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Chapter 1
Hardware Design

This tutorial provides comprehensive information that will help you understand how to create a
FPGA design and run it on your Atum A3 Nano board. The following sections provide a quick

overview of the design flow, explain what you need to get started, and describe what you will learn.

1.1 Design Flow

Figure 1-1 shows the FPGA design flow block diagram. The standard FPGA design flow starts with
design entry using schematics or a hardware description language (HDL), such as Verilog HDL or
VHDL. In this step, you can create Verilog HDL file and use existed IP to implement the design. The
flow then proceeds through compilation, simulation, programming, and verification in the FPGA

hardware.

Figure 1-1 Design Flow
This tutorial guides you through all the steps except for simulation. Although it is not covered in this
document, simulation is very important to learn, and there are entire applications devoted to
simulating hardware designs. There are two types of simulation, Functional simulation and Timing
simulation. Functional simulation allows you to verify that your code is manipulating the inputs and
outputs appropriately. Timing (or post place-and-route) simulation verifies that the design meets

timing and functions appropriately in the device.

1.2 Before You Begin

This tutorial assumes the following prerequisites:
B You generally know what a FPGA is. This tutorial does not explain the basic concepts of
programmable logic.
B You are somewhat familiar with Verilog HDL software development.
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B You have installed the Quartus Prime Pro 25.1 software on your computer. If you do not
have the Quartus Prime Pro software, you can download it from Intel web site at this link.
B You have a Atum A3 Nano board on which you will test your project. Using a development
board helps you to verify whether your design is really working.
B You have gone through the Quick Start Guide and/or the Getting Started Guide for your
development kit. These documents ensure that you have:
® |Installed the required software.
® Determined that the development board functions properly and is connected to
your computer.

Next step you need to confirm the USB-Blaster III driver is installed successfully. Use the Type-C
USB cable to connect the leftmost Type-C USB connector on the Atum A3 Nano board to a USB
port on a computer that runs the Quartus Prime Pro 25.1 software. Plug in the 5V adapter to provide
power to the board.

Power on the board, then the computer will recognize the new hardware connected to its USB port as

shown in Figure 1-2.

Figure 1-2 USB Blaster 111 shown in PC Device Manager
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1.3 What You Will Learn

In this tutorial you will perform the following tasks:

Create a design that causes LEDs on the development board to blink at a speed that is controlled by
an input KEY. This design is easy to create and gives you visual feedback that the design works. Of
course, you can use your Atum A3 Nano board to run other designs as well. For the LED design, you
will write Verilog HDL code for a simple 32-bit counter and a 2-input multiplexer, add a
phase-locked loop (PLL) IP as the clock source. When the design is running on the board, you can
press an input KEY to multiplex the counter bits that drive the output LEDs.

Becoming familiar with Quartus Prime Pro design tools—This tutorial will not make you an expert,
but at the end, you will understand basic concepts about Quartus Prime Pro projects, such as entering
a design using Verilog HDL, compiling your design, and downloading it into the FPGA on your
Atum A3 Nano board.

Develop a foundation to learn more about FPGAs—For example, you can create and download
digital signal processing (DSP) functions onto a single chip, or build a multi-processor system, or
create anything else you can imagine all on the same chip. You don’t have to scour data books to find
the perfect logic device or create your own ASIC. All you need is your computer, your imagination,

and a Terasic Atum A3 Nano board.
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Chapter 2
Assign FPGA Device

You begin this tutorial by creating a new Quartus Prime Pro project. A project is a set of files that
maintain information about your FPGA design. The Quartus Prime Pro Settings File (.qsf) and
Quartus Prime Pro Project File (.qpf) files are the primary files in a project. To compile a design or

make pin assignments, you must first create a project.

2.1 Assign the Device

1. In the Quartus Prime Pro software, select File --> New Project Wizard. The Introduction page

opens as shown in Figure 2-1.

E‘j New Project Wizard X

Introduction

The New Project Wizard helps you create a new project and preliminary project settings, 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.

