Laboratério de Sistemas Digitais Trabalho Praticon2 1

Laboratorio de Sistemas Digitais
Trabalho Praticon2 1
Introducao as FPGAs, VHDL, ferramentas de projeto e kit de desenvolvimento

Objetivos

= Familiarizacdao com as ferramentas de projeto e com o kit de desenvolvimento com FPGA
que vai ser usado nas aulas praticas.

= (Captura de diagramas esquematicos (esquemas légicos), modelacdo em VHDL, simulacdo,
implementacdo em FPGA e teste de componentes elementares.

Sumdrio

Este trabalho pratico estd dividido em 4 partes. Na parte | pretende-se introduzir os aspetos
basicos das ferramentas e do kit de desenvolvimento que vai ser usado nas aulas praticas de
Laboratério de Sistemas Digitais (LSD), com base num projeto simples baseado em captura de
diagrama esquematico. Sdo abordadas as diversas fases de projeto, desde a descricdo até ao
teste, passando pela simulacdo e implementacdo. Na parte Il é ilustrado o projeto hierarquico
baseado inteiramente na linguagem de descricdo de hardware VHDL, através da construcao
gradual de uma porta légica NAND a partir de uma AND e de um inversor. A parte Il é dedicada
ao projeto hibrido baseado em diagramas esquematicos e descricdes VHDL para diferentes
partes do sistema e introduz-se os operadores logicos em VHDL. Na parte IV é abordado um
exemplo, baseado num comparador de igualdade, que permite ilustrar algumas das vantagens
da linguagem VHDL, ao nivel da abstracdo e produtividade.

Adverténcias muito importantes:

= Aplaca de desenvolvimento usada nas aulas praticas de Laboratério de Sistemas Digitais
possui uma FPGA e diversos componentes que se podem danificar devido a descargas
de eletricidade estatica, pelo que deve ser manuseada com cuidado. Em particular, nao
deve tocar com qualquer parte do corpo ou objetos (incluindo vestuario) nos seus
contatos elétricos e conetores.

= No final da aula, desligue o kit e arrume-o adequadamente juntamente com os cabos e
alimentador na respetiva caixa.

= Na realiza¢ao deste guido respeite escrupulosamente os nomes indicados para todos os
projetos, ficheiros, médulos e identificadores (portos, sinais, etc.).

Resumo do Fluxo de Projeto para Sistemas Baseados em FPGA

A Figura 1 ilustra o fluxo de projeto para sistemas baseados em FPGA. Os diversos passos sdao
resumidos de seguida.

A etapa de design entry consiste na modelacao, codificagdo ou introducdo da funcionalidade
pretendida, podendo para tal o projetista usar linguagens de descricdo de hardware,
diagramas esquematicos, diagramas de transicdao de estado ou outros métodos. No caso de
LSD vai ser utilizada captura de diagramas esquematicos e/ou a linguagem de descricdo de
hardware VHDL consoante o que for mais adequado para cada sistema. No caso das descricGes
em VHDL pode ser utilizado qualquer editor de texto para este efeito, embora por
conveniéncia seja usado o editor integrado no ambiente de desenvolvimento (Integrated
Development Environment — IDE) que vamos adotar (“Quartus Prime”), o qual possui também
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editores de diagramas esquematicos e de diagramas de estados, além de outras ferramentas
necessarias para realizar todos os passos do fluxo de projeto.

Depois de modelado o sistema, o passo seguinte é a sua sintese (ldgica), isto é, a compilacado
do modelo de forma a criar uma netlist (i.e. um conjunto de portas logicas, flip-flops,
multiplexadores, outros componentes e respetivas interligacdes) que implementa a
funcionalidade pretendida. Este passo é realizado por ferramentas de software normalmente
desenvolvidas pelo fabricante da FPGA usada.

Design Design Verification
Entry ‘
Behavioral
! Simulation
Design f
Synthesis
Functional
Simulation
Design Static Timing
Implementation Analysis
|| Back Timing
Annotation Simulation
Device .| In-Circuit
Programming Verification

Figura 1 — Fluxo de projeto para sistemas digitais baseados em FPGA (fonte: www.xilinx.com).

Seguidamente, a netlist vai ser implementada (compilada) para uma determinada familia de
FPGAs por uma ferramenta de software (desenvolvida pelo fabricante da FPGA) que realiza os
seguintes passos:
= Mapeamento da netlist em primitivas da FPGA (tabelas de verdade, portas légicas,
multiplexadores, registos, etc.);
= Posicionamento das primitivas em localiza¢Ges especificas da FPGA;
= Encaminhamento das interconexdes (estabelecimento das ligacdes) entre as
primitivas da FPGA.

O resultado da implementacdo é um ficheiro de configuracdo da FPGA que deve ser usado
para a sua programacao através de software e um cabo de programagado adequado.

A validacao do sistema pode ser realizada em diversas etapas do fluxo de projeto, por
simulacdo ou verificagdo em hardware real. Sdo também normalmente disponibilizadas pelo
fabricante diversas ferramentas de andlise temporal, energética, recursos légicos utilizados,
etc. A maior parte destes passos vai ser ilustrada ao longo deste trabalho pratico.

Nota importante: devido a limitagdes de velocidade da rede no acesso ao diretério pessoal
em arca.ua.pt, nos PCs das salas de aula recomenda-se a utilizacdo de uma pendrive para
guardar os seus projetos e ficheiros. Caso isso ndo seja possivel, guarde e aceda ao seu
trabalho a partir de um diretério da drive Z:. Em qualquer dos casos ndo utilize espacos nem
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Parte |

diagrama esquemadtico

carateres especiais (e.g. acentos) nas paths dos projetos e ficheiros, uma vez que isso causara
problemas na utilizagdo das ferramentas (isto significa que ndo deve gravar os seus projetos
em sub-diretdrios do “Ambiente de Trabalho” ou dos “Meus Documentos”). Sugestdo: Em
Windows crie, por exemplo em C:\Users\<Utilizador>, uma estrutura de diretdrios para gravar
0s seus projetos de LSD (e.g. C:\Users\<Utilizador>\LSD\Aulal\Partel\Projeto); em Linux
poderd fazé-lo em /home/<utilizador>/LSD/Aulal/Partel/Projeto).

Demonstrag¢do das etapas fundamentais do fluxo de projeto com base em captura de

1. Abra a aplicacdo “Quartus Prime” e crie um novo projeto (menu “File—New Project
Wizard”) de acordo com os passos seguintes (Figuras 2 a 9).

O Quartus Prime Lite Edition 1 ==
Fle Edt Vew Projgct Assignments Processing Tools Window Hep @ Search attera.com )
OrFHd T J/  SEODT> $ 5.9 O0HOE
project Navigator [ =] Fies BEEER | \wcmg [
= Fs Primed to Perform Device Famiy [Cyclone IV E =

Gofsteronnext generation devces
e Specraa e, o X =
Inedcing tetiew oty € QU 4 g mstaled P
Desn SofiS 4 Project Directory
o Scecton Avaatle
+ Library
» BasicFuncions
o r‘ s o5
|Tasks | Compilation r= x ) H Interface ocok
- Quartus:Prime
- ' Wemary Wefaces and Conrllrs
4 > Conploesin Development Suite \ Processors s Prpnerss
3 Analysis & Synthesis. SlLeETT 1 University Program
b P Fiter (Place & Routs @ search for Patner P
:i "  Buy Software
> S
M Eo
D Fre

Type  ID  Message

[IFERIE

2

100% 000103

Figura 2 — Aspeto inicial da aplica¢do “Quartus Prime” (sem qualquer projeto aberto).

Foo=rmme = e
Introduction

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

. Project name and directory

. Name of the top-level design entity
. Project files and libraries.

. Target device family and device

. EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the Settings command (Assignments menu). You can
use the various pages of the Settings dialog box to add functionality to the project

] Don't show me this introduction again

s | [ [ e (ceresin) [mtonan)

Figura 3 — Passo inicial introdutério (pode ser desativado).
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Directory, Name, Top-Level Entity

What is the working directory for this project?
CaUsersiasroliveiralSDigAula1\Parte
What is the name of this project?

GateDemo

WWhat is the name of the top-level design entity for this project? This name is case senstive and must exactly match the entity name in the design fie

FTrmes. -~ —am

[
LJ

GateDemo

Use Existing Project Settings.

[

[ <Back | [ Mest> |[ GEmsh | [ cancel ||

Help

Trabalho Praticon2 1

Figura 4 — Passo 1 —identificacdo e localizagdo do projeto no sistema de ficheiros — adaptar de acordo com o
diretdrio usado, o qual ndo pode conter no caminho (path) espagos nem carateres especiais, e.g. acentos.

Project Type

Select the type of project o create.

s . ==

© [Empty project;

Create new project by specifying project fles and loraries, target device famiy and device, and EDA tool settings.
© Project template

Create a project from an existing design tempiate. You can choose from design

with the Quartus . or
templates from the Desian Store.

[ <Back | [ met> ][ Ensh ][ cancel ][ el

J

Figura 5 — Passo 2 — selegdo do tipo de projeto a criar (projeto vazio neste caso).

Add Files

Select the desin files you want to include in the project. Click Add Allto add al design files in the project directory to the project
Note: you can always add design flls to the projsct later

File name: L[ am
« K [ adaar
File Name  Type Library Design Entry/Syntnesis Tool  HOL Version

Remove
w
Down
Properties
Spoiy e pan e o any non Gt rari
(CBock | [ Het> | [ Emish | [ Concel | [ Heb |

e . ==

Figura 6 — Passo 2 — adigdo de ficheiros pré-existentes (ndo usado neste projeto).
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Family & Device Settings

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 famiy Show in'Available devices' list

Famiy: [ Cyclone N E - Package: [any -
Devices: [Al < Pingount [any |

Target device Care Speed grade: [Any - ]

Auto device selected by the Fitter Name fiter. 115F29

Specific device selected in ‘Available devices' list

Show advanced devices

Other: n/a

Ayailable devices:

Hame Core Voltage LEs GPIOs Memory Bits Embedded multiplier 9-bit elements
EP4CEI1SF2308 1.2V 114430 529 381312 sz 4
EP4CE115F28C8L 1.0V 114480 528 3881312 532 4
EP4CE115F2309L 1.0V 114430 s29 381312 sz 4
EP4CE11SF28I7 12V 114480 529 3881312 532 4
EP4CEI1SF29EL 1.0V 114430 s29 381312 sz 4
‘ 0 v

[ < Back ] [ hext= | [ Finish ] [ Cancel ] [ Help ]

Figura 7 — Passo 3 — seleg¢do da FPGA usada (Cyclone IV EP4CE115F29C7) — a especifica¢do do filtro “115F29”
(campo “Name filter”) facilita a selegcdo da FPGA correta (primeira da lista).

