Controlling Devices with PWM
What is PWM? It’s a TLA for Pulse Width Modulation
but what exactly does that mean?

or variable resistor, it’s not easy to control this
programatically.

First, let’s define a ‘Pulse’. In Digital Electronics, a Pulse
is transition of the state of the voltage and/or current on
a part of a circuit. Typically from a ‘HIGH’ state to a
‘LOW’ state or visa versa.

And there are other concerns. For example, all LEDs will
have a minimum operational current, but the output at
that current level is often too bright for a specific
purpose. Further there are some other devices which
can only operate at a particular voltage/current level,
such as motors, sensors, etc.

In our case what will be transitioning is the voltage on a
GPIO pin from our micro controller. If we drive the pin
HIGH, or to ~5V when it was previously LOW or 0V, a
transition has occurred. Another will occur when it
returns to LOW.
If you were to visualize these pulses as a wave, over
time, it might look like:

Since these pulses are digital, there is no smooth sine
wave like transition from HIGH to LOW that you might
see with an analog circuit, or audio waves, just an abrupt
change. The resulting wave is called a square wave.
Now we know what the pulses are, the ‘width’ is simply
the time that the output will remain in a particular state;
i.e. how long the pin is HIGH and how long it is LOW.
This is seen visually as the width of the horizontal line
component of the graph.
Modulation, then, is just the varying of these durations.
The above graph showed evenly spaced such that 1/2
the time the line was HIGH. The amount of time a line is
high as an average over time is called the duty cycle,
so that graph was of a 50% duty cycle. This would yield
an average voltage of 2.5vdc. Below is a visualization of
a 25% duty cycle. This would yield an average voltage of
1.25vdc.

Now that we know what PWM implies, what can be done
with it? In this demonstration we are going to dim a
connected LED. We already saw that you can dim an
LED by using resistors to change the amount of current
flowing through the device. However, there are some
limitations to this method. Primarily, it is not easily
controllable — while you can hook up a potentiometer,

With PWM we can run the LED at a reasonable current
level, but switch it on and off very rapidly, so that for a
given time period the LED will only be illuminated some
percentage of the time. If we do this rapidly, say 100Hz
(times per second) or more, your eye will not be able to
see the blinking, it will just perceive a dimmer LED.
Using this technique will allow us to dim the LED to
almost any level, regardless of its properties. How dim
we can get and how smoothly we can fade the LED is
mostly dependent on the speed at which we can perform
the switching.
Similarly, PWM control can be used to vary the effective
speed and/or torque of an electric motor with a fine
degree of control. And as we saw in a previous
experiment, we can create audio by essentially creating
an Analog change ( varying the effective current flow
over time ) using a digital representation. So it follows
that PWM control is the basis for digital audio amplifiers,
known as Class-D amps.
Of course a microcontroller’s tiny internal transistors
can’t switch enough current to drive a subwoofer amp,
drill or Tesla, but it can control a larger external
transistor, transistor bank, or MOSFET which can handle
such high current sources.

Some devices that rely on PWM
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Experiment: PWMbase
Components

Wiring Diagram

✓Microcontroller
✓Breadboard
✓Any single-color LED
✓Resistor

Connection Instructions

Connect your LED such that the Cathode (-) is attached to pin D3 and the Anode (+) is connected through a
resistor to the 3V3 power output pin of the microcontroller. You will want to make these connections out in an
open part of the breadboard as shown above.
Note: If your LED+R combo is too dim to see the change, try connecting to 5V instead of 3.3V
Sketch(es)

BasePWM.ino

Analysis Questions
Does the LED cycle from bright to dim?

Open the serial console and examine the output.
Is the brightness of the LED linear with respect to the value?
( i.e. does a change of 1 in the value always change the visible brightness the same amount. )
Is the LED brighter or darker when the analogWrite values are low?
Is this what you expected?
Consider this but don’t try it until after the programming tasks:
Could you invert the brightness to value ratio ( i.e. larger value == brighter LED )by changing the circuit?
Programming Tasks

Have the LED transition from bright to dim more quickly. ( i.e. several times per minute )
Make the LED fade from bight to dim, then from off/dim back to bright.
Cause the LED linger for a while when fully off and fully on.
Attempt to make the fading more linear.
Challenge: Can you use only a single line inside the loop() to create a similar effect? See notes below
Notes

In addition to the basic ‘int’ integer data type we have been working with, there are several other options
available which allow you to store a single character ( letter, number, symbol), floating point numbers of
different sizes, positive only integers (aka unsigned) as well as larger and smaller integers.
The ‘byte’ type represents just that a single byte, or 8 bits of storage, with no sign. That means it’s maximum
value is 255 ( i.e. 11111111 ) and minimum value is 0. Adding one to the value of 255 stored in a byte causes
the extra bit, that would normally go into the 8th place to be lost, and the effective value returns to 0.
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