Don't show me this introduction again

Help < Back Next > Finish Cancel

Figure 2-1 New Project Wizard introduction
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2. Click the Next button, and enter the following information about your project.

a. What is the working directory for this project? Enter a directory in which you will store
your Quartus project files for this design. For example, D:\My design\my first fpga. File
names, project names, and directories in the Quartus software cannot contain spaces.

b. What is the name of this project? Type my _first fpga.

c. What is the name of the top-level design entity for this project? Type my_first fpga.

E3 New Project Wizard K

Directory, Name, Top-Level Entity

Select the type of project to create. What is the working directory for this project?

O Erm e E D:/My_design/my_first_fpga

. . S
Create new project by specifying project R e e

files and libraries, target device family and my first fpgal
device, and EDA tool settings.
What is the name of the top-level design entity for this project? This name is case

Design Example sensitive and must exactly match the entity name in the design file.

Create a project from an existing design
example. You can choose from design
examples installed with the Intel Quartus This project uses a Partition Database (.qdb) file for the root partition
Prime software, or download design

examples from the Design Store.

my_first_fpga

Use Existing Project Settings...

Help < Back Next > Einish Cancel

Figure 2-2 Project information
d. Click Next button, you will assign a specific FPGA device to the design. For Atum A3 Nano
board, the FPGA device is A3CZ135BB18AE7S.
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E3 New Project Wizard X
Family, Device & Board Settings

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.

Device family Show in 'Available devices® list
Eamily: | Agilex 3 (C-Series) -
Package: Any -
Device: | All -
Pin count: Any -

Target device Core speed grade: | Any g

@) Specific device selected in 'Available devices' list
V| Show advanced devices

Other: nfa
Filter:  Name v
Name Core Voltage ALMs Total I/Os GPIOs GTS XCVR Channels Memory Bits M20K =

22 ASLLITUUBM IDAI/D U.70V JI4UVU 204 192 JI0I/0U 072

27/ A3CZ135BB18AI7S 0.75v 45800 208 7229440 353

28 A3CZ135BM16AE7S 0.75V 45800 254 192 4 7229440 353

29/ A3CZ135BM16AI7S 0.75V 45800 254 192 4 7229440 353 =
4 »
Available devices: 29

Help < Back ‘ Next > FEinish Cancel

Figure 2-3 Specify the FPGA Device

e. Click the Finish button, create the my _first fpga project directory. You just created your first
Quartus FPGA project, as shown in Figure 2-4.

Figure 2-4 my _first_fpga project
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Chapter 3
Design Entry

In the design entry step you create a Verilog HDL .v file that is the top-level design. You will add
library of parameterized modules (LPM) functions and use Verilog HDL code to add two logic
blocks. When creating your own designs, you can choose any of these methods or a combination of

them.

3.1 Create a Simple Counter

In this section, we will introduce to create a Verilog HDL code which implements a 32-bit simple
counter.
1. In the Quartus tools bar, choose File --> New --> Verilog HDL File.

‘ New et

Ej New Quartus Prime Project ~
~ Design Files
FI EDIF File
é Platform Designer System File
& State Machine File
BT SystemVerilog HDL File
@ Tcl Script File

b verilog HDL File
BT VHDL File
¥ Memory Files
@ Hexadecimal (Intel-Format) File
@ Memory Initialization File
¥ Verification/Debugging Files
@3 In-System Sources and Probes File

[3 Logic Analyzer Interface File
@~ Signal Tap Logic Analyzer File
¥ Other Files
@ Chain Description File
E Power and Thermal Calculator File
':'jf SDC File (Read by the Timing Analyzer at each fitter stage)
W 5DC File targeting RTL names (Read and stored after elaboration)
@@ TextFile v

| OK | Cancel Help

Figure 3-1 Choose Verilog HDL File
2. Click OK button to create a new Verilogl.v file. This empty file is ready for you to enter the
Verilog HDL code.
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Figure 3-2 Create a new empty .v file
3. Type the following Verilog HDL code into the empty file.

