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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 DE23-Lite 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.

ompile ——» Simulatt —» Program ——» 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.
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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.

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 DE23-Lite 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 DE23-Lite 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.

DE23-Lite 4 www.terasic.com.tw
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M Device Manager — O X
File Action View Help
Y EIE:

v & DESKTOP-KPV9G48 A
Iy Audio inputs and outputs

= Computer
w= Disk drives
3§ Display adapters
i Firmware
_\|‘.' Imaging devices
v § JTAG cables
§ USB Blaster IIl
— Keyboards

@ Mice and other pointing devices
[ Monitors
P Network adapters
f§l Ports (COM & LPT)
= Print queues
™ Printers
D Processars
l* Software components
B Software devices
iy Sound, video and game controllers
Sa Storage controllers
i3 System devices
~ § Universal Serial Bus controllers
” Intel(R) USB 3.0 eXtensible Host Controller - 1.0 (Microsoft)
i USB Composite Device
§ USB Root Hub (USB 3.0)
@ USB Serial Converter B
= WS Print Provider

Figure 1-2 USB Blaster III shown in PC Device Manager

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 DE23-Lite 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
DE23-Lite 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

DE23-Lite 5 www.terasic.com.tw
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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 DE23-Lite board.

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 (.gsf) 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.
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Eﬁ 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 > FEinish Cancel

Figure 2-1 New Project Wizard introduction

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.

DE23-Lite 7 www.terasic.com.tw
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E‘j New Project Wizard

Directory, Name, Top-Level Entity

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

O S D:/My_design/my_first_fpga
Create new project by specifying project Whate Senat= ol s pioe
files and libraries, target device family and :my_ﬁrgt_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
Prime software, or download design

examples from the Design Store.

my _first_fpga

This project uses a Partition Database (.qdb) file for the root partition

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 DE23-Lite
board, the FPGA device is A3CZ135BB18AE7S.

DE23-Lite
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B3 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 e

(@) Specific device selected in 'Available devices' list
v Show advanced devices

Other: nfa
Filter: | Name o
Name Core Voltage ALMs Total 1/Os GPIOs GTS XCVR Channels Memory Bits M20K =
ZI AL ITUUBMIDAI/DS U.70V I4UVU 2349 192 JI0I /70U 202
27/ A3CZ135BB18AI7S 0.75v 45800 208 7229440 35
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 > Finish 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.

Q¥ Quartus Prime Pro Edition - D:/My_design/my_first_fpga/my_first_fpga - my_first_fpga — 0O X
File Edit View Project Assignments Processing Tools Window Help Search
BE R -0 OC |myfistfoe s G &S P RO OBE QS =
Project Navigator Qie® @ Compilation Dashboard (] IP Catalog 1@ ®
Instance Entity Q|<<F\ltér>> =
%, Agilex 3: A3CZ135BB1BAE7S »  Project Overview ~ 44 Installed IP -
®» my_first fpga r! L ~ Project Directory
CompiionE o No Selection Available
P Compile Design ~ Library
o E - s z
s Hie. B fi. g Desig.. # IP Comp.. £ P IP Generation » Basic Functions
e 1e® s P Analysis & Synthesis » Bridges and Adaptors
Project P o B Analysis & Elaboration @ e ribsE
" > »
g’ Revisions.. 2 B Synthesis Y X Interface Protocols
h ” » Memory Interfaces an(~
Pfu;eft Files £ P Early Timing Analysis &0 < 4
. New...
Oiseie: vl I + Add..
@/ Quartus Prime Tc1 Console
@ el
X
7 g »
K (AL
(I [ ] (%] lid
@ <<Filter>> v Use Regular Expressions Show Non-matching | A#AFind... A#9Find Next
‘f © © © © (©
Message Message ID
0
@
[}
]
g System Processing
. .
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 ¢

Ej New Quartus Prime Project
~ Design Files
B EDIF File
% Platform Designer System File
a State Machine File
BT SystemVerilog HDL File
@ Tcl Script File
RIS VHDL File
¥ Memory Files
@ Hexadecimal (Intel-Format) File
@ Memory Initialization File
~ Verification/Debugging Files
% In-System Sources and Probes File

[; Logic Analyzer Interface File
@~ Signal Tap Logic Analyzer File
¥ Other Files
@ Chain Description File
E Power and Thermal Calculator File
§'§E SDC File (Read by the Timing Analyzer at each fitter stage)
E‘d'c' SDC 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.

