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Quartus Tutorial

Creating a Project - Walk Through

1. Open the Quartus prime software previously installed. You will be met with a screen
similar to the screenshot below.
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2. Click File on the top left and click “New Project wizard” or if you have the Home screen
on startup, click New Project Wizard under Projects.
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3. Click next and then choose a working directory for your projects. If this is your first
project, you must create a working directory. It's recommended to have your working
directory somewhere that you can easily access it. Then, define a name for your project
(MAKE SURE THERE ARE NO SPACES IN THE FILE PATH) -> Click next.

System | Processing
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i New Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?

Di\DigitalLogicWHDL\workdir

What is the name of this project?
quartus_tutorial
L}

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.

quartus_tutorial

Lse Existing Project Settings...

Help < Back Mext > Einish Cancel

The image above shows a user defined working directory and project name.
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4. Select Empty Project and click next twice (skipping add files page).
O New Project Wizard

Project Type

Select the type of project to create.

* 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.

5. On the Family, Device, and Board settings page select Board -> Development Kit ->
Select Max 10 DE10 - Lite. Then unselect “Create Top-Level Design file.” Double check
that Family is MAX 10.

@ New Project Wizard X

Family, Device & Board Settings

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

Family'l MAX 10 - IDEVElemEnt Kit‘I MAX 10 DE10 - Lite - I
Available boards:

Name Version Family Device Vendor LEs Total I/Os GPIOs Memory Bits
BE MAX 10DE10-.. 1.0 MAX 10 10MS0ODAF484C6GES Altera 49760 360 360 1677312

1 3

I Create top-level design file. I

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

Help < Back Next > Finish Cancel
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6. In EDA Tools, Select Simulation tool type “Questa Intel FPGA” and change format to
VHDL.

Uk New Project Wizard X

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synth... | <None> w | <None> Run this tool automatically to synthesize the current design
ISimulation Questa Intel FPFGA  ~ | VHDL v I Run gate-level simulation automatically after compilation
Board-Level Timing <None> -
Symbol <None> -
Signal Integrity <None> v
Boundary Scan None!

7. Click next and then Finish.

BDF Example - Compilation and Synthesis:

In this example, we will be using a Block Diagram File to create and simulate a XOR gate.
1. After creating a new project, we can create a new BDF by clicking File—New—Block
Diagram/Schematic File. This will create a blank canvas for us to design our circuit on.

2. You can add components by double clicking on the page or right clicking and
hovering over insert and clicking symbol. You'll be met with the window below

] symbol X

Libraries:

v 6 cfintelfpga_lite/24.1std/quartus/I

Name:

Repeat-insert mode

Insert symbol as block

OK Cancel
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3. For this example we are doing a XOR (Exclusive OR) gate. We will need the following
gates. Under Name: search for the following gates (see side note)
e 2 — 2input AND gates
e 1 — 2input OR gates
e 2 — NOT gates
Side note: When searching for gates, they have the naming convention of and2, and4, or2 and
so on. Basically the name of the gate followed by the number of inputs it takes.
4. Place these gates on the block diagram canvas similar to the image below (more
complex circuits could get messy so try and line gates up to keep it clean)

5. We can then connect these gates together as well as give them input and output pins for
simulation purposes (Look up “Input” and “Output” the same way we did for the gates).
See below
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a. As you can see above, we added 2 input pins, and an output pin. These can be
renamed to anything you want but for this example we will use A, B, and Y
b. Each wire is named by left clicking then typing the name that corresponds with
the pin. To rename pins, double click then type the name you want
6. Once we are done wiring everything up like the above picture, we can save this BDF
by clicking File—Save. Once you are prompted to name your BDF, use the name
xor_gate.bdf
7. To compile and synthesize the circuit that we created, we need to set our BDF as a
“Top Level Entity”. We can do this by clicking Project Navigator —Files then right
clicking “xor_gate.bdf” and selecting “Set as Top-Level Entity”

Project Navigator | [= Files v [QR@ @ | Tl xor gatebdf ]
Files
H
Open i

Remove File from Project

E] Set as Top-Level Entity Ctrl+Shift+V

Properties...

