EEC 181A DIGITAL SYSTEMS DESIGN PROJECT Winter 2025

UNIVERSITY OF CALIFORNIA, DAVIS
Department of Electrical and Computer Engineering

LAB 1: DE1-SOC System Development Tutorial and Exercises
This tutorial gives a review of using verilog HDL in Altera Quartus II to develop embedded systems implemented on
FPGA's. You will be introduced to the DE1-SOC (System On Chip) Altera Development Board with the Cyclone V FPGA
system. This board allows the use of both FPGA and programmable processor to function together, to provide extended
capabilities.
Read and work through the Altera references below to obtain additional practice on the tool chain. This lab assumes you

have a good working knowledge of Verilog HDL and FPGA programming experience. If you are rusty on these topics,
review your EEC 180 material.

I. SETTING UP YOUR ENVIRONMENT
In the lab in Kemper 2107, log into one of the linux computers.

Open a terminal window and add the following lines to your ~/.cshrc file. (You have to do this only once. This sets up the
environment permanently).

module load altera/modelsim
module load altera/quartus

In this course we use Quartus Il 64-bit for designing systems, synthesizing and compiling our projects. On Linux
machines you can start the program as follows.

| quartus --64bit |

* Notice that there is a space between quartus and --64bit.
After you start quartus, it opens a window similar to what is shown in Figure 1 and asks for license information. In this
step choose the last option and then click on OK.

a viper:/apps/Altera/15.0/quartus/bin
File Edit View Search Terminal Help
viper<352> cd /apps/Altera/15.8/quartus/bin
iver<353> ouartus --64bit

. Thank you for using the Quartus Il software 30-day evaluation. You have 29 days remainin g
2 (until Jan 21, 2016) to use the Quartus Ii software with compilation and simulation support

Select one of the following licensing options to continue:

Select one of the following options
® (Connect to the Altera Self-Service Licensing Center

Buy a Quartus II soft Editi

Continue the 30-day with e file (no device programming file support)

If you have a valid license file, specify the location of your license file

OK Cancel




Figure 1. Setting the license server, step 1

Category

License file: |28333@license.engr.ucdavis.edu

Use LM_LICENSE_FILE variable: |

Current license
Download License
License Type: Full Version (Eval)
Expiration: 23-may-2025

Host ID Type: NIC ID

Host ID Value: 0050568a04da & Wwait for floating licenses

Licensed AMPP/MegaCore functions:
Vendor Product \

Altera (6AF7) Nios Il Embedded Processor 2025.05
Altera (C4D5) DSP Builder (512A) 2025.05
Altera (6AF7) SerialLite Il (00AD) 2025.05
Altera (6AF7) DDR High Performance Mem... 2025.05
Altera (6AF7) DDR2 High Performance Me 2025.05
Altera (6AF7) DDR3 High Performance Me... 2025.05
Altera (6AF7) FIR Compiler 11 (00D8) 2025.05
Altera (6AF7) NCO Compiler (0014) 2025.05
Altera (6AF7) FFT/IFFT (0034) 2025.05
Local system info

Network Interface Card (NIC) ID: |b8ca3a9aedfs

OK Cancel Help

Figure 2. Setting up the license server, step 2

Then you will see the option window which is shown in Figure 2. In front of the license file, write the following address.
Before clicking on OK, certify that you can see the list of supported products under “Licensed AMPP/MegaCore
functions” as it is illustrated in Figure 2.

Click on OK. Quartus is ready to use.

| 28333@renoir.engr.ucdavis.edu

Il. INTRODUCTION
Read the following documents posted on the course webpage:

° Project Setup on the DE1-SoC
° Lights and Switches on the DE1-SoC
° Variable Frequency Clocking Hardware

1. VERILOG HARDWARE DESIGN

The goal of this assignment is to give you practice writing Verilog. We will use the seven segment displays to display two
custom light patterns, one at a time dependent on user input from the four (4) pushbuttons. For the switch input, once the
user has decided which LED pattern to display on the seven segment display, the user will press a push button to load the
pattern to the seven segment display. The seven segment display pattern should not update while the switches are toggling,
but the user will be able to preview the switch pattern on the red LED's. You will also implement a horizontal text scrolling
feature that we often see on LED banners and a LED rolling pattern. You can also choose the direction of the horizontal
scrolling, Left -> Right or Right -> Left. For ambitious students, you can also change the scrolling direction from horizontal
to vertical. There are many methods to do this and you are free to proceed with your preference.



Design the hardware to perform the following functions:
1. Display Patterns:

A. Design circuits so that the ten SW switches control the on/off state of the ten LED lights so that a switch in the
“down” position makes the corresponding LED off and “up” makes it on. For example:

LED9S-LEDO: ON OFF OFF ON ON ON OFF  OFF OFF OFF
SW9-SWO: up DOWN DOWN UP up up DOWN DOWN DOWN DOWN
SW9-SWO: SwW9 SW8 Sw7 Swe SW5 SW4  SwW3  Sw2  SW1  SWO

B. Display your first name assigning LED elements on the 7-segment displays the best you can.
2. Scrolling Movement:

Implement a horizontal scroll movement and loop around so that the letters of your name scroll from right to left
across the 7-segment displays, and then appear again at the right side. The nominal speed is one character change per
1.000 second. For example:

Example first three letters of the text “HELLO” scrolling from right to left.

3. Push button user input and display control on the Seven Segment Display. There are 4 push buttons on the DE1-SOC.

a) One push button will reset the entire system.

b) One push button will invert the patterns on both the LEDs and the 7-segment displays (on - off, off = on).

c) One push button will speed up the horizontal scrolling movement displayed on the seven segment display. You
choose how fast.

d) One push button will pause the horizontal scrolling movement displayed on the seven segment display. Pushing
the pause again will continue the scrolling movement. While in the pause state, other push buttons will have no
effect on the seven segment display behavior. However, the user can still use the switches to change the red LED
pattern at anytime.

IV. Download your system to the DE1-SoC board and demonstrate it to the TA
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