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INTRODUCTION TO FPGAs:

In our class, we will be using Intel’s DE10-Lite Development and Education FPGA board. An
FPGA (Field-Programmable Gate Array) is an integrated circuit that can be configured by the
user after manufacturing. Unlike traditional processors, which use fixed-architecture chips
designed for sequential processing, FPGAs consist of numerous small logic blocks and
configurable interconnects that can be changed to form complex circuits, enabling parallel
processing and high performance. When you load a new design, the FPGA’s configuration
memory is updated based on your code, causing changes to which logic paths are enabled, how
signals are routed, and what functions are implemented. The physical layout of the chip doesn’t
change — the same transistors and interconnects are reused, but their logical function is rewritten.
They are called “field-programmable” because you can reconfigure them in the field without
replacing any of the chips.

To use your FPGA, you will use Quartus Prime Lite Software to configure (program) the FPGA
on a computer and then download it into a FPGA. While the software is available on our
classroom computers, you may also install it on your personal computer by downloading from:
https://www.altera.com/downloads/fpga-development-tools/quartus-prime-lite-edition-design-sof
tware-version-20-1-1-windows, (get Version 20.1.1 for Windows). This is NOT the newest
version of the software available, but some of the built-in features we will use have been
discontinued in the newer versions. Note: the software will not work on Apple computers.
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https://www.altera.com/downloads/fpga-development-tools/quartus-prime-lite-edition-design-software-version-20-1-1-windows
https://www.altera.com/downloads/fpga-development-tools/quartus-prime-lite-edition-design-software-version-20-1-1-windows
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INSTALLING QUARTUS (optional):

Note: Please make sure the hardware board DE-10 Lite USB hardware is NOT plugged in
yet as it will install faulty drivers by default. When you go to the link given above and scroll

down a little, you will see:

Software Type Hotk e Qoerating System

FPGA Development Tools v Quartus Prime Lite v 20.1.1 ™ Windows :b

Verily vou are choosing the correct version.

Expand All Eb Download and Install Instructions

Multiple Dewnload

~ Quartus Prime Lite Edition Software (Device support included) Size: 5.9GB Version: 20.1.1 & Dgwnload
(Quartus-lite-20.1.1.720-windows.tar) ?
OS: Microsoft Windows* ECCN: EAR99 sha: flbec3a3bf0367ab9106af5faco34753u47bsbele Click to Download

What's Included?** Nios Il EDS on Windows requires Ubuntu 18.04 LTS on Windows Subsystem for Linux (WSL), which requires a manual Installation.

** Nios Il EDS requires you to Install an Eclipse IDE manually.

Download and install instructions:

Installation
I. Download the software .tar file and the appropriate device support files.
2. Extract the files into the same temporary directory. ln g tr uc ti ons
3. Run the setup.bat file.

Read FPGA Software Installation FAQ

The download might take a long time, and the program takes up quite a large amount of space,
approximately 6 GB. (In fact, the file is too large for Canvas, which is why you must go to the
source to download it.) The download is for a single file with a “.tar” extension, which means it
is in a compressed format, and the needed files must first be extracted from it.

When the downloaded compressed file is then extracted, there will be a new folder called
“Quartus-lite-20.1.1.720-windows”, which contain another subfolder called “components” and
two files: “readme.txt” and “setup.bat”. To start the installation, double-click on the “setup.bat”
file. Once it starts running, the following window appears:
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Setup L Quartus Prime Lite Edition (Free) 20.1.1.720

Welcome to the Quartus Prime Lite Edition (Free) 20,1, 1,720 5¢

Verily that vou
downloaded the
correct version.

The Quartus Prime software requires that yvour system have sufficient physical RAM to compile designs
targeting specific devices. You can check the "Memory Recommendations™ section in the "Quartus Prime

Software and Device Support Release Notes™

(https:fwww.intel. comfcontent/mwww fus fen/programmable/documentationflit-rn.html) for detailed

memory reguirements for a particular device.

For more information about Intel FPGA software, go to

htips: ffwww.intel.com/fcontent/www fus/en products fprogrammable. himl.

Click [Next >|

< Back

;

Mext = Cancel

There will be several screens that you must go through, agreeing to the terms and clicking on
[Next >] as the installation advances. Depending on your computer, the process may take well
over an hour. At one of the screens, you will choose the components to install. Please make sure

the following are selected:

Select Components

intel.

Select the components you want to install

- @ Quartus Prime Lite Edition (Free)
i (@ Quartus Prime {indudes Nios II EDS) (3864ME)
+ (@ Quartus Prime Help (509.6ME)
= @ Devices
- (@ Arria II (536.5M8)
B cCydone IV {515.3VB)
B Cydone 10LP {293.5MB)
B cCydone v (1434.3M8)
B max v (13, 1ME)
o [ MAX 10 FPGA (367.9MEB)
- [ ModelSim - Intel FPGA Starter Edition (Free) (4318.8MEB)
C] ModelSim - Intel FPGA Edition (4318, 8ME)

You can add additional device support to an existing
Quartus Prime software installation without having to
reinstall the entire software package. Use the Install
Devices command on the Tools menu in the Quartus Prime
software to get started.

Select a component for more information

InstallBuilder

kL
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When it is almost finished installing, you will see the screen:

Quartus Prime Lite Edition (Free) 20.1.1.720 Installation Complete

Setup has finished installing Quartus Prime Lite Edition (Free) 20.1.1.720.

@ Launch USB Elaster II driver installation - i
You will want to

i @ Create shortcuts on Deskb:p‘___-‘-
create a shorteot

B Launch Quartus Prime Lite Edition
[T Provide your feedback on your ]}l!'\'k""r.l.

Make sure USB
Blaster 11 option
15 selected

Click [Finish]

y

< Back Finish Cancel

Make sure that the options of “Launch USB Blaster II driver installation” and “Create shortcuts
on Desktop” are selected. The other choices depend on your preferences. After clicking on
[Finish], it will start the installation of the USB driver, which goes fairly quickly:

r - - -

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in onderto wark .

To continue, click Next.

Back Next = Cancel
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Once finish the installation process, you might get the following screen:

(% Quartus Prime 20.1 Lite Edition pad

Thank you for installing the Quartus Prime software - the #1 in performance and productivity. To
upgrade to a full featured edition, please

https:/fwww.intel.com/contentfwww/us/en/products/programmable.html

Select one of the following licensing options to continue:

Select one of the following options | Select the “Fun™ option

software license
Fun the Quartus Prime software

() Add an IP license file (for users who have purchased IP)

OK Cancel

Now you are done with the software installation and ready to use the Quartus Prime Lite
software to program your FPGA.
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INTRODUCTION TO QUARTUS SOFTWARE:

Your FPGA is a very powerful device and is often used in industry. However, this is an
introductory course in digital design, so we will only cover a few of the basic functions you can
implement. The following instructions are meant to be a reference to perform most of the
functions we will be using the Quartus software for in our class.

Starting a New Project:

In general, each project creates numerous files with multiple subdirectories. It is highly
recommended that you place each project within its own folder. As shown below, we will create
a new project called “MyExampleProject” and place it in the folder C:\FPGA\Example.

When you start the Quartus software, you will want to “Run as Administrator.”

5 © &) ® Ty

Riﬁhi click on the cut Copy  Rename  Share  Delete . 3
. G Open Enter =5 ‘H '_J__
(Quartus icon on | o o ;
vour desktop. | @ sharewitn Select the <Run as
= % Runas administrator ﬂ{]miniﬁ"rﬂlﬂr:‘.
5 Open file location

If you do not start Quartus as an administrator, when you “Finish” the New Project creation as
described below, you are likely to encounter the error message of “Can’t open project — you do
not have permission to write to all the files or create new files in the project’s database
directory.” If this happens, you will want to close Quartus and restart it as an administrator.

When you first start Quartus Prime 20.1.1 you will see a screen similar to:

| S Quartus prime Lite Edition - @ =
File Edit View Project Assignments Processing Tools Window Help Search altera.com [ ]
Ors 8 MES- A CER S

Project Navigator i) Hierarchy QK8 x

o wex
Click to Start New Project pevice iy [x 10 DADFIDGISWSG) -

Ly x =

i\ Compilation Hierarchy .
Recent Projects

(C/FPGA/Example/MyExar
X/SMCC/FPGA/Lab3
ate. PDOX/SMCC/FPGA/N
ALU.gpf ( imot/Dropbox/SMCC/FPGA/Lab3/ALU/ALU.qp!

*!i New Project Wizard *!i Open Project
jon

v instlled 1

> University Program
@ search forPartner P

after project load

a8 A A A <<Filter>> 88Find. 88 Find Next

W x|

Type ID Message

| 8] system  Processing

0%  00:0000
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Next, you will get an “Introduction” window, for which you don’t need to do anything.

G Mew Project Wizard
Introduction

The New Project Wizard helps you create a new project and preliminary project setings, including the following:

* Project name and directory

* Name of the top-level design entity
* Project files and libraries

* Target device family and device

* EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the Settings command (Assignments
menu). You can use the various pages of the Settings dialog box to add functionality to the project

Click [Next =]
i Don't show me this introduction again *

Help < Back Next » Finish Cancel

Then on the next window, you will need to enter the location where the new project is to be
stored and the name of the new project.

Ok New Project Wizard X

Directory, Name, Top-Level Entity

What is the working directory for this project? . . . . .
- - Enter Location for New Project
C\FPGA\Example L

What is the name of this project?
MyExampleProject

Enter MName for New Project

What Is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the
design file.

MyExampleProject Name is automatically duplicated

Use Existing Project Settings...

Click [Next =]

\

Help < Back Next = Finish Cancel
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If you have not already created the folder at the specified location, you will be asked if you want
to create it. If asked, answer “Yes”. Then the following screen will appear:

@ NewProjectWizard | Galpet “Empty project” X

Project Type

Select the project to create.

e Empty project

Create new project by specifying project files and libraries, target device family and device, and EDA tool settings.
Project template

Create a project from an existing design template. You can choose from design templates installed with the Quartus Prime software,
or download design templates from the Design Store.

| Click [Next =]

Help

=< Back Next = Finish Cancel
You will then be asked about adding files, which we will not be doing:
ik Mew Project Wizard x
Add Files
Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the project.
Note: you can always add design files to the project later.
File name: - Add
o »® Add Al
File Name Type Library Design Entry/Synthesis Tool  HDL Version Remove
Up
Down
Properties
Click [Next =|
Specify the path names of any non-default libraries. | User Libraries...
Help =< Back ﬂexf:» Finish Cancel
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Next, you will see the screen of:

| (b New Project Wizard

Family, Device & Board

Select the “Board™ tab

Select the family and device you want to target for compilation.

You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.

Device family
Family: MAX 10 [DA/DF/DC/SASSC)
Device:  All
Target device
Auto device selected by the Fitter
© Specific device selected in 'Available devices' list

Other: nfa

Available devices:

Show in 'Available devices' list

Package: Any -
v

Fin count: Any e

Core speed grade: Any "

Name filter:

B show advanced devices

Name Core Voltage LEs

Total IfOs GPIOs

TOMOBDAF256AT7G 1.2v 8064 178

Memory Bits Embedded multiplier

178 387072 48

Upon selecting “Board” you should see:

< Back Finish Cancel Help

Ok New Project Wizard

Family, Device & Board Settings

Device Board

Set to *MAX 10" il not
already at that choice

Select the board/developmen

ou want to target for compilation.

A

Family: MAX 10 ' Development Kit: | Any -
Available boards:

Name Version Family Device Vendor LEs Total I/Q
= Arrow MAX 10 .. 0.9 MAX 10 T0M50DA 360
BB BeMicoMAX 1. 1.0 MAX 10 somoend Change to “MAX 10 DEL) - Lite™
B¥  MAX10DE10-. 10 MAX 10 1omsood from dropdown menu
==2] MAX 10FPGA .. 1.0 MAX 10 10MOBSAET144CBGES Altera 8064 101
==2] MAX 10FPGA .. 1.0 MAX 10 TOMS0DAF256C7G Altera 49760 178
2] MAX 10 NEEK 1.0 MAX 10 TOMS0DAF484I7G Terasic 49760 360
2] Odyssey MAX 1.0 MAX 10 T0MOBSAUTEICEGES Macnica Ameri.. 8064 130

De-select

B Create top-level design file.

