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Introducao

Uma placa FPGA (Field-Programmable Gate Array) é 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 DE2-115.

DE2-115 DE10-LITE




A

Tutorial de uso do FPGA DE2-115

Conhecendo o hardware

A plataforma

O modelo da placa FPGA que sera utilizado de referéncia para o
roteiro sera o DE2-115. Este roteiro tem a finalidade de orientar

no entendimento, instalagcao, configuracao e testes.

Sera necessario, para embarcamos os projetos, o DataSheet da

plataforma FPGA DE2-115, para ter acesso clique aqui.

Audio TV Decoder 28MHz
CODEC (NTSC/PAL) Oscillator

Ethemet Ethemet
usB usB USB Mic Line Line Video VGA  10/100/1000M 10/100/1000M RS-232
Blaster Port Device  Host In In  Out In Out Port 0 Port 1 Port

12V DC Power

Supply Connector

Power ON/OFF Switch

Altera USB Blaster
Controller chipset

USB HosVSlave
Controlier

Altera EPCS64
Configuration Device

LCD 16x2 Module

7-segment Displays

Programming
Mode Switch

18 Red LEDs 18 Slide Switches 64MB 2MB 4 Push-button 8MB 8 Green

SDRAM x2 SRAM FLASH LEDs

PS72 Port
VGA 24-bit DAC
Gigabit Ethemet PHY

Expansion Header (J15)
(with Protection Diodes)

HSMC Connector

Altera 60-nm Cyclone IV E
FPGA with 115K LEs

50MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In

IR Receiver


https://www.terasic.com.tw/attachment/archive/502/DE2_115_User_manual.pdf
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Conhecendo o hardware

Os cabos

A plataforma FPGA vem acompanhado de um cabo USB-AB,

para transferir dados. E uma fonte de alimentacao, para ligar a

plataforma.
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Conhecendo o hardware

Conexao da plataforma

Para usar o cabo de alimentacgao conecte na FPGA e depois na

tomada. Para usar o cabo USB-AB conecte na FPGA e depois no

computador.
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Instalacao do Software Quartus Il
13.1.0.162

Download do Software

Para utilizarmos a plataforma FPGA precisamos do Software

Quartus Il. Para acessar o site do fornecedor, cliue aqui. Logo

depois, cligue no botao “Download”. Depois de baixado,
descompacte o arquivo .tar. Posteriormente, com arquivo

descompactado, dé um duplo cligue em “setup”.

Multiple Download

Intel® Quartus® Il Web Edition|Software (Device support included)

Size: 4.4 GB

Download
SHA1: c360f10b89aa5eed4c7bb11a1c6c8b1195a5c41ac

Quartus-web-13.1.0.162-windows.tar

What's Included?

Nome

@8 components

BN setup



https://www.intel.com/content/www/us/en/software-kit/666221/intel-quartus-ii-web-edition-design-software-version-13-1-for-windows.html

o)

Tutorial de uso do FPGA DE2-115

Instalacao do Software Quartus

13.1.0.162

Configuragao do Software

Abrira a aba de instalacao do Quartus, clique em “Next"”. Logo

em seguida, cliqgue em “l accept the agreement” e clique em

“Next” novamente.

G Installing Quartus Il Web Edition (Free) 13.1.0.162 = o

Setup - Quartus II Web Edition (Free) 13.1.0.162

Mm Welcome to the Quartus II Web Edition (Free) 13.1.0.162 Setup Wizard.

For more information about Altera software, go to http://www.altera.com.

Cancel

agreements in this document.

Do you accept this license?

BitRock Installer

NCensing ayreernernt danu yuverrs s respecuve IlLEﬂSing agreement
without modifying the terms and conditions of other licensing

The following provision applies to all three licensing agreements
below: Altera may store your data and information on its own sg
or on servers hosted by third parties. If Altera is providing a
software to you for use via the Internet, such software may
stored on our servers or servers hosted by third parties. Fol
information, data or software hosted by a third party, althougl

© 1 accept the agreement

(_) Ido not accept the agreement

/AYO[SRYA\,

ot the terms of this agreement before continuing with the installation.

eements, identified

3Core Function

and "Quartus II, Version 13.1 Standard License
1s of this document

ing agreements as

The terms and

greements in this

s of a standalone
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Instalacao do Software Quartus
13.1.0.162

Configuracao do Software

Agora selecione o Diretério, local em que deseja instalar o
Quartus I, clique em “Next”. Na aba seguinte certifique que as

opcoes estejam marcada como a seguir e clique “Next”.