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software 10 deveiop your project.

£DA tooks:
Tool Type Tool Name Formatis) Run Tool Automatially
Po—— e LT T r————
smison (Hocasmarers———=][wioL 1 an et el swiston stomataty aercorpiaan
Formal Verificaton | <lones - N
Board-Level Tining |
Fp—
Boundary Scan <lone> E
e ) o) (o) [

Figura 8 — Passo 4 — selecdo das ferramentas e linguagens usadas no fluxo de projeto (valores por omissao).

(b New Project Wizard

Summary

When you click Finish, the project will be created with the folowing setiings:

Froject directory: CilUsersiasroliveiralLSDig\Aulat\Parte

Project name: GateDemo

Top-level design entty: GateDemo

Number of files added: o

Number of user libraries added: o I

Device assignments: I
Design tempiate: na I
Family name: Cyclone IVE
Device: EPACE115F29CT

EDA tools:

Design entry/synthesis: <None> (<None»)

Simulation ModelSim-Atera (VHDL)
Timing analysis: o

Operating conditions:

VCCHT votage: 12v
Junciion temperature range: 0ssC
([C<Beck | [ wext> | [Emish ] [ Cancel | [ Heb |

Figura 9 — Passo 5 — sumario final da criacdo do projeto.
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2. Apds premir “Finish” o IDE “Quartus Prime” deve apresentar o aspeto da Figura 10.

r o
(S Quartus Prime Lite Edition - Ci/Users/asroliveira/LSDig/Aulal/Parte1/GateDemo - GateDema — | 1 e
File Edt View Project Assignments Processing Tools Window Help @) Search aftera.com )
NFEHA 02 C e o/ GEO D>+ %SO LV
E4 & T
Project Navigator [ 4 Hierarchy r|=me x |IPCatahg @& =
Primed to Perform =
Entity Instance o X =
2 Cyclone IV E; EPACE! 15F28C7 2 B retaled P
* GateDemo <& 4 Project Directory
No Selection Avaikable
4 Library
b Basic Functions
b DSP
> Interface Protocols
Tasks [ compiation rl=m@e x 5 Memory nterfaces and Controlers
Task » Procsssors and Peripherals
4 W Compie Design > University Frogram
> B Analysis & Synthesis @ search for Partner P
5 P Fiter (Place & Routs)
& P Assembler (Generate programming filef
¥ Buy Software
5 P TimeQuest Timing Analysis Y
P> EDA Netlist Writer 3
B Edt Settings.
4) Program Device (Open Programmer)
‘ i 5 + Add
= || Type ID  Message
a
@
H K ¥
H
£| system [ Processng
100% 00:01:03 .

Figura 10 — Aspeto do “Quartus Prime” IDE apés a criagdao do projeto.

3. Crie um novo ficheiro para um diagrama esquematico (menu “File—New”), de acordo com

a Figura 11.

[EE )
New Quartus Prime Project
4 Design Files
AHDL File
| Block Diagram/Schematic File |
EDIF File
Qsys System File
State Machine File I
SystemVerilog HOL File
Tcl Script File
Verilog HDL File
VHDL File
4 Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
4 Verification/Debugging Files.
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF
4 Qther Files.
AHDL Include File
Block Symbol File
Chain Description File

m

-

[ ok ][ Cancel ][ Help ]

Figura 11 — Selegdo do tipo de ficheiro a criar (Block Diagram / Schematic File).

4. Adicione uma porta légica AND de 2 entradas usando o botao “Symbol Tool” da barra de
ferramentas (Figura 12 a)) e escolhendo o componente de acordo com a Figura 12 c).

5. Adicione dois portos de entrada e um de saida usando o botdao “Pin Tool” da barra de
ferramentas (Figura 12 b)).
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2] symbal S5
D &
- - Libraries:
—_— 4 [ ciatera lts/15 quartusfibraries! +
> 3 megafunctions. El
Symbol Tool » € others
J 4 & primitives
> (3 buffer
a) 4 B logic
T ana1z
£} anc2
£ and3
- D o : o : :
Hame:
i andz
| ga—  Input =
. Repeal-insert mode
) E""-t Output Insert symbol as black Shoiiiiorinn
| Bar

o

c)

Figura 12 — BotGes “Symbol Tool” e “Pin Tool” da barra de ferramentas e sele¢do da porta légica AND na

biblioteca de componente

6. Interligue os portos de entrada, de saida e

s do “Quartus Prime”.

a porta légica de acordo com a Figura 13.

Identifique cada um dos elementos de acordo com os nomes apresentados na Figura 13.

b Quartus Prime Lte Editon - C: o

la1/Parte

[0 [

Fle Edit View Project Assignments Processing Iook Wndow Hep @

Search atera.com

©

Or=H4d N 1/ E8OT>+40Qa0E
erofect Navigator [y Herarcny v |=(@# x || T Blockz.bdr a | P Catalog (M & *
v ENQWAD =017 A\NDOON~[F -8~ *=
B :
AND2
m N — _ OUTBIT T LEDRO)]
YEG AND2_1 @ search ror
. | Kl ’
! » | [ - ==

Messages

System

252,325 100%  00:01:03

Figura 13 — Interligagdo da porta légica AND e dos portos de entrada e de saida e identificacdo dos diversos
elementos do circuito (para mudar o nome de um componente ou porto faga duplo clique sobre o nome atual).

7. Grave o ficheiro, cujo nome devera ser “GateD

emo.bdf” (Figura 14).

Save As.
(JU [J0 <« L5Dig » Aubl » Partel »
Organize ¥ New folder
o Name

i Favorites
B Desktop
i Downloads

db

I

%l Recent Places.

# CloudStation
& OneDrive
23 Dropbox
& Google Drive

ownCloud

[ 49 || Search Parel 2|
= @
Date modified Type
0501-20161206  File foldey

2 1 irariec idjof

File name: GateDemo.bdf

S

Save as type: |Block Diagram/Schematic Files (.bdf)

-]

[7] Ada file to current
project

' Hide Folders

Figura 14 — Caixa de didlogo para gravagdo do ficheiro “GateDemo.bdf”.
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8. Seguidamente vai ser validado por simulagdo o comportamento da porta légica utilizada.
No entanto, antes de efetuar a simulacdo, execute a opc¢do “Analysis & Synthesis” para que
seja analisada a correcdo estrutural do projeto. Apds a execugao da “Analysis & Synthesis” o
IDE deve apresentar o aspeto da Figura 15.

uartus Prime Lite Edition - C: i ula: It ateDemo - GateDemo
Prime Lite Edition - C:/L SDig/Aula1/Parte1/GateDem - GateDe =)
File Edit View Project Assignments FProcessing Tools Window Help @ Search alters.com [ ]
4 4 4 5 ,
~ Hd [ ) y =
R £ P & &
Project Navigator [ Herarchy v |=(M& = || GateDemo.bdf ‘ [=3 Compiation Report - GateDemo ] P Catalog () & x
Entity Instance. [Table of Contents. @me o X =
2 Cycions IV E- EPACES/29C7 = Flow Summany Flow Status Successful - Tue Jan 05 12:27:20 2016 o 5l wsar
E3 GateDemo B Flow Setings Quartus Frime Version 15.1.1 Build 189 12/02/2015 SJ Lite Edition nstal
LR = Fiow Non Defaut Glabal Set Revision Name GateDemo 4 Projeot Dir
fow Non-Uetauk Global Setings Top-level Entity Name GateDemo No Sele
B Flow Elapsed Time Famiy Cychone VE 4 Library
B Flow 0 Summary Device EP4CE115F29C7 > Basic Fu
[E) Fiow Log Timing Models Final » bep
« I v e
[ ] Analysis & Synthesis Total logic elements 1 > Inferfac
reste| Corptation =m@s = © Flow Messages Total combinational functions 1 » Wemon]
O Fow Messages Dedicated logic registers. 0
Task Total registers. 0 > Proce:
4 P Compik Design Total pins 3 > Universi
> | Analysis & Synthesis| Total virtual pins 0 @ searcn ror
_s Total memory bis 0
. Embedded Huliplier 8-bit elements 0
Total PLLs o
s otal
b P> EDA Nefist Write
I cot Settings
A Program Device (Open Programmer) I~
< . | + Add
x| Type ID  Message
& Fy e
@ [ rRunning quartus prime analysis & synthesis
L (') command: quartus_map --read_settings_files=on --write_settings_files=off Gatebemo -c Gatebemo
@ 20030 parallel compilation is enabled and will use 2 of the 2 processors detected
» @ 12021 Found 1 design units, including 1 entities, in source file gatedemo.bdf
@ 12127 Elaborating entity "GateDemo” for the top level hierarchy
© 286030 Timing-Driven Synthesis is runming
» @ 16010 Generating hard_block partition "hard_block:auto_generated_inst”
> @ 21057 Implemented 4 device resources after synthesis - the final resource count might be different
b @ Quartus Prime analysis & synthesis was successful. 0 errors, 0 warnings
4
H
gl )
@
£ || System(9) | Processing (10}
85,137 100%  00:00:7

Figura 15 — “Quartus Prime” IDE apds a execuc¢do da “Analysis & Synthesis”.

9.

Simule o comportamento da porta légica, criando para tal um ficheiro VWF (menu

“File—New") de acordo com os passos descritos nos pontos seguintes (descritos nas Figuras

16 a 18).

S New

New Quartus Prime Project

4 Desion Fies
AHDL File
Block Diagram/Schematic Fie
EDIF File
Qsys System File
State Machine Fils
SystemVerilog HDL File
Tel Seript File
Veriog HDL File
VHDL File

4 Memory Flles
Hexadecimal (Intel-Format) File
Wemory nitialization Fils

4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
Universtty Program VIWF

4 Other Files.
AHDL Include File
Block Symbol File
Chain Description File

][ canca ||

m

[ oK Help ]

Figura 16 — Selec¢do do tipo de ficheiro a criar (“University Program VWF”).

10. Apds premir “OK” a janela seguinte devera abrir, onde deverdo ser indicados os sinais a

usar na simulacdo (Figura 17).
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11. Através do menu “Edit—Insert—Insert Node or Bus”, premindo de seguida os botdes
“Node Finder” e “List”, selecione todos os portos de entrada e saida do circuito (Figuras 17 e

18).

