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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 DE10o-Lite 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, entering design using HDL, compiling your
design, and downloading it into the FPGA on your DE1o-Lite development board.

Terasic DE1o-Lite is a cost-effective Altera MAX 10 based FPGA board. The board
utilizes the maximum capacity MAX 10 FPGA, which has around 50K logic
elements(LEs) and on-die analog-to-digital converter (ADC). It features on-board
USB-Blaster, SDRAM, accelerometer, VGA output, 2x20 GPIO expansion connector,
and an Arduino UNO R3 expansion connector in a compact size. The kit provides the
perfect system-level prototyping solution for industrial, automotive, consumer, and
many other market applications.
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Figure 1-1 Design Flow
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Board Overview -

o Go over the chapters 1 and 2 in DE10o-user manual to understand the board
components and the control panel setup.
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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 18.1
release are selected. Also, check the appropriate OS box(Windows/Linux). Use any
download method (Direct Download works faster) and make sure to download only
the individual files marked in the next bullet. Create a basic account on Intel using
UnlID if prompted -> http://fpgasoftware.intel.com/18.1/quartus _lite

Download Center for FPGAs

Quartus Prime Lite Edition
Release date: September, 2018 Intel’ Quartus' Prime

7 = Latest Release:v18.1 Design Software

Programming Software Select edition:

Drivers Select release:
Operating Systemo'?‘ﬁfWindows‘-' {‘_\ Linux

Download Method 6 (UAkamai DLM3 Download Manager o '®Direct Download

2. Navigate to the Individual files tab and download the Quartus prime lite edition,
ModelSim FPGA edition, along with MAX 10 FPGA device support.

Combined Files | Individual Files | Additional Software

Download and install instructions: ~ More
Read Intel FPGA Software v18.1 Installation FAQ
Quick Start Guide

W select All
[¥lQuartus Prime Lite Edition (Free)

[vlQuartus Prime (includes Nios Il EDS)
Size: 1.7 GB MD5: FOD752D67B18C89FBCO043CEEG76896D

ModelSim-Intel FPGA Edition (includes Starter Edition)
Size: 1.1 GB MD5: 7FDBE5899A9929AEDD517F410079AA35
M Devices
You must install device support for at least one device family to use the Quartus Prime software

[JArria Il device support
Size: 400.6 MB MD5: DB7CA20C01596BC8C7BCES4253D956B7

[Icyclone IV device support
Size: 466.6 MB MD5: 9E32B85F83A440604154BD729B143D5C

[Icyclone 10 LP device support
Size: 266.1 MB MD5: 72AAE619D358FF6BBE42849B3BFCFADD

[Jcyclone V device support
Size: 1.1 GB MD5: 75F5029A9058F64F969496B016EE19D4

[JMAX Il, MAX V device support
Size: 11.4 MB MD5: ED990775F76C35D308877F27A30B7555

MAX 10 FPGA device support
Size: 330.0 MB MD5: E87E56DAB144529EFC515C2452F1B1FE

4 4

Download Selected Files
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http://fpgasoftware.intel.com/18.1/?edition=lite&platform=windows&download_manager=direct

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).

Open
- DE10_Lite % Run as administrator
[ ] Name Date modifie © Import to Grammarly
Troubleshoot compatibility
" max10-18.1.0.625.qdz 12/5/2018 9: bin to Start B
[v] % QuartusLiteSetup-18.1.0.625-windows.exe 12/5/2018 1 7-Zip > B
%% ModelSimSetup-18.0.0.614-windows.exe 12/6/2018 2 CRC SHA > B
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 MAX 10 device support) for installation. And Press Next
and let the installation complete
(OB Installing Quartus Prime Lite Edition (Free) 18.1.0.625 — | e
Select Components intel')

Select the components you want to install

=] Quartus Prime Lite Edition (Free) Installs MAX 10 FPGA device support.
Quartus Prime (incdudes Nios II EDS) (7100MB)
= Devices
MAX 10 FPGA (341.5MB)

5. The setup should also install ModelSim FPGA edition along with QuartusLite
Software(If not, you can install it separately). After the 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.

(OB Installing Quartus Prime Lite Edition (Free) 18.1.0.625 — O X

Quartus Prime Lite Edition (Free) 18.1.0.625 Installation Complete

= )
( n tel Setup has finished installing Quartus Prime Lite Edition (Free) 18.1.0.625.
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 project. A project is a set of files that
maintain information about your FPGA design. The Quartus Settings File (.gsf) and
Quartus Project File (.gpf) files are the primary files in a Quartus project. To compile
a design or make pin assignments, you must first create a project.

1. Launch the Quartus 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

=3

=

New... Ctrl+N ] S EEN TrYES ©AVE
Open... Ctrl+0 .\ Hierarchy vlama x
Close Ctrl+F4

New Project Wizard...

Open Project... Ctrl+J

Save Project

Close Project

Save Ctrl+S
Save As...
Save All Ctrl+Shift+s

File Pronerties. .

2. 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 project files for this design.

For example, C:\intelFPGA_lite\18.1\quartus\3700_lab\

File names, project names, and directories in the Quartus 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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(& New Project Wizard X

Directory, Name, Top-Level Entity

What is the working directory for this project?

C\intelFPGA _lite\18.1\3700 _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?Seg1 |

Use Existing Project Settings...

3. Select the Empty project template and click Next:

(R 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.

(O Projecttemplate

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 Finish 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 device target as mentioned below (Device —
10M50DAF484C7G). 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
Family: MAX 10 (DA/DF/DC/SA/SC) - Package: Any .
Device: MAX 10 DA © 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 LEs Total 1/Os GPIOs Memory Bits Embedded multiplier 9-bit elements PLLs 2
TOM50DAF484C6GES 1.2V 49760 360 1677312
__I
TOM50DAF484C8G 1.2V 49760 360 360 1677312 288
10M50DAF484C8GES 1.2V 49760 360 360 1677312 288 4 2y
< >

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> ~|<None> = Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ~ Verilog HDL ~ [] Run gate-level simulation automatically after compilation
Board-Level Timing <None> <

Symbol <None> v

Signal Integrity <None> =

Boundary Scan <None> <
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6. Review the new project summary page and make sure all the specifics that you

entered are reflected.