@ Installing Quartus Il Web Edition (Free) 13.1.0.162 - o X G Installing Quartus Il We} 10,162 - o X
Installation directory Amm Select Components Alm
e e
1
wan! insf

Please specify the directory where Quartus II Web Edition (Free) 13.1.0.162 will be installed &
s = iartus I fou can add additional device support to an existing
I directory C:\altera\13.1| '] : 8 Qe buartus IT software installation without having to reinstall
e he entire software package. Use the Install Devices
1 ommand on the Tools menu in the Quartus II software to
B Devices Jetstarted.
g é;':oge(;ﬁf'g;z o) elect a component for more information

@ Cydone V (819.9M8)

@ MAXTIN (7.7MB)
@ ModelSim-Altera Starter Edition (Free) (3347.9M8)
() Modelsim-Altera Edition (3347.9MB)

; 0

stalle
= Cancel <Back xt > Cancel
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Instalacao do Software Quartus
13.1.0.162

Configuracao do Software

Nesta aba apenas cligue em “Next” e espere terminar a

instalacao.

@ Installing Quartus Il Web Edition (Free) 13.1.0.162 = [m] X

Ready to Install Aﬂ m 2

Summary:

Installation directory: E:\Quartus II\altera\13.1
Required disk space: 11093 MB
Available disk space: 643854 MB

Known Issues:

* For installation under path with spaces, The Extended Memory Interface (EMIF) and Video IP are expected
not to work. Additionally, Nios II EDS may also be limited in functionality with several minor issues. = O 2
ALTERAW
a
adl ancel

BitRock Installer

BitRock Installer
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Instalacao do Software Quartus
13.1.0.162

Configuracao do Software

Ao término da instalacao abrira uma nova aba, clique em

“Finish”. Por fim cligue em “Run the Quartus Il software” e em

“OK". Pronto o Quartus Il foi instalado com sucesso.

€ Installing Quartus Il Web Edition (Free) 13.1.0.162

Quartus II Web Edition (Free) 13.1.0.162 Installation Complete

Nm Setup has finished installing Quartus II Web Edition (Free) 13.1.0.162.

8 Create shortcuts on Desktop €4 Quartus Il 64-Bit 13.1 Web Edition

X
8 Launch Quartus II (64-bit)

Provide your feedback Thank you for installing the Quartus IT Web Edition software - the #1in
B ey performance and productivity. To upgrade to the full featured Subscription Edition,
please visit www.altera.com..

Select one of the following licensing options to continue:
Select one of the following options

© Buy the Quartus II Subscription Edition software
I (O Run the Quartus II software
() Add an IP license file (for users who have purchased IP)

3 Cance
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Utilizando o Software Quartus Il 13.1.0.162

Criacao de Projeto

Ao abrir o Software Quartus, cliqgue em “Create New Project”.

Na janela seguinte (Introduction) clique em “Next”.

»
Getting Started With Quartus® Il Software %}

Start Designing Stal & NewProject Wizard =
Designing with Quartus Il software mmesd  Introduction
requires a project you th

The New Project Wizard helps you create a new project and preliminary project settings, including the following:

— . Project name and directory
c'&a.‘:: M':::’:,“ of - Name of the top-level design entity
oject . Project files and libraries
. Target device family and device
Open Existing Project J - EDA tool settings
You can change the settings for an existing project and specify additional project-wide settings with the Settings command
Open Recent Project: (Assignments menu). You can use the various pages of the Settings dialog box to add functionality to the project.

C:/SimulatorVhdl/portaand.qpf
C:/Users/hital/Downloads/Cr...ro_Placi
C:/tstemb/tstemb.qpf

C:/arquivo_bloco/bloco.qpf

(Web Vs Subscription | "By Subscription | | Literature |
Edition B ' . :

0 Don't show this screen again

[T] Don't show me this introduction again

Help
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Utilizando o Software Quartus Il 13.1.0.162

Criacao de Projeto

Na janela seguinte, defina o diretério e o nome do projeto que
sera automaticamente o mesmo nome da entidade do cédigo a
ser criado posteriormente, depois clique em “Next”. Na proxima

aba, cligue em “Next” novamente.

4 New Project Wizard

Directory, Name,

I=

[c:/Lab_super
What is the name of this pr olea?

X
el Entity [page 1 of 5]
wm s the workin gd ectory for e

[ exemplo_um

=

What is the name of the top-! Ievel design e
name in the design file.

ntity for this project? This name is case sensitive

R20d must exactly match the entity

{4 New Project Wizard

l exemplo_um

Use Existing Project Settings...

Add Files [page 2 of 5]

Note: you can ahways add design files to the project later.
File name: |

File Name Type Library Design Entry/Synthesis Tool  HDL Version

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

Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
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Criacao de Projeto

Nesta janela, insira as configuracdes da plataforma FPGA,
informando a familia Cyclone IV E e o modelo EP4CET15F29C7,
selecione o modelo em Available Devices. Por fim, clique em

“Ok".

