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Objective -

This tutorial provides comprehensive information that will help you understand how
to create a FPGA design and run it on your DE1-SoC development 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.

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 a digital circuit that is implemented inside the FPGA. The flow then

proceeds through compilation, simulation, programming, and verification in the
FPGA hardware.

This tutorial will not make you an expert, but at the end, you will understand basic
concepts about Quartus Lite projects, such as entering a design using a schematic
editor and HDL, compiling your design, and downloading it into the FPGA on your
DE1-SoC development board.
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Figure 1-1 Design Flow
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Section 1 - Download and install Altera Quartus Lite
Software

1. Browse to the hyperlink provided below and make sure that Lite edition and 18.0
release are selected. Also, check the appropriate OS box(Windows/Linux). Use direct
download method and make sure to download only the individual files marked in the
next bullet. Create a basic account on Intel using UnID if prompted.
http://dl.altera.com/18.0/?edition=lite

Products Solutions Support intel USA (English) @ My Intel &

Design Software . . .
Embedded Software Quartus Prime Lite Edition
Release date: May, 2018

Archives Intel’ Quartus’ Prime
Latest Release: v18.0 Desi nsalpm
Licensing ¢ "
Programming Software Select edition: Lite M
Drivers Select release: 18.0 M

Board System Design

) P — )
Eeral e Operating System @ © A/ Windows /:_\ Linux

Legacy Software . .
Download Method @)  Akamai DLM3 Download Manager @ @ Direct Download

2. Navigate to the Individual files tab and select the Quartus prime lite edition,
ModelSim FPGA edition along with cyclone V device support and download the
selected files.

‘ Individual Files | Additional Software

Download and install instructions: .~ More
Read Intel FPGA Software v18.0 Installation FAQ
Quick Start Guide

MSelect All @

[v]Quartus Prime Lite Edition (Free)
[“Quartus Prime (includes Nios Il EDS) Unlates Available
Size: 1.7 GB MD5: A20DEEFDD1C39D877E76FBOFAT6AFACE

[¥IModelSim-Intel FPGA Edition (includes Starter Edition)
Size: 1.1 GB MD5: 3266159BE7FF6CCA9A2D42274D2DF3E7

M Devices
You must install device support for at least one device family to use the Quartus Prime software

[1Arria Il device support
Size: 499.6 MB MD5: 30595BB3F310B946E9A7B0549E2B157A

[[ICyclone IV device support
Size: 466.6 MB MD5: B3183C39C6A32DA0CT197C490E62BOA2A

[[JCyclone 10 LP device support
Size: 266.1 MB MD5: 5779BBD94393821239663E84BED7242E

[¥|Cyclone V device support
Size: 1.1 GB MD5: 92295773980536E5F2AAEAS9A38AC59B

[[IMAX 11, MAX V device support
Size: 11.4 MB MD5: 48F80C5BB41F4D3EES62CE1C4C444DCF

[ MAX 10 FPGA device support
Size: 330.8 MB MD5: 3817D7C8AB5SE676C7A28F3ACF1A218F2

4 »

Download Selected Files
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3. Select the QuartusLite setup file and Run as administrator for windows
installation. For Linux, modify the *.run file with executable
permissions(chmod +x *.run) and execute the *.run on terminal as super
user(sudo \.*.run).

] Name Date modified Type Size
|7 cyclonev-18.0.0.614.qdz 7/27/20) T 10 KB
en
%, ModelSimSetup-18.0.0.614-windows.exe /27720 E 57 KB
: : G Run as administrator
*\; QuartusliteSetup-18.0.0.614-windows.exe 7/27/20 t&‘4 KB
@ Import to Grammarly
Troubleshoot compatibility
Pin to Start
7-Zip >
CRC SHA >
E Edit with Notepad ++

4. Press Yes and click Next in the QuartusLite setup installation prompt. Accept
the agreement and click Next again. Select the appropriate installation folder
or retain the default directory. Make sure the following boxes are
marked(modelsim and cyclone V device support) for installation. And Press
Next and let the installation complete

5 Installing Quartus Prime Lite Edition (Free) 18.0.0.614 — O X
Select Components (intel')

Select the components you want to instal

=) Quartus Prime Lite Edition (Free) You can add additional device support to an existing
B Quartus Prime (indudes Nios I EDS) (7094ME) Quartus Prime software installation without having to
=] Devices reinstall the entire software package. Use the Install
[ Cydone v (1225.5M8) Devices command on the Tools menu in the Quartus Prime
ModelSim - Intel FPGA Starter Edition (Free) (3388.8M8) software to get started.

[[] ModelSim - Intel FPGA Edition (3988.8MB) e T e R e ek et

5. The setup should also install ModelSim FPGA edition along with QuartusLite
Software. After the software installation, the setup will prompt for installation
of USB Blaster 2 device driver which is required for FPGA programming. Click
Next and finish the installation.

(b Installing Quartus Prime Lite Edition (Free) 18.0.0.614 — O x

Quartus Prime Lite Edition (Free) 18.0.0.614 Installation Complete

Setup has finished installing Quartus Prime Lite Edition (Free) 18.0.0.614.
B Launch USB Blaster II driver installation

[ create shortcuts on Desktop
[ Launch Quartus Prime Lite Edition
[ Provide your feedback
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Section 2- Setup a new project in Quartus Lite Software

You begin this section by creating a new Quartus II project. A project is a set of files
that maintain information about your FPGA design. The Quartus II Settings File (.gsf)
and Quartus II Project File (.gpf) files are the primary files in a Quartus II project. To
compile a design or make pin assignments, you must first create a project.

1.

Launch the Quartus II software, select File > New Project Wizard. The
Introduction page opens

(W Quartus Prime Lite Edition

File Edit View Project Assignments Processing Tools Window Help

| v

F=

=

2.

New... Ctrl+N ] /&SN Dr YK SAVE
Open... Ctrl+0O \\ Hierarchy YlQms x
Close Ctrl+F4

New Project Wizard...

Open Project... Ctrl+)

Save Project

Close Project

Save Ctrl+S

Save As...

Save All Ctrl+Shift+S

File Pronerties...

Enter the following information about your project as shown in the next snapshot:

a.

b.
C.

What is the working directory for this project? Enter a directory in which
you will store your Quartus II project files for this design.

For example, C:\intelFPGA_lite\18.0\quartus\3710_lab\

File names, project names, and directories in the Quartus II software
cannot contain spaces.

What is the name of this project? Type hexTo7Seg.

What is the name of the top-level design entity for this project? Type
hexTo7Seg.

Create a directory if it isn’t present.
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Gk New Project Wizard X

Directory, Name, Top-Level Entity

What is the working directory for this project?

(C\intelFPGA _lite\18.0\quartus\3710_lab\ |-

What is the name of this project?

‘hexTo?Seg ‘

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.

‘hexTo?Seg ‘

Use Existing Project Settings...

< Back Finish Cancel Help

3. Select the Empty project template and click Next:

Ok New Project Wizard X

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.

< Back FEinish Cancel Help
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4. Click Next twice and navigate to the Family, Device and Board Settings. Select the
specifics on the respective targets as mentioned below. You can add the required

Verilog files later or edit the files in the Quartus editor once the project has been
setup.

