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Tutorial de uso do FPGA DEI1O-LITE

Introducao

Uma plataforma FPGA (Field-Programmable Gate Array) € um
dispositivo de hardware altamente configuravel que permite a
criacao de circuitos digitais personalizados. Existem varios tipo
de FPGA, como por exemplo: FPGA DEO-NANO, DEIO-LITE,
DE2-115 e entre outros. No caso deste roteiro, iremos abordar o
modelo DE10O-LITE.

DE2-115 DE10-LITE
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Conhecendo o hardware

A plataforma

O modelo da plataforma FPGA que sera utilizado de referéncia

para o roteiro sera o DETO-LITE. Este roteiro tem a finalidade de
orientar no entendimento, instalagcao, configuracao e testes.
Serd necessario, para embarcamos os projetos, o DataSheet da

plataforma FPGA DE10O-LITE, para ter acesso clique aqui.

2x20 Altera MAX 10
GPIO TOM50DAF484C7G

4-bit Resistor VCA

Accelerometer

Arduino
Connector

5V Power
USB-Blaster ™

ite

Lo
s

64MB SDRAM

Button x2
5V/GND

2-Pin Header

| DE10-L

Al g (ke a1 7 .'-, LED x10

7-Segment __ESEEIEEE SIS S TR TR TR T .
DisplayX6 - j’*"”'; o & :' ) o [ l!| !|| |“ | L !, | !. ‘” I, Switch x10


https://ftp.intel.com/Public/Pub/fpgaup/pub/Intel_Material/Boards/DE10-Lite/DE10_Lite_User_Manual.pdf
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Conhecendo o hardware

A plataforma FPGA DEI1O-LITE vem acompanhado de um cabo

USB-AB, para transferir dados e alimentar a plataforma.
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Conhecendo o hardware

Conexao da plataforma

Para utilizarmos a plataforma, basta conectar a entrada USB-A

no computador e a entrada USB-B na plataforma.

. LED
$
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(i fm ) l.!U_
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Tutorial de uso do FPGA DE2-115

Instalacao do Software Quartus Prime
Version 23.1std Lite Edition

Download do Software

Para utilizarmos a plataforma FPGA precisamos do Software

Quartus Prime Standard Edition. Para acessar o site do

fornecedor, cliue aqui. Logo depois, clique no botao

“Download”. Efetuado o download, o arquivo baixado é do tipo

<.exe>, ou seja, executavel, dé um duplo clique no arquivo.

Downloads
Installer (New!) Multiple d Individual Files Additiol

Intel® Quartus® Prime Installgér (New!)

Intel® Quartus® Prime Lite Edifion Installer (exe)

Download Size
qinst-lite-windows-23.1std-991.exe SHA

Beta Version of automated Downloader/Installer to replace manual downl
If any problems occur, you can still download the necessary files and instal

View Intel® Quartus® Prime Installer Quick Video

: qginst-lite-windows-23.1std-991 46



https://www.intel.com/content/www/us/en/software-kit/795188/intel-quartus-prime-lite-edition-design-software-version-23-1-for-windows.html
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Instalacao do Software Quartus Prime
Version 23.1std Lite Edition

Configuragao do Software

Em seguida abrird a aba de instalacao, nesta parte selecione
“MAX 10 FPGA device Support”, depois clique em “download”.
Depois aceite os termos da licenga clicando em “Yes”. E entao

espere a barra de download ser completada.

O Intel ® Quartus® Prime Installer . ] X
Intel Quartus Prime Standard Edition 23.1std.0.991 for Windows intel
Name Download Size Install Size  Progress  File Integrity * Description
~ @ Quartus® Prime Standard Edition Select a component for more information
V| Quartus® Prime (includes Nios Il EDS) 2.08 GB 9.17 GB | 0%
~ B Questa*-Intel® FPGA and Starter Editions 078GB  331GB | 0%
v Starter Edition
FPGA Edition
~ @|Devices
Arria® |l device support 0.65 GB 0.74 GB 0%
Arria® 10 device support 11.62GB  14.55GB 0%
Arria® V device support 132GB 1.46 GB 0%
Arria® V GZ device support 197 GB 2.01GB 0%
Cyclone® IV device support 0.46 GB 0.50 GB 0%
Cyclone® 10 LP device support 0.26 GB 0.29 GB 0%

Cyclone® V device support 134 GB
MAX® 1, MAX® V device support 0.01 GB
v/ MAX® 10 FPGA device support 82868

ratix® IV device suppol
Stratix® V device support 2.87 GB 3.09
v Add-ons and Standalone Software

Dowrl

2 J
O Accept License Agreement? X
v A
o Do you agree to the Intel License Agreement? | v after-install actions
Ing V| Create shortcuts on Desktop unch USB Blaster II driver installation
| |
Disk 14 MO | |Status
Download size: 3.14 GB Tnstallation size: 12.83 GB Downioad pogress:
| % ]
Disk space required: 15.97 GB Disk space available: 73.56 GB Downloaded-a S 3.14 GB

Settings | Help
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Instalacao do Software Quartus Prime
Version 23.1std Lite Edition

Configuracao do Software

Posteriormente abrird a janela instalacao, espere a barra de
instalacao ser completada. Depois de completa, abrird a aba
“assistente de instalacdao de drive”, clique em “Avancar” e

posteriormente em “Concluido”. Com isso o software estara

e

instalado e configurado.
Assistente para Instalacao de Driver de D

Bem-vindo ao Assistente para
Instalacao de Driver de Dispositivo!

X
a instalar os drivers de software de
) de computador precisam para
Instaling
Ll
Os drivers foram instalados com éxito neste computador.
Agora vocé pode conectar seu dispostivo a este computador.
Caso seu dispositivo tenha sido fomecido com instrugdes, leia-as
primeiro Para continuar, clique em ‘Avangar’.