Can't find your board? Check the Design Store for additions and search for baseline under Design Examples.
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Make sure you don’t forget to deselect the option to “Create top-level design file.” Now your
window looks like this:

(h Mew Project Wizard P e
Family, Device & Board Settings
Device | Board |

Select the board/development kit you want to target for compilation.

Family: MAX 10 ¥ Development Kit: MAX 10 DE10 - Lite -

Available boards:

MName Version Family Device Vendor LEs Total ljO

= MAX 10DE10-.. 1.0 MAX 10 10MS50DAF484C6GES Altera 49760 360

[ create top-level design file.

Click [Finish)]

%

< Back Finish Cancel Help

Can't find your board? Check the Design Store for additions and search for baseline under De|

If you prefer, you can also click [Next >] for the next two windows, but there is nothing that you
need to change. You will then be returned to the first window:

O Quartus Prime Lite Edition - G pl pleProject - pleProj - a X
File Edit View Project Assignments Processing Tools Window Help e @
O H D0 D C [Meampepoet /S DrFED QAVE @

P Catalog FEx

Project Navigator 4 Hierarchy ~la@Ex
(& x| =

Entity Instance
4% MAX 10: 10MS0DAFAB4CEGES

»> MyExamplimjsﬂ &

Should show the name of the
project under MAX 10.

~ 2l Installed IP
~ Project Directory
Mo Selection Available
~ Ubrary
» Basic Functions
» DSP

» Interface Protocols
» Memory Interfaces and Controllers
» Processors and Peripherzls
» System
» University Program

@ Search for Partner IP

Quartus Prime

Tasks | Compilation ~ |=@EBE®
Task
~ B Compile Design
» P Analysis &Synthesis
» P Fitter (Place & Route)

» P Assembler (Generate programmin
» P> Timing Analysis
o anely w  Buy Software
» P EDANetlist Writer
W EditSettings 5
4 Program Device (Open Programmer)

» + Add

(2] (S][&][A] [A] [¥ <<Fien> | @Fnd_ || @8Find Next

Type ID Message

EEERS

<
System | Processing

Messages

0%  00:00:00
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Setting the Default Pin Voltage:

This step is optional since each of the pin voltages can be set individually when creating a
design, but since we will only use 3.3V on our FPGA board, doing this will save you time in the

long run.

Once you have created your new project, go to the [Assignments] tab and select <Device> from

the dropdown menu.

G Quartus Prime Lite Edition
Fle Edit View Project

ject - ject

Processing Tools  Window Help

e

ce
O = E 002 semngs..
{Project Navigator . Hierarch 4 Assignment Editor
Entity.Instz & Pin Planner .

A\ MAX10: LOMS0DAF484C§  Remove Assignments...
# MyExampleProject 7| |5 Back-Annotate Assignments...

Import Assignments.
Export Assignments...
Assignment Groups...

& Logic Lock Regions Window AL
iy Design Partitions Window

Tasks | Compilation - |l=EER
Task

~ B Compile Design

» B Analysis &Synthesis

» P> Fitter (Place &Route)

» B Assembler (Generate programmin
» P Timing Analysis

» b EDANetlist Writer

W Eoit Setings

4 Program Device (Open Programmer)

POrFES SAVE e

- o X
|search | @
IP Catalog M@
i x| =

Select <Device> under
| Assignments] tab

Quartus Prime

w Buy Software
5

i)

~ . Installed IP
~ Project Directory
No Selection Available

~ Lbrary
» Basic Functions
» DsP
b Interface Protocols
» Memory Interfaces and Controllers
» Processors and Peripherals
» System
» University Program

@ search forParter IP

+ Add..

] [©[Al[A] [A] [ <<fiter=> | 88rind.. || @#Find Next

=@ & [~

Type| ID Message

ges

System | Processing

o Messal

pens up Device dialog to modify curent device assignment

Now, you should see the window of:
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Device

Board

Select the family and device you want to target for compilation.
You can install additional device supportwith the Install Devices command on the Tools menu

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage

Device family Show in tAvailable devices' list
Family: | MAX 10 (DA/DD/DF/DC/SA/SC/SL) = Package Any
Deui L count Any
Je speed grade: |Any

d Pin Options| -

\ V| Show advanced devices

Device and Pin Options

Click on [Device ar

@) Specific device selected in ‘Available devices' list

| Other. nfa

Available devices

Name Core Voltage  LEs  Total I/0s  GPIOs  Memory Blts  Embedded multipller 9-bit elements
|| [10Ma0scEl44cBE 33V 40368 101 101 1290240 250 1
10MA0SCEL44ITG 33V 40368 101 101 1290240 250 1
| 10M30DAF256C7G 12V 49760 178 178 1677312 288 4
10MS0DAF256C8G 12V 49760 178 178 1677312 288 4
10M30DAF256C8GES 1.2V 49760 178 178 1677312 288 4
10MSODAF256/6G 12V 49760 178 178 1677312 288 4
10M30DAF25617G 12v 49760 178 178 1677312 288 4
10M50DAF484C6GES 12V 49760 360 360 1677312 288 4
10MS0DAF484CTG 12V 49760 360 360 1677312 288 4

Migration Devices...| 0 migration devices selected

Reference GuideSetting the Default Pin Voltage17

PLLs  Global Clocks  Maximum User Flash Memory Blts A~
20 524288 0
20 524288 0
20 11534336 2
20 11534336 2
20 11534336 2
20 11534336 2
20 11534336 2
20 11534336 2
20 11534336 2 |~
W Buy Software oK Cancel Help



Another window will appear:

(Ol Device and Pin Options - MyExampleProject Pad
Category:

Configuration

Programming Files Specify voltage options forthe device.

Unused Pins

Dual-Purpose Pins Default IO standard 330 =

Capacitive Loading
Board Trace Model
1f0 Timing

Voltage
Pin Placem
Error Detection C
CwP Settings
Partial Reconfiguration

VCCIO /O bankl voltage: |nfa in MAXS0 - use Fin Planner to adjust VCCIO voltage

0 bank2 voltage: |nfain MAX 10 ®use Pin Planner to adjust VCC

v

Core voltage: 1.2V

Select Voltage

Change the Voltage to “3.3-V LVTTL”™
from the dropdown menu

Description:

Specifies the default I/O standard to be used for pins on the target device.

Click on JOK] to Save

* Reset

oK Cancel Help
v
Qb Device
Device | Board
Select the family and device you want to target for compilation
You can install additional device support with the Install Devices command on the Tools menu
To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Support List webpage.
Device famnily Show in*Available devices* list
Family: | MAX 10 (DA/DD/DF/DCISASC/SL) - Package Any =
Device: |Al > Pin count Any >
Target device Core speed grade: |Any =
| AUt device selected by the Fitter Neme fiter
| @ Specific device selectad in 'Availabla devices" list ¥ Show advanced devices
| Other: n/a
| Deuice and Pin Options
| Available devices:
| Name CoreVoltage LEs  Total IOs  GPIOs  Memory Blts  Embedded multiplier 9-bit elements  PLLs  Global Clocks  Maximum User Flash Memory Blts A~
| 10Ma0sCE144C8G 33V 40368 101 101 1200240 250 1 20 524288 []
10M4OSCELA4ITG |33V 40368 101 101 1290240 250 1 20 524288 []
| 10MSODAF256CTG 12V 49760 178 178 1677312 288 4 20 11534336 2
10MSODAF256CEG |12V 49760 178 178 1677312 288 4 20 11534336 2
10MSODAF256CEGES | 1.2V 40760 178 178 1677312 288 4 20 11534336 2
10MSODAF25616G |12V 40760 178 178 1677312 288 4 20 11534336 2
10MSODAF25617G |12V 49760 178 178 1677312 288
10MSODAF484C6GES | 1.2V 49760 360 360 1677312 288 E T d o
s 3 5
10MSODAF484CTG |12V 49760 360 360 1677312 288 Click on I{ ) |‘ll to Finish
Migration Devices...| 0 migration devices selected !
¥ Buy Software oK Cancel Help

You have now set the default pin voltage for the pins (built-in switches and LED’s) on your
FPGA. You can also set them when you assign the pins before downloading your program into
the FPGA; however, having the default voltages set correctly makes the process go faster.
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Creating a Circuit Schematic:

In our FPGA labs we will explore two different approaches to programming your FPGA. The
first method is to create a circuit schematic, which is a lot like creating a circuit in LogicWorks.
The second method is to write a program in Verilog, which is similar to writing a program in
JAVA or C++. This section shows how to set up the Quartus software to create a circuit

schematic.

After creating a new project (and possibly setting the default pin voltages), go to the [File] tab
and select <New...> from the dropdown menu. The screen shown below will appear:

& Quartus Prime Lite Edition - C/FPGA/Example/MyExampleProject - MyExampleProject — a X
File Edit View Project Assignments Processing Tools Window Help Search ‘.
O/ HE [0 D¢ [MEamplePrject S EEe D FES LG O
{project Navigatorf 4y Hierarchy ~ [a@Ex IP Catalog FE®
Entity:Instance |q x‘ =

#% MAX 10: 10M30DAF484CEGES
» MyExampleProject £

3 New

~ g Installed IP
~ Project Directory

New Quartus Prime Project No Selection Available

~ Design Files

AHDL File ~ Llbrary

Block Diagram/Schematic F '» ¥ Basic Functions

Qsys System File » DSP

State Machine File A lntocs Do,

SystemVerilog HDLH w . d Controllers
Tasowe Select <Block Diagram/Schematic File= o

VHDL File

~ Memory Files
Hexadecimal (Intel-Format) File
Memory Initizlization File

~ Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File

TSy
¥ University Program
@ search for Partner IP

o University Program VIWF
Tasks | Compilation - |=[EExE ~ OtherFiles o
AHDL Include File
lask Block Symbol File
« P Compile Design Chain Description File
+ B Analysis & Synthesis _Sr:nnog‘slgs Design Constraints File
» P Fitter (Place & Route)
» P Assembler (Generate programmin
» P Timing Analysis ok H Cancel H Help |
W Buy Software
» - EDANetlist Writer
I Edit Settings .
Click on [OK)
“ Program Device (Open Programmer)
« vl + Add
B e = —
El ©la/lA] (A [¥ <ner- | 88ena | [gwns Nex.
(3]
— |Type ID Message
i
&
s (4] 1L
g System Processing

0% 00-:00:00
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After selecting <Block Diagram/Schematic File> and clicking [OK], the following screen

appears:
O Quartus Prime Lite Edition - C:/FPGA/Example/M

OF r
‘PmJet[Nawgamr an Hierarchy

Entity:Instance
4% MAX10: 10MSODAF424CEGES
» MyExampleProject oy

MyExampleProject -

- [a[RmE | | f Blocklbat B

FPFES 840 E

= 1N

Dropdown menu N o

can be used for

input/output pins. Jol
x| =

|

xa#/}".!-uw

Used to get schematic

parts (Logic zates)

Tasks Compilation - =@
Task
= [ Compile Design
» P Analysis & Synthesis
» P Fitter (Place & Route)
v P Assembler (Generate programmin|
» P Timing Analysis
» P EDA Netlist Writer
W EditSettings

A Program Device (Open Pragrammer}
v [
Al Q

)

< I <<Filter>>

=@ &~

Type Message

Used to draw wires

between devices

Slal |+ @ nstalled 1P
= Project Directory
No Selection Available
- Llbrary
» Basic Functions
» DSP
v Interface Protocols
» Memory Interfaces and Controllers
» Processors and Peripherals
» System
» University Program
@ Search for Partner IP

L'sed to draw buses
(multiple wires)

hetween devices

#AFind &8 Find Next

This is where you will

draw your schematie.

]

Systern Processing

Messages

s |+ aca

568,149 0% 00-:00-00

Notice the screen contains a grid of dots. If you prefer not to see them, you may turn them off by
going to the [View] tab and unselecting the <Show Gridlines> option.

If you click on the logic gate icon [ =], the following window appears:
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| Symbol X

Libraries: {_W]-I'It:lil'l.*} ”“."
Er c:/altera_lite/25. 1std/quartus/libri o
» 21 megafunctions Shll'll.liil'l,l |{I’_{il: .
» 3 others -
&= primitives ;—:HIE-“
» & buffer — o
v 3 logic
b 2 otner | Comtains gnd
b in '
) 2 Emm (0%) and vee
3 (power).