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 family Show in "Available devices' list
Eamily: |Cyclone V (E/GX/GT/SX/SE/ST) hd Package: Any .
Device: Cyclone V SE Mainstream < Pin count: Any .
Target device Core speed grade: Any -
Auto device selected by the Fitter Name filter:

@ Specific device selected in 'Available devices' list Show advanced devices

Other: nfa

Available devices:

Name Core Voltage ALMs Total 1/Os GPIOs GXB Channel PMA GXB Channel PCS PCle Hard "
S5CSEMA4U23C8 1.1V 15880 314 314 0 0 0
SCSEMA4U2317 1.1V 15880 314 314 0 0 0
S5CSEMASF31A7 1.1V 32070 45
——___
SCSEMASF31C7 1.1V 32070 45
SCSEMASF31C8 1.1V 32070 457 457 0 0 0 v
< >

B [ —— [P I ' .

5. Select the simulation Tool as ModelSim-Altera(note - this is not just ModelSim
but the one with Altera) and format as Verilog HDL. Retain the other Tool
selections to default.

(&b 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/Synthesis  <None> v/ <None> K Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ~ Verilog HDL ~[J Run gate-level simulation automatically after compilation
Board-Level Timing <None> <

Symbol <None> >

Signal Integrity <None> <

Boundary Scan <None> v
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6. Review the new project summary page and make sure all the specifics that you
entered are reflected in it.

(b New Project Wizard

Summary

When you click Finish, the project will be created with the following settings:

Project directory:

Project name:

CintelFPGA_lite\18.0\quartus\3710_lab\
hexTo7Seg

Top-level design entity: hexTo7Seg
Number of files added: 2
Number of user libraries added: 0
Device assignments:
Design template: n/a
Family name: Cyclone V (E/GX/GT/SX/SE/ST)
Device: 5CSEMAS5SF31C6
Board: n/a

EDA tools:
Design entry/synthesis: <None> (<None>)
Simulation: ModelSim-Altera (Verilog HDL)
Timing analysis: i}
Operating conditions:
Core voltage: 1.1V

Junction temperature range: 0-85°C

7. Quartus Lite Project navigator will now reflect the instance as your top level
design entity under the device name.

(b Quartus Prime Lite Edition - C/intelFPGA lite/18.0/quartus/3710_lab/hexTo7Seq - hexTo7Se

File Edit View Project Assignments Processing Tools Window Help

O f= r hexTo7Seg IR X2 PEFES @404

Project Navigator  Hierarchy ~lalma <

Entity:Instance

# Cyclone V: 5CSEMAS5F31C6
» hexTo7Seg ™
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Section 3 — Implement a function using Verilog HDL

1. Once you have created and setup your project, the next step is to describe your
design using a hardware description language.
Go to File-->New—>Select Verilog HDL File.

(Y 15 Prime Lite Editior  lite uart hexTe
i it View [ Assignr Pr | w H Search alteracam  |@
O=d I " hexTolSeg | ESE TrEFES QAR *
Project Navigator “ Hierarchy ~alga« IP Catalog ne
Entity:Instance - x| =
& Cyclone V: SCSEMASF31C6 v Installed IP
* hexTo7Seg ™ “ Project Directory
No Selection Available
~ Library
G New > Basic Functions
; A > DSP
- g:w Q":.lrms Prime Project > Interface Protocals
sign Files
Asm File > Memory Interfaces and Controllers
L Block Diagram/Schematic File z ""’_“55_0'?"" Peripherals
o i University Program
[Tasks Compilation ~=lgax EDIF File . " "
Qsys System File search for Partner
Task Time ~

State Machine File

~ B Compile Design SystemVerilog HOL File

> B Analysis & Synthesis Tel Script File
P Fitter [Place & Route) Verilog HDL File
VHDL File

v Memaory Files

P Timing Analysis

T

Hexadecimal (Intel-Format) File
Memory Initialization File

Cancel Help

>
> P Assembler (Generate programming files)
>

+ Add..

Al (@ A A (A |V <<Filters> 8Find. &

fvné TN Messane

W

Messages

System  Processing

H O Type here to search

2. Once a new file is created, you will be able to enter your code into it. When you

0%  00:00:00

save it, you have to have the module name and file name match up. Remember
that one of the file names must match the name of the project. Double check
and make sure that the Save as type is Verilog HDL Files.

{3k Quartus Prime Lite Edition - C/intelFPGA lite/18.0/quartus/3710 lab/hexTa7Seg - hexTo7Seg
Eile Edit View Project Assignments Processing Iools Window Help

1 New... Cul+N SEFL TrFES QLG @

= Open.. Ctrl+0  Hierarchy ~amax ¢ hexTo7Segy* o
Close Ctrlt+F4 HNT EE nrfm dw Y BE

New Project Wizard... 5 E‘modul:pchng?g ;I;,

" Open Project... Ctrl+ ) 3 l output reg [6:0]z
Save Project 5 a1wa;t'$ @

Close Project 6 HBcase (x)
lose Projec 7 |4'b0000 : //Hexadecimal 0
Ctrl+s 8 |z = 7'bll11110;

H save 9 [4b : //Hexadecimal 1
Save As... 10 |z = 7'b0110000 ; .

5 B ST ﬂ_ ;E 7‘b1101ml // Hexadecimal 2
File Properties... i: ; 2 0 blillOOl Hexadecimal 3
Create [ Update » ig i 2 L boiloou / Hexadecimal 4
Export,.. . 17 |4'b : Hexadecimal §

. . ilatic ~l=ma = = 7' .
Convert Programming Files... Compilation ig ﬁw 7131?11011 7/ Hexadecimal 6
Time ~ll20 |z = 7'b1011111

[T Page Setup... 21 |4'b011l : ¥/ Hexadecimal 7

la  Print Preview 22 |z E 7'b1110000; I | ]

A 23 |4'b1000 : Hexadecimal &

% Print.. Ciri+p 24 |z = 7'b1111111; )

B tFil y 25 |4'blool : //Hexadecimal 9

ecentFiles ks) 26 |z = 7'b1111011 ; i

Recent Projects ’ %g 42 ilg%gljmm // Wexadecimal A
4

1011 77 Wexadecimal R
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3. Every project in hardware needs a testbench to generate all necessary inputs
and read outputs to ensure they are correct. This is very similar to writing test
cases in software programming. The standard practice of naming a testbench is
to add a "tb_" in front of the name of the module you are testing. In this case,
we are testing hex to seven segment display, so the name of the new Verilog
HDL file is saved as "tb_hexTo7Seg". A testbench is just another standard
Verilog HDL File.