//1t has a single clock input and a 32-bit output port
module simple_counter (
input clk,

output reg [31:0]  counter out

always @ (posedge clk) // on positive clock edge
begin
counter_out <= #1 counter_out + 1; // increment counter

end

endmodule // end of module counter

Atum A3 Nano My First FPGA
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Figure 3-3 The Verilog File of simple_counter.v
4. Save the file by choosing File --> Save, in the Save as window, click the New folder to create a

new folder and named it as V.

Figure 3-4 Create a new folder
5. Double click the v folder to enter it, change the File name to simple counter.v, and choose the
Save as type: Verilog HDL File (*.v, *.vlg, *.verilog). Click the Save button to save this file.
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Figure 3-5 Save the Verilog HDL file
6. Now the first Verilog HDL file is created successfully.

Figure 3-6 Created the simple_counter.v file successfully
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3.2 Add a PLL Megafunction

There is an IP catalog which can easily customize and integrate IP cores into your project. Use the IP
Catalog and parameter editor GUI to select, customize, and generate files representing your custom
IP variation. You can increase efficiency by using a megafunction instead of writing the function
yourself. Altera also provides more complex functions, called Megacore functions, which you can

evaluate for free but require a license file for use in production designs.

In this section, we introduce to use a PLL clock source to drive the simple counter. A PLL uses the
on-board S0MHz oscillator to create a constant clock frequency as the input to the counter. To create
the clock source, you will add a pre-built IP core named IOPLL FPGA IP.

1. In the IP Catalog, find the IOPLL FPGA IP in the Library/Basic Functions/Clocks, PLLs and
Resets/PLL.

Figure 3-7 Find the PLL IP
2. Double click the IOPLL FPGA IP, a New IP Variant window pops up.
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Figure 3-8 New IP Variant window
3. Click the Create New Folder icon to create a new folder and named it as ip.

Figure 3-9 Create the new ip folder
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4. Double click the ip folder to enter it, enter pll to the File name, then click the Create button.

Figure 3-10 Create pll IP
5. The IP Parameter Editor window pops up.

Figure 3-11 PLL IP Parameter Editor window
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6. In the PLL tab, modify the parameters below.
a.
b.

C.

Reference Clock Frequency: S0MHz
Uncheck the Enable locked output port
Compensation Mode: Direct
Number of Clocks: 1

Desired Frequency: SMHz

Figure 3-12 Modify IP parameters
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Figure 3-13 Modify IP parameters
7. Click File-->Save to save the PLL IP settings.
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Figure 3-14 Save the IP settings
8. Click the Generate-->Generate HDL, in the Generation window, make sure the Create HDL
design files for synthesis is selected to Verilog. Click the Generate button.

Figure 3-15 Generate HDL design
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9. After generating successfully, the PLL IP will be added to the design.

Figure 3-16 Generate completed successfully

3.3 Create a Multiplexer

This design uses a 4-bit 2-to-1 multiplexer to route the simple counter output to the LEDs on the
Atum A3 Nano board. You will create a Verilog HDL code to implements the multiplexer.

Please refer to the steps in section 3.1 Create a Simple Counter to create a counter_bus_mux.v file.
Type the following Verilog HDL code into the empty file and save it.

module counter bus_mux(
input [3:0] data0,
input [3:0] datal,
input sel,
output [3:0] result

assign result = (sel==1'b1)?datal :data0;

