor and resistor values as well as 
using a 1st order low-pass filter.  Standard capacitor and resistor values are recommended, 
because it will decrease the cost of the design.  A list of standard resistor and capacitor values 
can be seen below.

(Resistors and Capacitors)



Additionally, resistors between 1kOhm and 100kOhm should be used to reduce noise in the 
circuit, as well as capacitors in the micro to pico-Farad range.  In order to decrease the ripple on 
the output voltage, a lower center frequency can be selected.  In order to further reduce noise, a 
higher order low-pass filter can be used.

Conclusion

A PWM -DC converter is needed for many application where a microcontroller needs to 
communicate with other hardware; this can be realized with a low-cost circuit and a power 
supply for the op-amp.  It can be difficult to match the gain exactly with standard resistor values, 
but a potentiometer can be used to tune the amplifier to an exact value for a little extra cost.

Resources

Electronics Tutorials
http://www.electronics-tutorials.ws/filter/filter_5.html

Resistors and Capacitors
http://ecee.colorado.edu/~mcclurel/resistorsandcaps.pdf