Ok Quartus Prime Lite Edition - C/intelFPGA lite/18.0/quartus/3710_lab/hexTo7Seq - hexToTSeg - =] X
File Edit View Project Assignments Processing Tools Window Help Search alteracom
Owd 0 7 C  hexTo7Seg T S ETE SR FES QAaVE @
3roject Navigator & Files vames @ hexTo7Segv 1 @ b hexTo7Segy o IP Catalog ot
» Files W = nam 0w b EE D x|
2 module stimulus; A p
™= hexTo7Segv 3 / Inputs v Jlnsl‘atled I'F
% th_hexTo7Segv 4 reg [3:0] x;  Project Directory
5 // Outputs No Selection Available
6 wire [6:0] z; B
7 // Instantiate the DE1 Soc(delsoc) ~ Library
8 hexTo7seg delsoc ( » Basic Functions
9 Lhex_input(x), > Dsp
10 .seven_seg_out(z)
11 3; » Interface Protocols
12 s . > Memory Interfaces and Controllers
13 initial begin v :
14 // Initialize Inputs > Processors and Peripherals
15 x =03 » University Program
%g #20 X = 1: ® Search for Partner IP
|18 #20 x = 2+
Tasks Compilation ~=hex 19 #20 x = 3;
20 #20 x = 43
Task Time A~ 31 #20 X = 5t
k 22 #20 x = 6;
¥~ P Compile Design 3 ¥50 % = 3
> B Analysis & Synthesis 24 #20 x = 8}
. 25 #20 x = 9;
> P Fitter [Place & Route) % ¥20 x = 10
v > P Assembler (Generate programming files) 27 #20 x = 11;
28 #20 x = 12}
v > P Timing Analysis 29 #20 x = 13;
v > P EDA Netlist Writer 30 #20 x = 14; v
21 #70 w = 15t
W Edit Settings Ve > + Add..
#2llan (@ A4l (A |¥ <<Fillers B88Find..  #8Find Next
»

T rvne TR Mes<sane

System  Processing
0% 00:00:
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Section 4 - Simulate the Verilog circuit using ModelSim +
Verilog test bench

1. To setup the simulation Tool path for ModelSim-Altera, navigate to

Assignments—> Settings and modify the simulation parameters as shown below.

(O Quartus Prime Lite Edition - C:/intelFPGA _lite/18.0/quartus/3710_lab/hexTo7Seq - hexTo7Se

File Edit View Project
Or= [ nflio)

Project Navigator

a Cyclone V: 5CSEMA5SF3’

» hexTo7Seg ™

Assignments Processing Tools Window Help

% Device... @295
. Settings... Ctri+Shift+E |1 15 &
6 Assignment Editor Ctrl+Shift+A
6 Pin Planner Ctrl+Shift+N

Remove Assignments...

I% Back-Annotate Assignments...
Import Assignments...
Export Assignments...

Assignment Groups...

W

Logic Lock Regions Window Alt+L

% Design Partitions Window Alt+D

2. Under EDA Tool settings, check on Simulation option and it should show the
Tool name as ModelSim-Altera.

7 Settings - hexTo7Seg

Category:

General

Files

Libraries
“ IP Settings

Design Templates

Voltage
Temperature

Incremental Compilation
v EDA Tool Settings
Design Entry/Synthesis
Simulation
Board-Level
v Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

IP Catalog Search Locatiol

Vv Operating Settings and Conc

v Compilation Process Setting

[m] X

Device/Board...

Specify options for generating output files for use with other EDA tools.

Tool name: ModelSim-Altera

[[] Run gate-level simulation automatically after compilation

EDA Netlist Writer settings

Format for output netlist: | Verilog HDL o Time scale: |1 ps

Output directory: |simulation/modelsim

[] Map illegal HDL characters [] Enable glitch filtering

Options for Power Estimation
[] Generate Value Change Dump (VCD) file script  Script Settings...

Design instance name:

More EDA Netlist Writer Settings...
NativeLink settings

@ None
() compile test bench:
Use script to set up simulation:

(O scriptto compile test bench:

More NativeLink Settings...

~| TestBenches...

Reset

w Buy Software OK Cancel

Apply

Help
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3. Navigate to More EDA Netlist Writer settings, and set the generate functional
simulation netlist option to ON and click OK and Apply.

Category: Device/Board... | | “
A
General " More EDA Netlist Writer Settings X
Files
Libraries Specify the settings for the EDA Netlist Writer options in your project.
v IP Settings

IP Catalog Search Lo|
Design Templates
v Operating Settings and
Voltage
Temperature
v Compilation Process 5S¢
Incremental Compild
v EDA Tool Settings
Design Entry/Synthe,
Simulation
Board-Level
v Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyg
Logic Analyzer Interfac|
Power Analyzer Setting
SS5N Analyzer

[ & <<Filter>>

Show: All o
Name: Setting:
Architecture name in VHDL output netlist structure
Bring out device-wide set/reset signals as ports off
Disable detection of setup and hold time violations in the input registers of bi-directional pins Off
Do not write top level VHDL entity Off
Flatten buses into individual nodes off
Generate functional simulation netlist ‘OH '|

Generate third-party EDA tool command script for RTL functional simulation

o |

Generate third-party EDA tool command script for gate-level simulation

Maintain hierarchy Off

Truncate long hierarchy paths off

Description:

Generate Verilog/VHDL netlist for functional or timing simulation with EDA simulation tools. When this option is 'On', the EDA Reset
Netlist Writer does not generate a Standard Delay Format Output File (.sdo). If the device does not support timing simulation, then

only the functional-simulation netlist is available. Reset All

4. To setup the simulation executable path, click on Tools> Options> EDA Tool
Options and and set the Modelsim-Altera path to your installation directory.

5 Options
Category:
v General EDA Tool O ns
EDA Tool Options Specify the directory that contains the tool executable for each third-party EDA tool:
Fonts

EDA Tool

Headers & Footers Settings
v Internet Connectivity
Notifications
Libraries
Vv IP Settings
IP Catalog Search Locations
Design Templates
License Setup
Preferred Text Editor
Processing
Tooltip Settings
¥ Messages
Colors
Fonts

Directory Containing Tool Executable

Precision Synthesis

-

Synplify

-

Synplify Pro

-

Active-HDL

-

=

ModelSim

QuestaSim

=

ModelSim-Altera

\
\
\
\
Riviera-PRO ‘
|
|
‘C:\imelFFGA_liteU 8.0\modelsim_ase\win32aloem\

=

[] Use NativeLink with a Synplify/Synplify Pro node-locked license

OK ‘ | Cancel

Help
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5. After you have finished coding up your modules, double click on Analysis &
Synthesis under the Tasks pane. If you do not see Analysis & Synthesis, double
check that Flow is set to Compilation. This will compile and synthesize your
program(s). If there are no errors, you will see a pop-up saying the Analysis &
Compilation was successful. If not, it will tell you your errors in
the messages pane at the bottom of the screen. It is good habit to just review
your warnings (if any) to ensure you have no latches or other design hazards.