DE23-Lite 10 www.terasic.com.tw
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uartus Prime Pro Edition - D:/My_design/my_first_fpga/my_first_fpga - my_first_fpga -
(¥ Quartus Prime Pro Editi D:/My_design/my_first_fpga/my._first_f first_fy O X
File Edit View Project Assignments Processing Tools Window Help Search 0
. = ~ 5 . B & . ;
| W= it O O |myfirst foga MR - ) P KO ORI OH S =
Project Navigator Qi@® @ Verilog1.v* [ IP Catalog 1@ @
Instance Entity ;o == = = = Q|<'<F\her>* =
] = = CHRAS 2
i Agilex 3: A3CZ135BB18BAETS . 2 EE WY g = ~ 4 Installed IP =
® my first fpga r!' ~ Project Directory
No Selection Available
~ Library
3 r » Basic Functions
A i E 4 =1 5 * r » Bridges and Adaptors
» DSP
Tasks @ » Interface Protocols
Project - » Memory Interfaces and Comn
l]11 Revisions... » Processors and Peripherals
Project Files b University Program
i New.. » Verification =
Open... »
[55. Add/Remove Files in Project... = ,
> 4 > + Add..
® o Q |
@ () © © ©) © <<Filte b Use Regular Expressions Show Non-matching | A#Find.. A Find Next
Message Message ID
]
o0
©
8
£ | System Processing

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 (
clk,

counter_out

input

output reg [31:0]

always @ (posedge clk) // on positive clock edge
begin

counter_out <=#1 counter out + 1; // increment counter
end

endmodule // end of module counter

DE23-Lite

My First FPGA August 20, 2025 H

www.terasic.com.tw



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

Rlasic

www.terasic.com

(& 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
BERE Wi OC | myistiea M X >V LS OBR QWS =
Project Navigator Qi@ = @. Verilog1.v* [ IP Catalog 1@ ®
Instance Enti e . = <<Filter>> =
— =M EE wde SEES Y al 2
= Agilex 3: A3CZ135BB18AE7S v af Installed IP =
3 1 //It has a single clock input and a 32-bit output port " y
» 5
my_first_foga & 2 module simple_counter ( ~ Project Directory
3 input clk, No Selection Available
4 output reg [31:0] counter_out 3
[ : v Library
4 b 6 L b Basic Functi
= - 7 always @ (posedge clk) // on positive clock edge spitunehons
oy Hi... é R ' D.. » 8 begin b Bridges and Adaptors
9 counter_out <= #1 counter_out + 1; // increment counter » DSP
= 5y [ 10 nd
Tasks e ®
11 » Interface Protocols
Pm;e:t 3 = | endmodule // end of module counter » Memory Interfaces anc
W Revisions... » Processors and Periph
Project Files . .
o » University Program
. New... o
Open.. 4 »
B Armin Eilne in Drainct kel
. AdAD il [} s . » + Add...
® @ (] s
=] <<Filter>> M Use Regular Expressions Show Non-matching | AAFEind... A% Find Next
i (0) (0) (0) 0) (©)
Message Message ID
w
@
o
3
& System Processing
b
Ln10 Col4 Verilog HDL File

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.

Save As

T 4 ThiS > ¥iI0%& (D) » My_design > my first_fpga >
Organize ~

~

v O

v e Name Date modified

@ OneDrive - Person dni

qdb

2

7/2/2025 5:03 PM
7/3/2025 10:43 AM

7/3/2025 11:17 AM

% This PC
- 3D Objects
I Desktop
‘| Documents
¥ Downloads
D Music
&=/ Pictures
g Videos
% . Local Disk (C)

e e

Se

arch my_first_

Type
File folder
File folder

File folder

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.

DE23-Lite
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Save As X
« v A > This PC » #7048 (D) » My design » my first fpga > v v ¥ | Searchv L
Organize ~ New folder ES ®