Voltar Avangar > Cancelar

Nome do driver Status
\/ Altera (WinUSB) JTAG c... Pronto para usar

]
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Utilizando o Software
Quartus Prime Version 23.1std Lite Edition

Criacao de Projeto

Ao abrir o Software Quartus Prime, clique em “Create New

Project”.

Recent Projects

contador.qpf (C:/altera/13.1/contador/contador.qpf)
exemplo_um.qpf (C:/altera/13.1/exemplo_um/exemplo_um.qpf)
contador.qpf (C:/altera/13.1/contador.qpf)

exeperimento_um.qpf (C:/altera/13.1/experimento_um/exeperiment >_um.qpf)

#
ﬁ New Project Wizard ﬁ Open Project
Training

Tutorial Video:
Tutorial Video:

Tutorial Video:

Close page after project load

. Don't show this screen again
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Utilizando o Software
Quartus Prime Version 23.1std Lite Edition

Criacao de Projeto

Na janela seguinte, defina o diretério e o nome do projeto, que
sera automaticamente o mesmo nome da entidade do cdédigo a
ser criado posteriormente, depois clique em “Next”. Na proxima
aba, deixe marcado a opcdo “Empty Project” e clique em

“Next” nhovamente.

SEE RS O New Project Wizard
Directory, Name, Top-Level Entity Project Type
What is the working directory for this project? Select the type of project to create.
C:/intelFPGA_lite/22.1std/projetos
What is the name of this project? Create new project by specifying project files and libraries, target device family and device, and EDA tool
settings.
exemplo__um

Project template
What is the name of the top-level design entity for this proje¢t? This name i

match the entity name in the design file.

exemplo__um
Use Existing Project Settings...

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.

Help < Back

Help 3 yoic Next> || Finish Cancel
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Utilizando o Software
Quartus Prime Version 23.1std Lite Edition

Criacao de Projeto

Nessa aba de “add filles”, caso ndo tenha nenhum arquivo para

ser adicionado, apenas clicar “Next” novamente.

% New Project Wizard ° X

Add Files

Select the design files you want to include in the project. Click Add All to add all design files in the project
directory to the project.

Note: you can always add design files to the project later.

File name: = Add
(& K| AddAll
File Name Type Library Design Entry/Synthesis Tool HDL Version Remove
Up
Down
Properties

Specify the path names of any non-default libraries. |User Libraries... a

Help \ < Back Next > ‘ Einish Cancel
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Utilizando o Software
Quartus Prime Version 23.1std Lite Edition

Criacao de Projeto

Nesta janela, insira as configuracdes da plataforma FPGA,
informando a familia MAX 10 e o modelo TOM50DAF484C7G,

selecione o modelo em Available Devices. Por fim, clique em

“Next”.

(b New Project Wizard

Family, Device & Board Settings

Device | Board

Select the family and devi arget for compilation.

You can install additional with the Install Devices comma
im

To determine the version of the Quartus Prime software in whic

Device family

| £amily: | MAX 10 (DA/DD/DF/DC/SA/SC/SL)

Device: All

rget device
Auto device selected by the Fitter |N3'"_9f“'e'¢ [10M50DAF484C7¢| J
®) specific device selected in 'Available devices' list V| show advanced devices
Other: n/a
Ayailable devices:
Name Core Voltage LEs Total I/Os lemory Bits Embed: bit elements PL
G 7312 288 4
L] »

Help < Back Next > I Finish Cancel

As informagoes de Familia e o modelo da plataforma, estdo disponiveis no
processador da Placa FPGA.
Exemplo - Familia: MAX 10 e o Modelo: 10M50DAF484C7G.
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Utilizando o Software
Quartus Prime Version 23.1std Lite Edition

Criacao de Projeto

Nesta aba de insercao dos recursos do projetos, apenas clicar
“Next”. Na ultima aba, visualizaremos o resumo das
informacgodes incluidas para criagcdo do projeto, apds leitura,
clicar em "Finish". Com isso, o projeto foi criado.

@ N 0

EDA Tool Settings [page 4 of 5]

Specify the other EDA tools used with the Quartus II software to develop your project.

EDA tools:

Tool Type Tool Name Format(s) Run Tool gutomatically

Design Entry/Synt... | <None> ~ | <None> ~ Run thf @ NewProject Wizard X
Simulation <None> v | <None>

"o Summary [page 5 of 5]
Formal Verification | <None>

When you diick Finish, the project will be created with the following settings:
Board-Level Timing <None>

Project directory: C:/altera/13. 1/experimento_um
Symbol <None> roject name: exeperimento_um
Signal Integrity <None> v Top-evel design entity: exeperimento_um
Number of files added: 0
Boundary Scan < >
d e Number of user libraries added: 0
Device assignments:
Family name: Cydone IVE
Device: EP4CE115F29C7
EDA tools:
Design entry/synthesis: <None> (<None>)
Simulation: ModelSim-Altera (VHDL)

Timing analysis: 0
Operating conditions:
VCCINT voltage: v
Junction temperature range: 085°C
Next >
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Quartus Prime Version 22.1std Lite Edition

ApObs a criagcao do projeto, iremos criar um arquivo <wvhd>. Na

barra de ferramentas, clicar em “File”, posteriormente clicar em

P

A»

Utilizando o Software

Criagao do Programa VHDL

“New”, escolher “VHDL File” e clicar “OK".

artus Il GQijuper/ewnplo_un - exemplo_um.