Ok Simulation Waveform Editor - C/L Dig/Aulal,

5 S|

File
(DLYETEES S PPl Ay
(2] [ ronter: 13818

Edi  View Siuiation Help @ Search atera.com

Master Time Bar: 0 ps

®

Interval: 1.38ns Start: End: M
(G Insert Node or Bus ==
Value at Ops  E0. ? ns 160, ‘D ns 240‘0 ns 320‘0 ns 4‘70‘0 ns 430.‘0 ns 550.‘0 ns 640, ‘U ns 720‘0 ns 300‘0 ns 330'0 ns 960, ‘D ns *
Name et | Name: [ o |
Type INPUT - —
Value type: [o-Level -
Node Finder.
X Dekete Del
Bus width: 1
st Node or Bus
Grouping > Start index: 0
Roverso Group or Bus B Order .
Display gray code count as binary count
Radic ,
#  Propertes.

Dl

Insert a new node or bus

0% 00:00:00

Figura 17 — Janela do simulador antes da especificagdo dos sinais de entrada e

de saida a usar na simulagao.

(G Nede Finder

=)

(h Nede Finder

E=)

Named: *

Nodes Found:

Fitter:

Pins: all

=] |

Selected Nodes:

Name

Type

Name

ok | Named: * Fiter: [Pins: all ok ]
ke B ke c

Nodes Found:

Selected Nodes:

Type Name Type Name Type
& LEDR Output Group & LEDR Output Group @ swi Input
% LEDR[D] Output °d LEDR[O] Output L swi Input
- >
& sw Input Group B sw Input Group %, LEDR[D] Output
=) Input L swio Input
& SwIT Input B Sw Input

Figura 18 — Especificacdo dos sinais de entrada e de saida a usar na simulagdo.

12. Apds premir “OK” podera especificar os valores pretendidos para as entradas do circuito
ao longo do tempo — o(s) valor(es) da(s) saida(s) serd(do) determinado(s) durante a simulacao.
Utilize para tal o rato, selecionando os trocos do diagrama temporal do sinal pretendido com

o valor légico que deseja que ele assuma (Figura 19).

{Th Simulation Waveform A c:ﬁ-Jse:szsn;\w;af_LSDingmaupaneuGateDem - GateDemo - [Waveformwwi]* =[5 [t |
File Edt View Simuiaion Heip @ Search afiera.com ®
e % & & Z )0 E KT 7 R 2 ed 2 =%
Master Time Bar: 0 ps. [I] [Z] Pointer: 98023 ns. Interval: 99023 ns. Start: End:
Value at Ops 80 I‘] ns 1SEI‘EI ns 24[II[I ns 32EI‘EI ns lﬂﬂ‘ﬂ ns 4&[II[I ns 580 ‘EI ns Glﬂlﬂ ns 720 ‘EI ns SEIEI‘EI ns SSHIEI ns 960 ‘[I ns *
Name Ops Ops
& swm 80 NN LI RN
& o s EEEEE EEE ssalisassnnananil
0 LEDRI] BX
g v|| m v~
0% 00:00:00

Figura 19 — Janela do simulador apds a especificagdo das formas de onda dos sinais (vetores) de entrada.

13. Apds especificar os valores (vetores) de simulacdo, grave o ficheiro com o nome
“GateDemo.vwf” (Figura 20).
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Save Vectar Waveform File =
T:/u [)0 « LSDig » Aulal » Partel » ~ [ ¥ [ Search Parte1 2|
Organize *  New folder = @
e 4 Name Date modified Type

B Deskiop db 05-0 File folde|
I8 Downloads ~|= incremental_db 05, File foldel
] Recent Places output files 05 File foldel
# Cloudstation simulation 05 File folde|

& OneDrive
43 Dropbox
L Google Drive
ownCloud
lihrariec ad|| 4 il %
File nome:  GateDemo.vnf .
Save astype: | University Program VWF (*awi) -
e U
= Hide Folders project Save Cancel

Figura 20 — Caixa de didlogo para gravac¢do do ficheiro “GateDemo.vwf”.

14. Execute a simulacao através do menu “Simulation—Run Functional Simulation”, o qual
deve abrir uma janela semelhante a Figura 21. Apds a simulacdo deve obter o valor da saida
da porta ldgica correspondente as entradas que especificou (Figura 22).

- =S

#End time: 12:18:24 on Jan 05,2018, Elapsed time: 0:00:00 -
#Errors: 0, Warnings. 0

{0 Simulation Flow Progress

# Nodel Technology ModeISim ALTERA viog 10.4b Compiler 2015.05 May 27 2015
# Start time: 12:18:24 on Jan 05,2016

#viog -work work GateDemo.vwi vt

#— Compiing module GateDemo_vig_vec._tst

#

#Top level modules:
# GateDemo_vig_vec_tst

#End time: 12:18:24 on Jan 05,2016, Elapsed time: 0:00:00
#Errors: 0, Warnings: 0

#vsim -novopt -c -t 1ps -L cycloneive_ver -L altera_ver -L altera_mf_ver -L 220model_ver -L sgate_ver -L
altera_insim_ver work GateDemo_vlg_vec_tst -vopiargs=""+acc™
# Start time: 12:18:24 on Jan 05,2016

# Loading work GateDemn_vlg_vec_tst

# Loading work GateDemo

# Loading cycloneive_ver.cycloneive_io_obuf

# Loading cycloneive_ver.cycloneive_io_ibuf

# Loading cycloneive_ver.cycloneive_lcel_comb

#7" Note: Sfinish : GateDemo.vw Evi(45)

# Time: 1us Reration: 0 Instance: /GateDemo_vig_vec_tst

[yl #End time: 12:18:24 on Jan 05,2016, Elapsed time: 0:00:00
#Errors: 0, Warnings: 0

m

Figura 21 — Janela de compilagdo e execugdo da simulagdo do circuito com os vetores de entrada especificados.

Sk Simulation Waveform Editor - Ci/Users/asroliveira/LSDig/Aulal/Partel/GateDemo - GateDemo - [GateDemo_20160105121824.sim.vwf (Read-Only)] = | B |t

File Edit Wiew Simulation Help @ Search attera. e
(Re | & o & Z ) ¥E 3 EE 1T E 8 22 2 (8%

Waster Time Bar: 0 ps E] [I] Pointer: 5254 ns Interval: 5254 ns Start: End:

Ve 0ps 80.0ns 160.0 ns. 240.0ns 3200ns 4000 ns 480.0 ns 560.0 ns. 640.0 ns. 7200 ns 800.0ns 880.0ns #60.0ns
ame a : i i b i i i i i D D ;
Ops ps

B wm B

k SW1] BO

- LEDR[0) BO

I V][« i

0% 00:00:00
Figura 22 — Janela do simulador com a forma de onda do sinal de saida em fungdo dos vetores de entrada
especificados e do comportamento do circuito.

15. Para implementar o circuito em hardware real (FPGA), importe agora as defini¢cdes de
pinos da FPGA da placa de desenvolvimento que vai usar (localizag3o fisica dos pinos aos quais
estdo ligados a FPGA os varios dispositivos da placa — e.g. LEDs, interruptores, displays, etc.).
Para tal use o menu “Assignments—Import Assignments” (Figura 23).
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O ficheiro que contém todas as definicbes de pinos da FPGA da placa DE2-115 é o
“master.qsf”. Este ficheiro esta disponivel para download no site da UC (em elearning.ua.pt)
e ndo deve ser alterado. Este ficheiro serd usado ao longo do semestre, pelo que deve ser
colocado num diretdrio base e comum a todos os projetos.

;
Eur—

=)

Specify the source and categories of assignments to import

File name:

Copy existing assignments into Altera15Test.qsf.bak before importing

[D Categories...

Advanced

oK

Specify the source and categories of

File name: C:/Usersfasroliveira/L SDig/Aula’/Partel/master.gsf

Copy existing assignments into GateDemo.qsf.bak before importing

assignments to import

[ [

J [ cancat ||

0K Help ]

.
Select File [
"
() [ « L5Dig » Aulal » Partel » )
Organize ~ New folder - Al @
s Name ’ Date modified Type
Ml Desktop . db 20-02-2017 10:52 File folder
§ Downloads |- | incremental_db 200220171051 File folde;
] Recent Places ! output files 200220171051 File folde;
. CleudStation . simulation 20-02-2017 10:51 File folder
13 Dropbox || GateDemo.qsf 03-01-20161524  QSFFile
& Google Drive || master.qst 02-05-20160048  QSF File
£ MEOCloud
. ownCloud
#& OneDrive for Bus
@ OneDrive
S L ] v
File pame: master.qsf - cf e v

Figura 23 — Sele¢do e importacgdo do ficheiro “master.qsf” com as definicdes dos pinos da FPGA ligados aos

dispositivos do kit.

16. Efetue a sintese e implementacdo do projeto através do comando “Compile Design”. No
final da compilagao o IDE deve apresentar o aspeto da Figura 24.

-
Ok Quartus Prime Lite Edition - C:/Users/asroliveira/LSDig/Aulal/Parte1/GateDemo - GateDemo

[ESRE=E)

Edit Settings.
o

File Edt View Project Assignments Processing Tools Window Help @ Search aftera.com Q
s ’ oo
= | T . > 5 &
0 E > & 5
Project Navigator | 4 Hierarchy. ~|=me = || i Gatelemo bdf [x] ‘ 9 Compilation Report - GateDemo P Catalog () & x
Entity Instance. [Table of Contents. @me o X =
Flow Siat Successful- Tue Jan 05 12:34:34 2016
i Cycione IV E: EP4CE115F29CT E8 Flow Summary v Status ucossstul- The Jan 4 G nstakd P
£3 cutspomn B Fiow Setings Quarius Prime Version 15.1.1 Buid 189 12/0272015 5 Lie Edition st
emo
e BB Flow Non-Default Global Setti Revision Name. GateDemo 4 Project Dir
v Non-Dietaul Globs| Setings Top-level Entity Name GateDemo No Sele
B Flow Elapsed Tme Family Cyclone V E 4 Library
ES Flow 0S summary Device EP4CE115F29CT * Basic F
[E) Flow Log Timing Models Final » DSP
lam b Analysis & Synthesis Total Iogic elements 17114480 (<1%) > Interfac
rasis{Compiaton v]=me «|| Fitter Total combinational functions 1 /114,480 (< 1% } > emory
> I Assembler Dedicated logic registers. 07114480 (0% )
Task > Proce:
> W TimeQuest Timing Analyzer Totalregisters “ . univers
| 4 P CcompieDesign B EDA Netiot irter Total pins. 31529 (<1%)
v > B Analysis & Synihesis © Fow licssages Total virtual pins 0 © search for
. § ¢ Total memory bits 013,861,312 (0% )
v > P Fiter (Phce & Route) @ Flow Suppressed Messages.
v > P> Assembler (Generate programming Embedded Mulipier -bi clements ~ 0/532(0% )
Total PLLs 0/4(0%)
¥4 > P TimeQuest Timing Analysis
v > P EDA Netlst Writer