Summary

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

Project directory:
Project name:
Top-level design entity:
Number of files added:
Number of user libraries added:
Device assighnments:
Design template:
Family name:
Device:
Board:
EDA tools:
Design entry/synthesis:
Simulation:
Timing analysis:
Operating conditions:
Core voltage:

Junction temperature range:

C\intelFPGA_lite\18.1\3700_lab
hexTo7S5eg

hexTo7S5eg

0

0

nfa
MAX 10 (DA/DF/DC/SA/SC)
TO0M50DAF484C7G

nfa

<None> (<None>)
ModelSim-Altera (Verilog HDL)
]

1.2V
0-85°C

7. Quartus Lite Project navigator will now reflect the instance as your top level

design entity under the device name.

O Quartus Prime Lite Edition - C:/intelFPGA_lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg

File Edit View Project Assignments Processing Tools Window Help

Dfs ||+ D07 C| |hexTo7Seg /&S TrE RS 04N

Project Navigator, « Hierarchy Qe x

Entity:Instance

= MAX 10: TOM50DAF484C7G
* hexTo75eg ™®

DIGITAL SYSTEM DESIGN



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.

Q) Quartus Prime Lite Edition - C/intelFPGA _lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg

File Edit View Project Assignments Processing Tools Window Help

‘Dra/#00|" | |nextorses Josse orrne @AVE @

Project Navigatoﬁ « Hierarchy v‘Q RE =

Entity:Instance
# MAX 10: 1T0M50DAF484C7G
» hexTo7Seg ™

° New

New Quartus Prime Project
v Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
Task 2 Verilog HDL File
v P Compile Design VHDL File
> B> Analysis & Synthesis v Memory Files
. Hexadecimal (Intel-Format) File
» B> Fitter (Place & Route) Memory Initialization File

Tasks ‘Compilation MEIET-E

> P> Assembler (Generate programnm
> B Timing Analysis OK | ‘ Cancel ‘ | Help
> P> EDA Netlist Writer .,

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

(G Quartus Prime Lite Edition - C:/intelFPGA lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg

File Edit View Project Assignments Processing Tools Window Help

[ New.. Ctri+N Hrsssr orvus @admie
= Open.. Crl+0 @ hexTo7Segv [x]
Close Ctri+F4 e nEm 0w B WS
5 a 1 @module hexTo7Se
New Project Wizard... 2 input [3:0?éex_input, )
% Open Project... Ctrl+J 3 { gqtput reg [6:0]seven_seg_out
Save Project 5 a'|way§ @*
Close Project 6 Bcase (hex_input) 3
= 7 |4'bo000 : //Hexadecimal 0
H save Ctrl+s 8 |//seven_seg_out = 7'b0111111;
- 9 |seven_seg_out = 7'b1000000;
Save As... Q 4'b0001 : //Hexadecimal 1
. 1 //seven_seg_out = 7'b0000110 ;
@ saveAl Curlshifts 2 |seven_seg_out = 7'b1111001 ;
" . 3 4'b0010 : // Hexadecimal 2
(2 (FRepari=s 4 //seven_seg_out = 7'b1011011 ;
5 |seven_seg_out = 7'b0100100 ;
» 1
Create /Update 6 |[4'b0011 : // Hexadecimal 3
Export... 7 |//seven_seg_out = 7'bl001111 ;
Convert Programming Files... g ‘sﬁggr{age?_out =/; ggigggg?me’ﬂ 4
0 |//seven_seg_out = 7'b1100110 ;
[ Page Setup.. 1 seven_seg_out = 7'b0011001 ;
| Print Preview 2 4'b0101 : // Hexadecimal 5
= X 3 |//seven_seg_out = 7'b1101101 ;
5 Print.. Cr+pP 4 |seven_seg_out = 7'b0010010 ;
= il . 5 4'p0110 : // Hexadecimal 6
ecent Flles 6 |//seven_seg_out = 7'b1111101 ;
= P , 17 |seven_seg_out = 7"'h0000010 ;
ecent Frojects 8 |4'b0o11l : // Hegadecima'l 7
. 9 seven_seg_out = 7'b0000111;
Exit Alt+Fa n {é\/nn can gur = 7'h111100n- e
< > H >
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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.

4. Ifyou already have a file present in your directory, you can add/remove files to
the project by navigating to “project->add/remove files in project”. Select the
files -> apply -> ok.

/" Settings - hexTo7Seg - O X
Category: Device/Board...
General
Files Select the design files you want to include in the project. Click Add All to add all design files in the project
Libraries directory to the project.
v IP Settings
IP Catalog Search Locations File name: | ‘E Add

Design Templates
: ; i & %/ addau
V¥ Operating Settings and Conditions

Voltage File Name Type Library  Design Entry/Synthesis Tool HDL Version

Remove
Temperature tb_hexTo7Seg.v Verilog HDL File <None> Default
v Compilation Process Settings hexTo7Seg.v Verilog HDL File <None> Default up
Incremental Compilation
v EDA Tool Settings bown
Design Entry/Synthesis Properties
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

W Buy Software ‘ ‘ OK ‘ ‘ Cancel Apply
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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.
(Oh Quartus Prime Lite Edition - C/intelFPGA_lite/18.1/3700_lab/hexTo7Seq - hexTo7Seq
Eile Edit View Project Assignments Processing Tools Window Help
NE Calle) ®  Device...
Project Navigator, [E Files settings.. CurltShift+E
I~ Files Assignment Editor Ctrl+Shift+A
BB th_hexTo7Segv 6 Pin Planner Ctrl+Shift+N
E® hexTo75eg.v Remove Assignments...
I% Back-Annotate Assignments...
Impaort Assignments...
Export Assignments...
Assignment Groups...
% Logic Lock Regions Window Alt+L
*» Design Partitions Window Alt+D
2.

Tool name as ModelSim-Altera.

7 Settings - hexTo7Seg

Category:

General
Files
Libraries
Vv IP Settings
IP Catalog Search Locatiol
Design Templates
v Operating Settings and Conc
Voltage
Temperature
v Compilation Process Setting
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

| simutation |

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

LY
To7Segv
LIk

IS

267
5 =

hex_input,
6:0]seven_seg_out

//Hexadecimal 0
7'b0111111;

7 "b1000000;
/Hexadecimal 1

= 7'b0000110 ;
7'b1111001 ;

/ Hexadecimal 2
Z'h1n11Nn11

Under EDA Tool settings, check on Simulation option and it should show the

]

Device/Board...

X

Toolname: ModelSim-Altera

[] Run gate-level simulation automatically after compilation

EDA Netlist Writer settings

Format for output netlist: Verilog HDL = Time scale:

1ps

Output directory: |simulation/modelsim

[] Mapillegal HDL characters

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

Design instance name:

More EDA Netlist Writer Settings...

NativeLink settings

@ None
(O Compile test bench:

Use script to set up simulation:

() seriptto compile test bench:

More NativeLink Settings...