& Quartus Prime Lite Edition - C:/intelFPGA_lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg - fu] X
File Edit View Project Assignments Processing Tools Window Help earch altera.com Y
4 s hexTo7Seg JEse CrE RS QADE ®
Project Navigator = Files -ansx  Qhextorsegy @ tb_hexto75egv @ Compilation Report - hexTo7Seg © IP Catalog ae x|
" Files Table of Contents k] Flow Summary Q X|s
B hexTo7Segv E2 Flow Summary & <<Filter v & Installed IP
" th_hexTo7Segv &= Flow Settings Flow Status Successful - FriJul 27 16:50:22 2018 AV Project Directory
= Flow Non-Default Global € |Quartus Prime Version 18.0.0 Build 614 04/24/2018 SJ Lite Editic No Selection Avaitable
E= Flow Elapsed Time Revision Name hexTo7Seg v Library
&= Flow OS Summary Top-level Entity Name hexTo7Seg » Basic Functions
= FlowlLog Family Cyclone V > DSP
> W Analysis & Synthesis Device 5CSEMASF31C6 > Interface Protocols
© Flow Messages Timing Models Final > Memory Interfaces and Controllers
© Flow Suppressed Message |Logic utilization (in ALMs) N/A > Processors and Peripherals
Total registers 0 » University Program
Tasks Compilation >=q8x Total pins 1 ® Search for Partner IP
Total virtual pins 0
Task Time A ;
Total block memory bits 0
¥ P> Conipha Dazgn Total DSP Blocks 0
v > P> Analysis & Synthesis 00:00:17 Total HSSIRX PCSs [}
> P> Fitter (Place & Route) Total HSSI PMA RX Deserializers 0
> B A Total HSSI TX PCSs 0
> B Timing A Total HSSI PMA TX Serializers 0 18
> B EDA Netlist Writer vil< >|| < i i > + Add..
x . )
o lan| O] [&] 4] [A] [¥ <<Fite B8Find.. 88 Find Next

rvne ™ Maceana
© 12127 €Elaborating entity "hexTo7Seg" for the top level hierarchy
© 286030 Timing-Driven Synthesis is running
> @ 16010 Generating hard_block partition "hard_block:auto_generated_inst"
> @ 21057 Implemented 18 device resources after synthesis - the final resource count might be different
>0 Quartus Prime Analysis & Synthesis was successful. O errors, 1 warning

< >

Messages

System  Processing (12)

n O Type here to search

6. Once the Analysis & Synthesis is successful, you can do a RTL Simulation. Go
to Tools-->Run Simulation Tool-->RTL Simulation (this will launch ModelSim).

G Quartus Prime Lite Edition - C:/intelFPGA _lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg
File Edit View Project Assignments Processing Tools Window Help
Ors r hexTo7Seg - Run Simulation Tool b RTL Simulation

bt
Launch Simulation Library Compiler %>  Gate Level Simulation...

Project Navigator El Files

Launch Design Space Explorer Il

I~ Files
EB hexTo7Segv
B2 th_hexTo7Segv

Timing Analyzer @, <<Filter>>
Flow Status

©e® 0¢ -

Advisors 4

Quartus Prime Version
Chip Planner Revision Name
Design Partition Planner Top-level Entity Name
Netlist Viewers » | Family
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7. The Library you will be working in is called work. Do not bother creating
another library as it will cause complications when you try to simulate your
program again after closing ModelSim. Expanding the work library will show at
least one of the files in your project.

™M
Edit View Compile Simulat
| -3 E2&E X R D } ?A*!‘Yd*fﬂ Layout [Simulate - |
| cokmntayout A11Co1umns
v Name \|StatudType _|OrdeiModfied | v|Name [vaue [kind [Mode ] —
™ Start Simulation X
Design | VoL | Verlog | Lixaries | soF | others | PN
¥|name [rype  [path ﬂ
=) work Ubrary  rti_work
. JhexTo7seg Modde  C:fntelFPGA_ib
- rt_work Lbrary  C:fintelFPGA_it
a+- i 220model Ubrary  $MODEL_TECH/
3+l 220model_ver Ubrary  $MODEL_TECH/ .
HEaEeeeeeee e | Ubary  sM0DRLTEGH/ H4x
# Model Technology ModelSim - Intel FPGA Edition vlog 10.5b Compiler| |(z-fif alterainsm Ubrary  SMODEL_TECH/ B
# Start time: 17:15:11 on Jul 27,2018 3+ altera_insm_ver Ubrary  $MODEL_TECH/
# viog -reportprogress 300 -vlogOlcompat -work work “+incdir+C:/inte] |(afi] alteramf Lbrary  SMODEL TECH/ 1ab/hexTo7Seg.v
# - Compiling module hexTo7Seg - altera_mf_ver Ubrary  SMODEL TECH/ |
W “« »
# Top level modules: ! o
‘ hexTo7Seg Design Unit(s) Resolubon
# End time: 17:15:11 on Jul 27,2018, Elapsed time: 0 - — |
s Ecuia: o) Bacainiger-0 work.hexTo7Seg default W
g
# Load canceled ey
LOK | Concel
[Modeisen> v
<MNo Design Loaded> hexTo7Seg

n O Type here to search

8. Go to Compile-->Compile. Ensure that the Library is work and navigate to your
project directory. Select all Verilog HDL Files that pertain to your project. This
includes the testbench. Hit Compile and then Done.

™
File E Add Project Tooks Layout Bookmarks Window Help
ER= HEF|[ownus| RN dten B w-dEuuuAc YNl tat Al
J Layout |Simulate -
|| cotmtareut Detaure - | 33 R gl
[ Project 2] x| Ovgects
| Name AlstatdType [OrdeiModified | L |name. va
M Compile Source Files X
Library: [work -
Lookin: [ 3710ab 2 = s
* [J Name Date modified Type
) db 1212018 515PM  File folder
incremental_db 2772018 3:52PM  File folder
Vgl output files 212018 450PM  File folder
Deskiop simulation 7/27/2018 354 PM  Fil folder
ARheToTsegv T2 4I9PM  V File
m ARt hexToTseqv ZWNB44IPM  VFile
| Lbranes
f Transaript = .
# Errors: 0, Warnings: 0 ’
vlog -reportprogress 300 -work work C:/intelFPGA_lite/18.0/qua This PC
# Model Technology ModelSim - Intel FPGA Edition vlog 10.5b Cof ‘
# Start time: 17:21:07 on Jul 27,2018 -
# vlog -reportprogress 300 -work work C:/intelFPGA_lite/18.0/a{  Netwok
# -- Compiling module stimulus
H < >
# Top level modules:
L e Fie name: [t0_nexTo7seg v* hexTo7seg v =l Compie
# End time: 17:21:07 on Jul 27,2018, Elapsed time: 0:00:00 ——— Done
§ Errors: 0, Warnings: 0 Fies of type: [HDL Fles (v:-vi-vhe: vhd:-vho hdi-vo: w] ~_ Done |
Vst 7> I Compile selected fes logether  Detauk Opions.. Edil Source
Now: 1005 Delta: 0 sm: hexToTseg
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9. Ifyou look at the bottom in the Transcript pane, you will see that it did
compile and there were no errors. The work library should have all the files you
just compiled. If not, repeat the previous step. Since the testbench does the
signal generations and testing, double click on your testbench file.