&G au
File

I&

.Ed.n_\mu_h

oject Assignments Procesg Tools Window Help '.9'

1 New...
7 Open...
Close

a
&

Cri+h
Ctrl+0
Ctri+F4

New Proj

Open Proj;

Ctrl+)

Save Project
Close Project

Save
Sav
Save All

File

Ctri+S
e AS...

Ctrl+Shift+S

Properties...

Create / Update 14
Export...

Convert Programming Files...

Page Setup...

Print Preview

Print...

Ctri+P

Recent Files »

Recent Projects 4

Exit

Alt+F4

P 1 .

o

> P EDA Netlist Writer
&P Program Device (Open Programmer)

llo_um

28 x

| ] ¥ a'b@ ST

P OO R

New Quartus II Project
v Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
—JVHDL File ]
v Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
v Verification/Debugging Files

Logic Analyzer Interface File
SignalTap II Logic Analyzer File
University Program VWF

v Other Files
AHDI_Include File

In-System Sources and Probes File
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Criagao do Programa VHDL

Criado o arquivo VHDL, podemos adicionar o algoritmo em

VHDL. Para salvar o algoritmo cligue em “File”, posteriormente

em “Save” ou podemos utilizar o atalho “Ctrl+S”".

& Quartus Il 64-Bit - C:/al .1/exemplo_um - exemplo_um - 0 X
File@-Edit—Yiew—rFroj ents Processing Tools Window Help ) @

L] New... Ctrl+N ;b_um =] {"3- =..\"-$>§@ o » g & @ ’u?’.: o
;5 Open... ctrl+0 il & :
& pen nax| & exemplo_um.vhd* 8
Close Ctrl+F4
= r o e J
HaLT == 00 Nam 08 K | 2o
& New Project Wizard... 1 library ieee
@ Open Project... Ctrl+l 2 use ieee.std logic 1164.all;
Save Project Blentity| exemplo um fis
Close Project 5 [F portlar In pIic,
6 b in bit;
Q Save @ g 7 c: out bhit);
Save As b 4 ) 8 end exemplo um;
2 % ==
_ I I 9
@ saverl Ctrl+Shift+5 ngx 10 [architecture behavior of exemplo um is
3 : P 11 [Hbegin
Eile Properties... pmize... | 12 L c <= a and b;
13 end behavior
Create / Update » A
Export...
v
Convert Programming Files... < = .

A linguagem VHDL nao é case sensitive, ou seja, letras maiusculas e
minusculas nao altera a sintaxe do cédigo.
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Compilagao do arquivo de cédigo .vhd

Finalizado e salvo, clique em “Start Compilation” para iniciar a

compilagao do cédigo, com intuito de verificar se esta correto

em relacao a sintaxe da linguagem.

OFH DN C

Project Navigator, % Hierarchy

Entity:Instance NT EE RIS Q8=
& MAX 10: 10M50DAFA484C7G Tibrary ieee;
P8 exemplo_um ® use jeee.std_logic_1164.all;

porté a.: in bit;
b in:bi%;
¢l qout bigd;

entity exemplo_um is
Tend exemplo_um;

10 architecture behavior of exemplo_um is

11 begin
12
c <= a and b;

15 end behavior;

Tasks | Compilation v | =le®

Task
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Compilagao do arquivo de cédigo .vhd

Caso seja identificado que nao contém erros, na janela “task” e

na janelas de avisos, as letras ficarao verdes.

Project Navigator| 4 Hierarchy v QAR@® & exemplo_umvhd X [ @ Compilation Report - exemplo_um X
Entity:Instance Table of Contents EACH Flow Summary
% MAX 10: 10M50DAF484C7G EE Flow Summary & <<Filter>>
L :
WF-exemplo:um &3 Flow Settings Flow Status Successful - Mon
E= Flow Non-Default Global Setti  Quartus Prime Version 22.1std.2 Build 92
E= Flow Elapsed Time Revision Name exemplo_um
B Flow OS Summary Top-level Entity Name exemplo_um
Flow Log Family MAX 10
» B Analysis & Synthesis DFv!ce 19M15°DAF484C7
. Mt lm":‘lg N!OGT‘S ;"/‘ig 760 (<1 %
otal logic elements < 4
» B Assembler g' L
O Total registers o
AL A_"alyze_' Total pins 3/360(<1%)
» B EDA Netlist Writer Total virtal pins )
O Flow Messages Total memory bits 0/1677,312(0°¢
. 5 © Flow suppressed g E iplier 9-bit 0/288(0%)
Total PLLs 0/4(0%)
rasks Compilation w2 UFM blocks 0/1(0%)
Task ADC blocks 0/2(0%)
v | ¥ P> Compile Design
v » P> Analysis & Synthesis
v » P> Fitter (Place & Route)
v » P> Assembler (Generate programmi
v » P Timing Analysis
v » P EDA Netlist Writer
W Edit Settings
» Program Device (Open Programmer)
1 2K >
—
® . 6 & . .
Al O] A A A| | ¥ <<Filter>> | 88rind.. || 88Find Next |
F

Type ID Message
» 0 Quartus Prime EDA Netlist Writer was successful. 0 errors, 1 warning
© 293000 Quartus Prime Full Compilation was successful. 0 errors, 14 warnings

4
System Processing (125) ‘

Messages
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Mapeamento dos Pinos da FPGA

Nesta parte iremos mapear os pinos que foram estabelecidos no
cédigo. Na barra de ferramentas clique em “Assignments” e

depois em “Pin Planner”.

|% Quartus Primeg - C/Lab_Super/ um - > um

¢ Device... -
& F KO AV E 9
& | 7/ Settings... Ctrl+Shift+E -
Project Navigator #% Hierarg

& Assignment Editor cri+shift+A 5 Report - exemplo_um X

Entity:Insta
# MAX 10: 10M50DAF484d
B8 exemplo_um “®

= Pin Planner Ctrl+Shift+N
Remove Assignments...