Expand these I
Folders. = Contains the input & output

e

pins, which are also available on
Insert symbol as block R

previous screep. 0 plioooiiiiooiiio
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While the different folders contain a multitude of various functions, in general you will only be
using the gates within the subfolders of [logic], [other], and [pin] under the [primitives] folder.
Once you select your part, a preview of it appears on the right grid. When you click on [OK],
you return to the previous window, with the part “attached” to your cursor. You may place
multiple copies of the part in your diagram by simply clicking on different locations within the
window. To get out of the part placement mode for that particular part, press the [Esc] button on
your keyboard. Note: you may create more complex parts from logic gates or Verilog code,
much like you can create more complex parts in a hieratical fashion in LogicWorks. (This
process is describe in the “Creating Device Symbols” section of this document.) If these parts
are stored in your project’s root directory, that will also appear in the list of folders on the
previous screen and will also need to be expanded to access the parts you created.

In your first FPGA lab, you will be creating an XOR gate using NAND gates, so we will use this
as our example circuit. Your schematic will appear as:

MNAND2

i A — ”\jEET C D
L inst1

© L NANDZ

MNAND2

—'QUIEL: pin_name3

inst

MAND2

©* pin_namez C o —————— D

This schematic uses 4 copies of the 2-input NAND gate, 2 copies of the INPUT Pin and 1 copy
of the OUTPUT Pin. The inputs and outputs were connected using the “Orthogonal Node Tool”.

You will also want to name the input and output pins on your schematic. You can do this simply
by clicking on the “pin_name#” text. As shown below, the inputs were named “Input A” and
“Input_B”, while the output was named “XOR_Out”. Note: DO NOT USE SPACES IN THE
PIN NAMES.

AN DE

- {input_A > ”\\}ELLJ‘T

AN OZ R AR I 1 5

Ty 3 e

inst

©NAND2

~ Input_B e

inst.

Once you have created a correct schematic of your circuit (be certain that there is no “X” at any
of the device pins or large round nodes except where multiple wires meet at a connection), save
your file by clicking on the floppy disk icon along the tool bar above the schematic. Use the
same name for the file as the overall project, but the file extension will be “.bdf”. Also, when
saving the file, in the window that appears, there should be a check box labeled “Add file to
current project” near the [Save] button. Make sure that this box is checked before saving.
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You will now need to compile your circuit. To do this, click on the blue arrow along the top
toolbar. As it performs this task, which takes a couple of minutes, you will see the percentages
change in the Tasks window, and on the bottom screen you will see various messages as it
progresses. You may get some warnings, which you do not need to worry about, but if you get

errors, you will need to fix your circuit.

compilation is finished.

Below is the window you should see when your

G Quartus Prime Lite Edition - C:

File Edit View Project Assignments Processing Tools
Or r

Project Navigator 4% Hierarchy

MyExampleProject
va@e x| B

pl

Window  Help
s &S <o Qs ®

iyExam pleProject bdf o

Entiyinstance
&% MAX 10: 10M50DAF484C6GES
B wyeuampleproect b

Table of Conteg

_/ EE Flow Elapsed Time
ry

e

@ <<Filters>

Compilation Report - MyExampleProject a

Flow Status

Quartus Prime Version

Click on this tab to
start on the screen

showing the circuit.

Revision Name MyExampleproject
Top-level Entity Name MyExampleProject
Family Max 10

esis Device 10M50DAF484CEGES
Timing Models Preliminary

Total logic elements 248,760 (<1 %)

Messages Total registers )
Total pins 3/360(<1%)

Totel virtual pins 0

Tasks Compilation v=n8x

Task
¥ P Compile Design

> P Analysis & Synthesis

Total memory bits 0/1,677,312(0%)

Embedded Multiplier 9-bit elements 0/ 288 (0%)

Total PLLS 0/4(0%)
UFM blocks 0/1(0%)
ADC blocks 0/2(0%)

> P Fitter (Place & Route)
> P Assembler (Generate programr
> P Timing Analysis

> P EDA Netlist Writer

W Edit settings

Task percentages change

during process.

Successful T 1617:26:3.
20.1.1 Build 720 11/11

Click on Arrow to

start compilation.

This window appears

when finished.

‘\P(alalng L& !‘
LS X =
v gl installed IP

~ ProjectDirectory

No Selection Avalable
~ Library
> Basic Functions
> psp
> Interface Protocols
> Memory Interfaces and Controllers
> Processors and Peripherals
> University Program

© search for Partner P

o ®
Al QA Al A

[IFEX|

<<Filters>

S8 Find.. 88 Find Next

+ Add

Ty

]
E

D Message

332140 No setup paths to report
332140 No Hold paths to report
332140 No Recovery paths to report
332140 No Removal paths to report

293000 Quartus prime Full Compilation

332140 No Minimum Pulse width paths To report
332102 Design is not fully constrained for setup requirements

qQuartus prime Timing Analyzer was successful. 0 errors, 6 warnings /

332102 pesign is not fully constrained for hold requirements

If suceesstul, 0 errors,

(some warnings).

was successful. 0 errors, 17 warnings

e

System (1) Processing (125)

413,111 100%  00:00:33

If your schematic is compiled with no errors, congratulations! You have designed a working
circuit. Of course, we still need to simulate it and/or download it into the FPGA board.
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Simulating with Waveforms:

After compiling either a circuit schematic or Verilog code, it is possible to simulate its operation
within the Quartus software before actually downloading it into your FPGA board. To do this,
go to the [File] tab and select <New...> from the dropdown menu. The following screen will
appear:

r MyExampleProject S EEL TR OAVE O

hd Compilation Report - MyExampleProject []

Successful - Sun Aug 16 17:33:21 2026
A Ruitd73013111/2020 5 Lite Edtion
x

\ Select <University Program VWEF=

a
2
Sy
Tex
) cancel elp
+ ad
88rind. | 88 Findhext

Click on [OK]|

2

eooo0c000:

E
g
H

Processing (125)

1 0% 000034

After selecting “University Program VWE”, the following screen then appears:

(G Simulation Waveform Editor - C/FPG. p ject - MyExampleProject - Tawf] - m] X

File Edit View Simulation Help [Fearch @
k|5 & N X E B OEE R ORE R R A (=] 5

Master Time Bar- 0 ps 4 »  Pointer: 57296 ns Interval- |572.96 ns Start End

Value at ‘0 ps 80 .0 ns 160i0 ns 240i0 ns 320i0 ns 400i0 ns 4EDi0 ns 560i0 ns 640i0 ns 720i0 ns aooio ns aaoio ns 960i0 ne |~

Name e oS

0% 00-00-00

The first thing you might want to do at this window is to set the “End Time”, which is an option
under the [Edit] tab. For the examples shown below, the end time was set to 200 ns. Next, you
will want to add the signals that you want to simulate. To do this, again go to the [Edit] tab and
select <Insert> = <Insert Node or Bus...>, as shown on the screen below:
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fie [ vew Smulston telp Select <Insert Node or Bus...> X.
» e to add signals to simulate,
Maste  VEle "I+ | pointer: [50ns Interval 5.0 ns Start End-
:r:wi‘::gﬁmup or Bus Bit Order ' 40,9 ns 80 ID ns 120;0 ns 160‘,0 ns 200.0 ns
Radix »
I — The <Set End Time...>
ﬂ ) smptwranssn = option was used to set
|| e - final time to 200 ns. |
E Inserta new node or bus 0% 00:00:00
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After selecting <Insert Node or Bus...>, a new window appears:

| G nsert Mode or Bus
Name: Use Node Finderto inser.. (0] 4
Type: INPUT - Cance|
Walue type: | 9-Level -
Node Finder...
Radix: Binary -
Bus width: |1 Click on
|Mode Finder...|
Startindex 0

Display gray code count as binary count

By clicking on [Node Finder...], yet another window appears:

| O Node
| Named: |* Filter: | Pins: all v 0K
(
! Lookin: |* Ligt Cancel
Nodes Found: Selected Nodes:
Name = Type Name = Type

Click on |List]

==

=

After clicking on [List], you should see all of the circuit’s inputs and outputs listed on the left
side of the screen:

| G Node Finder

*
| Named: |* Filter: | Pins: all - 0K
. Lookin: |* List Cancel
| Nodes Found: Selected Nodes:
Name Type Name = Type
B Input A Input
& InputB Input
‘@ XOR_Output Output -
==
<

Click on [==]

o
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If you want to see the timing diagram for all of these signals, click on the [>>] button.

The screen now appears as:

[ O Node
| Named: |* Filter: | Pins: all - K
| Lookin: [* List cel
Nodes Found: Selected Nodes:
Name Type Name -4 Tyge
B Input A Input B Input A Input
& InputB Input & InputB Input
% XOR_Output Output - ‘& XOR_Output Output
==
< Click on [OK)
o I

After clicking on the [OK] button, the previous “Insert Node or Bus” screen appears with
“**Multiple Items**”” showing for the Name and Type. Click on [OK] again.

G nsert Mode or B
Name: “Multiple ltems** K
Type: #Multiple Items* - ncel
Value type: |9-Level -

Node Finder...

Radix: Binary -

| Bus width: |1

| Startindex |0

Display gray code countal Click on [(OK]

Now you will be back at the Waveform window, but with the signal names listed on the left side.

S si averorm D PGA/E ec | = ]
Searct e
k@ xS0 N EEE BT E R R eE =B
Master Time Bar: |0 ps 4 » | Pointer: 250 ps Interval: |250 ps Start: End:
e Value at ,U ps 40'.0 ns BU.? ns 120;0 ns 160‘0 ns 200.0 ns
0ps Ops
- Input & BO

¥

o
=1

| Input B BO \
E; XOR_O.. BX O I T I I A R I P T P R I I I A I I R P i R IR I I A I R R R I K AR IR R KRR

X S| Itis possible to rearrange the order of signals by dragging them around.

v

0% 00:00:00
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The two input signals have a constant value of 0, and the output signal is undetermined
(simulation hasn’t been run yet). To set the value of the input signal during a specific time
region, it is possible to simply drag the cursor over a region with the mouse’s button held down.
If you want to include the entire simulation time, you may either drag the mouse over the entire
region or just click on the variable name in the left column.

Ok Simulation Waveform Editor - Cy/FPGA/Example/MyExampleProject - MyExampleProject - [Waveform.ywi]*
File Edit Wiew Simulation Help

ke RO R E N E B C 8 2GR R w2 |3 B

Master Time Bar: |0 ps 4 » | Pointer: 4.75ns Interval: |4.75ns Start: |40.0 ns End: |60.0 ns

Value at

Name 0ps

40.0 ns 20, 2 2 7
h
Input A | BO

’_.‘-r”" Drag cursor over region to change value,
I Input B BO \
% XORO.. BX OO IR O S OO A O O O OO A O b S ARG O e SOttt

Click on 1 to change value to 1.