M

File Edit Vie dd Project Tools Layout Bookmarks Window Help

|8-% @ HEF|[ownus| RN dten B w-dEuuuAc YNl tat Al
J Layout |Simulate - I

J ColumnLayout [A11Columms -l I DR gl

(55 Project (] x] | $ Objects

|7 ame A|StatudType |OrdefModified [

'™ Start Simulation
Design | oL | Veriog | Liraries | soF | others |
¥[Name Type  |Path
=i work Ubrary  ri_work
(] hexToTseg Modde  C:fintelFPGA it
1] stimeius Modde  C:finteFPGA it
-l rt_work Library  C:fintelFPGA_lit
- 220model Lbrary  $MODEL_TECH/|
-l 220model_ver Library $MODEL_TECH/|
u | . altera Library $MODEL_TECH/|
=z — |l - E + & x
F.‘.t.. LI— — -} altera_insim Library $MODEL_TECH/| ——j
# Erzors: 0, Warnings: 0 o i} altera_nsim_ver Lbrary  $MODEL_TECH/
vlog -reportprogress 300 -work work C:/intelFPGA_lite/18.0 |l altera_mf Lbrary __ $MODEL TECH/| |
# Model Technology ModelSim - Intel FEGA Edition vieg 10.4 (] 5
# Start time: 17:21:43 on Jul 27,2018 o
# vlog -reportprogress 300 -work work C:/intelFPGA_lite/l{ - Design Unit(s) Resokution
# -- Compiling module stimulus
H default ]
# Top level modules:
# stimilus -
# End time: 17:21:43 on Jul 27,2018, Elapsed time: 0:00:0 O | Cancel
# Errors: 0, Warnings: 0
[VSIM 9> -

INow: 100 ps Deita: 0 work

n o Type here to search

10. Click Simulate> Start simulation . Under work select the module to be

simulated and click ok.

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b - x
File Edit View Compile Simulate Add Structure Tools Layout Bookmarks Window Help
[B-F@-& iR 0-MEF|[ [0 whus||d2HAN|| sitew ¥ weiUUDEC WY tATIL-AL

J Layout |Simulate -
J Colmniayout [A11Columns

¥|Instance |besign unit | Design unit type  [Top Category
4+ desoc hexToSeg  Modue
L@ smmas13 stmuus  Process
L@ #INMIAL#3s stmuus  Process
| #vsim_capacity# Capacity
[ES Project ~ | & sim
A Transcript

# Top level modules:
# stimulus

# End time: 17:21:43 on Jul 27,2018, Elapsed time: 0:00:00
# Errors: 0, Warnings: 0

VSM 9> vsim —gui -1 msim_transcript work.stimulus

# End time: 0 1 2 Elapsed time: 0:03:08
# Errors: 0, nin
# vsim -gui -1 msim

nscript work.stimulus
# Start time
# Loading w
# Loading w

VSIM 10> ﬂ

INow: 0ps Delta: 0 sm: fstimulus

O Type here to search
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1. The next step is to add signals to the wave and show the wave if it is not
already present. On the left, in the sim pane, right click on the testbench file
which should be the top most file. Go to Add->To Wave->All signals in region.

'™ ModelSim - INTEL FPGA STARTER EDITION 10.5b

- a x
File Edit View Compile Simulate Add Objects Tools Layout Bookmarks Window Help
B-es@ S i@ 22 0-AFW f&“:";fg| 1 uuomﬂf‘ @'!"‘ﬂﬁ‘ Bt (GF] oopsH{ELENGPE G | B TS
tatit-as | Layout |Simulate hal
1y 1y B
cotmlayeut (e aulc o| B2 [x ]I B|| L LT T LT3 ETTY.
EET YN
ﬂ,m.mﬁm . + & % ﬁm +| ) x| Ec:,’nteFDGA_ite;‘1s.mumsf3710_\mfm_wna75eg.v (fstimuius) - Default - H A x|
|instance Desgnunit_[Desig | ¥|Name vaue |Kind |Mo{1¢ Bliow #» | Lnz T B o 3 »
=l stmuus ‘stimulus Modu 000 Pack... Inteenal 2 AEl zodule stiml ~
=+ delsoc hexTo7Seg  Modu wo... Net  Inby d -
& TALWAYSZ hexTo7Seg  Proce
1 1 stimulus Proce
@ #INITIAL=235 stmdus  Proce Add Wave cul+w ~
|& #vsm_capacity# Capa: Add Wave New E
re e g hex
Add Dataflow cri+D \seven_seg_out (z
Add to L ):
v initia
Copy crl+c
Find... Cul+F
— #20
' #20
Toggle Coverage » 420
Madfy O
Radix... 420
el | | Show v| o 5
B Project ) & sm PP T
R Transaript s + & x
FTOp Tever moauTesT B
|u hexToTSeg =
Now:0ps Delta: 0 s fstmuius

O Type here to search

12. In the Wave pane, you will see all the signals declared and used in the
testbench.

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b

- o X

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

B30 -8 1@ O-RET| xOK a4 || SPERH || i tes F onlEBHC | e

tat t-as | vt [ssmatace -l
1L AW

Layoct [Dezaue L IO E T e T AL A ~ g, =

Qe an
.ﬁslm-Danl( i # ) x| | Gubjects = 4 of x| gl Wave - Defauit + & x
“lrsuwce cesgn o _|oeon | v ie @7 [ Y N B
=i stmuus ‘stimulus Madu

hexToSeg  Modu

hexTo?Seg  Proce

3 stmulus Proce
o #INITIAL#35 stmulus Proce
E #vsim_capacity # Capa:

Now Ops

|__oos | I
el | | L I3 Y [T o] |
! Project » | & sm |, ~ E th_hexToTSeg.v | pg Wave <]
JA Transaipt + & x
|.( 5 =
VSIM 12> =
Now: 0ps Delta: 0 Jstimulusz

O Type here to search
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Note - When dealing with signals that are many bits, it is easier to see its value as
an unsigned integer/Hex rather than binary. To make this conversion, right click
on the signal you want, go to Radix and choose the format you want.

13. You are now ready to simulate your program. The icons boxed in the below
screenshot are used to run the testbench. The first icon is Restart which will
reset the simulation as if you never ran it. This is helpful to rerun the
simulation without recompiling everything. The Run Length allows you to
enter a specific amount of time you want the program to run for. It defaults to
pico-seconds, but nano-seconds is the best time to use. The icon Run right
after the Run Length is to run your program for the amount of time specified in
the Run Length. If you set Run Length to be 10 ns, each time you press Run, the
program will continue for 10 ns. Continue Run will run the program until it
terminates. The same is true for Run -All. All the programs in this class will
terminate in less than one second. If you find yourself waiting for longer than a
few seconds until the program terminates, hit the Stop button and recheck
your logic. you will see the following screen once your program terminates. It
shows you where the program terminated. To go back to the Wave, click on
the Wave tab.

M ModelSim - INTEL FPGA STARTER EDITION 10.5b -
File Edit View Compile Simulate Add Structure Tgols Layout Bookmarks Window Help

@& IRBO2 | 0-RER| XX gl a][8aasan
tatit-ar] Umimro.

FHIERC N BT FErr ey

Layout [Simulate - |

& sim - Defauit e -+ ol x| | Objects
¥ Instance Design unit _|Desig | ¥|Name
,
+- & delsoc hexTo7Seg  Modu
- #INITIAL#13 stimulus Proce
o #INITIAL=35 stimulus Proce

| #vsim_capacity# Capa:
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14. Once you click Run, you should see something like this on your Wave with
values propagated and reflected on all the intended signals in the wave.