v = MName Date modified Type Size
@ OneDrive - Person .
No items match your search
= This PC
1 3D Objects
B Desktop
“t Documents
¥ Downloads
J\ Music
= Pictures
E Videos
£ . Local Disk (C:)
- %ﬁ?]l]% (D) v < g >
File name: | simple_counter.v v
Save as type: Verilog HDL Files (*.v *.vlg *.verilog) v
[v] Add file to current S ] e
- Hide Folders project ave ] ance
Figure 3-5 Save the Verilog HDL file
6. Now the first Verilog HDL file is created successfully.
Gk Quartus Prime Pro Edition - D:/My_design/my_first_fpga/my_first_fpga - my_first_fpga — O X
| File Edit View Project Assignments Processing Jools Window Help Search e
=N it O C | my_first_foga LG Or VKO OB OW T W
Project Navigator Q 1@ X simple_count IP Catalog 1@ @
Instance Enti Q|e<Filter>> ¥ =
[ 5= = T %7 = > =
& Agilex 3: A3CZ135BB1BAE7S M EE wdB VS [EE 7 ~ 24 Installed 1P A
1 //It has a single clock input and a 32-bit output port : e
» my_first_fpga & 2 module simple_counter ( ~ Project Directory
3 input clk, No Selection Available
4 output reg [31:0] counter_out .
5 : ~ Library
1 » 6 » Basic Functions
7 always @ (posedge clk on positive clock edge
< Hi... E Fi... .'i’ D... 44> 8 bgg'in (p g ) z P g » Bridges and Adaptors
9 counter_out <= #1 counter_out + 1; // increment counter » DSP
& 10 end
Tasks He® 11 » Interface Protocols
proje:t 3 o [ endmodule // end of module counter » Memory Interfaces anc
g Revisions... » Processors and Periph
Rrolect lles ¥ University Program
B New. i ”__“__AE_ €
= Open.. 4 o3 in ;
y B® aAdADAmAvin Eilas in Drninit ; s . . + Add..
® (i ] (%] & \ |
- = <<Filter>> ~ Use Regular Expressions Show Non-matchin Eind... 4Find Next
L:U © @ © © © — eular Bxp e | 88E o) X
Message Message ID

0

8

g

£ System Processing

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.

Ok Quartus Prime Pro Edition - D:/My_design/my_first_fpga/my_first_fpga - my_first_fpga = m] X
File Edit View Project Assignments Processing Tools Window Help o
BEE Wik OC |mysfistipga M R PO OB QH ST W
Project Navigator Qifle® r@. simple_counterv [0 IP Catalog 1@ m
Instance Enti Q, <<Filter =
 AA = = o o w 57| = » S
2, Agilex 3: A3CZ135BB1BAETS P ML ES sul 98 E=E 7 « %4 Installed IP -
. 1 //It_has a single clock input and a 32-bit output port
» 2 + .
my_first_fpga /% 2 module simple_counter ( ¥ Froject Directory,
3 input clk, No Selection Available
4 output reg [31:0] counter_out _
5 : ~ Library
6 _— ~ Basic Functions
7] > 7 always @ (posedge cl1k) // on positive clock edge i i
= 8 begin b Arithmetic
Hui. | Br. | @b | 4 o pp SOUNTEr_OUT <= 41 counter_out + 1; // incremen ¥ Bidges drid Adpen
= 11 w Clocks; PLLs and Resets
Tasks 1@ ® g
e = 12 endmodule // end of module counter * Clock Control Altera FPGA IP
roje
'I1 Revisions...
Project Files
i New...
Open...
fi2 Add/Remove Files in Project... = =
J » ‘< »
(5] 0 0 o
= v Use Regular Expressions Show Non-matching AAFind... A% Find Next
Bwo @ o @ ©
Message Message ID
»
o
o0
&
g System Processing

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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Eile Edit System Generate View Tools Help
‘3 Parameters S@‘ il | ~é Details &2 | Block Symbol &3 =
System: unsaved
% New IP Variant X
Look In !Ijmy,hrsl,lpga |Vl Esﬂ} :ﬁ] ,tjl Egﬂg:l
=] dni
=] qdb
= F -
x[<][-]
-=o
le selected board
File Name: ||
Files of Iype: [P Variation Files (*.ip) i:l X
4= System Messages ﬁ¥ “CTaieI _T:ell f
’ Type Path - = e 5
| [z
|:| Component Instantiation: 0 Errors, 0 Warnings, System Connectivity: 0 Errors, 0 Warnings L 3 Sync System Infos i_ @@ Auto | { m Validate System Integrity. | i Generate HDLV l
Figure 3-8 New IP Variant window
3. Click the Create New Folder icon to create a new folder and named it as ip.
s+ New IP Variant X
Look In: |[C] my_first_fpga | |\H| T3 2 e
T dni Create New Folder |
[Ij ip
qdb =
v o
e sele
File Name: | |
Files of Type: ||F’ Variation Files (*.ip) | v| 3
Create Cancel :
H
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.
< New IP Variant X
Look In: [[ip v | |G el G e
File Name:  |pll |
Files of Type: ‘IP Variation Files (*.ip) | v|
H Create I ‘ Cancel |