Select the family and device you wal compilation.
You can install additional device suppt stall Devices command on the Tools menu.
Device family

Show in 'Available devices' list
i 5 Package: ;Any %
Devices: |All X Pin count: Any 52,
-

Family: | Cyclone IV E
Speed grade: |Any

Target device

Name filter: |ep4ce115f29c7 [ |
Show advanced devices

(O Auto device selected by the Fitter

(@ Specific device selected in 'Available devices' list

SRt
Een Device and Pin Options...
Available d
Name Core Voltage LEs Memory Bits Embedded multiplier 9-bit
EP4CE115F29C7 1.2V 3981312 532
< >
Migration patibility Companion device &
Migration Devices... HardCopy:
0 migration devices selected Limit DSP & RAM to HardCopy device resol

¥ Buy Soﬁwarel I OK I Cancel L HelP ]

As informagoes de familia e o modelo, estao disponiveis no processador da
plataforma FPGA.
Exemplo - Familia: Cyclone IV E e o modelo: EP4CE115F29C7.
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Utilizando o Software Quartus Il 13.1.0.162

Criacao de Projeto

Posteriormente, nesta aba de insercao dos recursos do
projetos, clique em “Next”. Na Ultima aba, visualizaremos o

resumo das informagodes incluidas no projeto, clique em

“Finish”.

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 4utomatically
Design Entry/Synt... | <None> v | <None> 4 Run th @ New Project Wizard X
imulation <| > v <N > Run g3
Simulatio None: None Run g Summary [page 5 of 5]
Formal Verification | <None>
When you ciick Finish, the project will be created with the following settings:
Board-Level Timing <None>
Project directory: C:faltera/13.1/experimento_um
Symbol <None> Project name: exeperimento_um
Signal Integrity <None> - Top-evel design entity: exeperimento_um
Number of files added: 0
<| >
Boundary. Scon flone Nomber of user lbraries 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: L2
Junction temperature range: : 0:85°C
Next >
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ApObs a criagcao do projeto, iremos criar um arquivo <wvhd>. Na

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

A»

Criagao do Programa VHDL

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

Anlmﬁupﬂlmpb_m - exemplo_um.

oject Assignments Procesg Tools Window Help '.9'

&4 Quartus il
File @Edit—iauPr
»
&

Open...
Close

Cri+h
Ctrl+0
Ctri+F4

New Proj
Open Proj;
Save Project
Close Project

Ctrl+)

Save Ctri+S
Save As...

Save All Ctrl+Shift+S

File Properties...

Create / Update 4

Export...
Convert Programming Files...

Page Setup...
Print Preview

Print... Ctri+P

Recent Files »

Recent Projects 4

Exit

D T

Alt+F4

.

o

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

llo_um

e x

MY ST OO D

Py 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
= VHDL 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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Criado o arquivo VHDL, podemos adicionar o algoritmo em

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

P

A»

Criagao do Programa VHDL

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

€ Quartus Il 64-Bit - c;“
New... Ctrl+N

.1/exemplo_um - exemplo_um

ents Processing Tools

Window Hep 5

FaALT = 00TE 038 %

exemplo_um.vhd* 8

O

X

Search altera.com @

MY GO D OO MR

261 .,
365 ab/

J ;;!b_umi -
5 Open... Ctrl+0 nox| @
Close Ctrl+F4
@ New Project Wizard... 1
E§ Open Project... Ctrl+] -
Save Project
Close Project 5
6
d S @ s 7
Save As... -';4|)| 2
@ saveal Ctrl+Shift+5 igx|| 10
: . | (W1
File Properties... |mize._.. | 12
13
Create / Update A
Export...
v

Convert Programming Files...

|

A linguagem VHDL nao é case sensitive, ou seja, letras maiusculas e

library ieee
use ieee.std logic 1164.all;

Blentity| exemplo um fis
B portlar im brit:
b in bit;
cy out: bit),
end exemplo_um;

Harchitecture behavior of exemplo um is
Ebegin
c <= a and b;
end behavior

minusculas nao altera nada no cédigo.

|
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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.

6 Quartus Il 64-Bit - C:/Lab_Super/exemplo_um - exemplo_um

File Edit View Project Assignments Processing Tools Window Help &

QG d @ 4 D@8 9 o leempoum Y s ePo—=1rl b R QP A 0 @
7 |

|Project Navigator rex @

Entity BAND EE
& Cyclone II: EP2C20F484C7
» exemplo_um )

library ieee;
use ieee.std logic_1164.all;

1

2

3

4 Bentity exemplo um is
5 B port( a : in bit;

6 b : in bit;

7 c : out bit );
8 end exemplo um;

10 Barchitecture behavior of exemplo_um is
11 Bbegin

13 € <= a and b;