8. Now that the xor_gate.bdf is the Top-Level Entity, we have a couple options for
compilation. These are Full Compilation, Analysis & Elaboration, and Analysis &

Synthesis. The three buttons below execute the three compilations in order from left
to right.

Ok Quartus Prime Lite Edition - C:/QuartusF25/DigitalLogicExample/Example - Example

Eile Edit View Project Assignments Processing Tools Window Help

)= 8 o O 1/ GSOTP2O0AOH 9
HHedld F e @ rovu QAR A= =P &
This part of the process is identical for both VHDL and BDF files. To not be redundant,

reference the VHDL documentation on compilation and programming on page 9 and
continue reading

- =] X

®
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VHDL Example - Compilation and Synthesis:

In this example, we will follow the BDF and create a XOR gate in VHDL.
1. Writing the VHDL Code
a. First, we will create a new VHDL file under File—New—Design Files—»VHDL
File
b. The following code block below will be used to generate the XOR gate design.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity xor_gate is
Port (
A : in STD_LOGIC;
B : in STD_LOGIC;
Y : out STD_LOGIC
)s

end xor_gate;

architecture Behavioral of xor_ gate is
begin

Y <= (NOT A AND B) OR (A AND NOT B);
end Behavioral;

c. Once this code block is inserted into the new VHDL file, we will save the file
under File—Save. When prompted to name the file, use the name
xor_gate.vhd.

2. To compile this code, we must set xor_gate.vhd as the Top-Level Entity by right-clicking
the file and selecting “Set as Top-Level Entity” as shown below. If you do not see any
files, click the dropdown box next to the “Project Navigator” text and choose the option

“Files”. If you find any extra files like shown in the screenshot, you’re free to remove
them by right-clicking the file and selecting “Remove File from Project”.
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Project Navigater = Files - 0@ ® | 9 xor gatevhd X
Files B 7T =EE mnrfm 0% %
E® DE10_LITE_Golden_Topv 1 Tibrary IEEE;
2 use IEEE.STD_LOGIC_1164.ALL;

3= yor gatevhd
Open

Bemaove File from Project

Create AHDL Include Files for Current File

Create Symbol Files for Current File

Create Verilog Instantiation Template Files for Current File
Create VHDL Component Declaration Files for Current File

Properties...

a. There are three levels of compilation within Quartus used to design RTL,

Analysis & Synthesis, Analysis & Elaboration, and Full Compilation. We will
go through all three versions of compilation when building this project, the first
one we will use is Analysis & Elaboration. In order to perform an Analysis &
Elaboration compilation we will click the “start” arrow with a green checkmark
highlighted in the image below.

& Quartus Prime Lite Edition oaicVHDLAvorkd

D:/Digita tonal - quartus_tutoria

O 0" quartus_tutorial v| S &K pp,._ LV o

When running Analysis & Elaboration, the compiler will check our HDL source
files for both syntax and semantic errors, build the design hierarchy of our project
and generate a full structure of our design to ensure all modules/components can
be properly instantiated. It's best to use Analysis & Elaboration early for design
validation before committing to a complete hardware synthesis run.

After a successful Analysis & Synthesis of our project, we can run an Analysis
& Synthesis compilation, denoted by the “start” arrow with a green checkmark
and green component under it, highlighted in the image below.

G Quartus Prime Lite Edition - D:/DigitalLogicVHDL/workdir/quartus_tutorial - quartus_tutoria

D ~ r " quartus_tutorial v || < 6 ‘5 w5 > "’ @ -, » 4‘ 9

When running Analysis & Synthesis, Quartus will perform a deeper analysis that
includes both parsing our HDL code and fully synthesizing our design to be
converted into a technology-mapped netlist that reflects the resources available
on our FPGA device (DE-10 Lite). This will prepare our project design for
implementation steps such as placement and routing. You should run Analysis &
Synthesis when you are ready to translate your code into real hardware logic, or
want to verify the synthesized logic with tools like the RTL Viewer. You can
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access the RTL Viewer by going Tools—Netlist Viewers—RTL Viewer. This

c. Now, we must assign pins to the values A, B, and Y on our DE-10 Lite. Refer to

the necessary documentation for available locations to assign our values. In this
example, we will be using the following:

e A:SWO (PIN_C10)

e B:SW1 (PIN_C11)

e Y:LEDO (PIN_AS8)
In order to define these pin-outs, we will open the Pin Planner page, by
navigating to Assignments—Pin Planner, or the icon below