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

Assignment Groups...

a ¥ . .
& Logic Lock Regions Window Alt+L of exemplo_um s
ra Design Partitions Window Alt+D

o 2

13 L c <= a and b;

14

15 end behavior;

q »
Tasks | Compilation v =e®
- Task

¥ P> Compile Design
» P> Analysis & Synthesis
» P> Fitter (Place & Route)
» P> Assembler (Generate programmir
»

P> Timing Analysis

A YRR TATA YRS

» P> EDA Netlist Writer
W Edit Settings

» Program Device (Open Programmer)
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Mapeamento dos Pinos da FPGA

Para mapear os pinos iremos precisar do DataSheet da FPGA,

procure e selecione os pinos especificos para seu projeto nas
tabelas de pinagem do manual. Depois, na parte inferior da aba
“Pin Planner” tém as entradas e saidas do seu projeto, insira os

pinos, escolhidos na tabela, na coluna “Location” e depois feche

Top View - Wire Bond
x] FPGA Pin No. | Description
a p MAX 10 - TOM50DAF484C7G
b SWO PIN_C10 Slide Switch[0] . =
pa - - i
- SWi1 PIN_C11 Slide SWltCh[1] 112 13 14 1: 16 17 18 19 20 21 22 .
= “n p *p D en *n =p =n *p *n
C 2 - = 5 Ne g “p = " *n gmptn =npencplB
. “p) “p *n %p =n "p *n =p =p *p D =n|cC
|5e8
. “n “ntnop ep =p ep n - |0
w LEDRO PIN_A8 LED [0] e B o) D A TS| €
i Do BO AN/ B D D ) ¢
*L “pn O =p 0 0 O O O L =n=p =p|G
= =p/"n © O A A c/DL=p=p=p A O L5 Q @ Q=n=p|H
5 =p *n © 1'=n)=p) I |=n)%n Q Q o a Q' =n=p|J|.
] “n=p 0 =n=p s ® 0 0a@al Jfk
3 O O=n=p s ® o Q@  ‘=njL
& Gro 2 T £ o (LT ] Q a o a Qi*p=n|M
Named: * VI«»E 0 =n=p T/l o o a o a=pe=n|N
<5 |Tasks —_— . = = P “n=p=p [=p=p a a o © oo P
13 Node Name Direction Location r( A =n=n Le=n Q a o0 0 s aQ D[R
B i | I TR 0 0 0 0 O A o Q a Qsp=n]|T
» a Input PIN_C10 2 b
() > —_ UPn=p p. O O o o 0 =n n =p =n=n=p=n|u
» b Input PIN_C11 VEp  mpenep “p L T =p =n=n=np L=p =p=p=n|v
® C Output PIN_A8 o 200, 0.9:0: 0, 0:0,0,01.9:0,0:0: 9 0/0,9 N6/ Y
— Y knoap b= “p  mni=p  anap spapepanspanp|y
<<new node>> Mo n nwn mp e wp gmnwn spn an=p =p en |AA
. AB| =n = “p =p =n =p =n =p D =p =n =n =p *n =p =n AB
E= VREF Groups 12 9 10 11 12 13 14 15 16 17 18 19 20 21 22
ES Edges -
] >
® Kamed: * v7|<<>>1Edi(: X
2 Node Name Direction Location Bank VREF Group Fitter Location 1/O Standard Reserved Current Strength Slew Rate
B a Input PIN_C10 B7_NO PIN_C10 3.3-V LVTTL 8maA (default)
- b Input PIN_C11 7 B7_NO PIN_C11 3.3-VLVTTL 8mA (default)
c Output PIN_A8 7 B7_NO PIN_A8 3.3-V LVTTL 8mA (default) 2 (default)
<<new node>>

= MR
X))
=
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Embarque do arquivo de cédigo .vhd

Com o Pin Planner devidamente preenchido, devera ser feito
novamente a compilacdo do cdédigo, clicar em “Start

Compilation”.

:‘) Quartus Prime Lite Edition - C:/Lab_Super/exemplo_um - exemplo_um

File Edit View Project Assignments Processing Tool:

O d B[ D exemplo_um | FES AV E O

Project Navigator| 4% Hierarchy v _Qre® @exem X 9 Compilation Report - exemplo_um X

Entity:instance | Table of Contents L=l Flow Summary

#% MAX 10: 10M50DAF484C7G

E2 Flow Summary | & <<Filter>>
= -] -
5 exemplo_um 5 Flow Settings Flow Status Successful - Mon Sep 11 11:43:47 2023
B Flow Non-Default Global Setti | Quartus Prime Version 22.1std.2 Build 922 07/20/2023 SC Lite Edition
E= Flow Elapsed Time Revision Name exemplo_um
BB Flow OS Summary Top-level Entity Name exemplo_um
B Flow Log Family MAX 10
» = Analysis & Synthesis D_evfce 1_°M5°DAF484C7G
» M Fiter Timing N!odels Final
Total logic elements 2/49,760(<1%)
» B Assembler =
. i Total registers o
PO e yees Total pins 3/360(<1%)
» B= EDA Netlist Writer Total virtual pins 0
© Flow Messages Total memory bits 0/1677,312 (0 %)
i ;|| © FlowSsuppressed g iplier 9-bit 0/288(0%)
= Total PLLs 0/4(0%)
Tasks Compilation v =le® UFM blocks 0/1(0%)
Task ADC blocks 0/2(0%)
v ~ P Compile Design
v » P> Analysis & Synthesis
v » B> Fitter (Place & Route)
v » B> Assembler (Generate programmir
v » P Timing Analysis
v » P> EDA Netlist Writer
W Edit Settings
» Program Device (Open Programmer)
] QK] >
® e ™
Al (O] A4 (A |T <<Filter>> O8Find.. | |88Find Next
7