Oy vierarchy ~ El Files o DesignUnits  “3 4| D ié -end behavior:
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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

exemplo_um.vhd

Compilation Report - exemplo_um

<

\P 293000 Quartus II Full Compilation was successful. 0 errors, 1l warnings

Entity
/2 Cyclone IV E: EP4CE115F29C7 Flow Status Successful - Mon May 20 16:51:10 2024
E;% exemplo_um 5@ Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 5] Web Edition
Revision Name exemplo_um
Top-level Entity Name exemplo_um
Family Cydone IVE
Device EP4CE115F29C7
Timing Models Final
> (@ Anal Total logic elements 1/114,480 (< 1%)
> (& Fitte Total combinational functions 1/114,480 (< 1%)
Dedicated logic registers 0/114,480 (0 %)
7 [ Assel | 1ota) registers 0
[T Time{ | Total pins 4/529(<1%)
(] EDA |Total virtual pins 0
\i) Flow | | Total memory bits 0/3,981,312(0 %)
< > \I) Flow Embedded Multiplier 9-bit elements 0 /532(0 %)
= = = Total PLLs 0/4(0%)
Ay Herarchy  [E|Files  of Designunits ¢ 4[p
[Tasks LERY
Flow: | Compilation ¥ | | Customize...
Task X
v > P Analysis & Synthesis
4 P Fitter (Place &Route)
L7 > P Assembler (Generate programming file:
Ve P TimeQuest Timing Analysis
v > W EDA Netist Writer
:b Program Device (Open Programmer) G
< > < >
Kilal [© BPEPE [® <<search>> !
| Type ID Message
Running Quartus II €4-Bit EDA Netlist Writer
Command: quartus_eda —-read settings_files=off --write_settings_files=off exemplo_um -c exemplo_um
204019 Generated file exemplo_um.vo in folder "C:/altera/13.1/simulation/gsim//" for EDA simulation tool
Quartus II 64-Bit EDA Netlist Writer was successful. 0 errors, 0 warnings
kil
4
| 4
=]

System Processing (11!
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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”.

IQ Quartus Il C:/Lab_Super/exemplo_um - exemplo_um
File Edit View

Assignments Processing Tools Window Help )

= < pev
DS d & ¥ - Device...
s Settings... Ctrl+Shift+E

Project Navigator

TimeQuest Timing Analyzer Wizard...

} Assignment Editor Ctrl+Shift+A
Pin Planner Ctrl+Shift+N
Remove Assignments...

i» Back-Annotate Assignments...

Import Assignments...

Export Assignments...

Assignment Groups...

LogicLock Regions Window Alt+L
Design Partitions Window Alt+D

il 2
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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 a aba.

@ Pin Planner - C:/Lab_Super/exemplo_um - exemplo_um
File Edit View Processing Tools Window Help

2 ‘&ep;{%:on not available e ‘ Top VleW m VVire Bon
= Cyclone |V E - EP4CE11¢&
.| Signal Name FPGA Pin No. i
2 A AOOA/DOOLADOO, @Y,
HIE () PIN_AB28 35 Re0000008 S0t
5 - cVOOOLEBEEEVEERVOBOO!
Y| sw1 PIN_AC28 %
- |LEDRI0] PIN G19
@
# s :%V@@ O
2 e Ronrt B 1@@@@@@ ¢
Node Name Direction Location @— TRVOOAVA
n_a Input PIN_AB28
in_b Input PIN_AC28
gy Output PIN_G19
<<new node>>
[£5 » Show VREF Groups
# Show Edges ©\VOO
v [ZZ Show DQ/DQS Pins X@@ @@@ @@@/
# x4 Mode S 123 456 7 8 910111213 14 15 16 17 18 19
» (RPN y e Il e et Il el
X“‘ Named:‘«» Edit: 8| /I
NW Direction Wk Fitter Location ~ I/O Standard Reserved Zurrent Strengtt Slew Rate Differential Pair
% a Input PIN_AB28 B5_N1 8mA (default)
b Input PIN_AC28 5 B5_N2 8mA (default)
X Output PIN_G19 7 B7_N2

8mA (default) 2 (default)
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Mapeamento dos Pinos da FPGA

ApOs isso, devera ser feito novamente a compilagao do cdédigo,

clicar em “Start Compilation”.