¥

v

ks

0% 00:00:00

Another way to set the values is to use the count function. (This way is particularly useful when
the input is a bus containing multiple wires.) Select the entire time range as shown below:

| (h Simulation Waveform Editor - C/FPGA/Example/MyExampleProiect - MyFxampleProject - IWaveform wwil®

- o x
: Fiz EE i Srwsis LEp After selecting region, click on Count Value, Searct (5
I [ @aaa)@)@%)@ﬁ)@ SR NE
|
| Master Time Bar: |0 ps 4 » | Pointer: |154.0 ng Interval: |154.0 ns Start: |0 ps End: |200.0 ng
" Value at ‘U ps 40'.0 ns EU.IU ns 120;0 ns 160;0 ns 200.0 ns ™~
ame 0ps Ops
iy Input_ 0
iy Input B BO
Drag cursor over entire time range or
C vl click on the name of the variable. [~

0% 00:00:00

After clicking on the “Count Value” icon, another window will appear:

G Exar—— —— . ~—
& Count Value e
. Radix: Binary =
hJQ & & N2 )EE B EE TR R A
Start value: 0
Master Time Bar: |0 ps 4 » | Pointer: 635 ns | Incrementhy: |1 | End: [200.0 ns
" Value at |U ps 40 IU ns Count type lﬁUiU ns 2000 ns
ame - F
0ps 0ps N ; P
o) Binary Set time to 20ns.
L Input A BO Gray code
- Input B BO )
Transitions occur
Countevery: [20.0] ns - A
Click on JOK]

4 2K / |

o] Cancel
0% 00:00-00
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Then do the same for Input B but set its count time to 40 ns. When finished, the input signals

should appear as:

| G Simulation Waveform Editor - C/FPGA/Example/MyExampleProject - MyExampleProject - [Waveformvwi]* -

O X
| File Edit View Simulation Hel
E E M 3l Relp Search
| [
[ERLIL: - - Oy S CR i I GRS oS
|
| Master Time Bar: |0 ps 4 » | Pointer: |66.75 ns Interval: |66.75 ns Start: End
Name Value at .O ps 40 p ns SO.IU ns 120;0 ns 160;0 ns 200.0ns
0ps 0ps
B Input A BO
[ Input B BO
%W XDRO. BX
< ] [ -
0% 00:00:00

Notice that because there is a period doubling from A to B, all combinations of their values
appear within the time range. To simulate the output for the input signals shown, go to the

[Simulation] tab and choose the option <Run Functional Simulation>.

| Q% Simulation Waveform Editor - C/FPGA/Example/MyExampleProject - MyExampleProject - [Waveform.wwf]* -

[m] X
| File Edic view Help ®
\ Simulation Seings Select =Run Functional Simulation=
| x .0
i LIS » " Run Functional Simulation

] — "
| Master Time Bar: |{ %2 Run Timing Simulation Interval: |0 ps Start: End:
7 Generate ModelSim Testbench and Script
Name Value at IU ps 4U.IU ns EUPHS IEU‘U ns 160;0 ns 200.0ns
0ps 0ps
B Inpuc A BO
m Input B B0
W@ XORO. BX
« v | e
Run a functional simulation 0% 00:00:00

Most likely, you will see an error message:
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i Simulation Flow Progress

Error

S 1
# ERROR!
# Top level modules: -

i . (o ahead and
# MyExampleProject_vlg_vec_tst
#End time: 18:35:01 on Aug 16,2026, Elapsed time: 0:00:00 close window
# Errors: 0, Warnings: 0

# vsim -novopt -c -t 1ps -L fiftyfivenm_ver -L altera_ver -L altera_mf_ver -L 220model_ver -L sgate_ver-L
altera_Insim_ver work.MyExampleProject_vlg_vec_tst

# Start time: 18:35:01 on Aug 16,2026

# ** Error (suppressible): (vsim-12110) Thelgnovo, jon has no effect on this product. -novopt
option is now deprecated and will be removed in futur ASES.

# Error loading design
Error loading design This is I:_HIJNiI'I"__{
#End time: 18:35:02 on Aug 16,2026, Elapsed time: 0:00:01 the error.
#Errors: 1, Warnings: 0

Error.
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If that is the case, (you have an error), you will need to change the simulation settings. First,
close the error message window. Then go back to the [Simulation] tab and select <Simulation
Settings>.

Gk Simulation Waveform Editor - C/FPGA/Example/MyExampleProject - MyExan] o i - 5 - .
petRempeeE B Select =Simulation Settings=

File Edit View Simulation Help ‘.____...--"""' ) ®

Q5o Simulation Settings ta._, B
£
Master Time Bar. 0 " RUN Functional Simulation Interval: 251 ps Start End
———— k¥ RunTiming Simulation
80.0 ns 1200 ns 1600 ns 2000 ns
Mame 4= Generate ModelSim Testbench and Script L L t
B puia 8O \ \ \ | I | I |
L mpue B0 [N S N S ) S N SR AN S NS S A S
- XOR_Out BX
| Configure simulation settings 0%  00:00:00

The Simulation Options window opens. You will need to find the “~novopt” command in the
options and delete it, as shown below:

O Simulation Options x|
I
[ Caution: Improperly modifying these settings can cause the simulation to fail
| HDL Language: O Verilog O VHDL (The language used for the testbench and netlist)
Functional Simulation Settings  Timing Simulation Settings

Testbench Generation Command (Functional Simulation):

quartus_eda --gen_testbench --tool=modelsim_oem --format=verilog --write_settings_files=off MyExamplePr

i Metlist Generation Command (Functional Simulation):

quartus_eda ——write_settings_files=off --simulation --functional=on --flatten_buses=off —-tocl=modelsim_cen

MadelSim Script (Functional Simulation):

onerror {exit -code 1} I){."Il.‘ll_' ‘“—nc:vc:pt"‘

vlib work

vlog -work work MyExam
vlog -work worl
vsim m -c -t 1ps -L fiftyfivenm_ver -L altera_ver -L altera_mf_ver -L 220model_ver -L sgate_ver -L altera_
ved file -direction MyExampleProject.msim.ved
ved add -internal MyExampleProject_vlg_vec_tst/*
ved add -internal MyExampleProject_vlg_vec_tstfi1/*
proc simTimestamp { {

echo "Simulation time: $:now ps”

if { [string equal running [runStatus]] }{

after 2500 simTimestamp

}
1
after 2500 simTimestamp
run -all

it -f - :
a Click on |Save|

Restore Defaults Save Cancel
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Now, retry to simulate the output by going to the [Simulation] tab and choose the option <Run

Functional Simulation>.

Another “Simulation Flow Progress” window will open, showing

various messages as the circuit is simulated. If everything is correct, this window closes and a

new window opens with the new XOR Out waveform shown:

Ok Simulation Waveform Editor - C/FPGA/Example/MyExampleProject - MyExampleProject - [MyExampleProject_20260816204018.sim.wvwf (Read-Only)] = a *
| File Edit View Simulation Help Search altera.com e
L0 SF- BN RO ROy ey I Rl 1

Master Time Bar: 0 ps 4 } | Pointer 3.77ns Interval 3.77 ns Start: End

value at 0 ps 40.0ns 80.0ns 1200 ns 160,0ns 200.0 ns
Mame 0ps 0ps

||&  mputa eo IR ] = 1 [

B  InputB BO

‘%  XOROut BO

| MNotice the circuit outputs a
1 when exactly one of the

inputs is a 1.

0% 00:00:00

Depending on the instructions for your particular lab, you may need to print out a copy of the
waveform simulation.
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Assigning Switches and LEDs:

Once you have created a schematic or written Verilog code, you will need to assign Switches to
the inputs and LEDs to the outputs. (Note: Assigning switches and LEDs can be done without
simulating the waveform. Basically, the simulator uses your computer to determine what the
output should be, but it is not necessary to simulate the circuit to download it into your FPGA
board and test it out.)

Below is a picture of our DE10-Lite board:

2x20 Altera MAX 10
GPIO 10MS50DAF484C7G

4-bit Resistor VGA

Accelerometer

Arduino
Connector

SV Power
USB-Blaster =5

64MB SDRAM

Button x2
5V/GND

2-Pin Header s L ' P

7-Segment rb‘f'? ,_,,Lf ;‘:;' I ” |+|| “ |. || '[1 | '
Display x6 ""J' "-’ !-' J L , !. !' '.. A !, l l i Switch x10

B 5 )l |

In general, for our class we will only be using the “7-Segment Display x6” and “LED x10” for
outputs, “Switch x10” for normal inputs, and the “Button x2” for clock inputs. If you look
closely at your board, you will see that the LEDs and switches are labeled, starting with the
number 0.
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Unfortunately, to use the switches and pins, you need to know the pins they connect to on the
actual FPGA chip, and they are not organized into a nice pattern. The diagram below shows the
10 slider switches and the pins they are connected to:

TFlS TBM Ald .&13 512 TAE TCH D12 Cll Cll:l ogic™1”
SW9 SW8 SWT SW6 SW5 SW4 SW3 SW2 SwW1 Swo Logic0”

The table below shows the pin assignment of the Slider Switches along with the voltages to use:

Signal Name FPGA Pin No. | Description /O Standard
SWo PIN_C10 Slide Switch[0] 3.3-VLVTTL
SW1 PIN_CT1 Slide Switch[1] 3.3-VLVTTL
Swa2 PIN_D12 Slide Switch[2] 3.3-VLVTTL
SW3 PIN_C12 Slide Switch[3] 3.3-VLVTTL
SW4 PIN_A12 Slide Switch[4] 3.3-VLVTTL
SW5 PIN_B12 Slide Switch[5] 3.3-VLVTTL
SW6 PIN_A13 Slide Switch[6] 3.3-VLVTTL
SW7 PIN_A14 Slide Switch[7] 3.3-VLVTTL
Sw8 PIN_B14 Slide Switch[8] 3.3-VLVTTL
SW9 PIN_F15 Slide Switch[9] 3.3-VLVTTL

The table below shows the pin assignment of the Push Buttons (used as manual clocks) along
Note: The Schmitt Trigger is used on the output give a “clean”
transition between high and low voltages. The output is normally high until the button is pushed.

with the voltages to use.

Signal Name FPGA Pin No. | Description I/0 Standard
KEYO PIN_B8 Push-button[0] 3.3V SCHMITT TRIGGER"
KEY1 PIN_A7 Push-button[1] 3.3V SCHMITT TRIGGER"

Similarly, the pin assignments for the LEDs directly above the slider switches are:

Signal Name FPGA Pin No. | Description /O Standard
LEDRO PIN_A8 LED [0] 3.3-VLVTTL
LEDR1 PIN_A9 LED [1] 3.3-VLVTTL
LEDRZ PIN_A10 LED [2] 3.3-VLVTTL
LEDR3 PIN_B10 LED [3] 3.3-VLVTTL
LEDR4 PIN_D13 LED [4] 3.3-VLVTTL
LEDRS PIN_C13 LED [5] 3.3-VLVTTL
LEDRG PIN_E14 LED [6] 3.3-VLVTTL
LEDR7 PIN_D14 LED [7] 3.3-VLVTTL
LEDRS PIN_AT1 LED [8] 3.3-VLVTTL
LEDRS PIN_B11 LED [9] 3.3-VLVTTL
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For each of the 6x 7-segment displays, there are 8 pins used with one of them controlling the
decimal point, (“DP” in the table below). Thus, there are a total of 48 pins controlling them.

The diagram below shows the order of the seven LED segments (common anode) and decimal
point for one of the displays. A segment is turned on or off by applying a low logic level (to turn
on) or high logic level (to turn off) from the FPGA, respectively. (Unconnected or unspecified
segments are “floating” and will remain off.)

EXO0[0]
WAV—
\N\/ HEXO0[1]

HEXO0[2]
WV HEXO0[3] A D = £ A s

HEXO0[4]

HEXO0[5]

HEXO0[6]

HEXO[7]

The pin assignments for the Seven Segment Digits are:

Signal Name FPGA Pin No. Description /O Standard
HEX00 PIN_C174 Seven Segment Digit 0[0] 33VLVTTL
HE X0 PIN_E15 Seven Segment Digit 0[1] 3.3-VLVTTL
HEXD2 PIN_C15 Seven Segment Digit 0[2] 3.3-V LVTTL
HEX03 PIN_C16 Seven Segment Digit 0[3] 3.3V LVTTL
HEX04 PIN_E16 Seven Segment Digit 0[4] 3.3-\V LVTTL
HEX05 PIN_D17 Seven Segment Digit 0[5] 3.3-VLVTTL
HEX06 PIN_C17 Seven Segment Digit 0[6] 3.3-VILVTTL
HEX07 PIN_D15 Seven Segment Digit 0[7], DP 3.3V LVTTL
HEX10 PIN_C18 Seven Segment Digit 1[0] 3.3V LVTTL
HEX11 FIN_D18 Seven Segment Digit 1[1) 3.3-VLVTTL
HEX12 FIN_ET8 Seven Segment Digit 1[2] 3.3V LVTTL
HEX13 PIN_B16 Seven Segment Digit 1[3] 3.3-VLVTTL
HEX14 PIN_A17 Seven Segment Digit 1[4] 3.3V IVTTL
HEX15 PIN_AT8 Seven Segment Digit 1[5] 3.3-VLVTTL
HEX16 PIN_B17 Seven Segment Digit 1[6] 3.3V LVTTL
. HEX17 PIN_AT6 Seven Segment Digit 1{7], OP 3.3V LVTTL
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HEXZ0 PIN_B20 Seven Segment Digit 2[0] 3.3 VINVTTL
HEX21 PIN_AZ0 Seven Segment Digit 2[1] 3.3V LVTTL
HEX22 PIN_B19 Seven Segment Digit 2[2] 3.3VILVTTL
HEX23 PIN_AZ1 Seven Segment Digit 2[3] 3.3V LVTTL
HEX24 PIN_B21 Seven Segment Digit 2[4] 3.3-VLVTTL
HEX25 PIN_C22 Seven Segment Digit 2[5] 3.3V IVTTL
HEX26 PIN_B22 Seven Segment Digit 2[6] 3.3V LVTTL
HEX27 PIN_A19 Seven Segment Digit 2[7], DP 3.3-VLVTTL
HEX30 PIN_F21 Seven Segment Digit 3[0] 3.3-VIVTTL
HEX31 PIN_E22 Seven Segment Digit 3[1] 3.3-VLVTTL
HEX32 PIN_E21 Seven Segment Digit 3[2] 3.3-V LVTTL
HEX33 PIN_C19 Seven Segment Digit 3[3] 3.3V IVTTL
HEX34 PIN_C20 Seven Segment Digit 3[4] 3.3V LVTTL
HEX35 PIN_D19 Seven Segment Digit 3(5] 3.3-VLVTTL
HEX36 PIN_E17 Seven Segment Digit 3[6] 3.3V LVTTL
HEX37 PIN_D22 Seven Segment Digit 3[7]. DP 3.3-V LVTTL
HEX40 PIN_F18 Seven Segment Digit 4(0] 3.3-VIVTTL
HEX41 PIN_E20 Seven Segment Digit 4[1] 3.3-V LVTTL
HEX42 PIN_E19 Seven Segment Digit 4(2] 3.3-VLVTTL
HEX43 PIN_J18 Seven Segment Digit 4[3] 3.3V LVTTL
HEX44 PIN_H19 Seven Segment Digit 4[4] 3.3V LVTTL
HEX45 PIN_F19 Seven Segment Digit 4(5] 3.3 VINTTL
HEX46 PIN_F20 Seven Segment Digit 4[6] 3.3V LVTTL
HEXAT PIN_F17 Seven Segment Digit 4[7], DP 3.3 VLVTTL
HEX50 PIN_J20 Seven Segment Digit 5[0] 3.3V LVTTL
HEX51 PIN_K20 Seven Segment Digit 5[1] 3.3-VLVTTL
HEX52 PIN_L18 Seven Segment Digit 5[2] 3.3V INVTTL
HEX53 PIN_N18 Seven Segment Digit 5[3] 3.3V LVTTL
HEX54 PIN_M20 Seven Segment Digit 5[4] 3.3-V LVTTL
HEX55 PIN_N19 Seven Segment Digit 5[5] 3.3V LVTTL
HEX56 PIN_N20 Seven Segment Digit 5[6] 3.3V LVTTL
HEX57 PIN_L19 Seven Segment Digit 5(7], DP 3.3-VIVTTL