endmodule
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(b Quartus Prime Pro Edition - D:/My_design/my_first_fpga/my first_fpga - my_first_fpga — O X
File Edit View Project Assignments Processing Tools Window Help Search
[ i O my_first_fpga MR X P KO ORLIOQHW S W
Project Navigator Q#e® @ simple _counter.v @ counter_bus_mux.v [ IP Catalog 4@ @
Instance oA == s dl &8 E= O\aFilter» =
%, Agilex 3: A3CZ135BB18AE7S . o — = = . c H= ~ af Installed IP =
- module counter_bus_mux
» - —Pus_| - : :
myjlrstjpga_._l > input [3:0] datao, Project Directory
3 input [3:0] datal, No Selection Available
4 input sel, .
5 output [3:0] result ¥ Library
1 s ? i » Basic Functions
A 1 = i . .
mHi. | BF. @Dy g assign result = (sel==1'bl)?datal:data0; » Bridges and Adaptors
=~ » DSP
Tasks I@m 10 endmodule
- » Interface Protocols
Pro;e:t . »  Memory Interfaces and €
gt Revisions... .
- - » Processors and Peripher
Project Files
i New b University Program -
»
Open... -
] » 4 » Add..
B0 1o -
@ <<Fil... hd Use Regular Expressions Show Non-matching | AAFind... A% Find Next
= (0) (©) (0) (©) (0)
Message Message ID
w
[
oo
2
g System Processing
Ln10 Col10 Verilog HDL File

Figure 3-17 Create multiplexer Verilog HDL file

3.4 Instance the Counter, PLL and Multiplexer

In this section, we will introduce to instance the simple counter, PLL and multiplexer in the top-level
file of this design.

The on-board S0MHz clock is used as the PLL clock source, PLL creates a constant clock frequency

as the input to the simple counter, the on-board KEY1 is used as the reset of PLL. Select the counter
output bits [26..23] to one of the input four bits of the multiplexer, select the counter output bits
[24..21] to another input four bits of the multiplexer, the on-board KEYO is used as the sel input of

the multiplexer. The output of the multiplexer will be connected to the on-board four LEDs.

Create an empty Verilog HDL file, type the following Verilog HDL code into the empty file and save
itas my_first fpga.v file, it’s the top-level file of this design.

Atum A3 Nano My First FPGA
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module my first fpga(
input CLOCKO 50,
input [1:0] KEY,
output [3:0] LED

wire clk 50;
wire [31:0] counter;

wire [3:0] mux_result;

pll u_pll(
.refclk(CLOCKO 50),
1st(~KEY[1]),
.outclk 0(clk_50)

simple_counter u_simple counter(
.clk(clk _50),

.counter_out(counter)

counter_bus mux u_counter bus_ mux(
.dataO(counter[24:21]),
.datal(counter[26:23]),
.sel(KEYTO0]),

result(mux_result)

);
assign LED=~mux_result;
endmodule
Atum A3 Nano My First FPGA 21 www.terasic.com.tw
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Figure 3-18 Create top-level file

3.5 Assign the Pins

In this section, you will make pin assignments. To make pin assignments that correlate to the
KEY[1:0], Clock 50 input pins and LED[3:0] output pins, perform the following steps:
1. Click Processing --> Start --> Start Analysis & Synthesis, the message will appear after it’s

completed.
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4 HF my_first fpga -

Compilation Flow:

P Compile Design

(¥ Quartus Prime Pro Edition - D:/My_design/my first fpga/my_first_fpga - my_first fpga — O X
File Edit View Project Assignments Processing Tools Window Help Search
BEQ Wi OC |myfist foga v LG P RO OBLEOW ST W
Project Navigator Qie= or bus muxy | @ my first fpgav | | @ Compilation Dashboard [] | 4 IP Catalog tHam
Instance C)\«Filteh> =
i Agilex 3: A3CZ135BB18AETS »  Project Overview ~ 24 Installed IP -

~ Project Directory

No Selection Available

~ Library
4 » < P IP Generation » Basic Functions
HH.. | BF. @D z P Analysis & Synthesis & » Bridges and Adaptors
v P Analysis & Elaboration 15’ @ @) ¢ » Dsp
Tasks H@® i ) B PR » Interface Protocols
= y P Synthesis (] ° a
Project = . . » Memory Interfaces ant
i # Early Timing Analysis
EI".I Revisions... = > Y 9 4 A d o » Processors and Peript
Prqe::t Files < P> Fitter < b University Program
B new. P Fitter (Implement) & b Varificstian b
Open... - MY »
[ ¢
7 ST ;| + add.
3] ~
i Q ! <<F.. WV Use Regular Expressions Show Non-matching | A#Find.. | |M#Find Next
R (54 (0 (1 () (0)
Message Message ID ~
@ pesign Assistant Results: 2 of & Medium severity rules issued violations in snapshot 'synthesi 21621
@ Design Assistant Results: 0 of 6 Low severity rules issued violations in snapshot 'synthesizec 21622
3 0Quartus Prime Synthesis was successful. 0 errors, 1 warning
- @ quartus Prime Full compilation was successful. O errors, 3 warnings 21793}
7]
G »
3
; System (12) Processing (44)
100% 00:01:44

