
Lab 9 - PWM and Piezo Elements
CSCE 4114 – Embedded Systems – Fall 2018

Tasks: You must complete the following tasks during the lab session:

1. Open the Adruino IDE

2. Wire the Piezo element from the kit with one end tied to ground, and the other to a
PWM pin.
Check https://store.arduino.cc/usa/arduino-mkr1000 under tech specs to find
what pins have PWM available

3. Pick a note frequency that you want to use. ‘A4’ is 440 Hz. Create a variable called
noteFrequency and set it to that value.

4. Determine the period of the note. Remember that the period of a signal is equal to
1

freq
. Set a variable called period to be equal to the number of microseconds.

5. Recall that a period is the time for the signal to complete itself. If we are trying to
manipulate the signal by pulse width modulation, we will need the half period. Create
a variable called halfPeriodUS and set it equal to half the period.

6. Assume we want to play your chosen note for 1 second. In that case, we want to
complete noteFrequency iterations of raising and lowering the signal. Create a variable
called numIterations that holds that value.

7. In the setup function, set the pin you are using as an output with the pinMode()
function

8. In the loop function, create a for loop that performs numIterations cycles of raising
the digital signal, delaying for halfPeriodUS, lowering the signal, then delaying again
for halfPeriodUS
The function for delaying microseconds is – conveniently – delayMicroseconds()

9. After that for loop, delay for a second using delay(1000)

10. Answer questions 1-4

11. You may have noticed that currently, there was no need to use a PWM pin. The
code as it stands implements PWM without use of a hardware timer. Let’s attempt to
change that.
Arduino has a built in function called analogWrite() that implements PWM on digital
pins. One of its parameters is a digital value between 0-255 that specifies the duty
cycle. 255 means that the signal is on all the time, 0 means that the signal is off all
the time. 128 means that the signal is on half the time. However, the Arduino PWM
function uses a set timer length, and therefore period of the signal. This is not useful
for our application as far as pitch is concerned, but it is as far as volume is concerned.
Change both digitalWrite functions to analogWrite. Start with the digital value 255
for the write high, and 0 for write low.



12. Did this change the signal? Why not? Let’s try to modify the value to see what it
does. Change the 255 to be 128. Hit play, but be ready to pull the one of the wires
out.

13. That didn’t sound good. As it turns out, the PWM function has a frequency that is
in the audible range. With that timing frequency, there isn’t a way to filter the signal
to an analog signal using a low-pass RC filter.

14. Instead of using PWM, it may be worth using the actual analog pins. Change the
piezo element to connect to A0; modify your code accordingly. Compile and run. The
tone should now be clearer

15. Modify the digital value on the analog write from 128 to something like 8. You should
now hear a much quieter (and more pleasant tone)

16. Answer questions 5-7

17. Change the Piezo pin back to a PWM pin. This time we will use the PWM pin
using a method that takes advantage of the timers. Arduino has another function
called tone(pin,frequency,duration). Remove both calls to analogWrite and the delays.
Replace them with tone(). tone() is non-blocking, so you will need a delay while the
tone is playing if you plan to change the tone with the next instruction.

18. Answer questions 8-9



Lab Questions: Answer each of the following questions to the best of your ability. Use
the C manual, online class or reference resources, or the TA to assist if you do not know the
answer. Write these into a text document, and the TA must check off completion before you
leave lab.

1. What is a piezo element? How does it produce sound?

2. What is pulse width modulation?

3. What is the frequency of a signal? The period? Why do we use the half period for
PWM applications?

4. How would you change the length of the note that you played in steps 1-10?

5. Was what we did in the first 10 steps Pulse Width Modulation?

6. Why would changing the duty cycle of the PWM signal modify the volume of the tone?

7. Why does changing the voltage (using the analog pin) modify the volume of the tone?

8. You learned in this lab 3 different methods for producing tones from a piezo element.
All are based on PWM, but there are differences in the approach. Identify the three
methods and how they differ.

9. For Assignment 3, you must use the digitalWrite() with delayMicroseconds() func-
tion as per the directions. However, what is the advantage of using tone() over the
digitalWrite() method?



Lab Report: For the report, create a document with:

• A coversheet that has your name, ID, and lab section

• The answers to all 9 questions

• The final code after task 20

These documents should be uploaded through Blackboard to the TA before the beginning
of the next lab. Documents turned in after this deadline are subject to the course late policy.