A Program Device (Open Programmer) Ll 3
E F—— v Add
*| Type ID  Message -
8 o Command: quartus_eda --read_settings_files=off --write_settings_files=off GateDemo -c GateDemo
@ @ 204019 Generated file Gatepemo_7_1200mv_85c_slow.vho in folder users/asroliveira/Lspig/aulal/Partel/simulation/modelsim/" for EDA simulation -
= @ 204019 Generated file Gatepemo_7_1200mv_0c_sTlow.vho in folder sers/asroliveira/Lspig/aulal/partel/simulation/modelsim/" for EDA simulation T
@ 204019 Generated file Gatepemo_min_1200mv_0c_fast.vho in folder /users/asroliveira/Lspig/aulal/Partel/simulation/modelsim/" for EDA simulation
@ 204019 Generated file Gatepemo.vho in folder "cC:/users/asroliveira/Lspig/aulal/Partel/simulation/modelsim/" for EDA simulation tool
. @ 204019 Generated file GateDemo_7_1200mv_85c_vhd_slow.sdo in folder "C:/Users/asroliveira/LsDig/Aulal/Partel/simulation/modelsim/" for EDA simulat
@ 204019 Generated file GateDemo_7_1200mv_Oc_vhd_slow.sdo in folder "C:/Users/asroliveira/Lspig/Aulal/Partel/simulation/modelsim/" for EDA simulatii
@ 204019 Generated file GateDemo_min_1200mv_0c_vhd fast.sdo in folder "C:/Users/asroliveira/Lsbig/Aulal/Partel/simulation/modelsim/" for EDA simula
@ 204019 Generated file GateDemo_vhd.sdo in folder "C:/users/asroliveira/LsDig/Aulal/Partel/simulation/modelsim/” for EDA simulation tool
> @ quartus Prime EDA Netlist writer was successful. 0 errors, 0 warnings d
. @ 293000 quartus Prime Full compilation was successful. O errors, 532 warnings e

Kl

essages

System (9) | Processing (123)

100%  00:00:56

86,137

Figura 24 — “Quartus Prime” IDE apds compilagdo (implementagdo) completa do projeto.

17. No final do processo de compilagdo, programe a FPGA através do comando “Program
Device” que deverad abrir a janela da Figura 25.
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&) Programmer - C:/Users/asroliveira/LSDig/Aulal/Partel/GateDemo - GateDemo - [Chain7.cdf]

e X

=

Fie Edt View

b start
fli stop
8 Auto Dete

J'e change File

) save Fie

T Up

% Dowin

&, Hardware Setup...| No Hardware

[] Enable reakfime ISP to allows background programming when available

ot

M Add File...

Processing Tools Window Help ‘@

Mode: [JTAG -

[

Search aftera.com

Usercode  Program/

Configure

File Device Checksum

Blank-
Check

Werify Examin

Figura 25 — Janela inicial da aplica¢do de programagdo da FPGA.

18. Configure a interface usada para programacdo da FPGA, premindo o botdo “Hardware
Setup” e selecionando a opgao “USB-Blaster” (Figura 26). Caso esta op¢do ndo esteja
disponivel, verifique se a placa possui a alimentacdo ligada e estd conetada ao computador

através do cabo USB.

& Hardware Setup - [
Hardware Seftings | JTAG Settings.
Select a programming ardware setup to use when programming devices. This programming
hardwiare setup applies only to the current programmer window
Currently selected hardware: | No Hardware -]
Avalable hardware tems
Hardware Server Port Add Hardware
USB-Blaster Local UsB-0
Remove Hardware

Figura 26 — Configuragdo da interface de programacdo da FPGA (USB-Blaster).

19. Premindo o botdo “Add File”, abra o ficheiro de programagdo da FPGA com a configuragdo
relativa ao circuito construido. O ficheiro deverd possuir o nome “GateDemo.sof” e encontrar-
se no sub-diretdrio “output_files” do projeto (Figura 27).
Nota: se ao abrir a aplicacdo de programacao, esta ja apresentar o aspeto da Figura 28, ndo
necessita de realizar a acao “Add File” descrita neste ponto.

&) Select Programming File ==
Lookin [ | cousersiasroiverrals. mtParenoutout_fles ~| & © O =
W Wy Computer | || GateDemo.sof [ List Viev
R ssroivera
Fie name:  GateDemo.sof
Files of type: |Programming Files (*:301*,pof *Jam * joc ekp *Jic) =] cancel |

Figura 27 — Sele¢do do ficheiro de programacgédo da FPGA (ficheiro “GateDemo.sof” no sub-diretério

“output_files” do projeto).
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20. Para programar a FPGA prima o botdo “Start”. Quando a programacao da FPGA estiver
concluida (com sucesso), a aplicacdo deve apresentar o aspeto da Figura 29.

4 Programmer - Ci/Users/asroliveira/LSDig/Aulal/Parte1/GateDemo - GateDemo - [Chain7.cdf]* 0 S i - = S| B ||
File Edit Wiew Processing Tooks Window Help @ Search altera.com 5]
o, Hardware Setup...| USB-Blaster [USB-0] Mode: [JTAG - Progress: [:
[] Enable reak-time ISP to llow background programming when available
i File Device Checksum Usercode Program/ Verify Blank- Examing Security Erase 5P
i Start Configure Check Bit CLAMP
I Stop output_filesiGateDemo.sof EP4CE115F29 00562095 00562095
Delete
M Add File...
P change File.
il i
A5 save File oy
b up (OTERY
TDI El
% Down —
EP4CE115F29 e

Figura 28 — Janela da aplicagdo antes da programacdo da FPGA (com indicacdo da FPGA usada e ficheiro de
programacdo selecionado).

A) Programmer - C:/Users/asroliveira/LSDig/Aulal/Partel/GateDemo - GateDema - [Chain7.cdf]* = | B |t
Fie Edt View Processing Toos Window Hep @ Search altera.com Q
oL Hardware Setup...| [ETETAIER) Wode: [JTAG v|  Progress: 100% (Successful) ]

] Enable reaktime ISP to allow background programming when available
o File Device Checksum  Usercode  Program/  Verify  Blank-  Examine  Securty Erase ISP
i Start Configure Check Bt CLAMP
o siop output_fies/GateDemo.sof EPACE115F28 00562085 00562095
Bl Auto Detect
Delete
B Change File
« I »
& cave File b
b g ANETER
oI : =
Noown | || ——
EP4CE115F28 .

Figura 29 — Janela da aplicagdo apds programacdo da FPGA.

21. Teste a porta légica AND no kit de desenvolvimento aplicando diversos vetores de teste
através dos interruptores usados e observando no LED o valor da saida.

22. Feche a aplicacdo de programacao da FPGA. Recomenda-se que grave as configuracdes da
aplicacdo de programagao num ficheiro com o mesmo nome do projeto (neste caso
“GateDemo.cdf”). Desta forma, quando voltar a abrir este ficheiro através da janela principal
do “Quartus Prime” a aplicacdo de programacao ja estara corretamente configurada.

23. Finalmente feche o projeto (menu “File—Close Project”).
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Parte Il

Demonstragdo do projeto hierdrquico com base na linguagem de descricdo de hardware

VHDL

1. Crie para a FPGA do kit DE2-115 (Cyclone IV EP4CE115F29C7) um novo projeto, seguindo
0s mesmos passos do ponto 1 da parte | deste guido. Considere a informacao de identificacao
do projeto apresentada na Figura 30. O sumario da descri¢ao do projeto deve ser semelhante

ao da Figura 31.

(S New Project Wizard

Directory, Name, Top-Level Entity

Wihat is the working directory for this project?

C:\Users\asroliveira\l SDig\Aula1\Parte2

Whatis the name of this project?
VHDLDemo

Whatis 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 fike.

AND2Gate

Use Existing Project Settings.

[ «pack | [ mwet= ||

Finish

| [ cancet ||

Help

]

Figura 30 — Identificagdo e localizagdo do projeto no sistema de ficheiros — adaptar de acordo com o diretdrio
usado, o qual ndo deve conter no caminho (path) espagos nem carateres especiais, e.g. acentos.

(G New Project Wizard

Summary

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

Junction temperature range:

=)

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

C\Users\asroliveira\LSDig\Aula1\Parte2
VHDLDemo

AND2Gate

0

0

nla
Cyclone IV E

EP4CE115F28CT

<None> (<None=)
ModelSim-Atera (VHDL)

0

12v

0-85°C

Finish

][ cancet ][

Help

Figura 31 — Sumdrio final da criagdo do projeto.

2. Apds premir “Finish” o IDE “Quartus Prime” deve apresentar o aspeto da Figura 32.
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\Ch Quartus Prime Lite Edition - Cy
L —

sers/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate

(=[5 fom]

Fie Edt View Project Assignments Processing Tools Window Help @

B AND2Gate 78

Search altera.com )
R = ISR NIl " — R ¥ . X< I S NP 15T
Project Navigator [ iy Hierarchy ~l=m@e = [P Catalog @s x
Entitycinstance LY X =
,;\ Cyclone IV E: EP4CE115F29CT 4 g% Installed P

CE——

v

4 Project Directory
No Selection Avaiable
4 Library 0
> Basic Functions
DSP

Interface Protocols

Processors and Peripherals M

3
3
1> Memory Interfaces and Controllers.
3
3

Universty Program

Tasks| Compiation

v=@ea =

Suite

Task
4 P> Compile Design
I P Analysis & Synthesis
> P> Fitter (Place & Route)
- P Assembler (Generate programming|
> P TimeQuest Timing Analysis
P EDA Netist Writer

@ search for Partner P

B coit Settings
4 Program Device (Open Programmer)
« m r + Add
*||Type ID Message
]
@
8
®|e v
é
2| system | Processing

0%  00:00:00

Figura 32 — “Quartus Prime” IDE apds a criagdo do projeto.

3. Crie um novo ficheiro para cédigo fonte VHDL (menu “File—New”), de acordo com a Figura

33.

New Quartus Prime Project

4 Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tcl Script File
Verilog HOL File
[VHDL File

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

4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF

4 Other Files.
AHDL Include File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File

[ ok ][ cancel ][ Hep |

Figura 33 — Selegdo do tipo de ficheiro a criar (VHDL File).