Type ID Message
Quartus Prime EDA Netlist Writer was successful. O errors, 1 warning
o 293000 Quartus Prime Full Compilation was successful. 0 errors, 14 warnings

Qualquer alteragao a ser realizado na escrita do cédigo ou na configuragcao
do Pin Planner, devera ser feito a compilagao.
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Embarque do arquivo de cédigo .vhd

Na barra de ferramentas, clicar em “Tools” e posteriormente

clicar em “Programmer”.

o i aE
Run Simulation Tool »

4 %~ Launch Simulation Library Compiler

" 8. Launch Design Space Explorer II
i ° Timing Analyzer
Advisors 4
@ Chip Planner
6 Design Partition Planner
Netlist Viewers 4
- Signal Tap Logic Analyzer
= |n-System Memory Content Editor
= Logic Analyzer Interface Editor

o) In-System Sources and Probes Editor

Signal Probe Pins...
& Programmer o
O}\ JTAG Chain Debugger

» Fault Injection Debugger

System Debugging Tools »
# 1P Catalog

Nios Il Software Build Tools for Eclipse
&a Platform Designer
# Tcl Scripts...

Customize...

Options...

License Setup...

&b Install Devices...




\/
A

Tutorial de uso do FPGA DEI1O-LITE

Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Embarque do arquivo de cédigo .vhd

Com a janela(Programmer) aberta, clique em “Add File”.
Selecione a pasta “output_files”, posteriormente selecione o
arquivo .sof e clique em “open”. Além disso, certifique-se que o

software esta reconhecendo o Hardware Setup USB-Blaster.

Programmer - C:/altera/13.1/pisca_led/pisca_led - pisca_led - [Chains.cd - o X
Ele Edt View P ools  Window Hep
= are ... U ter [USB-0] g = ress:
ble real-time ISP to allow background pr in Tand
- Fie Device Chedsum  Usercode  Program, Vo | ey e TS
st | ey 0 Configue W Select Programming File X
b Stop
3 Auto Detect Lookin: C:\altera\13. 1\pisca_led v; Q00 (] =
{ Delete Wy My Computer
AddFie... i ¢
=) 2 wenen ||
v Chy S,
47 Change Fie... |
< m——
A} save Fie
[ Add Device.
1
%
A Select Programming File X
Lookin: _ Cilaltera\13. 1\pisca_led\output_files OO0 B3
—
& vy Compu ter | L] pisca_led.sof
& LuizNet to

Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) v Cancel

Fiename: [pisca_led.sof
Files of type: |Programming Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) v | cancel
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Embarque do arquivo de cédigo .vhd

Entdao clique em ‘“start” e espere a mensagem
“100%(Successful) na barra “Progress”. Em alguns casos o
Software reconhece Hardware Setup como USB-Blaster e
adiciona o arquivo .sof automaticamente. Carregado a barra de

progresso o seu codigo estara embarcado.

@ oy +C/lab, PR \ umd] - 0 X
Flo Et View Processeg Toos Wdw Hep 9

rch altera.com Q

[

(1) Enable reek o8l 9 a0d MAXV devices) S

m  Usrcode  Prograny  Verdy Bk Bamine Secunty Erase ISP
figur 0

Configure Check aawe E
o8 owsos (9 I Progress: I 100% (Su@l

& Pr - Ci/Lab_Super/ um - um - [output_files/exemplo_um.cdf]

File Edit View Processing Tools Window Help &
| 2. Hardware Setup... | |USB-Blaster [USB-0]
I:] Enable real-time ISP to allow background programming (for MAX I levices)

o File Device Checksum Usercode Program/
»l Start Configure

1
output_files/exemplo_um.sof 001B04DB  001B04DB
L

< Stop
34 Auto Detect
< Delete

(% Add File...

4% Change File..
2 Save File
2% Add Device..
fiup
44 pown
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Embarque do arquivo de cédigo .vhd

O cédigo embarcado demonstra o funcionamento da porta and.
As chaves SWO e SWI1(PIN_AB28 e PIN_AC28) irao representar
os bits de entrada(A e B) e o Led LEDRO(PIN_G19) ira

representar a saida C. O cédigo deve seguir a seguinte tabela
verdade:

PORTAE (AND)  C=A.B
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

ApOs a criacao do arquivo .vhd, compilado com sucesso, iremos

realizar a simulagao do cdédigo escrito, com intuito de verificar
de maneira prévia, se o mesmo funcionara conforme desejado.

Observacao: Utilizar o cédigo da imagem abaixo como exemplo.

G Quartus Prime Lite Edition - C:/Lab_Super/exemplo_um - exemplo_um

File Edit View Project Assignments Processing Tools Window Help

O d D D C | exemplo_um | S S DrFES @AV E 9

Project Navigator, # Hierarchy v _dEes } @D exemplo_umvhd X @ Compilation Report - exemplo_um X

Entity:Instance B 7T == nrfh 0w R 8=
% MAX 10: 1T0M50DAF484C7G ]‘ibrar‘y ieee;
exemplo_um ‘& use jeee.std_logic_1164.al11;

portC a : in.bit;
b. & In:pik;
C.: out bit);

entity exemplo_um is
?end exemplo_um;

10 architecture behavior of exemplo_um is

11 begin
12
c <= a and b;

15 end behavior;

Tasks | Compilation v =Ele®
Task
v P> Compile Design
» P> Analysis & Synthesis
» P> Fitter (Place & Route)
» P> Assembler (Generate programmir

» P> Timing Analysis

YA SAYATAYAY

» P> EDA Netlist Writer
W Edit Settings

» Program Device (Open Programmer)
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Utilizando o Software

Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Na barra de ferramentas, clicar em “File” e posteriormente em

"New". Quando abrir a aba “New”, clicar 2 vezes em “University

Program VWF”.