[[] Enable glitch filtering

~| TestBenches..

Reset

W Buy Software OK Cancel
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3. Output directory can be e.g. /simulation/modelsim. Then these new
directories are created under the working directory, and the different
Modelsim output files (.vo, .sdo) are placed here.

4. Navigate to More EDA Netlist Writer settings and set the generate functional

simulation netlist option to ON: click OK and Apply.

Category: Device/Board... | | n

General
Files

/" More EDA Netlist Writer Settings X

Libraries
v IP Settings
IP Catalog Search Lo| |

Specify the settings for the EDA Netlist Writer options in your project.

Design Templates & <<Filter>> Show: All M
v Oper.latlng Settings and| Name: Setting:
Voltage . . .
Architecture name in VHDL output netlist structure
Temperature
v Compilation Process S Bring out device-wide set/reset signals as ports off

Incremental Compild | Disable detection of setup and hold time violations in the input registers of bi-directional pins Off
v EDA Tool Settings Do not write top level VHDL entity off

Design Entry/Synthel | Flatten buses into individual nodes off

iz Generate functional simulation netlist Off

Board-Level N "

. ) Generate third-party EDA tool command script for RTL functional simulation off
v Compiler Settings - L

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

Verilog HDL Input Maintain hierarchy off

Default Parameters Truncate long hierarchy paths Off
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyz 8
Logic Analyzer Interfag]  Description:
Power Analyzer Setting | Generate Verilog/VHDL netlist for functional or timing simulation with EDA simulation tools. When this option is 'On’, the EDA e
SSN Analyzer Netlist Writer does not generate a Standard Delay Format Output File [.sdo). If the device does not suppart timing simulation, then

only the functional-simulation netlist is available. Reset All

Gancel | [ e

5. You can automate the modelsim execution (compile/simulate) by setting up
the testbench parameters in quartus software as follows. Enter the information
about the testbench file under NativeLink settings.

a. Select Compile test bench
b. Click Test Benches. The Test Benches dialog box appears.
c. Click New. The New Test Bench Settings dialog box appears.
d. Enter the test bench details from your design —
i. The Test bench name can be any suitable name by your choice. This name will
later appear in the Compile test bench list.
ii. The Top level module in test bench must be the name of the entity of your
testbench file.

e. You can also limit the simulation end time by entering a time limit in terms (us/ps/ms)
in the “end simulation at” dialog box.
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" Settings - hex

O

hs

Category: Device/Board...
General
Files Specify options for generating output files for use with other EDA tools.
Libraries = = Ins
v IP Settings < Edit Test Bench Settings X v MPr
IP Catalog Search Locatiol I I
Design Templates Edit test bench settings for the selected test bench. w Lib
¥ Operating Settings and Conc >l
Voltage 1 Test bench name: [tb_hexTo7Seg | Y
Temperature /" Test| Top level module in test bench: |stimulus | P |
v Compilation Process . . ) |
Incremental Comg specify ["] Use test bench to perform VHDL timing simulation I
Vv EDA Tool Settings Design instance name in test bench: |NA \
Design Entry/Synt| Existin
B g i /Sy Simulation period _New H
Simulation B
Board-Level (®) Run simulation until all vector stimuli are used _Edit---
v Compiler Settings th_he i i R
End simulation at: s K
VHDL Input O DGR
Verilog HDL Input Test bench and simulation files
Default Parameter|
Timing Analyzer File name: |tb7hexT07Seg.v ‘ Add
Assembler : _ _ F
Design Assistant File Name Library HDL Version Remove
Signal Tap Logic Ana tb_hexTo7Seg.v Default u
Logic Analyzer Interf p -
Power Analyzer Setti Down
SSN Analyzer
Properties... -
Help
. | OK Cancel Help T T
< > W Buy Software OK Cancel Apply Help
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6. To setup the simulation executable path, click on Tools> Options> EDA Tool
Options and and set the Modelsim-Altera path to your installation directory.

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

Headers & Footers Settir | | EDA Tool  Directory Containing Tool Executable

v Internet Connectivity Precision ... | "E
Notifications
Synpli
Libraries ynplity | ||E
v IP Settings Synplify ... | "E
IP Catalog Search Loc | | active-HDL | "1
Design Templates .
License Setup Riviera-p... | "E
Preferred Text Editor ModelSim | "j
Proce.ssmg . QuestaSim | ||1
Tooltip Settings
v Messages ModelSi... |C:\intelFPGA_lite\1 8.1\modelsim_ase\win32aloem\ "E
Colors
Fonts

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

< > ‘ OK H Cancel H Help |

7. 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.
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(Sh Quartus Prime Lite Edition - C:/intelFPGA_lite/18.1/3700_lab/hexTo7Seq - hexTo7Seq X
File Edit View Project Assignments Processing Tools Window Help n @
r hexTo7Seg T SESE DEEES QARG @
Project Navigator = Files vaass & hexTo7Segyv 4 Compilation Report - hexTo7Seg B IP Catalog. e x|
I Files Table of Contents as 8 =
B th_hexTo7Segv E2 Flow Summary & <<Filter v @ Installed IP
™ hexTo7Segv = Flow Settings Flow Status Successful - Thu Dec 06 16:27:57 2018 ~ Project Directory
™ Flow Non-Default Global ¢ Quartus Prime Version 18.1.0 Build 625 09/12/2018 5 Lite Edition No Selection Available
&= Flow Elapsed Time Revision Name hexTa75eg + Library
M Flow OS Summary Top-level Entity Name hexTo7Seg Basic Functions
= Flow Log Family MAX 10 Dsp
= Analysis & Synthesis Device 10MSODAF4B4C7G Interface Protocols
O Flow Messages Timing Models Final Memory Interfaces and Controllers
© Flow Suppressed Message Total logic elements 7 Processors and Peripherals
I Total registers 0 University Program
Tasks Compilation it Total pins 11 ® Search for Parmer IP
Task ~ Total virtual pins 0
~ P Compile Design Total memory bits o
v P Analysis & Synthesis Embedded Multiplier 9-bit elements O
P Fitter {Place & Route) Total PLLs @
> B Assembler (Generate programm [Ln 5 ELE ®
) ; v ADC blocks o
B Timine Analvsis
< > < > + Add..
= -
alal @ A 4 A | ¥ <<Filte B8 Find.. 88 Find Next
[
“rvme Th Messans i ~
© 12021 Found 1 design units, including 1 entities, in source file tb_hexto7seg.v
© 12021Found 1 design units, including 1 entities, in source file hexto7seg.v
© 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
o> o Quartus Prime Analysis & synthesis was successful. 0 errors, 1 warning v
#l < >
$| System  Processing(12)

H o Type here to search

100%

00:00:23

8. Once the Analysis & Synthesis is successful, you can do a RTL Simulation. Go
to Tools-->Run Simulation Tool-->RTL Simulation.

a. Now, if you have setup the testbench setup in nativelink settings as

described before, the modelsim window will automatically
compile/simulate the testbench mentioned there and will dump the
port level signals from the top level module onto waveform.

b.