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

<4 |P Parameter Editor Pro - plI* (D:\My_design\my_first_fpga\v\pll.ip)

— | X
File Edit System Generate Miew Tools Help
3 Paramsters Sﬂi N | E Details 523| Block Symbol % - =M
System: pll  Path: iopll O
-
IOPLL FPGA IP =
|OP|_|_ FPGA |P Name altera_i
altera_iopll
Version 200.0
Author Altera
i ELL i’Semmgs (Cascadmg rDynam\c Reconfiguration rAdvanced Parameters Description ?g?;\zj
[~ Device T hd
. - < Il [*]
Device Family: Adilex 3

Component A3CZ135BB18AETS = x D D

Speed Grade:

19? Presets 33; -=m

[~ General

Presets for iopll_0

Show presets for the selected board

Reference Clock Frequency: |‘\OO 0 |

[v] Enable locked output port

> [_] Clear preset filters
I [*]
1|9 > 4
§§ System Messages  &: ‘ - = M| |Project
Click New... to create a preset
Type Path Message Library
9 @ 1 Info Messa... Mo presets for IOPLL FPGA IP 20.0.0
@ plliopll_0 Able to implement PLL with user settings
Apply | ‘ View | | Delete | | MNew. |
4| i |» |

|:| 0 Errors, 0 Warnings

Generate HDL

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

a.

b
C.
d.
e

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

Desired Frequency: SMHz

<& [P Parameter Editor Pro - pll* (D:AMy_design\my_first_fpga\w\pll.ip)

File Edit System Generate View Tools Help

8 Parameters 33‘

'System: pl  Path: iopll 0

= [a} 1=

IOPLL FPGA IP
altera_iopll
Device Family: Agilex 3
Component: A3C7135BB18BAETS

Speed Grade:

|‘ General

Reference Clock Frequency: [50.0

MHz

C | Enable locked output port_»

D Enable physical output clock parameters

|' Compensation

Compensation Mode: direct

v

Direct mode is suitable for most applications. It provides the best jitter performance and avoids expending

[* Output Clocks

A\

< I |

14

DE23-Lite

Figure 3-12 Modify IP parameters
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B parameters 53
System: pll Path: iopll 0

= =f (=

=)

|IOPLL FPGA IP

altera_icpll

~ Compensation
Compensation Mode: direct -
Direct mode is suitable for most applications. It provides the best jitter performance and avoids expending co
[~ Output Clocks
Number Of Clocks: 4l b 4
[ ] Specify VCO frequency T
[ | Give clocks global names
[ | Use clock names as ports in instantiation 1
| outclk0
Clock MName: outclkO
Desired Freguency: 50 MHz 1 1
Actual Frequency: 50 MH=z
Phase Shift Units: ps v Ul
[ 1 e
< I ] 1]

Figure 3-13 Modify IP parameters
7. Click File-->Save to save the PLL IP settings.
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& Save System Completed X

il (o] 2] o]

&0 Info: Ex\altera_pro\25.1\ip\alteraltoolkits.ipx described 54 plugins, O paths, in 0.02 seconds |a
@ Info: E:laltera_pro/25.1/ip/**I* matched 161 files in 1.08 seconds il
@ Info: E:laltera_prolip/**/* matched 0 files in 0.00 seconds

@ Info: Reading index E:\altera_pro\25.1\qsys\lib\builtin.ipx

@ Info: E:\altera_pro\25. 1\gsys\lib\builtin.ipx described 123 plugins, 0 paths, in 0.03 seconds
@ Info: E:faltera_pro/25.1/qsys/lib/builtin.ipx matched 1 files in 0.03 seconds

@ Info: E:faltera_pro/25.1/quartus/common/librarian/factories/**/* matched O files in 0.00 sec

@ Info: E:faltera_prof25.1/qsys/lib/$IP_IPX_PATH matched 1 files in 0.00 seconds B

@ Info: E:\altera_pro\25.1\qsys\lib\root_components.ipx described 0 plugins, 12 paths, in 1.323=
seconds

Info. E:faltera_pro/25.1/qsys/lib/froot_components.ipx matched 1 files in 1.32 seconds -
« I | [»]

@ Save System: completed successfully.

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.

< Generation X

[~ Synthesis
Synthesis files are used to compile the system in a Quartus Prime project.

Create HDL design files for synthesis: H

[l Create timing and resource estimates for each IP in your system to be used with third-party EDA synthesis tools.