4. Introduza no ficheiro que acabou de criar o cédigo VHDL correspondente a uma porta logica

AND de 2 entradas (mostrado na Figura 34).
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!
G uars rive e i - g sireeziotes wvozc= DN = ==

File Edit VMiew Project Assignments

Or=Hd

Processing Tools Window

"

9

Help

Project Navigator [ 4% Hierarchy V]E@ﬂ x
Entity:Instance
4% Cyclone IV E: EP4CE115F28CT
» AND2Gate °&y
4 1 | ¢
Tasks[ Compilation n ]E @a =
Task
a4 | Compile Design
> - Analysis & Synthesis
> = Fitter (Place & Route}

> >
> - TimeQuest Timing Analysis

> P EDA Netlist Writer

B Edit Settings

» Program Device (Open Programmer)

Assembler (Generate programming

m | 3

Search altera.com

. ’ »
AND2Gate - F " \‘ 0 e »
[ /GBSO T» A
| 4+ AND2Gate.vhd [E] | Qmmpnamn Report - AND2Gate [ | ‘IP Catalog @e =
= — /= 5= (— ™y X =
= o =
.ﬂﬁ{} =_—=:—DB'B>L[J];_\ »
1 —— BibTiotecas @l ¢ & nstaled P
2 Tibrary IEEE; 4 Project Directory
3 use IEEE.STD_LOGIC_1164.all; :
4 No Selection Available
5 -- Interface (portos) 4 Library
6 Hentity AND2Gate is . .
7 8 port(inPort0 : in std_logic; » Basic Functions
8 inPortl : in std_logic; » DSP
] outPort : out std_logic);
10 end AND2Gate; > Interface Protocols
11 * Memory Interfaces and Cantrallers
12 -- Implementacdo (descricdo do funcionalidade) i
13 Barchitecture Behavioral of AND2Gate is » Processors and Peripherals
}g Bbegin > University Program
16 outPort <= inPort0 and inPortl; @ search for Partner IP
17
18 end Behavioral;
19

v Add...

Type ID Message

4

System (2) Processing

0% 00:00:00

Figura 34 — Cdédigo fonte da porta légica AND de 2 entradas (“AND2Gate.vhd”).

5. Grave o ficheiro, cujo nome deverd ser “AND2Gate.vhd” (Figura 35).

# Cloudstation
% OneDrive
43 Dropbox

+ Hide Folders

r N
Save As » [
~ —

& 9 [ « LSDig » Aulal » Parte2 » + [ 42| Search Pante2 Pl
Organize *  New folder = @
e 2] Name ’ Date modified Tiie

B Desktop db 1501-201611:07  File foldes
18 Downleads =

%] Recent Places

& Google Drive

ownCloud

~ [ i

ihrariac

File name: AND2Gatevhd

b

Save as type: | VHDL Files (*.vhd *vhdl)

] Add file to current

project SR

Figura 35 — Caixa de didlogo para gravagao do ficheiro “AND2Gate.vhd”.

6. Seguidamente vai ser validado por simula¢cdo o comportamento da porta légica modelada.
No entanto, antes de efetuar a simula¢do, execute a op¢do “Analysis & Synthesis” para que a
correcao sintatica e estrutura do projeto sejam analisadas. Apds a execuc¢do da “Analysis &
Synthesis” o IDE deve apresentar o aspeto da Figura 36.
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.
(O Quartus Prime Lite Edition - Cy/Users/asroliveira/L SDig/Aulal/Parte2/VHDLDemo - AND)Gm_E‘ﬁ‘ﬂ

D
EH Flow Mon-Default Global Settings

B Flow Elapsed Time
B Flow OS Summary
) Flow Log

Analysis & Synthesis
O Flow Messages

<[ i ] v

v]E@ﬁl x

Task >

Tasks[ Compilation

4 P Compile Design
> B> Analysis & Synthesis
> P+ Fitter (Place & Route}
> P Assembler (Generate programming
> P TimeQuest Timing Analysis
> = EDA Netlist Writer
B Edit Settings
& Program Device (Open Programmer)
w ] v

© Flow Suppressed Messages

A

File Edit View Project Assignmenis Processing Tools Window Help ‘@ Search attera.com @
" ’ , ) i
-] » e B XX o -
Bi: [ | < > > b
Project Navigator [ 4 Hierarchy v]E@ﬁl * ‘ £ AND2Gate vhd ‘ & Compiation Report - AND2Gate [ | ‘IP Catalog @e =
Entity:Instance Table of Contents @a L} X =
Flow Stat ke
% Cyclone IV E: EP4CE115F29CT ER Flow Summary TIERES .
- i 4 @ hnstaled P
" Quartus Prime Versit
AND2Gate oy B Flow Settings

Revision Name 4 Project Directory

Top-level Entity Nam No Selection Available

Famiy 4 Library
e » Basic Functions
Timing Models. . psp
Total logic el its.
ElhEEe= » Interface Protocols
Total combination
Dedicated logic > Memory Interfaces and Controllers
Tl > Processors and Peripherals
Total pins > University Program

Total virtual pins @ search for Partner P
Total memory bits
Embedded Multiplier

Total PLLs

Add

4 |:| »

4

* |l Type ID Message

a @ 286030 Timing-Driven synthesis is running

@ @ 16010 Generating hard_block partition "hard_block:auto_generated_inst”

=l @ 21057 Implemented 4 device resources after synthesis - the final resource count might be different
> @ Quartus Prime Analysis & Synthesis was successful. 0 errors, 0 warnings

g

System Processing (10)

Messages

100% 00:00:19

Figura 36 — “Quartus Prime” |DE ap0s a execuc¢do da “Analysis & Synthesis”.

7. Simule o comportamento da porta légica que acabou
ficheiro VWF (menu “File—»New”) (Figura 37).

de descrever, criando para tal um

il New

[S5=)

New Quartus Prime Project

4 Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Tcl Script File
Verilog HDL File
WHOL File

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

4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap Il Logic Analyzer File
University Program VWF

4 Other Files
AHDL Include File
Block Symbol File
Chain Description File
Synopsys Design Constraints File

Text File
[ oK } [ Cancel ] [ Help

]

Figura 37 — Selegdo do tipo de ficheiro a criar (University Program VWF).

8. Apds premir “OK” abrird uma janela onde deverdo ser indicados os sinais usados na
simulacdo. A semelhanca da simulacéo realizada na primeira parte do guido, através do menu
“Edit—Insert—Insert Node or Bus”, premindo de seguida os botdes “Node Finder” e “List”,
selecione todos os portos de entrada e saida da “AND2Gate”. Apds premir “OK” podera

especificar os valores pretendidos ao longo do tempo para

as entradas da “AND2Gate”. Utilize

para tal o rato, selecionando os trogos do diagrama temporal do sinal pretendido com o valor

légico que deseja que ele assuma (Figura 38).
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\Ch Simulation Waveform Editor - Ci/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate - [Waveform.vwil* SRR X |
Fie Edit View Simulation Help @ Search altera.c [~
(a5 o 4 2 E B E 8 12 E | w2 [Z)8Y
Master Time Bar: 0 ps E] E] Pointer:  705.89 ns. Interval: 705.89 ns Start: End.
Ops 800ns 160.0ns 2400ns 3200ns 400.0ns 4800ns 5600ns 640.0ns 720.0ns 800.0ns 880.0ns 960.0ns °
Value at ! i v P i v v i i v i i
Name
Ops Ops
& iPor0 8O
& inPortl  BO [
iy outPort B X
< v« . ol
0% 00:00:00

Figura 38 —Janela do simulador apds a especificagdo das formas de onda (vetores) de entrada.

9. Apéds especificar os valores (vetores) de simulacdo, grave o ficheiro com o nome

“AND2Gate.vwf”.

10. Execute a simulacdo através do menu “Simulation—Run Functional Simulation”. Apés a
simulacdo deve obter o valor da saida da porta légica AND correspondente as entradas que

especificou (Figura 39).

{h Simulation Waveform Editor - C:/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate - [VHDLDemo_20160115112928 sim.vwf (Read-Only)] l S S|
Fie Edit View Simulaton Help @ Search altera.c [5)
(K& .5 o m 2 5T 0 4 0C 8 )2 3R o k) 2 |[E)8E
Master Time Bar: 0 ps. E] E] Pointer: 71529 ns. Interval: 71529 ns. Start: End
T Ops 80.0ns 160.0ns 240.0ns 3200ns 400.0ns 4800ns 560.0ns 640.0ns 720.0ns B800.0ns 830.0ns 960.0ns *
. x . i B B i B B i i v i i
Ops ps
& oo B0
L imPortt  BO [
£ outfort B0
4 K . ol 5

0%

00:00:00

Figura 39 —Janela do simulador apds a simulagdo.

11. Crie um novo ficheiro VHDL, chamado “GateDemo.vhd”, que irad servir para instanciar a
porta légica que acabou de descrever nos pontos anteriores e associa-la a pinos concretos da
FPGA do kit de desenvolvimento que vai usar para a testar. Introduza o cédigo VHDL mostrado
na Figura 40 no ficheiro que acabou de criar, para instanciar a porta ldgica e liga-la a pinos
adequados da FPGA (neste caso as entradas vao ser ligadas a interruptores e a saida ligada a

um LED). Apds editar, grave o ficheiro com o nome “GateDemo.vhd”.
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-
|\ Quartus Prime Lite Edition - C:/Users/asroliveira/L5Dig/Aulal/Parte2/VHDLDemo - AND2Gate

BTN =)

| Eile | Edit View Project Assignments Processing Tools Window Help L Search atera.com .
‘- .
— G AND2Gate x| ’ " “ 0 e »
Or= D ¢ ) / SSD 1
Froject Navigator | =] Fiks ~]=Ms = || & anozcatevna ] | & Compiation Report-auD2Gate [ | ¢ GateDemo.vhd |_|IPCatalng @e =
= — {— =!
He O EEMNMB OO S
AND2Gate vhd == -
1 'hbrary TEEE; 4 gk Instaled IP
E| AnD2Gatevwf i . i i
2 use IEEE.STD_LOGIC_1164.all; 4 Project Directory
3
4 BHentity Garepemo is No Selection Available
5 B port(sw :in std_logic_vector (1 downto 0); 4 Library
[ LEDR : out std_logic_vector(0 downto 0)); X .
Tasks[(:nmpllatmn 7 end GateDemo; [» Basic Functions
g b DSP
Task 9 HBarchitecture Shell of GateDemo s
. . 10 Hhegin I Interface Protocols
4 I Compik Design 11 8 system core : entity work.anD2eate(sehavioral) b Memory interfaces and Control
L I P Analysis & Synthesis 1z = port map(inPortd => s i
P Fiter (P &Route) 13 inPortl == sw(l), > Processors and Peripherals
3 er (Place & Route| — .
14 . outPort == LEDR(0)); b University Program
[ P Assembler (Generate programming| | 13 end shell;
I 16 . Search for Partner IP
> - TimeQuest Timing Analysis
I - EDA Netlist Writer
B Edit Settings
4 m *
» Program Device (Open Programmer) -
e i v ||« [ r Add...
* | Type iD Message -
= © 286030 Timing-briven synthesis is running
@] @ 16010 Generating hard_block partition "hard_block:auto_generated_inst"”
=|p @ 21057 Implemented 4 device resources after synthesis - the final resource count might be different —
i ] quartus Prime Analysis & Synthesis was successful. 0 errors, 0 warnings |ﬂ
w <
8
2« 3
&
£ [[system28) | processing (10) |

100% 00:00:20

Figura 40 — Cédigo fonte do mddulo top-level (“GateDemo.vhd”).