After creating either a circuit schematic or writing Verilog code, and then compiling it, you need
to assign switches and LEDs to the inputs and outputs before downloading it into your FPGA

board.

| Querus Prime Lt diden - C/FPGAErample/MyEramplfreect - MybiampleProject

File Edit View Project Assignments Processing Tools Window Help

PEES SAVH

Of= 'Y oewice

[/ sen teshitts

project Navgator ) rierarchy © TS CUleShIfE  Lorojectbat
Entityinstar & Assignment Editor CtrleshifteA L] Flow summary

i MAX 10: 1oMs0DAF4gaci 2 Pin Planner
B2 yEuampleprject

a9

Complation Report - MyExampleProject

[x]

To do this, go to the <Pin Planner> option under the [Assignments] tab, as shown below:

- o X
" ®
o caniog as
o L)
v B el

Successful- Sun Aug 16 205033 2026
20.1.1 Build 720 11/11/2020 SJ Lite Edition

Assignment Groups.

»

Logic Lock Regions Window

7 Design Parttions Window

Select <Pin Planner> under

the [Assignments| tab.

Total pins
Totalvirtual pins

Tasks

Embedded Multiplier -bit elements

Total PLLs,
UFM blocks
ADC blocks

3/360(<1%)

o
0/1,677312(0%)
0/288(0%)
0/4(0%)
0/1(0%)
0/2(0%)

® s

rch for Partner P

Type ID  Message

© 332140 No Setup paths to report
@ 332140 No Hold paths to report
© 332140 No Recovery paths to report
@ 332140 No Removal paths to report
° mun pulse width paths to report
@ 332102 pesign is not fully constrained for setup requirements
@ 332102 pesign is not fully constrained for hold requirements
> 0 artus prime Timing Analyzer was successful. O errors
@ 293000 quartus Prime Full Compilation was successful. O errors, 17 warnings

. 6 warnings

v
v

> P> EDA Netlist Writer

I i setings

- o
=] °®
s|lm © & A A Fiter 885ind. | 88 Findnext
»

System (@) Processing (125)

2 Messages

its pin assignments

The following window will then appear:

S

| ¥ Pin Planner - C. P! Sject - ject — [u] X
File Edit View Processing Tools Window Help
£ [Feport &5 = Top View - Wire Bond Pin Legend
S available MAX 10 - 10M50DAF484C6GES symbol Pin Type
Y @] User 1/
= .xv @  tnersesigoedt
o -OOOOOVOOV%Q 3 AOOV_’OOO@g(‘ @  Fitterassigned |
OOOV%O o @ Unbonded pad
SAANA L] Reserved pin
BAARNAOVOQ o
= ) No! < Other configura...
e A "
e HOA Sond 9 Dev.oE
i@ Groups  Report OTA '45" DEV_CLR
" heh AVIOOARD: ) DIFF_n
R Tasks nax RO, Q) o
- & & ® DIFF_p
= ~ [~ Early Pin Planning 0O A ) (@) Do
{97 ) ~
HH I Earty Pin Planning OVOOCVOo D 8 308%8 6] bas
’E P Run I/0 Assignment Analysi OQK OQV% VDO\%OOOO ; 6] base
] B Export Pin A: " ~ 00, DAOVOOVOCD0
% - xport Pin Assignments. TesY, fv cKn
Pin Finder. T3 = ck_p
| & L= -
2| > |Named: + ~ v Edit X Filter. Pins: all i
io| @
L F Node Name Direction Location 1/0 Bank 'VREF Group Fitter Location 1/0 Standard Reserved Current Strength Slew Rate Differential Pair  3trict Preservatio|
L B input A Input FIN_AA3 3.3V LVTTL (default) amA (default)
| B Input B Input FIN_AB4 3.3V LVTTL (default) amA (default)
% XOR Out Output FIN_ W8 3.3-V LVTTL (default) BmA (default) 2 (default)

<<new node>>

All Pins

0%  00:00:00

In our example circuit, we had only 2 inputs and 1 output, which is why there are only 3 listed on
the bottom screen, but we would have more listed if our circuit had more inputs and outputs.
Also notice that for our “I/O Standard” column, we have “3.3-V LVTTL” listed because we
previously set that as our default voltage. If the default voltages were not previously set, the
“I/O Standard” column can have its values changed individually for each input and output.
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In this example, we will use slide switches SW0 and SW1 for the inputs and LEDRY for the
output. You can do this by setting the locations to the pins listed in the previous tables, i.e.:

Named: * ~ w3 Edit ‘ |F\Lteh Pins: all M
Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate

- Input_A Input PIN_C17 7 87_NO PIN_AA3 3.3-V LVTTL (defaulf) 8mA (default)

& Input B Input PIN_C10 7 B7_NO PIN_AB4 3.3-V LVTTL (default) 8maA (default)

‘S XOR Out Output PIN_B11 7 87_NO PIN_W8. 3.3-V LVTTL (default) 8ma (default) 2 (default)

<<new node>>

Notice that only the “Location” blanks were completed with the dropdown menu at each, while
the other columns were automatically filled in based on the selected locations. (Rather than
using the dropdown menus for the locations, you may also type in the pins, such as “C11” or
“C10”, and pressing [Enter].) Once completed, you can just close the window (nothing to save).
Now the locations should appear next to the pins on the circuit schematic, i.e.:

S Quartus Prime Lite Edition - CY/FP o ject - ject - o x

File Edit View Project Assignments Processing Tools Window Help

Ord | nlie] MyExampleProject NS EEH T ES QLR O

Project Navigator 4\ Hierarchy rape x| MyExampleProject baf* @  ® compilation Report - MyExampleProject 28
ety instance u? noclEhhew =-g 1NN NDOo NN 9 ag e =
4% MAX 10: 10M50D:
E3 Myexampleprd 5 : o "Minle I | o
gL & - .
Click on *_bdf file tab Click on |A] to add
— FLray ] i : .. e 'K -‘ Lid g =
to see schematic. maore text to diagram
= Compil R i — — - - - — — - > psp
Task e > Interface Protocals
. LA [ . — > Memory Interfaces and Controllers
. o : : : S ; : o > Processors and Peripherals
:D;' it e > University Program
o o o : - T o B R = @ search for Partner I
ming A R P T RS,
> P EDA Netlist Writer - Notice Pin #s
W Edit settings B S S : : : o o o : :
= —_— appear at the
sllan O A A (A <<Filters> 88 Find.. 88 Find Next
rype] 10 [message Inputs/output
© 332140 No Removal paths to report
© 332140 No Minimum Pulse width paths to report
@ 332102 Design is not fully constrained for setup requirements
@ 332102 Design is not fully constrained for hold requirements
> 0 Quartus Prime Timing Analyzer was successful. 0 errors, 6 warnings
@ 293000 Quartus Prime Full Compilation was successful. 0 errors, 16 warnings |
g
E System (6)  Processing (122)

131,109 100%  00:00:40

Note: if you created your circuit using Verilog and not by drawing a circuit schematic, you will
still need to assign pins to the inputs and outputs, but there will be no changes to observe.

While the pin numbers will appear on the schematic next to the inputs and outputs, their labels
are not particularly useful for determining which switches and LEDs are being used.
Consequently, it is highly recommended that you add text to your schematic to make it clear
which ones you are using. As shown in the above figure, this can be done by clicking on the [A]
button above the schematic. For this example, the following text was added:
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——— 1

In the above diagram, PIN_C11 was labeled as “SW1,” PIN_CI10 was labeled as “SWO0”, and
PIN B11 was labeled “LEDRY,” so it is now clear which switches and LED will be used on the
FPGA board. Also notice a Title and name were added to the circuit. Note: the text option does
not let you do any formatting on the text you add.

After the pins have been assigned, the circuit needs to be recompiled with the new pin
assignments. If you don’t do this next, when you download it into your FPGA, you won’t get
any error messages, but the FPGA just won’t do anything, because it doesn’t know what switches
and LEDs to use for input and output. After being recompiled, the following screen should
appear:

S Quartus Prime Lite Edition - C/FPGA/Example/MyExampleProject - MyExampleProject - D
n @
Or= r MyExampleProject | L E » SPiad@ O
Project Navigator 4% Hierarchy vlame x| MyExampleProject bdf & Compilatt ort - MyExampleProject [ ‘IP Catalog 1a x
Entitynstance Table of Contents BN Flo a [ Y X =
A\ MAX 10: 10MS0DAF484C6GES B8 Flow summary & <cFiter> il Instalied 1P
ER pyexampleproject 7B B Flow Settings Flow Status Succ { .l I i ¢ I\ 0N AFTFoW v Project Directory
E= Flow Non-Default Global Settings Quartus Prime Version 201 No Selection
B Flow Elapsed Time Revision Name MyEx M v Library
B Flow 05 Summary Topreve Enty e wel L0 Fecompile. > e Funcrons
Tasks Compilation =38 E FlowLog Family MAX > psp
Task > [ Analysis & Synthesis Device 10MSODAF484C6GES > Interface Protocols
“ B CompleDesign > [ Fitter Timing Models Preliminary > Memory Interfaces and Controllers
@ Flow Messages Total logic elements 2/49,760(<1%) ors and Peripherals
> P Analysis & Synthesis
@ Flow suppressed Messages Total registers o ity Program
> tter (Place & Route)
P Fitter (Place & Route) > M Assembler Total pins 3/360(<1%) o Pariner B
> P Assembler (Generate programr | || 5 M Timing Analyzer Total virtual pins °
> P Timing Analysis Total memaory bits 0/1,677,312(0%)
> P EDA Netlist Writer Embedded Multiplier 9-bit clements 0/ 288 (0%)
B it settings Total PLLs 0/4(0%)
UFM blocks 0/1(0%) + Add
x L ]
alal QA A A <<Filters> 88 Find.. | B8 Find Next
L)

Type ID  Message
332140 No Removal paths to report

o Y R .
© 332140 No Minimum Pulse width paths to report lf ‘“Ll'—h""'“]‘ {I €rrors,
@ 332102 Design is not fully constrained for setup requirements .
@ 332102 pesign 1s not fully constrained for hold requirements { ] W i }
> @ Quartus prime Timing analyzer was successful. O errors, & warnings S0ime 'lr"”:lﬁ:‘ »
o

293000 Quartus pPrime Full compilation was successful. 0 errors, 16 warnings

2| System(6)  Processing (122)

354,74 100%  00:00:35

Note: if you instead created your circuit using Verilog and not by drawing a circuit schematic,
you will still need to recompile your design with the pin assignments before downloading it into
your FPGA board.