["] Create block symbol file ( bsf)
[ | IP-xACT

Generate IP Core Documentation

[~ Simulation

The simulation model contains generated HOL files for the simulator, and may include simulation-only features.
Simulation scripts for this component will be generated in a vendor-specific sub-directory in the specified output directory

Follow the guidance in the generated simulation scripts about how to structure your design's simulation scripts and how to use the J
ip-make-simscript command-line utilities to compile all of the files needed for simulating all of the IP in your design

Creats simulation modsl: Mone -
Select simulation flow for specific simulators:

CluestaSim flow selection: ‘ |

Select the simulatars for which simulation scripts will be generated. If no simulators are selected, simulation scripts will be gensrate

[ questaSim
D 3 —SLe]
D L -sief be depr A =
< 1 I DN
H Generate | ‘ Cancel |
Figure 3-15 Generate HDL design
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9. After generating successfully, the PLL IP will be added to the design.

< Generate Completed bt
AII| Q| A|@
L = | I | | §

\.?a’ B oihd p=J T BB i =
ng Info: pll: "Maming system components in system: pll" —
@ Info: pll: "Processing generation queue”

@ Info: pll: "Generating: pll"

@ Info: pll: "Generating: pll_altera_iopll_2000_Garna5a"

@ Info: pll: Done "pll" with 2 modules, 6 files

@ Info: Finished: Create HDL design files for synthesis

@} Info: Starting: Generate IP Core Documentation

@ Info: Mo documentation filesets were found for components in pll. Mo files generated. =
@ Info: Finished: Generate IP Core Documentation T
@ Info: Generation of D:/My_design/my_first_fpga/v/pll.ip (pll) took 7699 ms - |
<] I I [»]
I..,,;) Generate: completed successfully.

|

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

DE23-Lite 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.

input sel,

);

endmodule

module counter bus mux(
input [3:0] data0,
input [3:0] datal,

output [3:0] result

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

DE23-Lite
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(& 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
‘ ﬁ O my_first_fpga > § 9 Ig, @
Project Navigator Qtex @ simple_counter.v @ counter bus muxv [
Instance - S . —
%, Agilex 3: A3CZ135BB18AE7S ML EE AWl S8 =
: i module counter_bus_mux(
» 7
my—ﬁm—fpgar! 2 input [3:0] dataO,
3 input [3:0] datal,
4 input sel,
5 output [3:0] result
] » 6 .
A o T = 7 .
i | BFi. | D] g assign result = (sel==1'bl)7?datal:data0;
9
Tasks 1@ m® 10 endmodule
Project =
11 Revisions...
Project Files
i New...
Open... -
4 » 4
] ~
@ o Q 1 <<Fil... W Use Regular Expressions
‘; (0) () Q) () (0)
Message
3
[
)
]
é System Processing
Ln10 Col10

77 4

Show Non-matching

- | X
Search (%]
P RO ORE QWS W
IP Catalog @ ®
Q <<Filter>> =

v af Installed IP

~ Project Directory

No Selection Available
~ Library
» Basic Functions

Bridges and Adaptors
DSP
Interface Protocols
Memory Interfaces and C

Processors and Peripher

v vy v v v w

University Program -
4 4

»  Add..
AAFind... A3 Find Next

Message ID

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 SOMHz 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.

DE23-Lite
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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(KEY[0]),

result(mux_result)

assign LED=~mux_result;

endmodule

DE23-Lite 2 www.terasic.com.tw
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(¥ 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 0
m = ~ : . B . g
[ ] it O C  myfist fpga MR - P LSO OBRL QU =
Project Navigator Q 1@ @ simple_counter.v @ counter_bus_ mux.y @. my_first_fpgav D IP Catalog 41 @ (¢
Instance e — — . <<Filter>> =
4, Agilex 3: A3CZ135BB1BAETS EMHEES sEL SEE=E Y a =
W Agilex 3: - e e 7 ~ i Installed IP
. module my_first_fpga i .
- myjlrstjpgar! > input CLOCKO_50, ~ Project Directory
2 ;32“ Et [JEBD%]KEEE') No Selection Available
5 5 i : ~ Library
? Ve €1k 50% » Basic Functions
8 wire [31:0] ’counter: b Bridges and Adaptors
1(9) wire [3:0] mux_result; » DSP
‘ ) BT 5 b 11 Hp11 u_pl11( b Interface Protocols
ovi. | BF. | d D<) ig . :gﬁ%l&ég'ﬂg?o_m) , » Memory Interfaces and
Tasks 8 ® 14 .outclk_0(cl KLSO) » Processors and Peripher]
Project — %g _) . ¥ University Program
g Revisions.. ig Osi mp;l:%régl_.llrl:tgg)u_mmp'le_counter( b Verification
. — s
Project Files 19 .counter_out(counter) © search for Partner 1P
b 20 35
New...
- ew. 21 |
& Open.. 22 [Hcounter_bus_mux u_counter_bus_mux(
ri-,:, Add/Remove Files in Proje 23 2 gatao Eceunter E24: 21% g 5
. 24 .datal(counter[26:23]), 7] y
£z Platform Designer — |35 Tsel(KEY[0]),
“3 10 Patalan A S £l ot Lo L Add..
1 » q »
® @ [} =
@ <<Filter>> v Use Regular Expressions Show Non-matching | AAFind... A% Find Next
= (0) (0) (0) (0) (0)
Message Message ID
0
i)
o0
3
g System Processing
Ln12 Col23 Verilog HDL File