€4 Quartus Il 64-Bit - C:/altera/13.1/exemplo_um/exemplo_um - exemplo_um

File Edit View

Project  Assignments Processing Tools

Window Help

__?)

DEda £« @ 9 Lexemplo_umr & ;‘ss* =_-\"\-O‘>;@
LEE'ME@@Q@’ 28 x ‘ @ exemplo_um.vhd
Entty fa.. 28]
o Cydone IV E: EP4CE115F29C7 E Flow Flow Status Successful - Mon May 20 16:51:10 2024
853 exemplo_um 5 = Flou || Quartus I1 64-5it Version 13.1.0 Build 162 10/23/2013 5] Web Edition
= Revision Name exemplo_um
Flow Top-evel Entity Name exemplo_um
55 Flow Family Cyclone IVE
E3 Flow | | Device EP4CE115F29C7
E| Flow | |Timing Models Final
> @i Anal Total logic elements 1/114,480(<1%)
> @ Fitte Total combinational functions 1/114,480(<1%)
Dedicated logic registers 0/ 114,480 (0 %)
7 L Assetlrota registers 0
> |1 Time{ | Total pins 4/529(<1%)
> |1 EDA||Total virtual pins 0
() Flow| |Total memory bits 0/3,981,312(0 %)
< > \I) Flow :m::iffd Multiplier 9-bit elements g ; :3220( ; ;/n)
P = Z of s
/Ay Hierarchy E|Files  of DesignUnits  * 4|p
[Tasks LERY
Flow: |Compiation v | | Customize...
Task A
V4 > P Analysis & Synthesis
"4 > P Fitter (Place &RRoute)
"4 > P Assembler (Generate programming file:
4 > P TimeQuest Timing Analysis
v > P EDA Netlist Writer
& Program Device (Open Programmer) G
< > < >

|l (0] BPEP R [ <o

Qualquer alteragao a ser realizado na escrita do cédigo ou na configuragcao
do Pin Planner, devera ser feito a compilagao.
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Embarque do arquivo de cédigo .vhd

Depois devemos ir na barra de ferramentas, clicar em “Tools"” e

posteriormente clicar em “Programmer”.

G—‘Tools Window Help %
»

Run Simulation Tool
Launch Simulation Library Compiler
Launch Design Space Explorer

TimeQuest Timing Analyzer
Advisors »

Chip Planner
Design Partition Planner
Netlist Viewers 4

SignalTap II Logic Analyzer
In-System Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

JTAG Chain Debugger

Transceiver Toolkit

r ﬂ External Memory Interface Toolkit

h;&I EelE €& e gp
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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-t ISP to allow background pre g 1 and M/
Device Chedsum  Usercode  Program, Vo | ey e TS

o <t

siset | A8 Configue W Select Programming File X

b Stop
3 Auto Detect Lookin: C:\altera\13. 1\pisca_led - : Q00 (] =

{ Delete Wy My Computer

AddFie... L ¢
Ee] 2 wineo | -
[ Chengeiens] | | ! m—e——

A} save Fie

[} Add Device.

tuu

%

A Select Programming File X
Lookin:  Cilaltera\13. 1\pisca_led\output_files OO0 B3
—
& vy Compu ter | L] piscaled.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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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.

& Programmer - C/Aab, exemplo.um - [output ) umedf] - 0 X

Fle B View Processng Tooks Widow ep D
m] X

[

(1) Ensble resktme 5Pt g and MAK deices) Sedrch altera.com @

Usircode  Prograny  Verdy Blonk:  Bxamine  Security Erase ISP
figure 0

" Configure Check aae E
o8 ownos (9 I Progress: I 100% (Su@l

W 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)

m File Device Checksum Usercode Program/
»l Start Configure

1
output_files/exemplo_um.sof 001B04DB  001B04DB

< Stop
34 Auto Detect
< Delete

(% Add File...

4% Change File..
2 Save File
2% Add Device..
fiup
44 pown
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Embarque do arquivo de cédigo .vhd

O codigo embarcado demonstra o funcionamento da porta and.
As chaves SWO e SWI1(PIN_AB28 e PIN_AC28) irdao representar
os bits de entrada(A e B) e o Led LEDRO(PIN_G19) ira
representar a saida C. O coédigo deve seguir a seguinte tabela
verdade:

PORTAE (AND)  C=A.B

A B C

A 0 0 O
6 0 1 0

B 1 0 0
1 1 1

2 LeOR1 LEDRO ' LeDR1 LEDRO

i |
[ )

)| S0
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Simulacgao grafica do cédigo VH

Nesta parte faremos a simulacao grafica com o intuito de

verificar o funcionamento desejado. Iremos utilizar o seguinte

codigo:
library ieee;
use ieee.std logic 1164.all;
entity exemplo um is
port ( a: in bit;
b: in bit;
c: out bit;
d: out bit);
end exemplo um;
architecture behavior of exemplo um is
signal X: bit;
begin
X <= a and b;
c <= X7

d <= not x;

end behavior;
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Para fazermos a simulacgao grafica do cédigo iremos na barra de
ferramentas, clicar em “File” e posteriormente em "New".

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

Simulacgao grafica do cédigo VHDL

Program VWF”.

&4 Quartus Il 64-Bit - C;/Lab_Su
File Edit View Project Assignm
] New...