™ ModelSim - INTEL FPGA STARTER EDITION 10.5b - o x
File Edit View Compile Simulste Add Wave Tools Layout Bookmarks Window Help

H-FE-S IRBO2 (O-HEM|| XX oA ARASID| [ SVHAN|| Bte= T o UDBHEC DD
tat t.an | Ty | 36~ 4€ - B | semon -l g g,g'g-j?,,_}_j:;‘nm:smlm v

ﬁs"“ Default + & x| |§a Objects 2 + & x| yu| Wave - Defauit + & x|
“Trsumce cesg.|oess WIS i pe o) _-:':__l
= .l“"": *1"""‘ s ""’“Dd o 0011 —Pack... 1nn.a| o fsims/x 0011

& 1s6c hexTo7Seg  Modu 1111... Net ten , 111001

i | I

E Cursor 1 | 66374ps
| | | I [T T | ] O] |
B Project ) & sm <, Eb_}umsw v |l wave e
A Transaript + & x
a

VSIM 17> LJ
Now: 340ns Delta: 1 Jstimulus 0ps to 151048 ps

n O Type here to search

15. If you expand or scroll through the Transcript pane, you will see the output of

any sdisplay statements you have in your code.

1Tr.

VSIM 13> TUn —conoiiuc
VSIM 14> run -all
x=1,z=0110000
¥=2,2=1101101
Xx=3,z=1111001
¥x=4,z=0110011
Xx=5,z=1011011
X=6,z=1011111
x=7,z=1110000
v—?,:—lllllll
X =1111011
V=a, —lllulll
x=b,z=0011111
¥x=c,z=1001110
x=d,z=0111101
Xx=e,z=1001111
x=£f,z=1000111

e e e e B e e e il e i e Bl e e
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Section 5 - Pin assignment and Constraint generation
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[N R T A0 A I )
7-Segment Display x6

&
|

WV HEXO[0]

A A HEXO[]

\ 4 HEXO[2]
HEXO[3]

A A HEXOM4]
Yy HEXO[5]

\ A HEXO[6]

<

= D
=

A

/N

Cyclone@V
SoC’

®

Computer Design Lab - 3710



In this section, you will make pin assignments for all the signals from the design
which interact with outer world. Before making pin assignments, perform the
following steps:

1. Choose Processing > Start > Start Analysis & Elaboration in preparation for
assigning pin locations. Click OK in the message window that appears after
analysis and elaboration completes.

@ Quartus Prime Lite Edition - C:/intelFPGA lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg - X
Eile Edit View Project Assignments Processing Tools Window Help carchalteracom  |@
N [ alie) hexTo7Seg @ Stop Processing cutsshiftec |
Project Navigator = B Start Compilation i+t tvenmsegv @ Compilation Report - hexTo7Seg 1P Catalog wex
™ Files "' Analyze Current Eile 2l - - xS
P hexTo7Segv Start ¥ *a StartHierarchy Elaboration A v @ installed IP
P th_hexTo7Segv Update Memory Initialization File ‘& Start Analysis & Elaboration Vv Project Directory
@ Compilation Report curl+R #. Start Analysis & Synthesis cul+k L_b;i clectonAvsihie
< > = v Library
amic Synthesis Report i M
@ Dyn: yn! P " Siar\PVamuon lerge 3 Fione
Power Analyzer Tool W StartFitter > DSP
# SSN Analyzer Tool ¥ Start Assembler Interface Protocols
Start Timing Analyzer Cul+ShiftsT
Receive Compilation Status Notifications ° AN Memory interfaces and Controllers
S 3 DIONT T - % Start EDA Netlist Writer > Processors and Peripherals
gg 3¢ Seg_OUT = '&§ Start Design Assistant > University Program
Tasks Compilation ~=we=x| 28 |seven_seg_out = * StartPowerAnalyzer Curl+Shift+P ® Search for Partner IP
I Tak Time A = 4'b101l : B Start SSN Analyzer
v B Compile Design ;% . Start Rapid Recompile
. » A Synthesis 00:00:17 ;i ¥ StartSignal Probe Compilation Curl+shifts!
v P Fitter (Place & Route) 00,01:11 3s B9 Start1/Q Assignment Analysis
2:Assamble gg 3 , "% Start Check & Save All Netlist Changes.
v > B> Timing Analysis 00:00:08 2 P
BADSYE 38 |[seven_seg_out = Start Equation Writer (Post-synthesis) B4
P EDA Netlist Writer vil< N > + Add,
Start Equation Writer (Post-fitting)
v P
o llAll [0 &l W A [v <<rie ®8Find.. 8FindNext  StartTestBench Template Writer
o % Start EDA Synthesis
T rvne ™ Maccane ~

© 332140No Removal paths to report
© 332140No Minimum Pulse Width paths to report

© 332102Design is not fully constrained for setup requirements

© 332102 Design is not fully constrained for hold requirements

° Quartus Prime Timing Analyzer was successful. 0 errors, 6 warnings

< >

lessages

5 System(2)  Processing (61)
Analyzes and elaborates all files in the hierarchy of the current top-level entity 00:00:08

O Type here to search

2. To make pin assignments that correlate to the hex_input[3:0] input pins
and seven_seg_out[6:0] output pins, perform the following steps: Choose
Assignments > Pin Planner, which opens the Pin Planner, a spreadsheet-like
table of specific pin assignments. The Pin Planner shows the designs pins.

€ Pin Planner - CintelFPGA lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg - X
Eile Edit View Processing Tools Window Help carch alteracom  |@
o |Report asx Top View - Wire Bond Pin Legend wsx
§| Reportnatavailable Cyclone ¥ - SCSEMASFI1C6 Symbol_ PinType =
o ... User /O
N sbhbEn X u
. Ielapaeaen .
1 < VeoneVao: User assi...
[ ] Fitter assi...
Unbonde. .
2 [ ] Reserved ..
"ﬂ; E DEV_OE
. o DIFF_n
* Groups  Report 8 DIFF_p
| Tasks wa | [ DIFF_na
@| ¥ Early Pin Planning A (o DIFF_pa..
:! B Early Pin Planning ) pa
P> Run /O Assignm 5 Das
e -: l::pc;rt Pin Assign & pase
™ in Finder... v © Hard
Pro..
2 L 1 K n ~
5 |Named]* ~|o» Edit Filter:Pinsiall E
e Node Name Direction  Location /O Bank /REF Groug 'O Standan Reserved tentStren SlewRate fferential P, walog Sett 3/VCCT_GX 7 1/0 Pin Tr -ated Refcll nmonMod er Slew Ral fferential € 1 Commy
& hex_input[3] Input 2.5V...aul) 12mA...ult)
& hex_input2] Input 2.5V...ault) 12mA...ult)
& hex_input(1] Input 2.5V...aul) 12mA..ult)
= hex_input[0] Input 2.5V, ault) 12mA..uli)
% seven_seg_out{5] Output 2.5 V_ault) 12mA_ult) 1 (default)
% seven_seg out{5] Output 2.5V...ault) 12mA._ult) 1 (default)
4 seven_seg_out]4] Output 2.5 V...aul) 12ma..ult) 1 (defaulr)
& seven_seg_out[3] Output 2.5 V...ault) 12mA..ult) 1 (default)
% seven_seg_owtf2] Output 2.5V...ault) 12mA...ult) 1 (default)
% seven_seg out[1] Output 2.5V...ault) 12mA..ult) 1 (default)
% seven_seg_outf0] Output 2.5 V..auli) 12mA...ul) 1 (defautt]
4 |<<new node=>
£
=
2l< >

0% 00:00:00
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3. In the Location column next to each of the node names, add the
coordinates(pin numbers) as shown from the tables below for the actual
values to use with your DE1-SoC board(check manual for any particular pins

you are looking for based on your design usage). Double-click in the

Location column for any of the pins to open a drop-down list and type the

location shown in the table alternatively, you can select the pin from a
drop-down list. For example, if you type AF10 and press the Enter key, the
Quartus II software fills in the full PIN_AF10 location name for you. 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.