If you have not mentioned any testbench settings, you can follow the

steps from next bullet to compile/simulate the design in Modelsim.

Gk Quartus Prime Lite Edition - C+/intelFPGA lite/18.1/3700_lab/hexTo75eg - hexTo7Seg

Eile Edit View Project Assignments Processing Tools Window Help

Dr [ & hexTo7Seg
Project Navigator = Files -alge x
I~ Files

B th_hexTo7Segv

B® hexTo7Segv
Tasks Compilation MELILE

Task x

v P Compile Design

v > P> Analysis & Synthesis

o=
Table S

®

QE\

Run Simulation Tool >

Launch Simulation Library Compiler

Launch Design Space Explorer Il

Timing Analyzer

Advisors >

Chip Planner

Design Partition Planner

Netlist Viewers. »

Signal Tap Logic Analyzer

In-System Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
Signal Probe Pins...

Programmer

JTAG Chain Debugger

!
I

Gate Level Simulation...

RTL Simulation

9-bit elements

Successful - Thu Dec 06 16:27:57 2018
18.1.0 Build 625 09/12/2018 SJ Lite Edition
hexTo75eg

hexTo75eg

MAX 10

T0M50DAF484C7G

Final
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9. 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 Edit View Co e Add Project Tooks Layout Bookmarks Window Help
EELEL 22 0-MER|[[iowmuwas|e2HRH]| sten B w-tEunAc WHe|tatit-as
J Layout |Simulate -
J ColumrLayout [Default -l | 6D R gl
[ Project 2] x| Ovgects
| Name AlstatdType [OrdeiModified | L |name. va
M Compile Source Files X o
Library: [work =
Lookin: [ 3710ab 2 = s
*+ [ Name " Date modified e
) 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 Transcript — ‘
# Errors: 0, Warnings: 0 ’
wlog -reportprogress 300 -work work C:/intelFPGA_lite/18.0/quaj T8 PC
# Model Technology ModelSim - Intel FPGA Edition vlog 10.5b Cof ‘
# Start time: 17:21:07 on Jul 27,20 -
# 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 Floe ot [HOL Pl ("."v."vhd:" i vho:*hd " vo:* < | Q
L I Conpeseceo ogaber _ Dot Opers._|_ Edi S| z
Now: 1005 Delta: 0 sm: hexToTseg .

o Type here to search

10. If you 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.

™
File E : Simulate Add Project Tools Layout Bookmarks Window Help
ER= 1o-HER| 1o wnuwss||e2eRE|| atem it wrilunie Wpetatiz-at
J Layout |Simulate -
J ColumnLayout [A11Columms -l | 6D R gl
7% Proect 4] ) x| | Objects
v|Name AlstatdType |OrdeiModiied |
'™ Start Simulation
Design | oL | Veriog | Liraries | soF | others |
tame Tee _Jpatn
-} work Lbrary  ri_work
7] hexTo7seg Modde  CifintelFPGA i
7] stimus Modde  CifintelFPGA it
s rt_work Ubrary  CifintelFPGA i
-} 220model Library ~ $MODEL_TE
-4 220model_ver Library TE
m | + altera Library $MODEL_TECH/| -

Transcript ol & x
‘.l.'... e —— - sltera_insm Library $MODEL_TECH/| **j
# Erzors: 0, Warnings: 0 o sltera_nsm_ver Lbrary  $MODEL_TEGH|
wlog -reportprogress 300 -work work C:/intelfPGA_lite/18.( |wifi aiteramf Lbrary  $MODEL_TECH/) -

# Model Technology ModelSim - Intel FPGA Edition viog 10.4 ' ] -

# Start time: 17:21:43 on Jul 27,2018 =

# vlog -reportprogress 300 -work work C:/intelFPGA_lite/1{  Designunit(s) Resokution

: -~ Compiling module stimulus = B

# Top level modules:

i stimilus -

# End time: 17:21:43 on Jul 27,2018, Elapsed time: 0:00:0 O | Cancel

§ Errors: 0, Warnings: 0

Vst 9> =
[Now: 100ps Delta: 0 work
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11. 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
(8- wB-& s R@02 0-RER| [ [owiws|s2EREB|| aites i weinnnie Wpetatizat

J Layout |Simulate b J}

J ColumnLayout [A11Columns

sim - Defoult -
¥|Instance |besign unit | Design unit type  [Top Category
o deisoc hexTo7Seg  Modue DU Instance
o) #INITIAL#13 stimulus Process - +acc=,
L@ =INmIAL=3s stimulus Process - +acc=.
lg #vsim_capacity# Capacity Statistics +acc=...
[Ef Project | 4 sm
A Transcript

# Top level modules:

# stimulus

# End time: 17:21:43 on Jul 27,2018, Elapsed time: 0:00:00
# Errors: 0, Warnings: 0
VsIM 9> vaim —qu: i
# End time: 17
# Errors: 0, W

4 vsim -gui -1 ms
# Start time: 17
# Loading w

on Jul 27,2018
# Loading w 7
VSIM 10> -

INow: 0ps Delta: 0 sm: fstimulus

n O Type here to search

12. 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 - x
File Edit View Compile Simulaste Add Objects Tools Layout Bookmarks Window Help

