Simple Pulse Width Modulation Using
Cyclone 10LP Evaluation Kit

This design example demonstrates a simple pulse width modulation (PWM) using the Cyclone 10LP
Evaluation Kit. The brightness of an LED is used to demonstrate this feature. Instead of varying an analog
voltage to the LED, the duty cycle of a pulse width modulated signal can be used to adjust the

brightness.

Intended audiences:

e Students
e Engineers
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About the Design

This design example accepts input from the user keys and modifies the brightness of the onboard LEDs.

Two keys, Key2 and Key3, are used for the design. Key2 corresponds to incrementing the value of the
duty cycle. Key3 corresponds to decrementing the duty cycle. The outputs are 4 LEDs. The LEDs display
the change in brightness from the PWM signal.

Initially all the LEDs are off indicating a duty cycle of 0. The user can start by pressing the up or down
key. Pressing the up key will cause the duty cycle to increment and the LEDs will dimly glow. The user
can continue to push or hold the up key to see the LEDs brightly light up. The user may try a variety of
combinations of the up and down Keys and verify the design.




Project Setup and Programing

1) Download the pwm_led_eval.par from the design store.

2) Double click the .par file

3) The Quartus GUI will open and a dialog window will request a new project location
4) Enter the directory you wish to use for storing the project

& Open Design Template X

Design template file (par):

C:/Users/dustinhe/Downloads/pwm_led_eval.par

Destination folder:

C\Users\dustinhe\Documents\PWM

Project name:

top

Cancel Help

5) Click Ok
a) If a dialog box appears asking to make the directory writeable click Yes

O Quartus Prime .

. Can't overwrite directory C:
‘.bl: \Users\dustinhe\Documents\Labs\example/ because you do
not have the permission to overwrite it. Do you want to
change the properties of the directory so that it is writable?

Yes NoO




6) Compile the design by double clicking the Compile Design button

Tasks Compilation

pa x

4
]

Task
P> Analysis & Synthesis
P> Fitter (Place & Route)

P> TimeQuest Timing Analysis
P> EDA Netlist Writer
W Edit Settings
» Program Device (Open Programmer)

<

7) Connect and power on the development kit via the USB mini port
8) Program the development kit

a) Go to Tools>Programmer. A new window will open
File

Edit View Processing Tools Window Help

P> Assembler (Generate programming files)

» Programmer - C:/Users/dustinhe/Documents/cyclone10LP_PWM/c10lp_top - c10lp_top ..

Time

O X

@

Search altera.com

£ Hardware Setup...| |No Hardware Mode: JTAG

[] Enable real-time ISP to allow background programming when available

< Progress: D

File Device Checksum Usercode

b Start

'h Stop output files/c10L.. 10CLO25YUZ...

VTAP10

00142D24 00142D24

<none= 00000000 <none=

8 Auto Detec
Delete

" Add File..| | | ¢

Configure

Program/ Verify Blank- Examine
Check

™ Change File

4 Save File FPTTTTTTT FETTTTTITT
. : I i P :
Add Device| | | —— = b P :
b up
10CLO25YU256 VTAP10
‘b Down TDO

F'

b) Click on Hardware Setup. A hardware Setup dialog box will open
Select Cyclone 10 LP Evaluation Kit under currently selected hardware. Click on close.

c)
i) NOTE: If the kit does not appear in the hardware check:




d)

f)

g)
h)

(1) The board is connected and turned on
(2) The USB Blaster Drivers are properly installed (Link)

» Hardware Setup

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming

hardware setup applies only to the current programmer window.

Currently selected hardware:

Available hardware items

Cyclone 10 LP Evaluation Kit [USB-1]

Port
USsB-1

Server

Hardware

| Add Hardware... |

Remove Hardware

Click auto detect

Click on the gray box labeled 10CLO25YU256 to select it
Click Change File

Select the .sof file in the output_files directory

Close

Select the checkbox Program/Configure. The programing window should look like the figure

below

File Edit View Processing Tools Wwindow Help

“ Programmer - C/Users/dustinhe/Documents/cyclone10LP_PWM/c10lp_top - c10lp_top .. — Oa *

Search altera.com |'

&, Hardware Setup... livaluation Kit [USB-1] Mode: JTAG

[] Enable real-time ISP to allow background programming when available

~ Progress: D

W Start File Device Checksum Usercode Program/ Verify Blank- Examine
Configure Check
' Stop output_files/c10L.. 10CLO25YU2.. 00142D24 00142D24 | | |
8 Auto Detec <none= VTAP10 00000000 <none=
X Delete
Wv\ "
Add File... < >
™ Change File
4 Save File s sers susssmnns
L] - u| -
TDI - : .
* Add Device —pg » J— :
H H H H
%Up r_mlllm_. .---------.
10CLO25YU256 VTAP10
1'% pown , TDhO



https://www.altera.com/support/support-resources/download/drivers/usb-blaster/dri-usb-blaster-vista.html

i) Click on start
9) When the programing tool is completed the user may use the keys

PWM Applications

This section of the documentation briefly discusses some of the potential applications of PWM. PWM
can be an extremely useful tool if applied to the appropriate application.

First, PWM is commonly used to control and modify power delivery of DC devices. Dimming LEDs is just
one small example of this application. DC motor speed can also be controlled using PWM.

Second, many external devices use PWM as a control method. Many low-cost servomotors and
electronic speed controllers interface via PWM.

Last, more complex PWM algorithms can be used for voltage regulation and inversion. Switching
regulators like boost and buck converters use PWM to control voltages in analog circuits. Additionally,
DC to AC converters use PWM algorithms like sinusoidal pulse with modulation(SPWM) and space vector
pulse with modulation(SVPWM).



Theory of Operation

PWM:

PWM simply refers to switching a signal on and off with

varying duty cycles to produce a desired result. In our H —l —I

example project, we are using the duty cycle to 10% Duty Cycle

manipulate the power delivered to our LEDs. The duty

cycle refers to the percentage of time the signal is turned

on. The average power delivered by the PWM can be 50% Duty Cycle "square wave"

calculated by the equation I * V = (Duty Cycle %) = P.

If we assume that our LED operates at 1.8V and 10mA we L |_ L

get the following average power ratings. 90% Duty Cycle

Duty Cycle Calculated Average Power Brightness
0% 0 Off

10% 1.8mW Very Dim
50% 9mWwW Dim
90% 16.2mwW Bright
100% 18mw Brightest

If we look at average power vs the brightness in the table, we can notice that the amount of power
delivered to the LED directly affects how bright it is.

Switch Debounce:

Switches are notoriously known for being extremely noisy signals. This phenomenon is often referred to
as switch bounce. The noise in the signal comes from the mechanical contacts within the switch
bouncing on each other. Removing the noise from this signal is known as switch debouncing. While
there are many different methods for switch debounce the method in this project utilizes a state
machine. The state machine Ignores the signal from the switch for a brief amount of time after the
initial press. This filters the noise from the signal received by the other modules in the project.
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