Now, the circuit is now ready to be downloaded into your FPGA board.
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Downloading into FPGA:

To start the process of downloading your compiled code into your FPGA board, the first thing
you need to do is make sure that your FPGA board is connected to your computer via the USB
A-to-USB B cable that came with your board. Then, you need to go to the [Tools] tab along the
top toolbar and go to the <Programmer> option.

(S Quartus Prime Lite Edition - C:/Ff ji pl = o X

File Edit View Project Assignments Processing Tools Window Help

un Simulation Tool 4
O © MyExampleproject  Run Simulation Tool PeadE e
Zn Launch Simulation Library Compiler -
project Navigator 4 Hierarchy ~lame x| B DI o o Compilation Report - MyExampleProject ] P Catalog. aex
Launch Design Space Explorer i -
Entityinstance e S R . X =
4% MAX 10: 10MS0DAF484C6GES. E ° =t s v J Installed 1P
3 mycramplepraject B o ) s Successful - Sun Aug 16 23:17:43 2026 © Projectpirectory
=4 prime Version 20,11 Build 720 11/11/2020 5. Lite Edition No Selection
=% ChipPlanner Name MyEsampleproject © Library
EE D Design Partition Planner Entity Name MyExampleProject > Basic Functions
E  Netistviewers > MAX 10 > pse
>
2 signal Tap Logic Analyzer 10MSODAF4B4CECES > Interface Protacols
| | e e odels Preliminary > Memory Interfaces and Controllers
e ic elements 2/49,760(<1%)
a [ Logic Analyzer Interface Editor 7 Processors and Peripherals
o sters o > University Program
N In-System Seurces and Probes Editor ——
(EE ) @ search forPartner P

Signal Probe Pins. 2l pins o

& progammer prory bits 0/1677,312(0%)
#0 JTAG Chain DebugBer d Multiplier 9-bit elements ~ 0/288 (0%)
[rasks Compilation c=hex :
9 Faultinjection Debugger ls 0/4(0%)
Task System Debugging Tools s 0/1(0%)
v > Compile Design o | o 0/2(0%)
v > P analysis s synthesis Nios Il Software Build Tools for Eclipse
v > P Fitter (Place & Route) & Platform Designer B lI - {P . . :}
v > P Assembler (Generate programr hﬂ. ect rogrammer
2 Telscripts.
v > P Timing Analysis
> P ot under the |Tools] tab.
M Eit settings S
- _ censesewp = o
= G install Devices.
B o® -
sllal O AA A <<Filter>> 88 rind. B8 Find Next
i
= |[type 10 message
© 332140 No Setup paths to report
@ 332140 No Hold paths to report
© 332140 No Recovery paths to report
© 332140 No Removal paths to report
© 332140 No Minimum Pulse width paths to report
© 332102 Design s not Fully constrained for setup requirements
@ 332102 Design s not Fully constrained for hold requirements
;0 Quartus Prime Timing Analyzer was successful. O errors, 6 warmings
© 293000 Quartus Prime Full Compilation was successful. 0 errors, 16 warnings
H
i System (5)  Processing (122)
Opens a Programmer window 4032 100% 000033
When you do, a new window opens, as shown below:
1 o Programmer - C/FPGA/Bxample/MyExampleProject - MyExampleProject - [MyExampleProject.cdf] = m] X
File Edit View Processing Tools Window Help Search altera.com .

-

s Hardware Setup...  USE-Blaster [USE-0] Mode: JTAG‘\; Progress:

Set Mode to JTAG.

[CJ Enable real-time ISP to allow backgroun gramming when available

h %
gy - - . — /  Verfy Blank-  Examine
Should be USB-Blaster [USB-0], |- Check

T ot . . .

- % which is set by using the
) Auto Detect ,

— \ |[Hardware Setup...| button.

Delete
1 ™ addFile

Click on the |Start]
button to download.

Fe Change File.. H

A save File

* Add Device...

TDI
T Up

ki Down L)

10MS0DAF484ES
TDO

FS
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Once the hardware and mode are set correctly, you may press the [ "™ ] button to
download your code into the FPGA. If everything is set and connected correctly, on your FPGA
board the top left LED (green) under “LOAD” will briefly light up and then turn off while the
“CONF” LED next to it lights up. Also, on your computer window the “Progress:” bar should
turn green and show “100% (Successful)”.

f » Programmer - Ci/FPGA/half_adder/half_adder - half_adder - [half_adder.cdf] = (] x
| File  Edit  View Processing  Tools  Window  Help Search altera.com e
.ﬁ. Hardware Setup...  [Ueag=EH IVl Mode: JTAG 4 Progress: 00% (Successful) |

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

File Device Checksum Usercode Program v Blank- Examine
W stare gram/ gl
Configure Check
1 i stop output_files/half_adder.. 10M50DAF484C6... 002702EE  D02702EE [}
M Auto Detect

Indicates successful

Delete

download.

[ ™ addFile..
I e
Change File...
&) save File
* . dd Device.. ECTLLLEET .
TOI H H
g Up —}: ’ H
H H
W Down "

T0MS0DAF4B4ES
TDO

4
+

At this point, you should be able to use the input switches that you set and observe changes in the
output LEDs based on the function you programmed your FPGA to perform. Note: if you did
not do the pin assignments and then recompile before downloading, the download can still be
“successful”, but the switches won’t do anything and the LED’s will not light up.

Depending on the instructions for your particular lab, you may need to demonstrate the operation
of your FPGA to your instructor.
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Writing Verilog Code:

Previously, you saw how to create a circuit schematic, simulate it, and then download it into your
FPGA board. This section shows how to instead write a program in Verilog, which is similar to
writing a program in Java, or C++, or Python. Like the circuit schematic method, it can be
simulated and/or downloaded into your FPGA.

After creating a new project called “half adder” (and possibly setting the default pin voltages),
go to the [File] tab and select <New...> from the dropdown menu. The screen shown below will
appear:

a Quartus Prime Lite Edition - C:/FPGA/half_adder/half_adder - half_adder = (m] X

|

| File Edit View Project Assignments Processing Tools Window Help Search altera com .
O ||+ D ) C | half_adder S EED TV ESPLDR O

Project Navigator 4% Hierarchy Qg = |IP Catalog 18 x

T New

o x =

v Gl installed IP

Entity.Instance

New Quartus Prime Project
&% MAX 10: 10M50DAF484C6GES

™ Design Files
¥ half_adder '®

- . .
AHDL File Project Directory

Block Diagram/Schematic File No Selection Available

EDIF File ~ Library

v

Qsys System File Basic Functions
State Machine File

SystemVerilog HDL File

DsP
~=na x
Tasks Compilation 7 Interface Protocols

Tel Script File

Verilog HDL File !
WVHDL File

~ Memory Files

Hexadecimal (Intel-Format) File Selecr {‘,’Erilag HDL b"lle}

Memory Initialization File
w Buy Software

Task

Memory Interfaces and Controllers

~ P compile Design Processors and Peripherals

R

> P Analysis & Synthesis University Program

> P Fitter [Place & Route)

> P Assembler (Generate programmin

- . -
> B Timing Analysis Verification/Debugging Files

> In-System Sources and Probes File
> EDA Netlist Writs
1stwiter Logic Analyzer Interface File

W Edit Settings Signal Tap Logic Analvzer File

& Program Device (Open Programmer) Cancel

+ Add
x|
Al O A Al AV <cFiterss T Find Next
2 Click on [OK]
= [Type  ID  message 1
@ 18503 The selected board’s design has been created and stored in devkits/DE10_LITE_Golden_Top.

8

o (I >
é System (1) Processing

0% 00:00:00
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After clicking on [OK] the following screen appears:

(b Quartus Prime Lite Edition - C/FPGA/half_adder/half_adder - half_adder — (w] X
File Edit View Project Assignments Processing Tools Window Help Search . @
[Or= r half_adder v S E A P ES RLYPE
Project Navigator 4% Hierarchy ~algs =| ¢ verilog1v [ x] ‘IP Catalog 18 x
EntityInstance 87 E om0 w B EZ [} X =
N MAX 10: 10M50DAF 484C6GES * ~ il installed 1P
* half_adder " ™ Project Directory
No Selection Available
¥ Library
> Basic Functions
> DsP
Tasks Compilation M= O > Interface Protocols
Task HL' reen “.h[.ri. VLl W ri.“_. > Memory Interfaces and Controllers
v B Compile Design * > Processors and Peripherals

> P analysis & Synthesis yvour Verilog code. > University Program

> P Fitter Place & Route) @ search for Partner Ip

» P Assembler (Generate programmin;

> P Timing Analysis

> P EDA Netlist Writer

W it settings

A Program Device (Open Programmen)

JE— + A
[x]
gla @ A A A <<Filter=> 88 Find. B8 Find Next
R
= || Type D Message
@ 18503 The selected board's design has been created and stored in devkits/DE10_LITE_Golden_Top.

8| system(1)  Processing

0% 00:00:00

Before we begin writing Verilog code, it is important to review the logic operators available:

Logic Function Operator

NOT ~

AND &

NAND ~&

OR I

NOR ~ |

XOR ~

XNOR ~" or "~

In your second FPGA lab, you will be creating a half-adder using Verilog, so we will use this as
our example. While we will not be creating the circuit schematic in Quartus for a half-adder, it

is useful to refer to the circuit schematic to implement a half adder:

Car
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Notice that the half-adder takes 2 input bits, (named A and B) and outputs their sum as a 2-bit
answer, with Carry being the MSB (most significant bit) and Sum being the LSB (least

significant bit). It uses an AND gate to determine the value of the Carry bit, and an XOR gate

to determine the value of the Sum bit.

The Verilog code to implement this half-adder is:

Module header format:

module half adder (A, B, Sum, Carry); “name (variables used):”

List inputs first.

input A, B; Define variables as
output Sum, Carry; inputs or outputs

wire Sum, Carry; } “wire” is an Output Data Type

assign Sum = A"B; // bitwise XOR} Outputs assigned values

assign Carry = A&B; // bitwise AND based on inputs

endmodule // end of the half adder module

When writing Verilog code, there are some rules/guidelines to consider:

1)

2)
3)
4)

5)
6)
7)
8)

9)

The code should be written as “modules” which act as functions in other languages. The
first line should be the module header, and the last line should be “endmodule”.

The names of the module and variables should have no spaces.

The name of the module should be the same as the project name.

Verilog is case sensitive, and while variables may have capital letters, in general all
commands are lower case.

Each command should end in a semicolon, (;). (Optional for “end” or “endmodule”.)

In the module header, the input variables should be listed before the output variables.

All of the variables listed in the module header should be declared as inputs or outputs.
Output variables need a data type declaration, which can be either “wire” or “reg”. The
“wire” type depends continuously on the input values and is used for combinational logic.
The “reg” (Register) type depends on previous values or state and is used for sequential
logic. (Recall that unlike combinational logic, sequential logic refers to a digital circuit
where the output depends not only on the current inputs but also on the history of inputs,
stored as the circuit’s state; e.g. flip-flops.)

The “assign” statement associates an output variable to input variables via a logical
function. Unlike other programming languages, these logical statements are not
processed in sequential order but are implemented in parallel on the FPGA board.

10) Text after “//”” on a line are comments and are not part of the compiled program.
11) Indentation is optional but encouraged for readability.
12)If a command uses more than one subcommand, such as a list of commands to be

performed under an “if conditional”, then the subcommands should be group with a
“begin” and “end”. (This was not used above but will be demonstrated in future FPGA
lab exercises.)
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Now type or copy the above Verilog code into the empty Verilog window, i.e.:

(G Quartus Prime Lite Edition - C./FPGA/half_adder/half_adder - half_adder

File Edit View Project Assignments Processing Tools Window Help ]
O [ n]ie] half adder L Lo QAVE e
oroject Navifly Hierarchy ¥ [QEE x| & Verlog.v* i) I catalog w8 x
- -
ity instance 8 nE e 0w %) RS LY X =
1 nodule half_adder (A, B, Sum, Carry);
A% MAX 10: 10M3BDAF 284C6GES. 2 ~ @l installed IP
3 input A, B;
* hatf_adder r output Sum, carry;
5 M=l " H = "
& re sun, carry; Click to compile program.
assign sum = ARB; Ew‘tm‘ se XOR
N % T LT assign carry = A&B; itwise AND
Click to save file. .
endmodule  // end of the half_adder moduld DsP
> Interface Protocols
Task > Memory Interfaces and Controllers
« P Compile Design > Processors and Peripherals
> P Analysis & Synthesis 7 University Program
Se h for Partner IP
> P Fitter (Place & Route) © search or Pariner
> P assembler (Generate programmin|
> P Timing Analysis
> P EDA Netlist Writer
W Edit settings
4 Program Device (Open Programmer]
— + add
alal QA A A <<Filter>> B8rind. 88 Find Next
1
= |[Type 10  Message
@ 18503 The selected board's design has been created and stored in devkits/DEL10_LITE_Golden_Top.
H
é System (1)  Processing
0%  00:00:00

Notice in Quartus that the commands become blue text and comments become green text.