12. Altere o ficheiro top-level do projeto (ficheiro “principal”

que inclui todos os outros e

portanto esta no nivel hierarquico mais elevado do projeto) de acordo com a Figura 41. O top-
level deixa de ser o “AND2Gate.vhd” e passa a ser o “GateDemo.vhd”.

\Ob Quartus Prime Lite Edition - C:/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate

PPNy

Fie Edt View Project Assignments Processing Tools Window

OFd<O0M" ¢

Hep @

Crre— ¥ o T

>PHhSO -

Project Navigator ~]=m@# x || £ anc2Gatevnd () | & Compiation Report - AND2Gate (1) | & GateDemo.vhd E3 ‘ \P Catalog @e x
_— — == =
e m 080 VRS ATEE i
AND2Gate.vhd - — 4z mstaled P
=) AND2Gatevwl 1 Tibrary IEEE; -
= 2 use IEEE.STD_LOGIC_1164.all; 4 Project Directory
B GateDemo.vhd 2
| No Selection Available
Open &
logic_vector (1 downto 0); 4 Library
— Remove File from Project logic_vector (0 downto 0)); .
Tasts{compiaton Basic Functions
& setas Top-LevelEntty CtrisShiftsV/ . DsP
)ateDemo is
Interface Protocols
4 P Compi Create AHDL Include Fies for Current File work. AND2Gate (Behavioral) S ———
> A Create Symbol Files for Current File rt map(inPort0 => sw(0),
inPortl => sw(l), Processors and Peripherals
> Al Create Veriog Instantiation Template Fies for Current Fie outPort => LEDR(0)); Univerally Program
\ : A Create VHDL Component Declaration Files for Current Fie @ search for Partner P
> T
» e Properties...
I ot Settings
= « il )
&) Program Device (Open Programmer) =
1« . | « » + Add
X | Type o Message -
-] @ 286030 Timing-Driven synthesis is running
@ , @ 16010 Generating hard_block partition "hard_block:auto_generated_inst"
= © 21057 Implemented 4 device resources after synthesis - the final resource count might be different
, @ Quartus Prime Analysis & synthesis was successful. 0 errors, 0 warnings 5
A -
8|
8|« )
é 1
£ || System(26) | Processing (10)
Sets the current file entity as the top-level entity for the next compilation 100%  00:00:20

Figura 41 — Alteragdo do mddulo top-level para o “GateDemo.vhd”.

13. Importe as definicdes de pinos da FPGA da placa de desenvolvimento, usando o menu
“Assignments —Ilmport Assignments” (Figura 42).
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\_ Import Assigi

Specify the source and categories of assignments to import.

File name:  C. a/LSDigiAulaliP asf

[:] Categories...

][ cancel ][

Copy existing assignments into GateDemo.gsf bak before importing

[ ok Help ]

Figura 42 — Importagdo do ficheiro “master.qsf” com as definigdes dos pinos da FPGA ligados aos dispositivos

do kit.

14. Efetue a sintese e implementacdo do projeto através do comando “Compile Design”. No

final da compilacdo o IDE deve apresentar o aspeto da Figura 43.

-
uartus Prime Lite Edition - C/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate
9

mﬁlﬂ

Fie Edt View Project Assignments 9

Processing Tooks Window  Help Search atera.com [5]
= H [} e s -1 ¢© -
QR < > & B
Project Navigator E Fiies ~]=@® x || & AnDGaiexnd [ | & Compistion Report- aD2Gate £ | 4+ GateDemo.vhd [1] | |IP Catalog ma =
Files Table of Contents (=3 Flo a o X =
AND2Gate.vhd EE Flow Summary T ELTE
Quarlus Prime Version 4 g nstaled P
[E anpzGate.vwt B Flow Settings
Revision Name 4 Project Directory
BT GateDemo.vhd E=R Flow Non-Defautt Giobal Settings Toplevel Entty Name o Selecton Avalasle
E== Flow Elapsed Time Famiy 4 Lbrary
Fraske Gomptaton S=@s = ES Flow 05 Summary Device > Basic Functions.
B Flow Log Timing Models . bsp
Task b Analysis & Synthesis. Total logic elements . Interface Protocos
+ | 4 |p compicDesign » Ml Fiter Total combinational funt
> Memory Interfaces and Control
L > B Analysis & Synthesis b Assembler Dedicated logic registsf
- e > Processors and Peripherals
./ > B> Fitter (Place & Route) b TimeQuest Timing Analyzer &
Total pins > University Program
v > W Assembler (Generate programming| | » [l EDA Netist Viriter
Total virtual pins @ search for Partner P
' b B> TimeQuest Timing Analysis © Flow Wessages
Total memory bits.
vy b - EDA Netist Writer @ Flow Suppressed Messages Embedded Mutipler 9-bit ek
W Eatt Settings Total PLLs - T
& Program Device (Open Programmer) —
< m | r < r

> qQuartus Prime EDA Netlist writer was successful. 0 errors, 0 warmings
@ 293000 Quartus Prime Full compilation was successful. 0 errors, 532 warnings

< i ]

*| Type ID Message S
3 © 204019 Generated file AND2Gate_min_1200mv_Oc_vhd fast.sdo in folder "C:/Users/asroliveira/LsDig/Aulal/Parte2/sim
@ @ 204019 cenerated file AnD2Gate_vhd.sdo in folder "c:/users/asroliveira/Lspig/aulal/Parte2/simulation/modelsim/"

piessages

System (28) | Processing (125)

100%  00:01:10

Figura 43 — “Quartus Prime” IDE apds compilagdo (implementagdo) completa do projeto.

15. No final do processo de compilagdo, programe a FPGA. Quando estiver concluida (com
sucesso) a programacdo da FPGA, a aplicacdo de programacdo deve apresentar o aspeto da

Figura 44.

-
& Pregrammer - C:/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDeme - AND2Gate - [Chain2.cdf]*

[E=EEE )

File Edit Miew Processing Tools  Window 9

Help

Search altera.com

&, Hardware Setup...| [EEEFTERIERY Node: [JTAG ~

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

Progress 100% (Successful) -

File Device Checksum Usercode Program/

Configure

Verify

it Stop

Delete

M Add File.

P Change File

output_files/AND2Gate sof EP4CE115F28 00562D0A 00562004

Blank-
Check

Examine

A save File

W up

" Down

EP4CE115F29

Figura 44 — Janela da aplicagdo apds programacdo da FPGA.
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16. Teste a porta ldgica AND no kit de desenvolvimento aplicando diversos vetores de teste
através dos interruptores usados e observando no LED o valor da saida.

17. Crie um novo ficheiro VHDL, contendo o cédigo fonte correspondente a um inversor e no

final grave com o nome “NOTGate.vhd” (Figura 45).

— -
Earh.ls Prime Lite Edition - C:/Users/asralivei

o X

| Eile | Edit Wiew Project Assignments Processing Tools Window Help L ] Search altera.com e
] / /
o G t AND2Gate - / 32
R |  / SSQOU>$ @O
Project Navigator [ Files - ]E @& =|ae | ¥ GateDemo.vhd | ¥ NOTGate.vhd | @ noTGatevhd B |4 ‘IP Catalog @& =
" | — /= /= co— Y =
S 2000 EERRMOD -t =
H AND2Gate.vhd —_—— 4 g instaled P
E ANDZGate vwf 1 Tibrary IEek; ~ -
2 use TEEE.STD_LOGIC_1164.al1; 4 Project Directory
% GateDemo.vhd 3 No Selection Avaiabl
4  Hentity NOTGate is 10 =El=ction Avalanie
B NOTGate.vhd 5 @ port(inPort : in std_logic; 4 Library
(] outPort : out std_logic);
7 end NOTGate; » Basic Functions
— 8 . ) . > DSP
Tasks[t:nmpnatmn v]E@ﬁl x 9 Harchitecture Behavioral of NOTGate is
10 E|beg‘ir‘| > Interface Protocols
Task 11 . > Memory Interfaces and Control
- 12 outPort <= not inPort;
4 p Co 13 > Processors and Peripherals
N ig end Behavioral; . University Program
> B F e Search for Partner IP
S
N
> P EDA Netlis e
W Edit Settings
» Program Device (Open Programmer) 1 n ;
4| 1] | [N [ + Add.

Type ID Message
@ 204019 generated file AND2Gate_min_1200mv_0c_vhd_fast.sdo in folder "
@ 204019 Generated file AND2Gate_vhd.sdo in folder "

-~
|

N errnrs 537

202000 nuartus Prime Enll comnilatrinon was successfiul
n

C:/users/asroliveira/Lspig/aulal/Partez/
C:/users/asroliveira/Lspig/aulal /Parte2/simulation/modelsim
Quartus Prime EDA Netlist writer was successful. 0 errors, 0 warnings [

warninns

Mes=ages Il @ m x

System (34) ‘ Processing (125)

100% 00:01:10

Figura 45 — Codigo fonte do inversor (“NOTGate.vhd”).

18. Crie um novo ficheiro VHDL, contendo o cddigo correspondente a uma porta légica NAND
de 2 entradas, construida a partir das duas portas légicas (AND e inversor) implementadas nos
pontos anteriores, instanciadas e interligadas de acordo com a estrutura ilustrada na Figura

46 e o cédigo da Figura 47.
Nota: este ponto pretende ilustrar apenas a instanciagao

e interligacdo de componentes

descritos em VHDL, com base num exemplo simples, ndo sendo a forma mais eficaz de criar
uma porta légica NAND, uma vez que a linguagem VHDL também disponibiliza o operador

“nand”. No entanto, esta forma tem a vantagem de ilustrar

o projeto hierdrquico em VHDL,

com um exemplo simples, a instanciacdo e interligacdo textual de componentes, de forma

analoga aos métodos de captura de diagrama esquematico.

NAND2Gate
0 o 6ANDZGate NOTGate
inPort inPort
- - \ outPort| s_andOut |inPort outPort| outPort
inPortl |inPortl )

Figura 46 — Estrutura da porta légica NAND de 2 entradas com indicagdo das ligagdes dos portos de entrada e

de saida.