G Quartus Prime Lite Edition - C:/Lab_Super/exemplo_um |
Edit View Project Assignments i 1

= Open..
Close
New Project Wizard...
“E Open Project...
Save Project
Close Project
B save
Save As...
@ save All
Eile Properties...
Create / Update
Export...
Convert Programming Files...
ffl Page Setup...
@ Print Preview
e Print...
Recent Files

Recent Projects

Exit

Ctrl+F4

Ctrl+)

Ctrl+S

Ctrl+shift+s

Ctrl+P

Alt+F4

New Quartus Prime Project

¥ Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
VHDL File

¥ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

¥ Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File

Signal Tap Logic Analyzer
University Program VWF
¥ Other Files

AHDL Include File

Block Symbol File

Chain Description File

Synopsys Design Constraints File
Text File

Cancet || Heip
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Quando abrir a aba “Simulator Waveform Editor”, clicar com o
botdao direito na regido em branco mostrada abaixo,

posteriormente, clicar em "Insert Node ou Bus”.

G Simulation Waveform Editor - C;/Lab_Super/exemplo_um - exemplo_um - [Waveform2... = — O X
File Edit View Simulation Help “‘Jearch Intel EPGA ‘.
R]@ % & % 2 )@ E B X E G W2 e 2 [als

Master Time Bar: 0 ps S lPointer: b11.33 ns| Interval: 311.33 ns| Start: ]End:

Value at lO ps 160,0 ns 3200 ns 480,0 ns 6400 ns 800,0ns 960.0ns =
0 ps dps

Name

X Delete Del
Insert Node or Bus... e
Grouping »
Reverse Group or Bus Bit Order
Radix 4

B Properties...

0% 00:00:00
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Quando abrir a aba Insert Node or Bus, clicar em “Node

Finder...”. Na aba Node Finder, iremos adicionar todas as

entradas e saidas descritas no cédigo, clicar em “List” e quando

todas as informacgdes forem adicionadas, clicar em “>>" e por
fim “OK"” e “OK”

(& Insert Node or Bus || 5 Node Finder X I G Node Finder X
Named: H Filter: | Pins: all = ‘ OK ‘ Named: " Filter: | Pins: all || ok
Name: Use Node Finder ... | OK ‘ T —— : S| S
Look in: |* | Lst || Cancel Look in: * List Cancel
Type: INPUT v || cancel ‘ Nodes Found: Selected Nodes Found: Selected Nodes:
| 7 Name Y, Type Nat Type Name Type Name X Type
Value ty; 9-Level Zifn . = % a Input - o
; | 'Node Ei 85 B b In
2 | | — put |
< ! - |
Radix: !3nary w it |
Bus widtl 1 [
= q <<
Startind O [ '
Display gray code count as binary count 2 S 7 = F 5 5 5
S Node Finde X B O Insert Node or Bus
Named: * Filter: | Pins: all = | -
( — - y Name: |**Multiple Items** | \ OK [
Look in: |* | List

Nodes Found:

Selected Nodes: Type: **Multiple Items ~ |
Name Type Name g T

in in Value typ | 9-Level » .

» a Input > | ®a Input ) )

» b Input —— m»b Input . c | |[Node Finder...
Radix: | Bina &/

C Output > 1% ¢ Output = ry =2
Bus widtl |1

<< r

Startind O

7 5 2 s Display gray code count as binary count
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Realizar as configuracdes de valores de simulagao das entradas,

nesse caso abaixo, a e b. Selecionar cada entrada
individualmente e clicar em “Overwrite Clock”, no qual,
adicionaremos simulacdes de pulsos de forma de onda
qguadrada com periodo de a para 20ns e b para 40ns e clicar
“OK".

R R 5 e M2 EREREZE 2l (K@ 5 & % 2 )CE B EEEE B R

Master Time Bar: |0 ps [ « *» | Pointer: 1389.6 ns | Intervall Master Time Bar: |0 ps | ¢ [ » Pointer: !220.6 ns Interval

Valueat |0ps 1600ns  3200ns  48Q

Value at !0 ps 160,0 ns 3200 ns 48

Name
Bame 0 ps 0 ps 0 ps 0 ps
n' BO [ a BO MU TN
; ' | b e T S T S Tl b STy
»- BO G Clock out 7 Bg - = \
- B X = O Clock X

Base waveform on time period : :
Base waveform on time period

e Period: 40.0 ns v |
Offset: 0.0

I'ISvi

Period: 20.0

Offset: |0.0

Duty cycle (' | 50 13|

GL Cancel @l Cancel |
JL

Ty

Duty cycle (' ‘750
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Terminado as configuragdes, clicar em “Run Functional
Simulation”, salvar o arquivo de simulacdao e aguardar o
término da aba de compilagcao, que o resultado da simulacao

abrird automaticamente.

R & X & N EEWKEEE 2o A a8

Value at
Name

Master Time Bar: 0 ps Ly

> | Pointer: %73.66 ns

160,0 ns 240,01

a
b

C

L 2

0 ps
BO
BO
B X

'‘Waveform.vwf' has been modified. Do you want to save
your changes?