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.

DE23-Lite
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(¥ Quartus Prime Pro Edition - D:/My_design/my_first fpga/my_first_fpga - my first fpga - | X
File Edit View Project Assignments Processing Tools Window Help Search
. i 2 : & # 3 1 s
EER <0 OC |myfistfog v L G & > KO OBRLE QS =
Project Navigator Qiem ar_bus muxy | @ my first fpgav @2 Compilation Dashboard [ | IP Catalog @ ®@
Instance Q<<Filter}> =
i Agilex 3: A3CZ135BB18AETS »  Project Overview ~ 44 Installed IP -
bl %
» "y my first fpga - o ¥ Project Directory
Compilation Elow No Selection Available
P Compile Design ~ Library
‘< » 2 P IP Generation » Basic Functions
HH. | BrE. | @D 2 P Analysis & Synthesis & } Bridges and Adaptors
— Z P Analysis & Elaboration 15’ @ Q) O¢ ¥ DSR
Tasks @ ®= . B = © » Interface Protocols
- . P Synthesis & 04Q S
Project = A ; » Memory Interfaces ant
s / Early Timing Analysis
EI".I Revisions... = > 4 9 ¥ A4 o » Processors and Peripl
Pro;e::t Files £ P Fitter < b University Program
- New... P Fitter (Implement) & UYL Y
Open... i o~ oo ! '
BO s o ™
] » ) + Add...
210 O -
<=F.. v Use Regular Expressions Show Non-matchin, Eind... 4Find Next
By @ o @ o B - B Eing vex
Message ) Message ];D_‘
@ Design Assistant Results: 2 of 6 Medium severity rules issued violations in snapshot 'synthesi 21621
@ Dpesign Assistant Results: 0 of 6 Low severity rules issued violations in snapshot 'synthesizec 21622
3 OQuartus Prime Synthesis was successful. 0 errors, 1 warning
- @ cuartus Prime Full compilation was successful. O errors, 3 warnings 21793
ﬂ.F
3
g 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.
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#% Pin Planner - Dy/M _design/my_first_fpga/my_first_fpga - my_first_fpaga — [l X
Y. gn/my. pga/my. Pg Y. Pg
File Edit View Processing Tools Window Help [search e
- Report 1 & X Pin Legend 1@ &=
- "
Report not available Symbol Pin Type s
A grgrIrv R ansarg (O Userio
foc i R R T B AL s y d
Q ccioze o= mnomnc s (@ Userassignedl.
m ot °v° i “q:” ! 'qv i TR & Fitter assigned I...
B e Taa AR ¥
B G G naimica mA KRR AT O Unbonded pad
' ] BIHITARIATANIAT I RIAYIN W e
L5 it LB TN SEOAeS BNDOE 08 BISHUE. o b . Reserved pin
'M'vc"voav'z\ avisa V.AAxx_.%vo_ o~
{} ”egooeovaz\\?/x AV A BBV O cvgg- \9/] DQ
Groups Report s eieRiAA T Anwamigaa w0 () DQS
(L o ;v'gvaav sa v‘i\é"vo‘ o= ;—/I
— i Red 38 BIKIK KL KiA 3 - PN
Tasks 1 & = . ¥ esA v av A s Usa s Z-:W- (8] base
!E - : = ;; SIOAY AKYIAM VAV O :‘;- ® Hard processor...
A Early Pin Planning T e g oo
e - W ete oAﬂn'v'o I 0{; ovv 022 H CLK n
e B Early Pin Planning... B e i T T . -
» _ ; Moy ws s s PIWie 3 2% 1mn B i CLK p
» P Run I/O Assignment Analysis —
B ——" (o) Other dual ...
xport Pin Assignments.. = =
Bil, - = v nCONFIG -
= | e : : 2
2 [%]| Named: | * v | & Edit: Filter: | Pins: all v
2 Ig;l gNode Name GDirection gLocation ei/D Bank QI/O Standard eReserved QCurrent Strength gslew Rate gD
A out | Fp[o] Output
7 N KEY[1] Input
»'® "o KEY[0] Input
) out | Fp[3] Output
V|
out | Ep[2] Output
out |ED[1] Output
N CLOCKO_50 Input
<<new node>>
w0
(=
£
Z >