&l

D E

Open...
Close

New Project Wizard...
Open Project...

Save Project

Close Project

Save
Save As...
Save All

File Properties...

Create / Update
Export...
Convert Programming Files...

Page Setup...
Print Preview
Print...

Recent Files

Recent Projects

Exit

Ctrl+)

Ctrl+S

Ctrl+Shift+S

Ctrl+P

Alt+F4

New Quartus II Project
Vv 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
v Memory Files
Hexadecimal (Intel-Format) &
Memory Initialization File
v Verification/Debugging Files
In-System Sources and Probes|File
Logic Analyzer Interface File
SignalTap II Logic Analyzer Fil
| University Program VWF
Vv Other Files
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Simulacgao grafica do cédigo VHDL

Quando abrir a aba “Simulator Waveform Editor”, clicar com o

botdo direito do mouse na regiao em branco, posteriormente,

clicar em "Insert Node ou Bus”.

{4 simulation Waveform Editor - C:/Lab_ plo_um - exemplo_um - [Waveform2.vwi]
File Edit View Simulation Help %
W AZXEXERBXEREEE 2 oY 2 = B
Master Time Bar{ |0 ps < »  Pointer: |0 ps
velueat 1l0Ps 80.0 ns 160.0 ns 240.0 n
Name : ! :
0ps 0ps
K Delete Del

Insert Node or Bus... @

Grouping >
Reverse Group or Bus Bit Order

Radix 4

Z  Properties...
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Simulagao do cédigo VHDL

Na aba Insert Node or Bus clique em “Node Finder”. Depois
disso iremos adicionar todas as entradas e saidas, entao clique

em “List” e quando todas as informacdes forem adicionadas,

clicar em “>>" e por fim “OK” e “OK”".

&4 Insert Node or Bus X {4 Node Finder X
Cancel
Selected Nodes:
Na}he Type Name Type ‘
>
Bus width: 5
sertindsfo | & o
Display gray code count as binary count < Named: |* Filter: |Pins: all v
. S N Look in: ;' Cancel
Nodes Found:
& Rt~ | P S [ Name Type Type
S 1Sert INoOQae Or pus = = lis a Tnput
lin_ 1 Teme
Name:
Type:
Value type 9-Level X Selected Nodes:
Radee T = Node Finder... Type Nove Type
. t i a Input | L
Sl t > - nput |
Bus width: Il l i —cP output
. ut 2 d Output
Start inde> [0 |

Display gray code count as binary count
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Simulagao do cédigo VHDL

No exemplo em questao temos as entradas “a” e “b"”. Selecione
cada entrada individualmente e clique em “Overwrite Clock”
para definir as configuracdes das formas de onda. Neste
exemplo usaremos pulsos de forma de onda quadrada com

periodo de 20ns para “a” e 40ns para “b” e clique “OK".

BlE xoe 4 ZEE R EDEE E R L] & e A E X EREME]EE 2 R A

Master Time Bar: |0 ps ] Master Time Bar: |0 ps | <
0 ps 80.0 ns ¢ |lops 80.0 ns 16
0ps Name 0ps
B a ||||||||||||'"}a BO | II
in in I'_
5 | b B0 maEEsnEEmmE - [ [ I [
Al ¢ B X Q Clock G-I BX Q Clock X 1
wt  d B X at| d BX ¥
Base waveform on time period Base waveform on time period
:Pen'od: |2p.0 | |ns I {Period: [4p.0 | ns Iv
Duty cycle (%; |50 : Duty cycle (%
oK @— Congal JL_Q OK l Cancel
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Simulagao do cédigo VHDL

Terminado as configuragdes, clicar em “Run Functional
Simulation” e aguarde o término da compilacdo e o resultado
da simulacao abrira automaticamente. E assim conseguimos

visualizar a simulacao grafica de uma porta AND.

File Edit View Simulaton Help &

B & % & N & E R X E R | MR 8%
Master Time Bar: |0 ps 4 »  Poi
Value at 0ps 80.0 ns 160.0 ns
Name S0n 0 ps

in

- a BO

= o Value at 0ps SO} L2

5> b BO 80.0 ns 80.0 ns

B c B X -+

ot ¢ B X - a BO —I I—l |—| |—l —I l—l
b B O B EEEN |
ot ¢ B O ] Il [
B d B 1 L L] L




\/
A»

Tutorial de uso do FPGA DE2-115
Utilizando o Software Quartus Il 13.1.0.162

Simulagao do cédigo VHDL

E entdo conseguimos verificar a simulacao grafica de uma porta
AND. Através da simulacao agora podemos fazer as andlises de

funcionamento.

valueat ||OPS 80.0 ns
Hame 80.0 ns 80.0 ns
o a BO
in_p B0
ut ¢ BO [
out g B 1 =
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Experimento 1

Pisca LED ativado por chave

O experimento nao precisara de nenhum componente além da
plataforma FPGA e do computador. O experimento consiste em

piscar o led ao acionar uma chave (switch).