Once the code appears correct, save the file as “half adder.v”’, which should be the same name as
the project. (The file should have a “.v” file extension. Notice that in the screen above, the file
has a “*” after its name, which means that the latest version isn’t saved. Once saved, the
disappears.) Then to test the code, compile it by pressing the [ » | button.
you should get a screen similar to:

(I3 31

If there are no errors,
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& Quartus Prime Lite E - a X
Or= (n hat_adder MIEE-E- X PFESDLYER O
Project Navigator 4 Hierarchy ~alRa x| ¢ half_adder.v ] & compilation Report - hatf_adder EJ ‘u: Catalog pEx
Table of Contents U Flow Summary LY X =
i MAX 10: 10MS0DAF484C6GES ES Flow summary R <<Fite ~ b installed 1P
E® ot adder °8 B Flow Settings Flow Status Successful - Mon Au  Project Directory
BB Flow Non-Default Global Settings Quartus Prime Version 20.1.1 Build 720 11/1 No Selzction Available
B Flow Elapsed Time Revision Name half_adder ~ Library
BB Flow 05 summary Top-level Entity Name half_adder > Basic Functions
El FlowLog Family MAX 10 > BEp
[ Tasks Compilation TERS = Analysis & Synthesis Device 10MS0DAF 484C 6GE > Interface Protocols
Task Fitter Timing Models Preliminary > Memory Interfaces and Controllers
© B Compile Design : Flow Messages Total logic elements 3/ 49,760 (<1 %) 5 Processors and Peripherals
Flow Suppressed Messages Total registers o
> P Analysis & Synthesis i =8 3 7 University Program
Assembler Total pins 4/360(1%) @ Search for Partner 1P
> P Fitter (Place & Route)
Timing Analyzer Total virtual pins o
> P Assembler (Generate programmin e s 0/1,677,312(0%)
> P Timing Analysis Embedded Multiplier 9-bitelements 0/ 288(0%)
> P> EDA Netlist Writer Total PLLs 0/4(0%)
B Edit Settings UEM blocks 0/1(0%)
A Program Device (Open Frogrammer) pREEEds Ol
+ Add
x L)
a(lat QA A (A 88 Find.. 88 Find Next
i
= || Type ID  Message
© 332140 No Removal paths to report
© 332140 No Minimum Pulse width paths to report
@ 332102 pesign is not fully constrained for setup requirements
© 332102 pesign is not fully constrained for hold requirements '\| 0 ].. I'I'lll"i‘
> @ Quartus Prime Timing Analyzer was successful. 0 errors, 6 warnings _‘_._-—-—'- 1 , g
@ 293000 Quartus Prime Full Compilation was successful. 0 errors, 16 warnings
&“
2| system()  Processing (124)
100% 00:00:47
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Now that you have a compiled Verilog program with no errors, you can do the same operations
you did with your circuit schematic. First, you can simulate the waveforms (don’t forget to
remove the “-novopt” from the simulation options). When done correctly, you should see the
following waveforms:

| G Simulation Waveform Editor - C/FPGA/half_adder/half_adder - half_adder - [half_adder_20260817134558.sim.vwf (Read-Only)] = (m] K
File Edit View Simulation Help Search altera.com [ ]

k€ xS0 N E L E WO R R R R Y A B

| MasterTime Bar: Ops 4 } | Pointer 9.04ns Interval: 9.04 ns Start: End:
Name value at 0 ps 40? ns 809 ns '\ZDiD ns '\EDiD ns 200.0 ns
Ops Ops
g \ \ \ | —
B A B0
- B BO
Y Carry BOD
@ sum BO

Before downloading your code into your FPGA board, you will need to do a pin assignment.
One possible layout is:

e Input A using switch SW1, (PIN_CI1).
e Input B using switch SWO0, (PIN_C10).
e Output Carry using LEDRI, (PIN_A9).
e Output Sum using LEDRO, (PIN_AS).
x| Narned: * ~ | Edit | Filter: Pins: all v
i Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/0 Standard Reserved Current Strength Slew Rate
B A Input PIN_C11 7 B7_NO PIN_Y1 3.3-V LVTTL (default) 8mA (default)
» B Input PIN_C10 7 B7_NO PIN_UG 3.3-V LVTTL (default) ama (default)
T Carry Output PIN_AS 7 B7_NO PIN_W6 3.3-V LVTTL (default) ama [default) 2 (default)
| Sum Output PIN_AB 7 B7_NO PIN_V4 3.3-V LVTTL [default) 8mA (default) 2 [default)
£ | <<new node>>
=

0% 00:00:00

Before downloading the program into your FPGA board, don’t forget to recompile it after
making the pin assignments. Otherwise, you won’t get an error message, but your FPGA just
won’t do anything. After being compiled and downloaded into your FPGA, you should be able

to move the switches and verify the operation of your half-adder.
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Creating Device Symbols

In LogicWorks, you were able to create new device symbols from circuits you had created. You
can basically do the same thing in Quartus, but the device does not need to be just created from
basic logic gates. It can also be created from Verilog code, which will be the focus of this
section. These devices can then be connected with other devices to create larger, more complex
circuits.

After successfully writing Verilog code and verifying that there were no errors, go to the tab of
*.v code, so that you see your code. (You will NOT want to assign pins before generating the
device symbol. If you have already assigned them, you may go back to delete the pin
assignments individually and then recompile your code. If the pins are assigned first, the
generated symbol will include the pin assignment, so you are not able to assign the input/output
pins when your new device symbol is connected within a circuit. In general, you only want to
assign pins to the top-level design that you will be downloading into the FPGA board.) Then go
to the [File] tab and select <Create/Update> = <Create Symbol Files for Current File> from the
dropdown menus. The screen shown below will appear:

(O Quartus Prime Lite Edition - C/Users/timot/Dropbex/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdder = o X
File Edit Wiew Project Assignments Processing Tools Window Help Search altera.com e
O mew. Ctrl+N MEE X P RS RE2VHS ‘
~ O Cirl+0
- |EE= * @ hafaddery B & compilation Report - HalfAdder [P catalog 48 x|
Close Cirl+F4 — —
R G o X =|
. arry); ;
New Project Wizard... 2 ’ - J Installed 1P
.
& Open Project. Cirl+) 3 ~ Project Directory
Save Project 5 " ’ - o Selection Available
eI s | Go to Verilog code. No Selection Avallable
Close Project 7 ~ Library
8
Save Ctri+s ] assign sum = AAB; // bitwise xor > Basic Functions
- o 10 assign carry = A&B; // bitwise aND —
save s 17 dmoduT  end of the walfadder modul
endmodule // end o he Ha er module 3
& saveAl Culsshiftes [ 13 Interface Protocals
> Memory Interfaces and Controllers |
File Properties... > Processors and Peripherals
s Uni
Create [ Update L Create HDL Design File from Current File University Program
Export Create Symbol Files for Current Fil e Search for Partner |2
Convert Programming Files Create AHDL Include Files for Current¥i
@ Page Setup. Create Verilog Instantiation Template Files foMg§urrent File
- Create VHDL Component Declaration Files for Curr ile
rin review
@ Print... Cirl+P Create Design File from Selected Block
Update Design File from Selected Block...
Recent Files L4
Create Signal Tap File from Design Instance(s)
Recent Projects r i
Create JAM, JBC, SVF, or ISC File... Select <Create Symhbol
Exit Alt+F4 Create/Update IPS File... "
~w . - -y
Create Board-Level Boundary-Scan File [" ]]{‘5 'Il]l' {_.lll"l'{""r ] ||i_"-"",.
x e ™
5 | AL QA A My <<Filters> sk Create Top-Level Design File From Pin Planner
1
= || Type ID Message
@ 332154 The derive_clock_uncertainty command did not apply clock uncertainty to any clock-to-clock transfers.
@ 332140 No setup paths to report
@ 332140 No Hold paths to report
@ 332140 No Recovery paths to report
@ 332140 No Removal paths to report . . BB A B
© 332140 No Minimum Pulse width paths to report { “.:I'L hdh dll de}
@ 332102 pesign is not fully constrained for setup requirements - . 4 ™
@ 332102 pesign is not fully constrained for hold requirements t:"‘"'“ LIHIII“IL‘J ﬂlld
> @ quartus Prime Timing Analyzer was successful. 0 errors, 6 warnings . ) |
© 293000 quartus Prime Full compilation was successful. 0 errors, 17 warmings ]1}]5 no crrors. I
@ |
2
=
i
g Systemn Processing (122)

Create symbol files for current file 100% 00:00:29
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After selecting the option of <Create Symbol Files for Current File>, you should get a message
in the bottom window that says “Quartus Prime Create Symbol File was Successful. 0 errors, 0
warning”, (different message than the “0 errors” from compiling the code). If you go to the
folder containing the project files, you should see a new file with the *.bsf extension. This is the
file which contains the new circuit device symbol. (If you want to use this symbol along with
others, you will need both the *.bsf and *.v files, which can be copied to a folder containing
these same file types for the other parts you want to also use in your new circuit schematic.)

To use the new device symbol, first open a new schematic file (*.bdf file):

@) Quartus Prime Lite Edition - Cy/Users/timat/Dropbox/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdde - (m]
Search altera.com [ ]
kﬁ. r HalfAdder M- X- > FEFES RLAOSE
Projechawgator 4% Hierarchy ~lalgs x| ¢ halfadder.v 9 Compilation Report - HalfAdder [£ ‘IP Catalog nig = ‘
Entity-Instance Table of Contents P Flow Summary o X =
2 MAX 1% 10MS0DAF484C6GES |EE Flow Summany| & <eiter> v il installed IP
. ER Flow settings Flow Status ul. Th 030020029 2| ¥ Project Directory
BB Flow Non-Default Global Settings Quartus Prime ] ¥ ‘ . Lite| tion Availab
8 New window opens, b tion Available
Go to ||"I|L‘| tah FA Flow Elapsed Time Revision Nam v Library
BB Flow 05 summary Top-level Entity Nar Halfadder 5 Basic Functions
and select E Flowtog Famly o - » > pse
W
\; J: . h . > Analysis & Synthesis Device > Interface Protocols
<New...> W ]
NEW. .=, ich 18 ’ Fitter Timing Hy |New Quartus Prime Praject > Memory Interfaces and Controllers
'”'l(" ﬁl'st ﬂptiﬂ n. © Flow Messages Total lug!m V¥ Design Files > Processors and Peripherals
© Flow Suppressed Messages Total regist| AHDL File > University Program
> Assembler Total pins ' Block Diagram/Schematic File e Search for Partner IP
> Timing Analyzer T ual EDIF File
Tasks Compilation MEI - T rotal memd Qsys System File
; . - . . - State Machine File
a o f W ] e
Select <Block Diagram/Schematic File> Systemverilog HOL File
|
Tel Script File
> P Analysis & Synthesis UFM blocks Verilog HDL File
> P Fitter (Place & Route) Abc blogl VHDL File
> P Assembler (Generate programr ~ Memory Files
s Timing Analysis Hexadecimal (Intel-Format) File
il Memory Initialization File
> P EDA Netlist writer {'IILL on [()Kl
~ verification/Debugging Files E + Add
— = In-System Sources and Probes File
oan @ A 4 Ay <<Filterss MEind Logic Analyzer Interface File
I | en gic Analvze
= e ID  Message
- Typo ~~~~~~ J e R R e Cancel Help
> @ Running Quartus Prime Create Symbol File ——
command: quartus_map --read_settings_files=on --write_settings_files=off HalfAdder -c HalfAdder —-generate_symbol=C:/Users/timot/Dropbox/
i ] q P g < 9 Y P
> @ qQuartus Prime Create symbol File was successful. *ermrs, 0 warnings
Notice: No Errors from previous step of creating symbol file.
i
8
_E System (1) Processing (4)

100% 00:00:01

Note: the “.bdf” file extension refers to a “block diagram file,” while the “.bst” file extension
refers to a “block symbol file.”