Figure 3-19 Start Analysis & Synthesis
2. Click Assignments-->Pin Planner to open the Pin Planner window, it shows the design’s seven

pins.

Atum A3 Nano My First FPGA
August 1, 2025

23 www.terasic.com.tw


http://www.terasic.com.tw/
http://www.terasic.com.tw/

Figure 3-20 Pin Planner

3. In the Location column, double click the blank space next to each of the Node name, open a
drop-down list, then you can choose the pins from the list for each node. The software also keeps
track of corresponding FPGA data such as the I/O bank and VREF Group. Each bank has a

distinct color, which corresponds to the top-view wire bond drawing in the upper right window.

The seven pins assignment of this design is listed in Table 3-1.
Table 3-1 Pins assignment

Node Name FPGA pin Location
CLOCKO 50 K43
KEY[0] E2
KEY[1] K3
LED[O0] AG2
LED[1] AM6
LED[2] AF1
LED[3] AF2

Atum A3 Nano My First FPGA
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Figure 3-21 Complete the pins assignment

4. Now, you are finished creating your Quartus project design!
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Chapter 4
Compile and Verify Design

After creating your design, you must compile it. Compilation converts the design into a bitstream
that can be downloaded into the FPGA. The most important output of compilation is an SRAM
Object File (.sof), which is used to program the device. The software also generates other report files

that provide information about your code as it compiles.

4.1 Compile Your Design

If you want to store .sof in memory device (such as flash or EEPROMs), you must first convert

the .sof to a file type specifically for the targeted memory device.

Now that you have created a complete Quartus project and assigned all assignments, you can
compile the design. In the Processing menu, choose Start Compilation or click its icon button on the

toolbar.

While compiling your design, the Quartus software provides useful information about the

compilation on the Compilation Dashboard.
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(b Quartus Prime Pro Edition - D:/My_design/my first_fpga/my first fpga - my first_fpga

File Edit View Project Assignments Processing Tools Window Help

BEE “%E OO
QHB®E ¢ pus muxv [

my_first_fpga

Project Navigator @ my first_fpgav ||
Instance
3 Agilex 3: A3CZ135BB18AETS [ECiccioveiew

> EIF my_first_fpga

Compilation Flow:
u% P Compile Design
P IP Generation

» OQuartus Prime Synthesis was successful. 0 errors, 1 warning

1

Messages

System (17) Processing (55)

Edits pin assignments

@ Compilation Dashboard [

L G0y LOOBRLOH L N

— O x
Search e
4 IP Catalog 3 5]
Q, <<Filter>> =
af Installed IP

Project Directory

No Selection Available
Library

Basic Functions

7 5 Z P Analysis & Synthesis & Bridges and Adaptors
5 Hi a E ..il D » = P Analysis & Elaboration @ e @) o DSP
- . B = & Interface Protocols
y P Synthesis &0e 3
Memory Interfaces and C
ks + & 7. W Early Timing Analysis (] o )
Project . - Processors and Peripher:
0% Fitter . :
i]-.'I Revisions... [ = > ] b d University Program
Project Files p> Fitter (iImplement) < Verification
i New... [ 0% P Plan < o Q '?} ﬁ’ Search for Partner IP
& Open... ‘ 0% P Place & d -S}
5,:, Aldd;'Remove Filesin Prcn]sv oz h Bote & 4 @
Platfarm Necigner
] » 4 » + Add..
B d
0 a << v Use Regular Expressions Show Non-matching | MAAFind... A% Find Next
= (83) (0) (1 ) ()
Message Message ID =~
@ Dpesign Assistant Results: 0 of 6 Low severity rules issued violations in snapshot 'synthesizec 21622