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

CLOCKO0 50 K43
KEY[O0] K26
KEY[1] K27
LEDI[0] B39
LEDI[1] B42
LEDI[2] K35
LED[3] F32
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.{, Pin Planner - D:/My design/my first fpga/my first fpga - my first fpga — O X
File Edit View Processing Tools Window Help Search e
- Report i@ @ Pin Legend 1@ ®
= : ;
Report not available ﬁ EBR AR A PRMED IR R i o0y Symbol Pin Type =
[ i : Filgmiiw omoaogoay W O User I/O
e e e e e . .o ” .
Q g T N . User assigned I...
e VA A XE TA R -FF T K o2 i . .
ead P S SR TP . Fitter assigned ...
L v eavdlavian van s x O . Unbonded pad
| B e : e
4 Groups Report woel i o o, @ Reserved pin
o a 3 % o =
) - mosTaraaansaans T @ DbQ
Tasks @& it et LR NS G R R /;-'\ DQS
e B o awaikoanovmEe D ()
L - Early Pin Planning ~ * ?:” e m':u_ ) DQSE
o B Early Pin Plannin osav svow ey oavvoem =
B Early E o 990 28 8 85 E0 2 5E 208 6 ® Hard processor...
B Run I/O Assienme
q » 1] CLK n =
(% | Named: * > | l«» Edit: Filter: ' Pins: all >
@ gNode Name gDirection GLocation gl/D Bank gFitter Location gl,’O Standard gReservec =
# out | ppoy Output PIN_B39 3A T PIN_B39
o | ED[3] Output PIN F32 3A T PIN F32
n_ CLOCKO 50  Input PIN K43 3A T PIN K43
. . KEYTT Input PIN_K27 6D PIN_K26
o . KEY[O Input PIN_K26 6D PIN_K27
- p! | |
b o PSSR Output PIN K35 3A T PIN_K35
= £ ot Epp1] Output PIN_B42 AT PIN_B42 -
v [Z]q i »

Figure 3-21 Complete the pins assignment

4. Now, you are finished creating your Quartus project design!

Chapter 4

Compile and Verify Design

DE23-Lite 26 www.terasic.com.tw
My First FPGA August 20, 2025


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

Rlasic

www.terasic.com

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.

(&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 TIools Window Help Seaindy e
B B -~ i O G |my first fpga L G&H e OrF L ORELOH T W
Project Navigator Q 13 X r_bus_muxv @ my_first_fpgav || & Compilation Dashboard [ 4 IP Catalog 1@ @
Instance Q, <<Filter>> =
2, Agilex 3: A3CZ135BB18AE7S R Broject Guleruicw 24 Installed 1P
T | e
b d S
» "5 my_first_fpga Project Directory
C ilation Flow: t . .
ompilation Flow: No Selection Available
% P Compile Design Library
: P> IP Generation Basic Functions
- . P Analysis & Synthesis & Bridges and Adaptors
5 Hi =1 41 . P Analysis & Elaboration & g @) o DSP
) Hi.. - z ’ B = O Interface Protocols
P Synthesis < o Q o7 5 i :
= (g emory Interfaces and (
Tasks 15 & - Early Timing Analysis < o . ;
E N Processors and Peripher
Project [ 0% B Fitter &)
gl Revisions... b o ‘_ - University Program
Project Files P Fitter (Implemment) < Verification
B new.. 0% P Plan (] 4 @ Search for Partner IP
i Cen | 0% P Place & 9
ri;.‘ Add/Remove Files in Proje . o
- - N0/ e Dot LY ah e8Y
B platfarm Nesioner + Add
» 4 » T ad...
10 10 -
Pt <<... N2 Use Regular Expressions Show Non-matching | AAFind... A4 Find Next
= (85) (©) (1) (2) (0)
Message Message ID =~
@ Design Assistant Results: 0 of 6 Low severity rules issued violations in snapshot 'synthesizec 21622
» oquartus Prime Synthesis was successful. 0 errors, 1 warning
IiJ'l -
o K »
a
g System (17) Processing (55)
Edits pin assignments 50% & 00:01:52

Figure 4-1 Compilation process

The Quartus Messages window displays many messages during compilation. It should not display
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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.