[
Cancel

| ves || mwo |
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Utilizando o Software
Quartus Prime Version 22.1std Lite Edition

Simulagao do cédigo VHDL

Com o arquivo aberto automaticamente no formato no formato .vwf,

apenas analisar o resultado. Conforme o cédigo, sé temos 2 saidas (c e d),
no qual c, ficard em nivel légico alto, quando a e b estiverem ao mesmo
tempo em nivel légico alto, conforme funcionamento de portas AND. E a
saida d, sera apenas o resultado invertido, utilizando o cédigo de porta

NOT. Confirmando o perfeito funcionamento do cdédigo.

1 library ieee;
N Value at 2 use ieee.std logic 1164.all;
- 80.0 ns 3
4 Bentity exemplo um is
iE>_ a BO 5 B port( a : in bit;
: 6 b : in bit;
- b BO 1 c : out bit;
e 8 d s iout Bit):
u ¢ BO [ ] :
out d B1 L__J l___ ig end exemplo um;
12 Barchitecture behavior of exemplo um is
13 L signal x: bit;$
14 Bbegin
15
16 X<=aandb; °
17 C <= X%
18 d <= not x;
19

20  end behavior;
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Experimento 1

Pisca LED ativado por chave

O experimento nao precisara de nenhum componente além da

placa FPGA e do computador. O experimento consiste em

acionar via chave (switch) o piscar de led.
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Experimento 1

Pisca LED ativado por chave

O intuito do roteiro nao é ensinar VHDL ou VERILOG mas ha a

necessidade de explicar parte do cédigo.

1 library ieee;
2 use ieee.std logic 1164.all;
5’J —
4 [Hentity pisca led is
5 B port(
6 sys_clk 50mhz in std logic;
7 sys_rst in std logic;
8 led : out std logic
D );

10 end entity pisca led;

11 L

12 Harchitecture behavior of pisca_led is

13 L signal led delay : NATURAL range 0 to 50000000;

14 signal led reg : std_logic;

15 B begin

16 | 1led <= led reg;

17 B process(sys_clk 50mhz, sys_rst)

18 | begin

19 © if sys rst = '0' then

20 led _delay <= 0;

21 led reg <= '0';

22 [H elsif rising edge(sys_clk 50mhz) then

22 | led delay <= led delay + 1;

24 @3 if led delay = 50000000 then

25 led delay <= 0;

26 led reg <= not led reg;

27 end if;

28 end if;

29 end process;

30 end architecture behavior;

Conjunto de sub-programas
que descrevem, elementos e
componentes ja

programados para serem
reutilizados

Definigdo das portas de
entrada e saida do cédigo.

Implementacao do projeto,
descrevendo as relagées
entre as portas sobre o
comportamento do cédigo.
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Experimento 1

Pisca LED ativado por chave

Este € o cédigo completo em VHDL. Com tudo pronto pode
salvar, compilar, realizar o PIN PLANNER, compilar novamente

e embarcar na placa FPGA. —— :
Node Name Direction Location
e i TR _ “ led Output PIN_A8
L R & sys_clk_50mhz Input PIN_P11
4 Hentity pisca led is B SYys_rst Input PIN_C10
5[ port( <<new node>>
6 sys_clk 50mhz : in std logic;
7 sys_rst : in std logic;
8 led : out std logic
9 ):
10 end entity pisca led;
11
12 Harchitecture behavior of pisca led is
13 L signal led delay : NATURAL range 0 to 50000000;
14 signal led reg : std logic;
15 B begin
16 | 1led <= led reg;
17 B process(sys clk 50mhz, sys rst)
18 ] begin
15 © if sys rst = '0' then
20 led delay <= 0;
21 led reg <= '0';
22 B elsif rising edge(sys _clk 50mhz) then
23 | led delay <= led delay + 1;
24 © if led delay = 50000000 then
25 led delay <= 0;
26 led reg <= not led reg;
27 end if;
28 end if;
29 end process;
30 end architecture behavior;
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Experimento 1

Pisca LED ativado por chave

A chave (sys_rst) quando acionado em nivel lé6gico alto (1)
ligara o led (led) que piscara conforme implernentado no
codigo utilizando uma frequéncia de clocck interna
(sys_clk_50mhz).

3

4 Hentity pisca_led is

98] port(

6 sys_clk 50mhz : in std logic;
7 sys_rst : in std logic;
8 led : out std logic
9 ):

10 end entity pisca led;




A»

Tutorial de uso do FPGA DEIO-LITE

Experimento 2

Decodificador BCD para 7 Segmentos

O experimento nao precisara de nenhum componente além da

placa FPGA e do computador. O experimento consiste

implementar YELEIGEER={ep RYEWSEIWEE para decodificar e exibir

no display de 7 segmentos.

St segmentos de saida
BED a _______ DISPLAY
D ER | IT14)
¥ = olofojofa|aja|a|1|a]|o] &
B LEDRO :
gl o|ofo|1]|of4]|1|0]|o]ofo] 3
olof1lolafa]o]a]1]a]1] 2
olo|i|t|a|a|1]|a]o]o|2] 3
ol1]|oofola|1|ojof1[1] &
o1]|o|1|1]ofa|a|ola[s] §
olr|t|o]ofofafr|a|a1| &
of1|1|1fa]|1|1]ololafo] F
1jolojolafafafa]|1]a[s]| 8
1olo|1|a|aja|ofola|1]| G
1|1]1|1|o]o]|olo|o|o]o
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Experimento 2

Decodificador BCD para 7 Segmentos

Este € o cédigo completo em VHDL. Com tudo pronto pode
salvar, compilar, realizar o PIN PLANNER, compilar novamente
e embarcar na placa FPGA.