Terasic

DR2 LEDRI LEDRO LEDGT L

NS -
WL W ,
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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 cdédigo. Esse é o cdédigo que
neste

iremos utilizar

library

use leee.std logic 1164.all;

entity pisca led is
port(sys clk 50mhz: in std logic;
sys rst: in std logic;
led: out std logic);
end entity piscailed;

architecture behavior of pisca led is

\\\\\\

signal led reg: std logic;

begin
led <= led reg;
process(sys clk 50mhz, sys rst)
begin
if sys rst = '0' then

led delay <=0;
led reg <= U';
elsif rising edge(sys_clk 50mhz) then
led delay <= led delay +.;
if led delay then
led delay <=0;
led reg <=not led reg;

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

Definicao das portas de
entrada e saida do cédigo.

Implementagao do
projeto, descrevendo
as relagoes entre as
portas sobre o
comportamento do
codigo.

end if;
. Node Name Direction Location
end if;
24 led Output PIN_G19
end process; n_ sys_clk_50mhz Input PIN_Y2
end architecture behavior; % sys_rst Input PIN_AB28
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Experimento 1

Pisca LED ativado por chave

Este é o cdédigo completo em VHDL e os pinos utilizados da
FPGA:

library ieee;

use ieee.std logic 1164.all;

entity pisca led is
port(sys clk 50mhz: in std logic;

sys_rst: in std logic; Node Name Direction Location
led: out std logic); 2 led Output PIN_G19
end entity pisca led; - sys_clk_S50mhz Input PIN_Y2
- '"_ sys_rst Input PIN_AB28

architecture behavior of pisca led is
signal led delay: NATURAL range 0O to
signal led reg: std logic;

ol

begin
led <= led reg;
process(sys_clk 50mhz, sys rst)
begin
if sys rst = '0' then
led delay <=0;
led reg <= U';
elsif rising edge(sys_clk 50mhz) then
led delay <= led delay +!;
if led delay = then
led delay <=0;
led reg <=not led reg;
end 1if;
end if;
end process;

end architecture behavior;
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Experimento 1

Pisca LED ativado por chave

A chave (SWO0) em nivel légico alto (1) fara piscar o led(LDRO)
com um clock interno de frequéncia em 50 MHz.

3
4 Hentity pisca_led is

S B port(

6 [sys_clk 50mhz : in std_logic; |
7 Sys rst : 1n std logic;
8 led : out std logic
9 );

10 end entity pisca led;

(ko 1eoer  enee [ R LEoel  LEDRO LEDGT

Y EENE
|

r

Y
%
|
E
L

-
I
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Experimento 2

Decodificador BCD para 7 Segmentos

O experimento nao precisara de nenhum componente além da
plataforma FPGA e do computador. O experimento consiste

implementar valores de 1a 9 em BCD via de chaves (Switch) no
display de 7 segmentos.

A TR

Designed & Manufactured by Terasic

RN13 RNH RN1S
| S oSty

LLLLLLLERLAL \}}_\_l_\}l!}_l‘

HEX0
LEDRT LEDRE LEDRS LEDR4

g & E [

ﬁﬁﬁﬁﬁﬂ

1 Hl A
s qq; | e | ||
o S5 W4 3
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Experimento 2

Decodificador BCD para 7 Segmentos

Este € o cdédigo completo em VHDL e os pinos utilizados da
FPGA:

library ieee; Node Name Direction Location
use ieee.std logic 1164.all; - BCD[3] Input PIN_AD27
. - — n_ BCD[2] Input PIN_AC27
use ieee.numeric std.all; n_ BCD[1] Input PIN_AC28
) - i in_ BCD[O0] Input PIN_AB28
entity DEC BCD 7SEG is out SEGMENT7[6] Output PIN_H22
. out SEGMENT7[5] Output PIN_J22
- -
port (BCD :in UNSIGNED(3 downto 0); out SEGMENT7[4] Output PIN_L25
out SEGMENT7[3] Output PIN_L26
o =3 =
SEGMENT7 :wout UNSIGNED(6 downto 0) 2 SEGMENT7(2] Output PIN_E17
); out SEGMENT7[1] Output PIN_F22
o4t SEGMENT7[0] Output PIN_G18

end entity;
architecture behavior of DEC BCD 7SEG is
signal SEGMENT:UNSIGNED(6 downto 0);

begin

SEGMENT <= "0111111" when BCD = "0000"™ else -- O
"0000110"when BCD = "0001" else -- 1
"1011011"when BCD = "0010" else -- 2
"1001111"when BCD = "0011" else -- 3
"1100110"when BCD = "0100" else -- 4
"1101101"when BCD = "0101" else -- 5
"1111101"when BCD = "0110" else -- 6
"0000111"when BCD = "0111" else -- 7
"1111111"when BCD = "1000"™ else -- 8
"1100111"when BCD = "1001"™ else -- 9
"1110111"when BCD = "1010" else -- A
"1111100"when BCD = "1011" else -- B
"0111001" when BCD = "1100" else -- C
"1011110"when BCD = "1101" else -- D
"1111001" when BCD = "1110" else —-- E
"1110001" when BCD = "1111"; -- F

