ME 120

PWM in a Nutshell

The PWM pulse train acts like a DC signal when devices that receive the signal have an electromechanical response time that is slower than the frequency of the pulses. Two common uses of
PWM are to control the brightness of LEDs and to control the speed of brushed DC motors.

PWM: Pseudo Analog Output
• The Arduino UNO does not have true analog output, which would be the ability to create a
continuously varying voltage output.
• PWM is a technique to send square waves at a fixed frequency and varying duty cycles.
• PWM is available on digital I/O pins 3, 5, 6, 9, 10, 11, as indicated by the ~ symbol adjacent
to the pin number on the board stencil.

• PWM output is enabled by the pinMode function (usually in setup) and the PWM level is
set with the analogWrite function. Refer to the LED_pot_dim sketch in Listing ??.
• The syntax of the analogWrite function is
analogWrite( pin, duty )
where pin is a digital I/O pin capable of PWM (pins 3, 5, 6, 9, 10, 11 on an Arduino UNO)
and duty is an 8-bit value specifying the duty cycle, 0 ≤ duty ≤ 255.
• The PWM signal from an Arduino can be sent to a transistor or motor controller, which can
switch higher power levels than the digital I/O pins on an Arduino. A digital I/O pin on an
Arduino UNO can only switch 40 mA. In contrast (for example), an 2N4401 transistor can
switch up to 500 mA, while using a PWM signal from an Arduino.

Vs = 5V

analogWrite(pin,63)

...

τo

τc = 0.25

analogWrite(pin,127)

...

τo

τc = 0.50

analogWrite(pin,191)

...

τo

τc = 0.75

Figure 1: Nomenclature for definition of PWM duty cycle.
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Sample Code and Circuit
Figure 2 and Listing 1 show circuits and Arduino code that can be used to control the brightness
of an LED by adjusting a potentiometer.
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Figure 2: A potentiometer circuit provides input, which is used to control the brightness of an LED
with PWM output.

//
//
//
//

File:

LEDPotDimmer.ino

Use PWM to control the brightness of an LED that is continuously on.
Brightness of the LED is set by potentiometer input

int LED_pin = 11;
void setup() {
Serial.begin(9600);
pinMode(LED_pin, OUTPUT);
}

//

must be one of 3, 5, 6, 9, 10 or 11 for PWM

// initialize the pin for output.

void loop() {
int

pot_pin=A0, pot_val, level;

pot_val = analogRead(pot_pin);

//
//

Local variables for the loop function
Input value is 10 bit range:

0 <= pot_val <= 1023

// -- Convert 10-bit value from analogRead to an 8-bit value suitable for analogWrite
level = 255*float(pot_val)/1023.0; // Use float to improve precision of pot_val/1023
analogWrite(LED_pin, level);
// Set the LED to brightness of level
// -- Print values for diagnostic usage only
Serial.print(pot_val);
Serial.print("
");

Serial.println(level);

}

Listing 1: Use a potentiometer to set PWM duty cycle that controls the brightness of an LED.