A new screen will then appear within Quartus, showing grid dots and labeled “Block1.bdf,” (see
previous section of “Creating a Circuit Schematic” within this document for more details). As
before, click on the symbol tool icon ( £+) and the Symbol window appears:
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ﬂ Symbol

Libraries

| new symbol of ey

& Project

B} Halfadder|

> £3 cfintelfpga_lite/20.1/quartus/libra

i
i | Expand Project
4 3
| | Directory
1 [
¢ MName
i HalfAdder
a Repeat-insert mode
[ Insert symbol as block

Select to zet the

the device.

place device.

Cancel

After clicking on [OK], the Symbol window will close and you will be able to place the new part
in “Block1.bdf” screen, much like how you can create a circuit schematic from basic logic gates.
Below shows the device symbol placed within the “*.bdf” screen:

& Quartus Prime Lite Edition - C

OFd+D0"

Project Navigator 4% Hierarchy

Entity-Instance
4% MAX 100 1T0M50DAF484C6GES
EE Halfadder &

Tasks Compilation

=8 x

Task

~ P Compile Design

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

P> Assembler (Generate programr

>
>
> P Timing Analysis
>

P EDANetlistWriter [Pl

Deviee symbol

[Users/timot/Dropbox/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdde a X
Search altera.com [ ]
HalfAdder v L FPEFES RLVE O
+Q 3@ x| @ hafadderv & Compilation Report - HalfAdder F Blockybde @ ‘up Catalog o8 x
He <O0D" BErQ¥ACZT-O0 118NN SYOO N By X =
o o ; o aeeses e TEn (S
¥ Project Directory
. No Selection Available
At * bdf sereen ~ Library

> Basic Functions
> DsP
Interface Protocols
Memory Interfaces and Controllers

>
>
> Processors and Peripherals
> University Program

St

@ Ssearch for Partner IP

+ Add

x
s lan O A A A <<Filters> 88 Find. 88 Find Next
1
= || Type ID Message
o L
> @ Running quartus Prime Create Symbol File
[ ) command: quartus_map --read_settings_files=on --write_settings_files=off Halfadder -c Halfadder --generate_symbol=C:/uUsers/timot/Dropbox/
> @ Quartus Prime Create symbol File was successful. 0 errors, 0 warnings

[

System (1) Processing (4)

While the

842,215 100% 00:00:07

screen above shows the default device symbol created by the software, it is also

possible to edit its appearance. By right clicking on the device symbol, a new dropdown list of

options appears, with one of the options being <Edit Selected Symbol>.
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Q¥ Quartus Prime Lite Edition - Ci/Users/timot/Dropbox/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdder

= (m] X
File Edit View Project Assignments Processing Tools Window Help Search altera.com @
OrFHE <009 Halfadder S FFES RLYPE @
Project Navigator &% Hierarchy - Qlga = 4 Compilation Report - HalfAdder [ # slockiba B ‘IP Catalog -
Entity:Instance e 00" BErQ¥ATE-O 11 ANN{YOOoND » & X =
% MAX 10: 10MSODAF 484C6GES B R R TR f . v b installed IP
BB Lalfadder '8 Rl!—:ht click on the ™ Project Directory
. . No Selection Available
symbol to get a
: ~ Library
menu of {I[II.II}"H | {1 ? Basic Functions
> Dsp
ﬂl]l]i."ﬂr. ? Interface Protocols
> Memory Interfaces and Controllers
> Processors and Peripherals
? University Program
_— B Search for Partner IP
I Paste
Tasks Compilation M- %  Delete
Task Locate Node >
v b Compile Design
> IP Parameter Editor
> Analys{ ., . , :
s g Select <Edit Selected Symbol> i selected symbol
Open Dx Fil
> B Assembler (Generate programr S
> P Timing Analysis Update Symbol or Block
> P EDA Netlist Writer Ak Flip Horizontal B
=1 = Flip Vertical
sllan @ A A M <<Filters> Mrnd 88 Rotate by Degrees »
-]
= | Type ip Message Q Zoom In Ctrl+Space
o X"'"’.‘""‘X"'"X""‘X"’:XX""XX""XX""XX"‘XX’: KKKKKKKKKKKKKKKKKKKKKK Q Zoom Out Clrl+5h|ﬂ+5pa:e
> @ RUNNing Quartus Prime Create Symbol File
o command: quartus_map --read_settings_files=on --write_settir ® Zzoom symbol1=C: /Users /timot/Dropbox
> @ Quartus Prime Create symbol File was successful. 0 errors, (T itinwindow CtrlsAltsW
%< Fit Selection in Window CtrleShift+W
Generate Fins for Symbol Ports
Properties
P Add Node to Signal Tap Logic Analyzer r
g
3| system(1)  Processing (4)

318,191 100% 00:00:01

When that option is selected, a new “Symbol Editor” window appears with the device symbol
shown. At this window, it is possible to change the size of the device or move the pins and labels
to new locations. In this example, the order of the “Sum” and “Carry” outputs were swapped so
that “Carry,” which is the MSB appears on the top.

Reference GuideCreating Device Symbols56



Symbol Editor - Ci/Users/timot/Dropbox/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdder - [HalfAdderbsf]* — o

File Edit View Project Processing Tools Window Help

Search altera c:

ory

f@ n» B r@Q ¥ AN N 42 ul

Save when -X_A | The “Carry” and
. g Y sam =] - - "
finished. — “Sum” outputs

were swapped.

Close window
when fimished.
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Note: while it is possible to change the name of an output on the device symbol, since the output
is connected to a specific port through the Verilog code, you will want to physically swap the
location of the output pins and not just rename them. When finished, simply save the new device
symbol and close the window. The original symbol will still appear in the *.bdf screen, but you
may delete it and get a new symbol as before via the symbol tool icon ( <+ ) above the screen.
Now when you select the device, the new symbol will appear.

Once you have the device symbol, it is now possible to connect it to other devices or add inputs
and outputs. For example, in this section we have been working with a half-adder device. As in
Software Lab A, where 4x half-adders were connected together to create an INC-4 circuit in
LogicWorks, we can do the same thing in Quartus. I.e., we can create the circuit shown below:

It is then possible to compile this circuit and create another device symbol from it, much like the
INC-4 part was created in LogicWorks. The above circuit was saved as “INC4circuit.bdf,”
compiled, and then a new device symbol file was created, called “INC4circuit.bsf.” The symbol
generated was then edited to increase the pin spacing between the INC input pin and the A0 pin
and also the Y3 output pin and the Cout pin. Finally, inputs and outputs were added to the
schematic and labeled, producing the circuit of:

""""""'"""""'EINC4L

cuit

3 Cout |

I=

I=
(]

¥3 |
¥z
1 1
IMC Yo |

I=

I=
(]
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To test this circuit out by downloading into the FPGA board, you will need to assign pins to the
inputs and outputs. However, if you just go to the Pin Planner option, most likely you will only
see the inputs/outputs on the original half-adder circuit, (A, B, Sum, and Carry). To be able to
assign pins to your new INC4 circuit, you will first need to save the circuit schematic with the
new symbol and the inputs and output attached, (“INC4.bdf”), and then while at the *.bdf screen,
go to the [Project] tab and select <Set as Top-Level Entity> as shown below:

Ik Quartus Prime Lite Edition - CifUsers/timot/Dropbox/SMCC/EEE120/FPGA/Lab2/HalfAdder/HalfAdder - HalfAdder — a >

File Edit Wiew Project Assignments Processing Tools Window Help

Search altera.com e |

O Add Current File to Project & N P ES RLVE e
R —— T
Add/Remove Files in Project
Project Navigator & d Compilation Report - HalfAdder ﬂ INC4circuit.bdf NC4 bdf B3 |\P Catalog aa x|
T L Reisions. b R@QWADTE-O171" o~~~ »a X =
2 MAX 10 10M50 Copy Project. f v %k stalled P
Clean Project . -
P halfadger @ . ¥ 4 ~ Project Directory
Be at the =.bdf screen of R
= Archive Project No Selection Available
— the compaosite device. > Library
{_"url.i."t ".l.ﬂp']-t‘\'ﬂlﬂ. » Basic Functions
- > DsP
This should change to SERERREEEE INCagmut R R R > Interface Protocols
g . . T T e [T e S e > Memory Interfaces and Controllers
INC4 after changing the ; I R > Processers and Peripherals
Ly _ ) N R BT {5 v ? University Program
lop-Level as described. ey
1 @ scarch for Pariner P
me ¥ e
0
Tasks Comg Generate Early Power Estimator File LIl
Upgrade IP Components
~ P comy Organize Quartus Prime Settings File } .
S Select <Set as Top-Level Entity=
“ B setas Top-Level Entity Ctrl+Shift+) =
> E ¥ &
> B 5 under the [Project] tab.
> P AssemorErTE=rEETp
> P g
5 . y
P EDA Netlist Writer T g
x| L]
ala O A 4 A <<Filters> 8 rind.. 8 Find Next
il
= || Type ID  Message
© 332154 The derive_clock_uncertainty command did not apply clock uncertainty to any clock-to-clock transfers.
@ 332140 No setup paths to report
© 332140 No Hold paths to report
© 332140 No Recovery paths to report
© 332140 no Removal paths to report
© 332140 No Minimum Pulse width paths to report
@ 332102 pesign is not fully constrained for setup requirements
@ 332102 pesign is not fully constrained for hold requirements
> @ Quartus Prime Timing Analyzer was successful. 0 errors, 6 warnings
© 293000 qQuartus Prime Full compilation was successful. 0 errors, 17 warnings
i
g
g System (25)  Processing (126)
Sets the current entity as the top-level entity for the next compilation 55-2  100%  00:00:24

Then recompile the program. Now, when you go to the Pin Planner, all of the pins in the INC4
circuit should be listed. You can test out the INC4 circuit on your FPGA board by assigning the
pins as shown below:

* |Named: * ~ e Edit X |P|N,A'|3 Filter: Pins: all w7
=
n Node Name Direction Location 1/0 Bank WVREF Group Fitter Location 1/G Standard Reserved Current Strength Slew Rate Di
B A0 Input PN A3 | 7 B7_NO PIN_A13 3.3-V LVTTL 8maA (default)
» Al Input PIN_A14 7 B7 NO PIN_AT4 3.3-V LVTTL amA (default)
» A2 Input PIN_B14 7 B7_NO PIN_B14 3.3-VLVTTL 8mA [default)
B A3 Input PIN_F15 7 B7_NO PIN_F15 3.3-V LVTTL 8mA (default)
‘@ Cout Output PIN_D13 7 B7 NO PIN D13 3.3-V LVTTL ama (default) 2 (default)
B INC Input PIN_C10 7 B7_NO PIN_C10 3.3V LVTTL 8mA (default)
& YO Output PIN_AB 7 B7_NO PIN_AB 3.3-V LVTTL 8mA (default) 2 (default)
- Y1 Output PIN_A2 7 B7 NO PIN_A2 3.3-V LVTTL amaA (default) 2 (default)
- v Output PIN_ATO 7 B7_NO PIN_ATO 3.3-VLVTTL amA [default) 2 (default)
= ® V3 Cutput PIN_B10 7 B7_NO PIN_B10 3.3-VLVTTL 8mA [default) 2 [default)
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This will assign the 4x A-input bits to the leftmost switches on your FPGA board; the INC input
to the rightmost switch; and the 5x output bits to the leftmost LEDs above the switches. As
discussed in the “Assigning Switches and LEDs” section of this document, close the Pin Planner
window and recompile the circuit schematic. After doing this, the schematic should now show
the assigned pins by the input/output names:

"""" Cout |
PIN_F15 PIN_D13
FI_D T v ] ;

FT_ATH ¥z | PIN_B10
FTT_AT3 ¥ ] FT_ATO
Yo FT_Ag

PIN_C10

FI_A5

Then use the <Programmer> option under the [Tools] tab to download the circuit into the FPGA
board and test it out. With the rightmost switch down, the LEDs should light up based on the
position of the 4 leftmost switches. Then when the rightmost switch is pushed up, the number
represented by the LED should increase by one.
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