[8-w@ & sh@ED2 0-HE ﬁl XOX B "‘I 1 [o [ ﬂ.@“ @:?s,a]fﬁﬂ“ Btes (B ol UBHHS | 0D
[tatit-as [ oot pimsae ol |
[T ymimrorr|
J Columniayout [Defaulc !I : —13-::@-13“ X E%ﬂgm:l P i T I __x“g,ngﬁjou Search | ghif # I
HOE R T
&} sim - Default s -+ & x| | §aObjects. = = =i+ x] [l C:inteFPGA ite/18.0/quartus(3710 lab/tb_hexTo7seg. (/stmulus) - Default & x|
¥ tnstance [pesign unt [Desig | ¥|Name vale |kind [Moi1¢| B licw ¥ s | Ln# T @ sow 3]s
= stmuus. stmuus Modu |+ x 000 Pack.... Internal 24 podule stimilus; -
=+ 3 detsoc hexToZSeg  Modu | v/ 2 000... Net  Intt Ir
L sALWAYSES hexTo7Seg  Proce s
|- #INTIAL#13 stmuus  Proce
L@ #NmaLe3s stmius  Proce Add Wave oW ate the DEL Soc(delscc
Add Ne P elacc)
[ #vsm_capacty# Capor _wa'fv " , | BexTonseg delsoc (
gl .hex_input (x),
AAdd Datafiow Cirl+D .seven_seg_out(z)
2dd to vl
upF L initial begin
conr == /4 Intesalize Tnpuns
Find... Ctri+F
v
»
I il | Show » v
[ Project <] & sim RE S o) g aE—
| Transaript 3
T =f
||l hexTo7Seg =l
INow: 0ps Delta: 0 sm: /stimubus

O Type here to search
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13. 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 Simulste Add Wave Tools Layout Bookmarks Window Help

9-EE-8 3RB0 0-KET|| XK a4 [ Duws||S2eRM]| /ten i wpllBBES DS
tatit-2 | Layout |Simulate - ‘
gy N N
Larout [etauts R IO N s e S Hpr |
QY@ N3
| 5 - ettt + ) x| | Gabpects o 4 o) x| gl Wave -Defauit +7 ]
vlinstance Desgnunt _[Desig | vlnsnje BICU > _-ﬂ_l
= stmuks ‘stimulus Modu |+ + W /stmuusi | 0000 =l
-1 delsc hexTo7Sep  Macufity + 9 [stmukus/z | 3000000
& TALWAYSES hexToZSeg  Proce
& #INITIAL#13 stimulus Proce
& *INITIAL#35 stmulus Proce
|& #vsm_capacity# Capa:
K I i |
!Prml &l sm |,

A Transaript

VSIM 12>

Now: 0ps Delta: 0 [stimuhus/z

n O Type here to search

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.

14. 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.
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M ModelSim - INTEL FPGA STARTER EDITION 10.5b -
File Edit View Compile Simulate Add Structure Tools Layout Bookmarks Window Help

|8 -s@=&| e o-MEF| X P EET “ Q%] etes[T wrsUUBHC DY
RESIEI- TN 1] 11 K £ R || vt amtace ~!
&) sim - Defauit -+ )| x| | §a Objects : # oY x| | gl Wave - Defauit
¥|Instance Design unit _|Desig | ¥|Name Vakee  [{1¢] BHow ¥ »
X xox  Pack. Intemal ff | P
+ 2 delsoc hexTo7Seg Modu |+ ... Net Intemnal
@ #INITIAL#13 stimulus Proce
o #INITIAL#35 stimulus Proce
L"g_ #vsm_capadity # Capa

15. 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 - a x

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

B-30 -8 1B 0-AEF|[ K ga]|aaassn @?rﬂﬁ‘ﬁihdiﬁ Dl REBHS | D0

tatit-as|lammi I 96+ B | semc: ABR G || L LA LIS || ot srminne =
& sim - Default g + o) x| |§a Objects
¥|Instance Design unit | Desig

=l stmuus stimulus Modu +) & fstmuuspx | 0011

o delsoc hexTo7Seg  Modu T T
La:.guwm | I

K1 l M
Eﬁpmxt &l sim .

JA Transaript

|vs1w 17>

Now: 340ns Delta: 1 [stimulus/x

n 0 Type here to search

16. If you expand or scroll through the Transcript pane, you will see the output of
any $display statements you have in your code.

VSIM 13> Tun —concinue
VSIM 14> run -all
$# x=1,z=0110000
101101
111001
z=0110011
011011
011111
110000
111111

"

111101
)1111
000111

R T
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Section 5 - Pin assignment and Constraint generation

USB Blaster

FPGA

x3
— MAXC 10 e
| ’ Eaamd  SDRAM6AVB (16bits)
x6
1 O M 50 DAF484 > Accelerometer

Arduino Header nalog Lb_’u

VGA (4 bit)

x36
Debounced

GPIO

x48 x10 x10 X2

8dd4 o

Push Button x2

I LR

Slide Switch x10

L A HEXO[0] ‘

HEXO[1]
A HEXO0[2] 7,
HEXO[3] z A ! D =1 A

HEXO0[4]

HEXO[5]

HEX0[6]

HEXO[7)

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 & Synthesis in preparation for
assigning pin locations. Click OK in the message window that appears after
analysis and elaboration completes.
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(S Quartus Prime Lite Edition - Cx/intelFPGA _lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg

Eile Edit View Project Assignments Processing Tools Window Help

O A |+ M| D C|; |nexTo7Seg @ Stop Processing Ctrl+Shift+C
Project Navigaluﬂ [E Files @ ‘C P> Start Compilation Ctri+L mpilation Report - hexTo7Seg B
I~ Files L Analyze Current Eile
P th_hexTo7Seg.v Start » ’a StartHierarchy Elaboration
P hexTo7Segv Update Memory Initialization File % Start Analysis & Elaboration
& Compilation Report Ctrl+R ‘& StartAnalysis & Synthesis ctrl+K
« Dynamic Synthesis Report %% Start Partition Merge
Power Analyzer Tool 4 StartFitter
#  SSN Analyzer Tool ¥ Start Assembler
) . . ° Start Timing Analyzer Ctrl+Shift+T
Receive Compilation Status Notifications . .
T . Tomrogicetements— & Start EDA Netlist Writer
Total registers %§ StartDesign Assistant
Tasks ‘Cumpila(ion "E pe = R .
Total pins " Start Power Analyzer Cirl+Shift+P
A o n
Task Total virtual pins #  Start SSN Analyzer
~ P> Compile Design Total memory bits ) )
.. 7. StartRapid Recompile
v P Analysis & Synthesis Embedded Multiplier
B Edit Settings Total PLLs P¢ Start Signal Probe Compilation Ctrl+Shift+
&= View Report UFM blocks %9 start /O Assignment Analysis
v B Analvsis & Elaboration v ADC blocks * Start Check & Save All Netlist Changes
< < >
Start Equation Writer (Post-synthesis)
x .
j‘ aul [a] [a] [a] [¥ <<Filter>> | S8 Find.. ‘ | 88 Find Next  Start Equation Writer (Post-fitting)
; Start Test Bench Template Writer
rvne ™ Messane .
o Command: quartus_map --read_settings_files=on --write_sett ' StartEDA Synthesis alysis_and_elabc