. . Node Name Direction Location
® pec_BCD_75EGVhd X \ - BCD[3] Input PIN_C12
B 7T EE nrMm 08 9 %= ®- BCD[2] Input PIN_D12
1  Tibrary ieee; '@ BCD[1] Input PIN_C11
2 use ieee.std_logic_1164.all; v,i.", BCD[O0] Input PIN_C10
2 use IEEE.numeric_std.all; %% SEGMENT7[6] Output PIN_C17
5 mgentity DEC_BCD_7SEG is ® SEGMENT7[5] Output PIN_D17
6 port( out
7 BCD :in  UNSIGNED(3 downto 0); ;: SCGhIFENI LT SRR iy D
8 SEGMENT7 :out UNSIGNED(6 downto 0) |‘® SEGMENT7[3] Output PIN_C16
9 ); g ‘® SEGMENT7[2] Output PIN_C15

FR | o9 Entity; % SEGMENT7[1] Output PIN_E15

12 mgarchitecture behavior of DEC_BCD_7SEG is ® SEGMENT7[0] Output PIN_C14

iz mbeg?igna] SEGMENT :UNSIGNED(6 downto 0); | <<new node>>
= I

15 SEGMENT <= "0111111" when BCD = "0000" else -- 0

16 "0000110" when BCD = "0001" else -- 1

17 "1011011" when BCD = "0010" else -- 2

18 "1001111" when BCD = "0011" else -- 3

19 "1100110" when BCD = "0100" else -- 4

20 "1101101" when BCD = "0101" else -- 5

21 "1111101" when BCD = "0110" else -- 6

22 "0000111" when BCD = "0111" else -- 7

23 "1111111" when BCD = "1000" else -- 8

24 "1100111" when BCD = "1001" else -- 9

25 "1110111" when BCD = "1010" else -- A

26 "1111100" when BCD = "1011" else -- B

27 "0111001" when BCD = "1100" else -- C

28 "1011110" when BCD = "1101" else -- D

29 "1111001" when BCD = "1110" else -- E

30 "1110001" when BCD = "1111"; == F

31 L SEGMENT7 <= not SEGMENT;

32 end behavior;
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Experimento 2

Decodificador BCD para 7 Segmentos

Cada chave esta realizado a um digito binario BCD (BCD 3 DOWNTO 0),
com isso, ao acionarmos cada um de maneira diferente, sera exibido um
valor diferente, conforme cédigo, no display de 7 segmentos (SEGMENT).
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Experimento 3

Contador de 4 digitos

O experimento nao precisara de nenhum componente além da placa FPGA
e do computador. O experimento consiste incrementar via pulso de clock,

acionado por botdo, um contador de 4 digitos para ser exibido no display

de 7 segmentos.
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Experimento 3

Contador de 4 digitos

Este € o cédigo completo em VHDL. Com tudo pronto pode
salvar, compilar, realizar o PIN PLANNER, compilar novamente
e embarcar na placa FPGA.

™ contador.vhd™ G | Node Name Direction Location
5 in
B asnD == o Dom 0s 2 8] > gtg II:g:: Em-ﬁgs
1 Library IEEE; ;,z EN Tnput PIN_AC27
B RSl <o s s
4 & 2 e e '"3. LOAD[3] Input PIN_AC26
n
5 HBEEntity contador is - LOAD[2] Input PIN_AD26
'"_ LOAD[1 Input PIN_AB26
6 © PORT(RST : in std logic; L LOADEO% Ing:t S
7 CLK : in std logic; i —
8 Q : out unsigned(6é downto 0); ;:? Qre] Output PIN_G18
9 EN : in std logic; 24 Q[s] Output PIN_F22
10 CLR : in std lc gic; eu‘} Q4] Output PIN_E17
e ou
11 LD : in std logic; =5 Q3] Output PIN_L26
12 LOAD : in unsigned (3 downto 0)); 2 Q2] Output PIN_L25
13 end entity; out Q1] Output PIN_J22
14 BArchitecture behavior of contador is 2 Q[o] Output PIN_H22
15 l_Signal CONT: unsigned (3 downto 0); % RST Input PIN_AB27
16 Signal Q1 : unsigned (6 downto 0); —
17 BBegin End process;
18 HBProcess (CLK, RST) Q1 <= "0111111" when CONT = "0000" else —-- 0
19 | Begin "0000110" when CONT = "0001" else —- 1
20 @ If RST = '1' then "1011011" when CONT = "0010" else —— 2
21 l‘ CONT <= "0000"; "1001111" when CONT = "0011" else -- 3
22 B Elsif CLK' event and CLK = '1' then "ﬁgﬁég" W:en ggﬁ = "gigg" eise = é
= 19 i " when =i " else --
gi’ = ééNgLR——"OBDEE?n "1111101" when CONT = "0110" else —- 6
F = ’ "0000111" when CONT = "0111" else —- 7
25 B Else A "1111111" when CONT = "1000" else —- 8
26 H If EN = '1' then "1100111" when CONT = "1001" else —- 9
27 B3 If LD = '"1' then "1110111" when CONT = "1010" else -- A
28 l‘ CONT <= LOAD; "1111100™ when CONT = "1011" else —— B
29 @ Else "0111001" when CONT = "1100" else -- C
30 CONT <= CONT+1: "1011110" when CONT = "1101" else —- D
31 End IF; "1111001" when CONT = "1110" else -- E
5 tia T % "1110001" when CONT = "1111"; =
; Q <= not Q1;
33 End If;
34 End If;
End process; End architecture;
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Experimento 3

Contador de 4 digitos

Conforme cdédigo, a chave enable (EN) quando acionado, permite que
inicie a contagem apds a ativacdo do pulso de clock (CLK) via botao, a
cada acionamento do botdao, havera incremento da contagem a ser
exibido no display de 7 segmentosde 0a9eA.B,C,D, E, F.
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