G Quartus Prime Lite Edition - D:/DigitalLogicVHDL/workdir/quartus_tutorial - quartus_tutoria

o" P ES SLVE @

quartus_tutorial v | <

D fs L ER
After performing the Analysis & Elaboration, three empty cells labelled A, B, and

Y should appear. Under “Location” write the pin values defined above for A, B,
and Y. The result should look like the image below.

& Pin Planner - Dy/DigitalLogicVHD LAworkdir/quartus_tutorial - quartus_tutorial = o X
Eile Edit View Processing Tools Window Help earch Intel FPGA ®
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=2 [ D A nac
gt | B Named:|* v |&»|Edit PIN_A8 Filter. Pins: all
i -
& | Node Name Direction Location 1/0 Bank VREF Group 1/O Standard Reserved
H » A Input 7 B7_NO 2.5V (default)
Py BB Input PIN C11 7 B7_NO 2.5V (default)
Y Output 7 B7_NO 2.5V (default)
s © apc_cik_10 Unknown PIN_N5 2 B2_NO 3.3V LVTTL
o, © max10 cLk1_50 Unknown PIN_P11 3 B3_NO 3.3-V LVTTL
- © Max10_CLK2 50 Unknown PIN_N14. 5 86_NO 3.3V LVTTL
o
‘ “ 6 DRAM_ADDR[0] Unknown PIN_UTT 5 B5_NO 3.3-V LVTTL
M| £ |© pram_aADDRI] Unknown PIN_ W19 5 B85_NO 3.3V LVTTL
2« D
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If you run into an error where it states “Editing location assignment is not
successful. The pin is already assigned.” it means that pin location has
already been assigned a default value. In order to remove this error, find where
the pin you wish to assign has been assigned, and remove it by either clearing
the text box, or deleting the entire cell. Once done, you can assign your defined
value to the pin you want. After defining all the pin assignments, we can move to
the final stage of compilation.

d. Lastly, we will run Compilation, which is denoted by the “start” arrow highlighted
below.
5

| nfRe] quartus_tutorial v| L & Bt’ e ®&0E e

When running a Compilation, Quartus will perform a complete process which
includes Analysis & Synthesis, Fitting (mapping logic to physical device
resources and routing connections), Timing Analysis, and Assembling
programming files (.sof and .pof). The outcome of the Compilation will produce all
the necessary files to program (flash) an FPGA device, in our case the DE-10
Lite. Use this form of compilation right before programming your device and
verifying it with previous forms of compilation.

11
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To program the FPGA, we will open the Programmer tool under Tools—Programmer,
or at the button highlighted below.
S

| nER) quartus_tutorial v L P Ee g i!*a‘ L

Next we’ll open the Add File menu, and it will take you to the file tree of your project.
From here, navigate to “output_files” and there you will find at least two files.
Depending on what you named the project, you’ll find two files names
“(PROJECT_NAME).pof” and “(PROJECT_NAME).sof.”
a. When working with FPGA development in Quartus, it's important to understand
the difference between .sof and .pof files.

.sof SRAM Obiject File (sof), used for
temporary configuration via JTAG.
This file when loaded will be placed
within the FPGA’'s RAM. This means
the program is volatile, and will be
erased when powered off.

.pof Programming Object File (pof), used
for non-volatile storage, and allows for
the FPGA to retain the configuration
after power cycles.

You will mostly be working with .sof files in this course, but it will be defined on
the lab documents otherwise if .pof is necessary.

b. For the purposes of this example, double click on the “(PROJECT_NAME).sof”
file to be flashed on to the board. Once this is done, press Start and success!
You’ve now successfully completed the Quartus tutorial project, and you can view
the XOR gate functionality on your board now!

c. If you run into any problems related to Quartus not recognizing your FPGA
device, refer to the Lab Software Installation guides of your respective device. .

12
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