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 - C/intelF PGA lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg - X
Eile Edit View Processing Tools Window Help Search alteracom  |@
gReport, W Top View - Wire Bond potsgend ~~~ Wee
Report not availabl Symbol Pin Type ~
X MAX 10 - TOM50DAF484C7G 4 e
3, 5] User 1/0
P 01234 273141516 1718 1920 2122 [ ] User assi...
z AN C] AV I Fitter assi.
» B0 v S0 o
<A £00| @  unbonde..
5 H A H @  Reserved..
w0 © @0\ (9] Other co...
@, < OVOBYB £  DEV.OE
- DOQEC & 7
3 i 0V R DEV_CLR
| Q00| =
£ Groups  Report 09> 00! g@h o DIFF_W
2 OV OBDM ® DIFF_p
§ Tasks it QQORIN
T T — OO ° Q bQ
v Early Pin Planning A vl S oas
e W Early Pin Planning Do QO s DQSB
- " o) )
b P> Run I/O Assignm kv te) b m n
" W Export Pin Assigni w -
W Pin Finder... v 000 ; ] K _p
o "
v I Highlight Pins . o SODD %‘a L Other PLL
B 1/0 Banks v 1234567 891011213141516171819202122 D) Other du...
< > == == i ol v
g Named: * | Edit ¥ Filter: Pins: all -
9| NodeName  Direction Location 1/OBank /REF Grouf 'OStandarc Reserved TentStren; SlewRate fferential P. =t Preserva A
& hex_input(3] Input 2.5V...aul) 12mA_.ult)
& hex_input(2] Input 25V..aul) 12mA...ult)
& hex_input{1] Input 25V..aul) 12mA._.ult)
& hex_input(0]  Input 2.5V..ault) 12mA..ult)
 seven_..out{6] Output 2.5V..aul) 12mA..ult) 2 (default)
‘% seven_..out[5) Output 2.5V..aul) 12mA..ult) 2 (default)
% seven_..out[4] Output 25V..aul) 12mA..ult) 2 (default)
..out[3] Output 25V..aul) 12mA..ult) 2 (default)
_..out(2) Output 2.5V..aul) 12mA..ult) 2 (default)
..out(1] Output 2.5 V..ault) 12mA..ult) 2 (default) v
0%  00:00:00

n O Type here to search

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 DE1o-Lite board(check manual for any particular
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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
pin number shown in the table. Alternatively, you can select the pin from a
drop-down list. For example, if you type Ci12 and press the Enter key, the
Quartus software fills in the full PIN_Ci2 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.

4. After filling pin numbers for all ports, close the pin planner window.

€& Pin Planner - C:/intelFPGA lite/18.1/3700_lab/hexTo7Seq - hexTo7Seg — a X
File Edit View Processing Tools Window Help Search alteracom | @
3 Report bl Top View - Wire Bond Pin Legend ne
| Reportnotavailable MAX 10 - 10M50DAF484C7G Symbol Pin Type A
a ) @] User /0
¥ .
& [ ] User assi...
" ] Fitter assi...
L] Unbende...
@ [ ] Reserved ...
= © Other co.
@
. Groups  Report ® DEV_OE
5 [Tasks 2o x R DEV_CLR
@ ¥ EarlyPinPlanning A n DIFF_n
L] W Early Pin Planning o DIFF_p
2 =, -
m P Run I/0 Assignm @ pQ
o ™ Export Pin Assign 5] bas
o PinFinder.. v < i ) base
El< > ] [ = v
B - Named{s [ edi |Fitter: Pins: all
» Node Name Direction Location /OBank VREFGroup |fOStandard Reserved CurrentStrength  SlewRate  Differential Pair trict Preservatio
& hex_input[3] Input PIN_c12 7 B7_NO 33vivrT | BmA (default)
& hex_input[2] Input PIN_d12 7 B7_NO 33-VLVTTL BmA (default)
& hex_input[1] Input PIN_c11 7 B7_NO 33-VLVTTL BmA (default)
& hex_input[0] Input PIN_c10 7 B7_NO 33-VLVTTL BmA (default)
‘& seven_seg_out[6] Output  PIN c17 7 B7_NO 33-VLVTTL BmA (default) 2 (default)
& seven_seg_out[3]  Output PIN_d17 7 B7_NO 33VLVTTL BmA (default) 2 (defaulty
% seven_seg out[d] Output  PIN_e16 7 87_NO 33VLVITL BmA (default) 2 (default)
% seven_seg out[3]  Output PIN_c16 7 B7_NO 33-VLVTTL BmA (default) 2 (defaulty
% seven_seg_out[2]  Output PIN_c15 7 B7_NO A3 VLVITL BmA (default) 2 (default)
% seven seg ouf[1] Output  PIN e15 7 B7_NO 33VLVTTL BmA (default) 2 (default)
% seven_seg_outf0]  Output  PIN_c14 7 B7_NO 33VLVTTL 8mA (default) 2 (defaul))
<<newnode>>