& Pin Planner - C/intelFPGA lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seq
File Edit View Processing Tools Window Help

o Report 28«
§| Reportnotavallabl

Q

-

O H

Groups  Report
a8

<|E

¥ Early Pin Planning A

Fedms uXDIY

W Early Pin Planning
P Run 1/O Assignm
W Export Pin Assign

&
" W Pin Finder. v
< >
5 Named:* “| s Edit:
¢ Node Name Direction  Location  1/O Bank /REF Grouy
& hex_input(3] Input PIN_AF10 3A B3A_NO
& hex_input{2] Input PIN_AFO  3A B3A_NO
& hex_inputl1] Input PIN_AC12 3A B3A_NO
& hex_input{0] Input PIN_ABIZ 3A B3A_NO
% seven_seg outl5] Output  PIN_AH28 5A B3A_NO
% seven_seg out[5] Output  PIN_AG28 5A B3A_NO
% seven_seg_out{d] Output  PIN_AF28 5A BSA_NO
% seven_seg owtf3] Output  PIN_AG27 5A BSA_NO
® seven_seg out[2] Output  PIN_AE28 5A BSA_NO
@ seven_seg_out1] Output  PIN_AE27 5A B3A_NO
% seven_seg outl0] Output  PIN_AE26 5A B3A_NO

<<newnode>>

All Pins.

<

H O Type here to search

1/0 Standard
2.5V (default)
2.5V (default)
2.5V (default)
2.5V (default)
2.3V (default)
2.5V (default)
2.5V (default)
2.5V (default)
2.5V (default)
2.5V (default)
2.3V (default)

Top View - Wire Bond
Cyclone V - SCSEMASF31C6

o X

arch altera.com °
e s
Symbol Pin Type o

User /0

User assi..

Fitter assi.

Unbonde.

Reserved

DEV_OE

DIFF_n

DIFF p

DIFF_no.

DIFF_po..

na

Das

Dase

Hard pro...

ik
Filter: Pins: all

55:n0000

@000

Reserved urrent Strengtl SlewRate ferential P. wnalog Sett 3/VCCT_Gx 11/0 Pin Te sated Refcll amon Mod e Slew Rat fferential C

12mA (default)
12mA (default)
12mA (default)
12mA (defautt)
12mA (default) 1 (default)
12mA (default) 1 (defaut)
12mA (default) 1 (default)
12mA (default) 1 (default)
12mA (default) 1 (defauty)
12mA (default) 1 (default)
12mA (default) 1 (default)

Signal Name FPGA Pin No. Description I/O Standard
HEXO0[0] PIN_AE26 Seven Segment Digit 0[0] 3.3V
HEXO0[1] PIN_AE27 |Seven Segment Digit 0[1] 3.3V
HEXO0[2] PIN_AE28 Seven Segment Digit 0[2] 3.3V
HEXO0[3] PIN_AG27 Seven Segment Digit 0[3] 3.3V
HEXO0[4] PIN_AF28 Seven Segment Digit 0[4] 3.3V
HEXO0[5] PIN_AG28 Seven Segment Digit 0[5] 3.3V
HEXO0[6] PIN_AH28 Seven Segment Digit 0[6] 3.3V

Signal Name FPGA Pin No. Description I/O Standard
SW[0] PIN_AB12 Slide Switch[0] 3.3v

SW[1] PIN_AC12 Slide Switch[1] 3.3V

swi2] PIN_AF9 Slide Switch[2] 3.3V

SW[3] PIN_AF10 Slide Switch[3] 3.3V

SW[4] PIN_AD11 Slide Switch[4] 3.3V

SW[5] PIN_AD12 Slide Switch[5] 3.3V

SW[6] PIN_AE11 Slide Switch[6] 3.3V

SWI7] PIN_AC9 Slide Switch[7] 3.3V

swig] PIN_AD10 Slide Switch[8] 3.3V

SW[9] PIN_AE12 Slide Switch[9] 3.3V
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4. The design.gsf file should reflect these pin assignments once you have set
them on pin planner.

set_location_assignment PIN_AFg -to hex_input[2]
set_location_assignment PIN_AC12 -to hex_input[i]
set_location_assignment PIN_ABi12 -to hex_input[o]
set_location_assignment PIN_AF1o0 -to hex_input[3]
set_location_assignment PIN_AE26 -to seven_seg_out[o]
set_location_assignment PIN_AE27 -to seven_seg_out/[1]
set_location_assignment PIN_AE28 -to seven_seg_out[2]
set_location_assignment PIN_AGz27 -to seven_seg_out[3]
set_location_assignment PIN_AF28 -to seven_seg_out[4]
set_location_assignment PIN_AG28 -to seven_seg_out[s]

set_location_assignment PIN_AH28 -to seven_seg_out[6]

5. Timing settings are critically important for a successful design. For this
tutorial you will create a basic Synopsys Design Constraints File (.sdc) that
the Quartus Il TimeQuest Timing Analyzer uses during design compilation.
For more complex designs and requirements, you will need to create your
.sdc files by considering the timing requirements more carefully.

To create an SDC, perform the following steps:

a. Open the TimeQuest Timing Analyzer by choosing Tools >
TimeQuest Timing Analyzer.

b. Choose File > New SDC file. The SDC editor opens in the quartus
software with a file extension as .sdc.

c. Type in your timing constraints(clock/pll) into the file and save it as
top-level file(hexTo7Seg.sdc in this case). Since the current design
doesn’t have a clock, we will ignore the constraints. Refer the DE1-
Soc manual for creating a PLL/clock as it is explained in detail.

d. Naming the SDC with the same name as the top-level file except for
the .sdc extension causes the Quartus II software to using this timing
analysis file automatically by default. If you used another name, you
would need to add the SDC to the assignments file list.
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Section 6 - Synthesize, Implement, Generate, and Program
for DE1-Soc board

After creating your design you must compile it to convert 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 you use to program the device.
The software also generates other report files that provide information about your
code as it compiles. 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 II project and entered all
assignments, you can compile the design.

1. In the Processing menu, choose Start Compilation or click the Play button
on the toolbar. When compilation is complete, the Quartus II software
displays a message. Click OK to close the message box.

The Quartus Il 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.

