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What is PWM? Why is PWM useful?

Closed loop control System
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PWM: is a technique which allows us to adjust the average value of the voltage 

that’s going to the electronic device by turning on and off the power at a fast rate.
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The average voltage depends on the duty cycle, 
or the amount of time the signal is ON versus 
the amount of time the signal is OFF in a single 
period of time.

𝐷 =
𝑇𝑂𝑁

𝑇𝑝𝑒𝑟𝑖𝑜𝑑

Duty cycle

𝑉𝐴𝑉𝐺 = 𝐷 𝑉𝐻𝑖 + (1 − 𝐷)𝑉𝐿𝑜𝑤

Average voltage 
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Ex:1 Find the average voltage where:

𝐷 = 25%

𝑉𝐻𝑖 = 12𝑉 𝑉𝐿𝑜𝑤 = 0𝑉

Solution

𝑉𝐴𝑉𝐺 = 0.25 ∗ 12 + 1 − 0.25 ∗ 0

𝑉𝐴𝑉𝐺 = 3 𝑉
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Ex:2 Find the average voltage where:

𝐷 = 90%

𝑉𝐻𝑖 = 12𝑉 𝑉𝐿𝑜𝑤 = 0𝑉

Solution

𝑉𝐴𝑉𝐺 = 0.9 ∗ 12 + 1 − 0.25 ∗ 0

𝑉𝐴𝑉𝐺 = 10.8 𝑉
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𝑉𝑎𝑣𝑔 = 𝑉𝐷𝐶 = 5𝑉

𝑉𝑟𝑚𝑠 = 𝑉𝐴𝐶 =
𝑉𝑝

2
=

2

2
= 1.414𝑉

𝑇𝑟𝑢𝑒 𝑅𝑀𝑆 = 𝑉𝐴𝐶
2 + 𝑉𝐷𝐶

2  = 5.2𝑉

𝑉𝑎𝑣𝑔 = 𝑉𝐷𝐶 = 𝑉𝑝 ∗ 𝐷 = 30 ∗ 0.333 = 9.99𝑉

𝑉𝑟𝑚𝑠 = 𝑉𝐴𝐶 = 𝑉𝑟𝑚𝑠1
2 + 𝑉𝑟𝑚𝑠2

2 = 14.14𝑣

𝑇𝑟𝑢𝑒 𝑅𝑀𝑆 = 𝑉𝐴𝐶
2 + 𝑉𝐷𝐶

2  = 𝑉𝑝 ∗ 𝐷 = 17.32𝑉
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We can use PWM to control the power delivered to an electrical load, e.g. control 

the speed of the DC motor by simply controlling the input voltage to the motor or 

the brightness of light bulb or LED.
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1- Linear Control Strategy (Using MOSFET)
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1- Linear Control Strategy (Using MOSFET)
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1- Linear Control Strategy (Using MOSFET)
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1- Linear Control Strategy (Using MOSFET)
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1- Linear Control Strategy (Using MOSFET)
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2- Digital PWM (using digital controllers, e.g. Arduino)

a) Bit-banging Pulse Width Modulation with digitalWrite.

b) Simple Pulse Width Modulation with analogWrite.

c) Using the ATmega PWM registers directly.
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a) Bit-banging Pulse Width Modulation with digitalWrite.

We can ”manually” implement PWM on any pin by repeatedly turning the pin on 
and off for the desired times.

What is the value of duty cycle?

How much is the frequency?



April 30, 2024 17

a) Bit-banging Pulse Width Modulation with digitalWrite.

Advantage: 

• We can use any digital output pin. 

• We have full control the duty cycle and frequency. 

Disadvantage:

• We can’t leave the output running while the processor does something else.
• Any interrupts will affect the timing
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b) Simple Pulse Width Modulation with analogWrite.

Simply we can call analogWrite(pin, dutyCycle), where dutyCycle is a value from 0 to 255, 

and pin is one of the PWM pins (pins 2:13,44,45,46).

This method is usfel to make the RGB LED light different colors as,

SALMON RGB(250, 128,114) – CHOCOLATE RGB(210, 105, 30).
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b) Simple Pulse Width Modulation with analogWrite.

Advantage: 

• We can leave the output running while the processor does something else.
• We have full control the duty cycle only. 

Disadvantage:

• We don’t have full control the frequency (490 Hz or 980 Hz based on the 

selected pin). 
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c) Using the ATmega PWM registers directly.

• The ATmega328P chip has 3 PWM timers (2 8-bit and 1 16-bit), controlling 6 PWM o/p’s. 
The ATmega2560 chip has 6 PWM timers (2 8-bit and 4 16-bit), controlling 15 PWM o/p’s. 

• By manipulating the chip’s timer registers directly, you can obtain more control than the 
analogWrite function provides. 

• Timers known as Timer 0, Timer 1,.., and Timer 6.

• Each timer has two or more output compare registers that control the PWM width for the 
timer’s outputs.

• When the timer reaches the compare register value, the corresponding output is toggled. 

• Each of the timers has a prescaler that generates the timer clock.

• The Arduino has a system clock of 16MHz.
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Timers (ATmega328P):
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Timers (ATmega2560):
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• The outputs of each timer will normally have the same frequency but can have different 
duty cycles (depending on the respective output compare register). 

• Each of the timers has a prescaler that generates the timer clock by dividing the system 
clock by a prescale factor such as 1, 8, 64, 256, or 1024. 

• The Arduino has a system clock of 16MHz and the timer clock frequency will be the 
system clock frequency divided by the prescaler factor.
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The Timer/Counter Control Registers for timer 2:

For more details, please check LAB1 manual or Atmega328p & Atmega2560 datasheets
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Clock Select Bit Description



April 30, 2024 27

Waveform Generation Mode Bit
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Compare Output Mode, Fast PWM Mode.

Output A

Output B
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The frequency of generated form

Where:
 𝑓𝑐𝑙𝑘_𝐼/𝑂   The Arduino clock frequency.

𝑇𝑂𝑃   The top value for the counter, based on the Timer/Counter mode of operation 
 𝑁            Variable represents the prescaler factor.



April 30, 2024 30

Fast-PWM mode:

• Is the simplest PWM mode, the timer repeatedly counts from 0 to 255 : 65,536.  Why?

• The output turns on when the timer is at 0 and turns off when the timer matches the 
output compare register.

The following code fragment sets up non-inverting fast PWM on pins 9 and 10 (Timer 2) 
with prescalar=64 (976.5625Hz).

BV: bit value

Timer 2 – Arduino Mega
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Example:

BV: bit value

Timer 2 – Arduino Mega
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• Depending on the size of the motor, we can simply connect an Arduino PWM output to the 

base of transistor or the gate of a MOSFET and control the speed of the motor by controlling 

the PWM output. 
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Advantages:

• The low power Arduino PWM signal switches on and off the gate at the MOSFET through 

which the high-power motor is driven.

Disadvantages:

• This MOSFET connection can’t be used for controlling the rotation direction.

The motor polarity should be reversed 
in order to change the rotation 
direction.
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L298N Driver (dual H-Bridge driver)
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L298N Driver (dual H-Bridge driver)
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L298N Driver (dual H-Bridge driver)
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L298D Driver (dual H-Bridge driver)
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Q&A
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