Signal Name FPGA Pin No. |Description 1/0 Standard
HEX00 PIN_C14 Seven Segment Digit 0[0] 3.3-V LVTTL
HEX01 PIN_E15 Seven Segment Digit 0[1] 3.3-V LVTTL
HEX02 PIN_C15 Seven Segment Digit 0[2] 3.3-VLVTTL
HEX03 PIN_C16 Seven Segment Digit 0[3] 3.3-V LVTTL
HEX04 PIN_E16 Seven Segment Digit 0[4] 3.3-V LVTTL
HEX05 PIN_D17 Seven Segment Digit 0[5] 3.3-VLVTTL
HEX06 PIN_C17 Seven Segment Digit 0[6] 3.3-V LVTTL
HEXO07 PIN_D15 Seven Segment Digit 0[7], DP 3.3-VLVTTL
HEX10 PIN_C18 Seven Segment Digit 1[0] 3.3-V LVTTL
HEX11 PIN_D18 Seven Segment Digit 1[1] 3.3-VLVTTL
HEX12 PIN_E18 Seven Segment Digit 1[2] 3.3-VLVTTL
HEX13 PIN_B16 Seven Segment Digit 1[3] 3.3-V LVTTL
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HEX14 PIN_A17 Seven Segment Digit 1[4] 3.3-V LVTTL
HEX15 PIN_A18 Seven Segment Digit 1[5] 3.3-V LVTTL
HEX16 PIN_B17 Seven Segment Digit 1[6] 3.3-V LVTTL
HEX17 PIN_A16 Seven Segment Digit 1[7] , DP 3.3-V LVTTL
HEX20 PIN_B20 Seven Segment Digit 2[0] 3.3-V LVTTL
HEX21 PIN_A20 Seven Segment Digit 2[1] 3.3-V LVTTL
HEX22 PIN_B19 Seven Segment Digit 2[2] 3.3-V LVTTL
HEX23 PIN_A21 Seven Segment Digit 2[3] 3.3-V LVTTL
HEX24 PIN_B21 Seven Segment Digit 2[4] 3.3-V LVTTL
HEX25 PIN_C22 Seven Segment Digit 2[5] 3.3-V LVTTL
HEX26 PIN_B22 Seven Segment Digit 2[6] 3.3-V LVTTL
HEX27 PIN_A19 Seven Segment Digit 2[7] , DP 3.3-V LVTTL
HEX30 PIN_F21 Seven Segment Digit 3[0] 3.3-V LVTTL
HEX31 PIN_E22 Seven Segment Digit 3[1] 3.3-V LVTTL
HEX32 PIN_E21 Seven Segment Digit 3[2] 3.3-V LVTTL
HEX33 PIN_C19 Seven Segment Digit 3[3] 3.3-V LVTTL
HEX34 PIN_C20 Seven Segment Digit 3[4] 3.3-V LVTTL
HEX35 PIN_D19 Seven Segment Digit 3[5] 3.3-V LVTTL
HEX36 PIN_E17 Seven Segment Digit 3[6] 3.3-V LVTTL
HEX37 PIN_D22 Seven Segment Digit 3[7] , DP 3.3-V LVTTL
HEX40 PIN_F18 Seven Segment Digit 4[0] 3.3-V LVTTL
HEX41 PIN_E20 Seven Segment Digit 4[1] 3.3-V LVTTL
HEX42 PIN_E19 Seven Segment Digit 4[2] 3.3-V LVTTL
HEX43 PIN_J18 Seven Segment Digit 4[3] 3.3-V LVTTL
HEX44 PIN_H19 Seven Segment Digit 4[4] 3.3-V LVTTL
HEX45 PIN_F19 Seven Segment Digit 4[5] 3.3-V LVTTL
HEX46 PIN_F20 Seven Segment Digit 4[6] 3.3-V LVTTL
HEX47 PIN_F17 Seven Segment Digit 4[7] , DP 3.3-V LVTTL
HEX50 PIN_J20 Seven Segment Digit 5[0] 3.3-V LVTTL
HEX51 PIN_K20 Seven Segment Digit 5[1] 3.3-V LVTTL
HEX52 PIN_L18 Seven Segment Digit 5[2] 3.3-V LVTTL
HEX53 PIN_N18 Seven Segment Digit 5[3] 3.3-V LVTTL
HEX54 PIN_M20 Seven Segment Digit 5[4] 3.3-V LVTTL
HEX55 PIN_N19 Seven Segment Digit 5[5] 3.3-V LVTTL
HEX56 PIN_N20 Seven Segment Digit 5[6] 3.3-V LVTTL
HEX57 PIN_L19 Seven Segment Digit 5[7] , DP 3.3-V LVTTL
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Signal Name FPGA Pin No. | Description 1/0 Standard

SWO0 PIN_C10 Slide Switch[0] 3.3-VLVTTL
SWi1 PIN_C11 Slide Switch[1] 3.3-VLVTTL
SwW2 PIN_D12 Slide Switch[2] 3.3-VLVTTL
SW3 PIN_C12 Slide Switch[3] 3.3-VLVTTL
SW4 PIN_A12 Slide Switch[4] 3.3-VLVTTL
SW5H PIN_B12 Slide Switch[5] 3.3-VLVTTL
SW6 PIN_A13 Slide Switch[6] 3.3-VLVTTL
SW7 PIN_A14 Slide Switch[7] 3.3-VLVTTL
SW8 PIN_B14 Slide Switch[8] 3.3-VLVTTL
SW9 PIN_F15 Slide Switch[9] 3.3-VLVTTL
5. The <design>.gsf file should reflect these pin assignments once you have set
them on pin planner.
set_location_assignment PIN_Ci4 -to seven_seg_out[o]
set_location_assignment PIN_E15 -to seven_seg_out[1]
set_location_assignment PIN_Ci5 -to seven_seg_out[2]
set_location_assignment PIN_C16 -to seven_seg_out[3]
set_location_assignment PIN_E16 -to seven_seg_out[4]
set_location_assignment PIN_D17 -to seven_seg_out[s]
set_location_assignment PIN_C17 -to seven_seg_out[6]
set_location_assignment PIN_C1o -to hex_input[o]
set_location_assignment PIN_Cu -to hex_input[1]
set_location_assignment PIN_D12 -to hex_input|[2]
set_location_assignment PIN_Ci2 -to hex_input[3]
6. 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 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 DE1o-Lite 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 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.

DIGITAL SYSTEM DESIGN



Section 6 - Synthesize, Implement, Generate, and Program
DE1o-Lite 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 device.

Now that you have created a complete Quartus project and entered all
assignments, you can compile the design.

In the task window - double click compile design or
In the Processing menu, choose Start Compilation or
click the Play button on the toolbar (cntrl+L).

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

S Quartus Prime Lite Edition - C/intelFPGA_lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg — X
Eile Edit View Project Assignments Processing Tools Window Help Search alteracom  |@
% g © 9 C hexTo7Seg e SE TrE RS QADE ©
PProject Navigator = Files canax @ hexTo7Segv 5 4 Compilation Report - hexTo7Seg B IP Catalog aa x|
[~ Files [Table of Contents BT 0w summary a X|=
B th_hexTo7Segv £ Flow Summary [ & <<Filter v & Installed IP
B hexTo7Segv = Flow Settings |Flow Status Successful - Thu Dec 06 18:54:54 2018 + Project Directory
& Flow Non-Default Global Sett| Quartus Prime Version 18.1.0 Build 625 09/12/2018 SJ Lite Edition No Selection Available
E= Flow Elapsed Time |Revision Name hexTo7Seg ¥ Library
= Flow OS Summary Top-level Entity Name hexTo7Seg > Basic Functions
=i Flow Log Family MAX 10 2Dse:
> @ Analysis & Synthesis Device 10M50DAF484C7G > Interface Protocols
> W Fitter Timing Models Final > Memory Interfaces and Controllers
F > m Assembler Total logic elements 8/49,760(<1%) > Processors and Peripherals
[Tasks Compilation v =88 x| Timing Analyzer |Total registers 0 > University Program
Task > ™ EDA Netlist Writer | Total pins 11/360(3 %) ® Search for Partner IP
|¥ v > Compile Design : :‘M Messages |Total virtual pinsv o
|v > B Analysis & Synthesis ow Suppressed Messages | Total memory bits 0/1,677,312(0%)
[¥ T > Fitter (Proce & Route) Embedded Multiplier 9-bit elements 0 /288 (0 %)
| > P Assembler (Generate programming Totapus a1 g0 )
| UFM blocks 0/1(0%)
|¥ > P Timing Analysis A BCEi 0/2(0%)
v > P> EDA Netlist Writer
| M Edit Settings
! & Program Device (Open Programmer)
|
i( > ||« > + Add..
= . -
& ; Al [o] [&] [&] [A] ¥ <<Fitter B8Find..  88Find Next
i rvm ™  Messane ~