File  Edit

EERE - OC
Ql¥e ®

View Project
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Instance
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® e 1
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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.
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4.2 Program the FPGA Device

Figure 4-3 Generate the .sof file

Follow the steps below to program the FPGA device with the generated my first fpga.sof.
1. Connect your computer to the DE23-Lite board by plugging the Type-C USB cable into the USB
Blaster III connector (J3) of DE23-Lite and plug 5V adapter to the board to power on it.

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

will appear as shown in Figure 4-4.
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w Programmer - D:/My_design/my _first_fpga/my _first_fpga - my_first_fpga - [my_first_fpga.cdf] — O X
File Edit View Processing Tools Window Help _— e
;Hardware Setup... | No hardware Mode: | JTAG - Progress: ]
Enable real-time ISP to allow background programming when available
: File Device Checksum Usercode Program/ Verify Blank- Examine Secy
HStart Configure Check B
i 5top output_files/my_first_fpga.sof A3CZ135BB18A 06136EF5 FFFFFFFF v
&{‘;muto Detect
Delete
W Add File...
W& Change File...
3
A save File -
* Add Device..
EEEEEEEEER
hyp H H
TDI u H
W Down ——— 4 R
H H
L] Ll
EEEEEEREEN
A3CZ135BB18A
TDO
4

Figure 4-4 Quartus Programmer window
3. Click Hardware Setup.
Select DE23-Lite[USB-1] under Currently selected hardware, and click Close as shown in
Figure 4-5.
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#
Search e |
‘;Hardware Setup... ""SB—'I] Mode: | JTAG v Progress: [:]
Enable real-time ISP to allow background programming when available
1L
] @ Hardware Setup X

Hardware Settings JTAG Settings

ﬁ‘ Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer 'odow.

Currently selected hardware: | | DE23 Lite [USB-1]

=
Hardware frequency: 15000000 Hz
=d
V| Auto-adjust frequency at chain scanning
1
4 Available hardware items:
*A
Hardware Server Port Add Hardware...
DE23 Lite Local USB-1

| Remove Hardware

E Close

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.

@ Programmer - D:/My_design/my_first_fpga/my_first_fpga - my_first_fpga - [my_fi.. — O X
File Edit View Processing Tools Window Help Search e
,;Hardware Setup... | |DE23 Lite [USB-1] Mode: | JTAG o Progress: D

Enable real-time ISP to allow background programming when available

[ File Device Checksum Usercode Program/ Ve
Pl start Configure

output files/my first fpga.sof |A3CZ135BB18A 061370A3 FFFFFFFF v

h Stop

wAuto Detect

Delete
W Add File...
¥ Change File...
»
di save File a
* Add Device...
T yp H d
DI | ® .
' pown _’E 4 E _—‘
Figure 4- 6 Download .sof file
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w Programmer - D:/My_design/my first_fpga/my first_fpga - my first_fpga - [my _first fpga.cdf]* — O X
File Edit View Processing Tools Window Help Sesirch 6
s Hardware Setup... | | DE23 Lite [USB-1] Mode: | JTAG A4 Progress: |100% (Successful)

Enable real-time ISP to allow background programming when available

- File Device Checksum Usercode Program/ Verify Blank- Exami
plistart Configure Check

bistop output files/my_first_fpgasof ~A3CZ135BB18A 061370A3 FFFFFFFF v
wAuxo Detect
Delete
U Add File...
W change File.
i save File -

* Add Device..

byp
TDI

hDown — i b : —|

Figure 4- 7 Download .sof successfully

4.3 Verify the Hardware

When you verify the design on DE23-Lite 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 LEDRs appear to be advancing slowly in a binary count
pattern, which is driven by the simple counter bits [26..23].
The LEDRs are active high, therefore, when counting begins, all the four LEDRs are turned off
(the 0000 state).

2. Press and hold KEY[0] on the board, observe that the four LEDRs advance more quickly.
Pressing this KEY[0] 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 www.terasic.com
9F., No.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070.
Address )
Taiwan, 30070

Revision History

Date \Version |Changes
2025.07 V1.0 First Version
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