SEGMENT7 <= not SEGMENT;
end behavior;
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Experimento 2

Decodificador BCD para 7 Segmentos

Cada chave estd 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).

[R5 W RNIE RIS
. i :
§

| Designed & Manufactured by Terasic 4
| Designed & Manufactured by Terasic

HEAL HEXU
LEDRT LEDR6 LEDRS HEX1 HEXO
=) = § F LEDRY LEDR LEDRS LEDR4 LEDR3 LEDR2

et
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Experimento 3

Contador de 4 digitos

O experimento nao precisara de nenhum componente além da
plataforma FPGA e do computador. O experimento consiste em,
incrementar via pulso de clock acionado por botao(KEY3), um

contador de 4 digitos no display de 7 segmentos(HEXO).

Ry

LLLLLLLL l_\_l_\.!.\.l_l_|.\_|_\j.|_|.\.

Designed & Manufactured by Terasic

LEDGT LEDGE 1506
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Experimento 3

Contador de 4 digitos

Este € o cdédigo completo em VHDL:

‘ @contador.vhd X ‘ i Node Name | Direction L Location
= — = » CLK Input PIN_A7
B a7 EE mnrh 0w ¥ E = - CLR Input PIN_C11
i Library IEEE; =» EN Input PIN_C10
2 use IEEE.std_] c_>g1'c_1164.a11; B ID Input PIN_D12
Z use IEEE.numeric_std.all; & LOAD[3] Input PIN_A14
5 QEntity contador is = LORDIS] AHpuL LN fas
6 PORT(RST : in std_logic; E oo o
7 ClK oansskEd Togic: -»- nput o
8 Q : out unsigned(6 downto 0); @ Q[6] Output PIN_C17
9 EN  insstdologic; S Q[5] Output PIN_D17
12 CLR : 1in StCHOQiC; % Ql4] Output PIN_E16
LD AN EsSEd S 0g1C; out Ql3 Output PIN C16
12 LOAD : in unsigned (3 downto 0)); = QEZ% omput PIN. C15
13 Lend entity; e p -
14 pgArchitecture behavior of contador is = Ql1] Output PIN_E15
15 Tsign:ﬂ CONT: unsigned (3 downto 0); = Q[O] Output PIN_C14
16 Signal Q1 : unsigned(6 downto 0); = RST Input PIN_C12
17 Beg‘in =
36 |--Q <= CONT;
18 pProcess (CLK, RST) 37 |Ql <= "0111111" when CONT = "0000" else -- 0
19 Begin 38 "0000110" when CONT = "0001" else -- 1
20 g If RST = '1' then 39 "1011011" when CONT = "0010" else -- 2
21 CONT <= "0000"; 40 "1001111" when CONT = "0011" else -- 3
22 [ Elsif CLK' event and CLK = '1' then 41 "1100110" when CONT = "0100" else -- 4
23 5 If CLR = '1'then 42 "1101101" w:1en CONT = "0101" e}se =5
o n. 43 "1111101" when CONT = "0110" else -- 6
gg E(])NT &= i 44 "0000111" when CONT = "0111" else -- 7
] SE s 45 "1111111" when CONT = "1000" else -- 8
26 [ If EN = "1" then 46 "1100111" when CONT = "1001" else -- 9
27 [ If LD'=""1" then 47 "1110111" when CONT = "1010" else -- A
28 CONT <= LOAD; 48 "1111100" when CONT = "1011" else -- B
29 g Else 49 "0111001" when CONT = "1100" else -- C
— - 50 "1011110" when CONT = "1101" else -- D
gg E%TI;T R 51 "1111001" when CONT = "1110" else -- E
dore" 52 "1110001" when CONT = "1111" -~ F
32 End If; 53 Q <= not Qi;
33 End If; 54
34 End If; S50 L
35 End process: 5 End architecture;
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Experimento 3

Contador de 4 digitos

Conforme cdédigo, a chave enable (EN), permite que inicie a
contagem apds a ativacao do pulso de clock (CLK) via botao, a
cada acionamento do botao, havera incremento da contagem a
ser exibido no display de 7 segmentos.
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