Ano Letivo 2022/23

Pagina 21 de 32



Laboratério de Sistemas Digitais

Trabalho Praticon2 1

-
{_h Quartus Prime Lite Edition - C:/Users/asroliveira/LS Dig/Aulal/Parte2/VHDLDemc - AND2Gate

mﬁlg

File Edt Miew Project Assignments Processing Tools Window Help

L]

OfF<d

[AND2Gate

o 11

> b S

Search altel

.com (]
>

Project Navigator EFiles x| | & NOTGate.vhd [ | £ NOR2Gate.vhd [ ‘ @ nanozgatevnd @ 4| B |IP Catalog @ =
il — = == I -
@00 EENMRS AT -
B AND2Gate.vhd n BE= 8= el =
B . 4 g Installed P
[E] Anp2Gate.vwi 1 Tibrary IEEE;
: 2 use IEEE.STD_LOGIC_1164.all; 4 Project Directory
E}% GateDemo.vhd 3 - B
NOTGate vhd 4 Hentity NAND2Gate is No Selection Available
it ae 5 @ port(inporto : in std_logic; 4 Library
B® NAND2Gate.vhd 6 inPortl : in  std_logic;
7 outPort : out std_logic); I Basic Functions
8 end NAND2Gate; . DSP
Tasks| Compilation 9 ’ g
10 [Harchitecture Structural of NANDZGate is [ Interface Protocols
Task 11
. . [ Memory Interfaces and Control
p 1z signal s_andout : std_logic; v
4 P Compie Design 13 [+ Processors and Peripherals
b = Analysis & Synthesis 14 Hbegin b Uni P
" i35 @ and_gate : entity work.anND2Gate(Behavioral) > Universiy Program
» b Fiter (Place & Routz) 16 B port map(inPort0d =» inPorto, @ search for Partner P
i P Assembler (Generate programming| | 17 inPortl == inPortl,
N - . 18 outPort =»> s_andout);
p = TimeQuest Timing Analysis 19
> P EDA Netlist Writer 20 H= not_gate : entity work.noTcate(gehavioral) |
21 @ port map(inPort => s_andout,
W Ecit Settings 22 |: outPort == outPort);
& Program Device (Open Programmer} %j end structural; & 1 +
4 mn 13 4 m L3
x || Type ID Message
(=
HE ;
@
2 System (47) Processing

0% 00:00:00

Figura 47 — Cédigo fonte da porta Iégica NAND de 2 entradas (“NAND2Gate.vhd”).

19. Grave o ficheiro com o nome “NAND2Gate.vhd”.

20. Edite o ficheiro top-level “GateDemo.vhd” de forma a que seja usado o componente
NAND2Gate (arquitetura Structural) em vez do AND2Gate (arquitetura Behavioral)

usado anteriormente — Figuras 48 e 49.

O Quartus Prime Lite Edition - C:/Users/asroliveira/LSDiglAuIaUPaﬂeZ/VHDLD;n\c - AND2Gate

Opens the selected file

File Edt View Project Assignments Processing Tools Window Help @
o/ v N 7
OFE4TN " C e ) /SED
Project Navigator E Files - ]E @e = & Compiation Report - AND2Gate [ | - GateDemo.vhd |
7= Fies Table of Contents me o X =
m Flow Status
BB AND2Gate.vhd B8 Flow Summary Cuartis Prine Vorsioa 4 g installed P
AND2Gate.vw i B8 Flow Settings B )
= Revision Name 4 Project Directory
GoteDemo.vhd e i i . -
Open Top-level Entty Name ! on Avaiable
B NOTGate.vhd .
e Famiy 4 Library
B9 nanD2Gate vt Remove File from Project '
d Device Basic Functions
= E  setasTop-LevelEntty Clri+ShiftsV/ Timing Models Dsp
Tasks| Compiation Total logic elements
; Interface Protocols
Create AHDL Include Files for Current File Total combinational funf
) ) Memory Interfaces and Control
ipc Create Symbol Fies for Current File Dedicated logic registe
ompi e — Processors and Peripherals
. > A Create Veriog Instantiation Template Fies for Current File 9
’ ) Total pins Universty Program
. > F‘ Create VHDL Component Declaration Fies for Current File e @ Search for Partner P
> > A\ Properties... Total memory bits i
> P T Embedded Multiplier 9-bit el
> P> EDA Netiist Writer Total PLLs
W Edit Settings
&) Program Device (Open Programmer) < mn »
< i J » < [am y[| + Add
x| Type 0 Message
-]
il »
2
£ [ system(@7) | Processing

S

% 00:00:00

Figura 48 — Abertura do modulo top-level “GateDemo.vhd”.
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(T4 Quartus Prime Lite Edition - C/Users/asroliveira/LSDig/Aulal/Parte2/VHDLDemo - AND2Gate B
File Edit View Project Assignments Processing Tools Window Help @ Search attera. e

. ’ » ' '
Bl af:/lf'a == 1/ QOO TP+ 4590 -
-
Project Navigator EFlles @a = ] @ cateDemo.vhd B | & NOTGate.vhd [7] | &= NOTGate.vhd [ ¢- Nonzﬂﬂhp Catalog @a x
HN i EEARA 0L -
= = -
BB AnD2Gate.vhd ] (3 === (-
e NE1T g a -_j Installed P
) AnD2Gate.vwi I 1brary IEEE;
: 2 use IEEE.STD_LOGIC_1164.all; 4 Project Directory
E}% GateDemo.vhd 3 - B
e — 4 Hentity Gatepemo is No Selection Available
i ate.vl 5 = port(sw :in std_logic_vector (1 downto 0); 4 Library
ﬁ% MANDZ2Gate.vhd 6 LEDR : out std_logic_vector (0 downto 0));
7 end GateDemo; » Basic Functions
— 8 > DSP
Task-’-[CDmpllﬂtDn 9 mBarchitecture shell of Gatebemo is
10 [Ebegin > Interface Protocols. [
Task i% E system_core ent1g)0(r:c|;1l;bt0 TG > Memory Interfaces and Control
4 P Compile Design 13 inPortl swiL) . » Processors and Peripherals
> P Analysis & Synthesis 14 d shell outPort => LEDR(0)); > University Program
. 15 end shell;
> P Fitter (Place & Route) 16 ! 0 Search for Partner IP
> [ Assembler (Generate programming
> P TimeQuest Timing Analysis
> P> EDA Netlist Writer
. Edit Settings
& Program Device (Open Programmer} i Ul | s
4| I | e [ *
x || Type ID Message
(=
@
el 3
@
2 || System(47) Processing
Ln11 Col 51 WVHDL File 0% 00:00:00
.

Figura 49 — Edicdo e alteracdo do mddulo top-level “GateDemo.vhd”.

21. Volte a importar o ficheiro “master.qsf” com as definicdes dos pinos da FPGA na placa de

desenvolvimento.

22. Efetue a sintese e implementac¢do do sistema através do comando “Compile Design”. No
final da compilacdo o IDE deve apresentar o aspeto da Figura 50.

r
Ok Quartus Prime Lite Edition - C:/Users/asroliveira/LSDig/Aula1/Parte2/VHDLDemo - AND2Gate

@@g

File Edt View Project Assignments Processing Tools Window Help @ Search atera.com
O~ d T e— Y. 3 ol S R T
Project Navigator @ Files. -]5@5 x & Compiation Report - AND2Gate [ ‘ 4 GateDemo.vhd (] | £ NoTGate.vhd [ 4| P || Catalog @Me =
Files [Table of Contents me o X =
BB anD2Gate vhd EE Flow Summary Flow Staus 4 g Instaled P
2 AND2Gatevwd B Flows Setings Quartus Prime Version nstal
M GateDemo.vhd B Flow Non-Default Global Settings Revision fame * Frolect buectary
o e = o et s Top-level Entity Name Ho Selection Available
i Family 4 Library
E% NAND2Gate vhd g Flow OS Summary Device > Basic Functions
Flow Log Timing Wodels
Tasks| Compiation ~J=M@8& =|| . pm anaysis & synhesis Totallogic elements. : S‘i:,m Profocals
Task > Bl Fiter Total combinationai fur > Memory nterfaces and Control
4 [P Compile Design| b I Assembler ma:):\:;zmgm nis > Processors and Peripherals
> B Analysis & Syntnesss » I TimeQuest Timing Analyzer o pingS » Universty Program
| b P Fiter (Place & Route) b I EDA Netist Writer Total vitual ping @ search for partner P
b P> Assembler (Generste programming|| @ Flow Messages. Total memory bits
» P TmeQuestTiming Analysis @ Flow Suppressed Messages Embedded Multiplier 8-bit e/
b B> EDA Netiist Writer Total PLLs
| B =it Settings
&) Program Device (Open Programmer) o —] " |
[ 0 ] » < g v Gt
x| Type ID Message "
3 @ 204019 Generated file AND2Gate vhd.sdo in folder "C:/Users/asroliveira/LsDig/Aulal/Parte2/simulation/modelsim/"
@ . @ Quartus Prime EDA Netlist Writer was successful. O errors, 0 warnings m
=| @ 293000 quartus Prime Full Compilation was successful. 0 errors, 532 warnings I~
gl el . ] 3
H

100%  00:01

05

Figura 50 — “Quartus Prime” IDE apds compilagdo completa do projeto.

23. Programe a FPGA e teste no kit o funcionamento da porta Iégica NAND implementada.

24. Feche a aplicacdo de programacdo da FPGA e seguidamente o projeto.
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Parte Il
Demonstragdo do projeto hibrido baseado em diagramas esquemdticos e descricbes VHDL

1. Crie para a FPGA do kit DE2-115 (Cyclone IV EP4CE115F29C7) um novo projeto, seguindo
0s mesmos passos do ponto 1 da parte | deste guido. Considere a informacdo de identificacdo
do projeto apresentada na Figura 51. O sumario da descricdo do projeto deve ser semelhante
a Figura 52.

B
3 New Project Wizard -

Directory, Name, Top-Level Entity

What s the working directory for this project?

C:/Users/asroliveira/CloudStation/L SDig/Aulat/Parte3 =
What is the name of this project?

LogicDemo

What s the name of the top-level design enty for this project? This name is case sensitive and must exactly match the entty name in the design fie.
LogicTop =
(Use Existing Project Settings..