G Quartus Prime Lite Edition - C:/intelFPGA lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg - X
Eile Edit View Project Assignments Processing Tools Window Help halt ®
% g 0 - hexTo7Seg JESE TrE RS QADE ®
Project Navigator = Files ~aasx Qhextorsegy ! @ tb_hexTo75egv @ Compilation Report - hexTo7Seg & iP catalog aa x|
B hexTo7Segv E2 Flow Summary & <<Filter>> v & Installed IP
™ tb_hexTo7Segv == Flow Settings Flow Status Successful - Fri Jul 27 18:23:302 A ¥ Pwpm Directory
&= Flow Non-Default Global Settings | Quartus Prime Version 18.0.0 Build 614 04/24/2018 5J selection Available
= Flow Elapsed Time Revision Name hexTo7Seg NG llhﬂ'y
= Flow OS Summary Top-level Entity Name hexTo7Seg > Basic Functions
= FlowLog Family Cyclone V > bsp
> B Analysis & Synthesis Device 5CSEMASF31C6 > Interface Protocols
> = Fitter Timing Models Final > Memory Interfaces and Controllers
> W Assembler Logic utilization (in ALMs) 4/32070(<1%) > Processors and Peripherals
| = Timing Analyzer Total registers o > University Program
Fatks Compilation =38 x||> ™ EDA Netlist Writer Total pins 111457 (2%) © Search for Partner IP
Task Tine. & : Flow Messages Total virtual pins ) 0
| Flow Suppressed Messages Total block memory bits 0/4,065,280(0%)
v > P Fitter (Place & Route) 00:00:48 Total DSP Blocks 0/87(0%)
v > P Assembler (Generate programming files) 00:00:10 Total HSSI RX PCSs 0
v > P Timing Analysis 00:00:08 Total HSSI PMA RX Deserializers 0
v > P> EDA Netlist Writer 00:00:03 Total HSSI TX PCSs (4]
W Edit Settings Total HSSI PMA TX Serializers 0 8
& Program Device (Open Programmer) vl < > < i Rt > + Add...
x| ) )
: Al (0] [A] [&] [A] |¥ <<Filter>> 88 Find.. 88 Find Next

rvne ™ Maceana
o Command: quartus_eda --read_settings_files=off --write_settings_files=off hexTo7Seg -c hexTo7Seg
4 18236 Number of processors has not been specified which may cause overloading on shared machines. Set the global assignment NUM_PARALLEL_PROCESSORS 1|
o 204019 Generated file hexTo7Seg.vo in folder "C:/intelFPGA_lite/18.0/quartus/3710_lab/simulation/modelsim/" for EDA simulation tool

> Quartus Prime EDA Netlist Writer was successful. 0 errors, 1 warning

o 293000 Quartus Prime Full Compilation was successful. O errors, 14 warnings

~

v

"
1
#l< >
H

H

3

System(2)  Processing (131)

H O Type here to search

100% 00:01:27
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2. After compiling and verifying your design you are ready to program the
FPGA on the development board. You download the SOF you just created
into the FPGA using the USB-Blasterll circuitry on the board. Set up your
hardware for programming using the following steps:

a. Connect the power supply cable to your board and to a power outlet.

b. For the DE1-SoC board, connect the USB-BlasterlII (included in your
development kit) to pin J13 and the USB cable to the USB-BlasterlII.
Connect the other end of the USB cable to the host computer. (Refer
to the getting started user guide for detailed instructions on how to
connect the cables in case you are getting confused)

c. Turn the DE1-SoC board on using the on/off switch.

3. Program the FPGA using the following steps.

a. Choose Tools > Programmer. Once the Programmer window opens,
click Hardware Setup. If it is not already turned on, turn on the DE1-
SoC [USB-1] option under currently selected hardware.

b. Make sure the Mode is set to JTAG.

c. Click Auto Detect to detect all the devices on the JTAG chain.
Select the device as 5CSEMAs5 which reflects the device ID for DE1-
SoC cyclone 5 board. Click OK after the selection.

> .

& Hardware Setup... |DE-SoC [USB-1] | Mode: JTAG - Progress: (Failed)

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

ey File Device Checksum Usercade Program/ Verify Blank- Examine Security Erase IsP
Configure Check Bit cLamp

“Stop | <none> SOCVHPS 00000000 <none>
) Auto Dete
Delete & select Device X

= E
Add File. Found devices with shared JTAG ID for device 2. Please select your device.

Change Fil
e () 5CSEBAS

% Save File (®) 5CSEMAS

Add Devic: () 5CSTFDSD5

“up () 5CSXFCSCE

() 5C5XFCS5D6
“Down

OK

n O Type here to search
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4. Both HPS and FPGA will be listed on the programmer window. Select FPGA

device and click Change File to program the FPGA with the relevant .sof
file(hexTo7Seg.sof in this case).

L 4

& Hardware Setup... |DE-SoC [USB-1]

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

File

- Device
Stop | | |<none> SOCVHPS
<none> 5CSEMAS
}Auto Dete
X Delete
" Add File.
Change Fil

Add Devic-

*Up

n O Type here to search

5.
bar reflects success a

L
Mode: ITAG *  Progress: (Failed)
Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP
Configure Check Bit cLAMp

anonooon <nonex
@ Select New Programming File X |

Lookin: C\intelFPGA li..ab\output files + @ © © () =

™ My Computer hexTo7Seg.sof :

R vikas
Filename:  hexTo7Seg.sof Open
Files of type: Programming Files (*sof *.pof *jam *jbc *ekp *jic) ©  Cancel

nd not failure.

@ Programmer - C:/intelFPGA_lite/18.0/quartus/3710_lab/hexTo7Seg - hexTo7Seg - [hexTo7Seg.cdf]*

Eile Edit View Processing Tools Window Help

4 Hardware Setup.. [IESAUER]

Mode: ITAG
[] Enable real-time ISP to allow background programming when available

[ File Device Checksum Usercode Program/ Verify Blank-
L Configure Check

Stop <none> SOCVHPS 00000000 <none>
output_files/hexTo7Seg.sof 5CSEMASF31 O0AF7EDS O00AF7EDS &

JAuto Dete

X Delete
* Add File.
Change Fil

ave File
Add Devic:
1*up

click Start to program the .sof file into FPGA and make sure the progress

oo g X
°
v Progress: | 100% (Successful)l|
Examine Security Erase Isp
Bit CLAMP
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6. When you verify the design in hardware, observe the runtime behavior of
the FPGA hardware and ensure that it is functioning appropriately.

“Congratulations, you have created, compiled, and programmed

your first FPGA design! The compiled SRAM Object File (.sof) is

loaded onto the FPGA on the development board and the design
should be running.”

References and miscellaneous links -

DE1-SoC for 3710 overview: http://www.terasic.com.tw/SocDE1

Altera Quartus Lite software: http://dl.altera.com/18.0/?edition=lite

User manual/datasheets/demonstrations/sample codes: Click the link below
http://download.terasic.com/downloads/cd-rom/dei-soc/ and download the latest system
build (DE1-SoC_v.5.1.1_HWrevF_SystemCD.zip) with Quartus 16.0(>) support.

For enabling inbuilt Linux Subsytem in windows please follow the instructions mentioned
in the article, it works like a charm: https://www.windowscentral.com/how-install-bash-

shell-command-line-windows-10
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