Quartus Prime EDA Netlist writer was successful., 0 errors, 2 warnings
293000Quartus Prime Full Compilation was successful. 0 errors, 15 warnings

8|
#< >
e
3

System (8)  Processing (127)

n o Type here to search
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4. 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-Blaster circuitry on the board. Set up your

hardware for programming using the following steps:
a. For the DE1o-Lite board, connect the USB-Blaster (included in your

development kit) to pin J3 and the other end of the USB cable to the
host computer.

5. 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
DEio-Lite [USB-o0] option under currently selected hardware.

» Programmer - C:/intelFPGA lite/18.1/3700_lab/hexTo7Seg - hexTo7Seg - [Chain1.cdf] — m} X
File Edit View Processing Tools Window Help .
‘ #» Hardware Setup... ‘ |No Hardware Mode: |JTAG ¥ Progress: :

D Enable real-ti et = * - S
“ Hardware Setup X
s
> Start Hardware Settings ~ JTAG Settings
i Stop Selectaprogramming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.
j Auto Dete
% Delete Currently selected hardware: | USB-Blaster [USB-0] "
- Available hardware items
E Add File.
. Hardware Server Port Add Hardware...
GENEELA Local USB-0
Remove Hardware
[ Save File
Add Devic

b.

C.

Make sure the Mode is set to JTAG.

Click Auto Detect to detect all the devices on the JTAG chain.
Select the device as 10M50DA which reflects the device ID for DE1o-
Lite MAX-10 board. Click OK after the selection.

O
alter
L] ¢ |hexTorseg Hsese crrRS QaRE =
Project Navigator = Files 3 we |
[P Fles Search alteracom & L1l
= t_hexTo?Segv L "
™ hexTo7Segv & Hardware Setup...  USB-Blaster [US8-0] Mode: JTAG *  Progress Hrectory
lection Available
[] Enable real-ti ing when available
unctions
e File Device  hecksun Isercade ‘rogram Jerify lank. xamine iecurit Tas ISP
onfigun “heck st LaMI L. brotocats
“
Stop Fy Interfaces and Contrallers
> [ isors and Peripherals
& Select Device X

* Delete
* Add File,

Change Fil

e P¥Save File

> P Timing Analysis

Add Devic:
> P EDA Netlist writer

W Edit Settings L)
@ Program Device (Open Pr 1 pown

- -
Al 0 A A AT
fune TR Mecsana
>e Quartus Prim
© 293000 Quartus Prim

<

Found devices with shared JTAG ID for device 1. Please select your device,
(®) 10M30DA
() 10M50DAES

O 10M300C

Messages

System (8)  Processing (127)

n O Type here to search
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6. Select FPGA device and click Add File to program the FPGA with the
relevant .sof file(hexTo7Seg.sof in this case).

File Home Insert Design Layout References Mailings  Review View Help PDFescape Desktop Creator Acrobat O Tell me % Share U Comments  (©)
o X 9 . d - D
Cons
U o - boe S
Paste earch altera.com Dictate
- <FFormatPainter | B pct .

Clipboard . & Hardware Setup...  USB-Blaster [USB-0] Maode: ITAG - Progress: :] Iha Volce ~

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

Navigation
: — File Device  thecksun Jsercodk 'rogram Jerify 3lank. xaminc iecurity Trasc ISP
search document - onfigur. “heck Bit LAMI
(en e #5top  |<none> 10M50DA  00000... <none> [ [ [
$Auto Dete @ Select Programming File X
Text, comments, pictures... Word car|
in your document X Delete Lookin: CAintelFPGA_li..ab\output files ~ & © O =
Use the search box for text or them  Add File. ™ My Computer| || | hexTo7Segpof I
vikas | hexTo7Segsof
everything else. Change Pl 2 B 2
4 Save File
Add Devic/
Up
" Down
Filename:  |hexTo7Seg.sof |
Files of type: | Programming Files [*saf *pof *jam *jbc *ekp “jic) - Cancel

bar reflects success and not failure

WRoisplay setings 63 Bl B - ¥ + 100%

7. click Start to program the .sof file into FPGA and make sure the progress
bar reflects success and not failure.

& Programmer - C:/intelF PGA lite/18.1/3700 lab/hexTo7Seq - hexToTSeq - [hexTo7Seq.cdf]* — X

Eile Edit View Processing Tools Window Help Search alte

o Hardware Setup... | USB-Blaster [USB-0] Mode: JTAG - Progress:

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

File Device Checksum  Usercode Program/ Verify Blank- Examine Security Erase ISP
Configure Check Bit CLAMP

“Stop | output files/hexToTSegsof  10M3ODAF4R4 voz71e16  oozriote T I W N D N I

JAuto Dete

P Start

X Delete

" Add File.

Change Fil

ZsaveFile ||~ *4 ¥
Add Devic: 0MSCDAF 284
)

wup

 Down
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8. When you verify the design in hardware, observe the runtime behavior of
the FPGA hardware and ensure that it is functioning appropriately.
a. Play around with the switches (SWo-SW3) and see the 7-segment
display varying .

“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 -

e Altera Quartus Lite software: http://fpgasoftware.intel.com/18.1/quartus lite

e User manual/datasheets/demonstrations/control-panel/sample codes:
o Click the link below (http://DE10-L.ite.terasic.com/cd) and download the
latest system build(DE10-Lite v.2.0.3 SystemCD.zip) with Quartus
16.0(>) support.

e 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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http://fpgasoftware.intel.com/18.1/?edition=lite&platform=windows&download_manager=direct
http://de10-lite.terasic.com/cd
http://download.terasic.com/downloads/cd-rom/de10-lite/DE10-Lite_v.2.0.3_SystemCD.zip
https://www.windowscentral.com/how-install-bash-shell-command-line-windows-10
https://www.windowscentral.com/how-install-bash-shell-command-line-windows-10