50% & 00:01:52

Figure 4-1 Compilation process

The Quartus Messages window displays many messages during compilation. It should not display
any critical warnings; it may display a few warnings that indicate that the device timing information
is preliminary or that some parameters on the I/O pins used for the LEDs were not set. The software

provides the compilation results in the Compilation Report tab as shown in Figure 4-2.
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Figure 4-2 Compilation report

After the compilation is completed, the .sof file of the design is generated in the output _files folder.

Figure 4-3 Generate the .sof file
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4.2 Program the FPGA Device

Follow the steps below to program the FPGA device with the generated my first fpga.sof.

1. Connect your computer to the Atum A3 Nano board by plugging the Type-C USB cable into the

USB Blaster III connector (J4) of Atum A3 Nano and power up the board.

2. Open the Quartus Prime software and select Tools --> Programmer. The Programmer window

will appear as shown in Figure 4-4.

) Auto Detect

Delete
™ Add File...
“Change File...
]
dh save File
“ Add Device...
EEEEEEEER
LIUP : :
TDI = =
Whown | : } :
= =
L] [m
EEEEEEEER
A3CZ135BB18A
TDO

r 3

Figure 4-4 Quartus Programmer window
3. Click Hardware Setup.

u’ Programmer - D:/My_design/my first fpga/my _first fpga - my first fpga - [my first fpga.cdf] — | X
File Edit View Processing Tools Window Help Search e
; Hardware Setup... |No hardware Mode: | JTAG - Progress: l
Enable real-time ISP to allow background programming when available
- File Device Checksum | Usercode | Program/ Verify Blank- Examine Sect
HStart Configure Check B
b Stop output files/my first fpga.sof A3CZ135BB18A 06136EF5 FFFFFFFF v

4. Select Atum A3 Nano[USB-1] under Currently selected hardware, and click Close as shown

in Figure 4-5.
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Figure 4-5 Hardware Setup
5. As the FPGA device and the .sof file are default selected, you can click “Start” button directly to
download .sof file into FPGA, as shown in Figure 4-6. The .sof file is download successfully as
shown in Figure 4-7.
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Figure 4-6 Download .sof file

File Edit View Processing

% Programmer - D:/My_design/my_first_fpga/my _first_fpga - my_first_fpga - [my_first_fpga.cdf]*

O
Tools Window Help Search

P
©

aHardware Setup... | Atum A3

Enable real-time ISP to allow

Nano [USB-1] Mode: | JTAG

Progress: 100% (Success‘l‘.

background programming when available

wihstart
fi Stop
wAuto Detect
Delete
% Add File...
[ “Change File...
i Save File
F‘Add Device...
l'u]Up

TDI
b Down

TDO

r s

output_files/my_first_fpga.sof

|

File Device Checksum Usercode Program/ Verify Blank- Examine Sect

Configure Check B

A3CZ1335BB18A 06136EFS FFFFFFFF v
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4.3 Verify the Hardware

When you verify the design on Atum A3 Nano board, you observe the runtime behavior of the FPGA

hardware design and ensure that it is functioning appropriately. Verify the design by performing the

following steps:

1. Observe that the four development board LEDs appear to be advancing slowly in a binary count
pattern, which is driven by the simple counter bits [26..23].
The LEDs are active high, therefore, when counting begins, all the four LEDs are turned off (the
0000 state).

2. Press and hold KEY[0] on the board, observe that the four LEDs advance more quickly. Pressing
this KEY[O0] causes the design to multiplex using the faster advancing part of the counter (bits
[24..21]).
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Additional Information

Contact Terasic

Users can refer to the following table for technical support and more information of Terasic and our

product:
Contact
Address
Method
Email support@terasic.com/sales(@terasic.com
Tel +886-3-575-0880
Website wWWwWw.terasic.com
9F., No.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070.
Address )
Taiwan, 30070
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