[[<Back | [ Next> ][ Ensh ][ Cancel | [ Hep

Figura 51 — Identifica¢do e localizagdo do projeto no sistema de ficheiros.

r 3
3 New Project Wizard =
Summary
When you click Finish, the project wil be created with the folowing settings:
Project directory: c Dig2016/L
Project name: LogicDemo
Top-level design entiy: LogicTop
Number of files added: 0
Number of user Rbraries added 0
Device assignments:
Design template: na
Famiy name Cyclone IV E
Device: EPACE115F29C7
EDA tools:
Design entry/synthesis: <None> (<None>)
Simulation: ModelSim-Atera (VHDL)
Timing analysis: 0
Operating condtions:
VCCINT voltage: 12v
Junction temperature range: 085°C
[ <Back | lext Ensh | [ Cancel | [ Heb

Figura 52 — Sumdrio final da criagdo do projeto.
2. Crie um novo ficheiro para cédigo fonte VHDL (menu “File —»New”).

3. Introduza no ficheiro que acabou de criar o cdédigo VHDL da Figura 53, correspondente a
uma unidade que realiza diversas operagdes ldgicas.

4. Grave o ficheiro, cujo nome devera ser “LogicUnit.vhd”.
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library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity LogicUnit is
port(input0 : in std logic;
inputl : in std_logic;
invOut : out std_logic;
andOut : out std_logic;
orOut : out std logic;
xorOut : out std logic;
nandOut : out std logic;
norOut : out std logic);

end LogicUnit;

architecture Behavioral of LogicUnit is

begin
invOut <= not inputO;
andOut <= input0 and inputl;
orOut <= input0 or inputl;
xorOut <= input0 xor inputl;
nandOut <= input0 nand inputl;
norOut <= inputO0 nor inputl;

end Behavioral;

Figura 53 — Cédigo fonte do mddulo “LogicUnit” (exemplo em VHDL com operadores ldgicos).

5. Para poder instanciar num diagrama esquematico o mdédulo “LogicUnit.vhd” escrito em

VHDL é necessario criar um simbolo tal como ilustrado na Figura 54.

(O Quartus Prime Lite Edition - C:/Users/asroliveira/CloudStation/LSDig2016/LSDig/Aulal/Parte3/LagicDemo - LogicTop = | B S
Fie Edit Wiew Project Assignments Processing Tools Window Help Cearch akera.com @
4 4 ¢ . o
=] LogicTop | »
OB+~ I0 2 cll / SEOT> %590
Project Navigator EFnes r|=@a x | ¢ LogicUnit.vhd [x] | ‘\F‘Cﬂtﬂlﬂu @3 x
Fi :T'Ga e — e — = X =
s\_ngicumvm . {} E= == D |§‘ & @ = ﬁ 7 .‘ * =
G o ] 4 8k nstalied P
- 4.all; 4 Project Directory
Remove File from Project -
Vo Selection Available
E  setasTop-LevelEntity Ctri+ShiftsV std_logic; 4 Library
std_logic; s Func
fce > Basic Functions
Create AHDL Include Files for Current File ;Egﬂgglgz .
— = std_logic;
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Figura 54 — Cria¢do de um simbolo para um mddulo de forma a poder ser utilizado num diagrama esquematico.
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6. Crie um novo ficheiro para um diagrama esquematico (menu “File—>New”), que ird servir
para instanciar a entidade “LogicUnit” e associd-la a pinos adequados da FPGA (entradas
ligadas aos interruptores e saidas ligada a LEDs) do kit de desenvolvimento que vai usar para
a testar.

7. Uma vez criado o simbolo, um mddulo definido pelo utilizador pode ser usado num
diagrama esquematico da mesma forma que qualquer bloco predefinido, usando o botdo
“Symbol Tool” da barra de ferramentas. Crie uma instancia do médulo “LogicUnit” (Figura 55).

B

T2 Symbol

Libraries:

4 [ Project
EF LogicUnit
€ caltera_lite/15.1/quartus/libraries/ inputd invOut
input! andOut
: orOut
< » : xorOut
T nandOut
norOut
LogicUnit [I]

[V] Repeat-insert mode

[] Insert symbol as block

Figura 55 — Instanciagcdo num diagrama esquematico do mddulo “LogicUnit”.

8. Ligue as entradas e as saidas do médulo “LogicUnit” a portos de entrada e de saida tal como
ilustrado na Figura 56 (entradas ligadas a interruptores e saida a LEDs do kit).

D ot e i T R > |
File Edt View Project Assignments Processing Tools Window Hep @ Search altera.com (5]
FHAL TN ) /SSOT>+ 290 AEVE
|[Project Navigator [ i\ Hierarchy v |=(@#& x H 8 LogicTop.bdf* 8
Entty-instance ‘—_.IEQWA{)_ = . '—lqﬁ\\’\go\\ > |~

i Cyclone IV E: EP4CE115F29C7 |
> Logron 5 o T —
Lo Logicupit ...
< I v i SWIO] [ input0 invOut QUTAUT > LEDG[O]
Tasks| Compilation v|=me X]‘ swi1] —— 1 - input1 andout — _OUTFUT [ LEDG[1]
Task It - e : : orout QIR LEDG[2] =
4 P> Compike Design xorout OUTRUT __— LEDG[3]
P Anaysis&Synthesis ([ LoDl nandout OUTRUT " LEDG[4]
b FiterPacesRoute) || - - - - Lol byt
ool | OUTRUT " TEDG{5]
| ) Assembler (Generate programming| | . . . . - L norout T
P TimeQuest Timing Analysis D L 2 SR
D EDA Netist Writer . o . PR R
M £t Settings L
ey — | O
i V|| i i

L Type ID Message

@ x \A "

sages

éJ System [ Processing ]

90, 161 0% 00:00:00

Figura 56 — Interligagdo do mddulo “LogicUnit” e dos portos de entrada e de saida e identificagdo dos diversos
elementos do circuito no médulo “LogicDemo”.

9. Grave o ficheiro, cujo nome devera ser “LogicTop.bdf”.
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10. Importe o ficheiro “master.qsf” com as definicGes dos pinos da FPGA na placa de
desenvolvimento. Apds a importacdo, o diagrama esquematico deverd apresentar o aspeto
da Figura 57.

G5 Quartus Prime Lie Eit ira/CloudStation/LSDig i arte3/LogicDemo - LogicT =)

Fle Edt View Proect Assignments Processng Tools Wndow Hep @ Search atera.com ©
IFHAL TN C e | /SEQOTr+50E2VHE
[Whewary _~)=@s x| B LogicTop.baf ]

A\ Cyclone IV E: EP4CE115F29CT

Bt EReQWAD=-O1 1 I\N\N\NTON[FHs<La @B L0 » -

» LogicTop £y
- LogicUnit {
swo] C oW linpuo ivout  f———QUTRUT__ % "(EDG[0]
g +|- [PN_AB28 SWit] C o inputt andout QUIAUT_— LEDC(1] PN_E21
. _ OUTRUT
Testo{Conpiaton =ms «|| |PNACS I o : : orout ; T ‘Focl PN_E22 -
Task o e Xxorout »°UTFUT > LEDG[3] PIN_E25 Ll
4 | Compie Design nangout  {——— B QUTRUT > LEDG[4] PIN_E24
I P Analysis & Syathesis - noout  ———OUTAUL__— LEDG[S] PIN_H21
P Fter (Place & Route) . o . . . i . PN_G20

P Assembier (Generate programming

P TimeQuest Timing Analysis
P> EDA Netist Writer

I Edt Settings

&) Program Device (Open Programmer)

i v [« i

Type ID  Message
© 140120 Import completed. 1065 assignments were written (out of 1072 read). O non-global assignments were skipped because of entity name mismatch.

| & syetemc) [Frocesses |
180,58 0% 00:00:00

Figura 57 — Mddulo “LogicUnit” e portos de entrada e de saida com identificagdo dos pinos usados da FPGA.

11. Efetue a sintese e implementag¢do do projeto através do comando “Compile Design”. No
final da compilagdo o IDE deve apresentar o aspeto da Figura 58.

'G5 Quartus Prime Lite Eition - C/User/asrolnera/CloudStation/LSD1g2016/1SDig/Aual/pa
£l Eot Vew Project Assgoments Processng Iooks Window Hep @

IFH4A N2 1 /SO D>+ 5904V H
3

[Ateacy ~J=@es | [ LogcTopbat Conpision Report-LogeTop ] ‘
Er— | Tav ot contents @
o ey —— o Saus Successtu-ran 15 175958 2016
Quartu e Versn 1511 B0k 199 1202201551 Lt Eoton
B LogicTop B Flow Settings Revision Name LogcTop
TR —r— = g
5 Fiow Eapsea Tme Fanty cyemmenve
5 Fiow 05 Sunmary Devie epucetisrasc
T s Foul
Tt e s 21114480 (<1%)
af Totsl combrnationslfncons 3/114480 (<1%)
it x Dedicated logic regsters. 07114480 (0%)
ot egaters o
Tosigis srs2%)
v Tt vl o
I~ o Tomimenorybes oz (0%)
v w Suppressed essages. [Embedded Mutipler 9-bt cements  0/532 (0% )
v Tows 04 (0%)
v
v
I cnsetngs
9 Program Device (Open Programmen)

ers/asrolivi istation/LsDig2016/LsDig/Aulal /parte3/sinulation/modelsin/" for E0A simulation tool
oudstation/LsDig2016/LsDig/Aulal /Parte3/simulation/modelsin/" for EDA simulation tool
ngs

£370  100% 000104

Figura 58 — “Quartus Prime” IDE apds compilagdo (implementagdo) completa do projeto.

12. No final do processo de compilagdo, programe a FPGA através do comando “Program
Device”.

13. Teste o projeto no kit de desenvolvimento aplicando diversos vetores de teste através dos
interruptores usados e observando nos LEDs os valores das saidas para as diversas funcdes
légicas.

14. Feche a aplicagdo de programacdo da FPGA e seguidamente o projeto.
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Parte IV
Demonstrag¢do das vantagens de VHDL na modela¢cdo comportamental de componentes

1. Crie para a FPGA do kit DE2-115 (Cyclone IV EPACE115F29C7) um novo projeto, chamado
“EqCmpDemo”, cuja entidade top-level deverd chamar-se “EqCmpDemo” e seguindo os
mesmos passos do ponto 1 da parte | deste guido.

2. Crie um novo ficheiro para um diagrama esquematico, chamado “EqCmp4.bdf”, para
implementar um comparador de igualdade de palavras de 4 bits (Figura 59). No final da edicdo
do esquema ldgico, o circuito deve ser semelhante ao da Figura 60. Utilize os componentes
“xnor” e “and4” da biblioteca do “Quartus Prime” acessivel através do “Symbol Tool”.

nput0[0 nputl[0

nputO[1 nputl[1

nput0[2 nputl[2

4 nput0[3 nput1[3
—/»{ input0

=  cmpOut >
4
—/» inputl
cmpOut

Figura 59 — Diagrama ldgico do comparador de igualdade de palavras de 4 bits.

(T Quartus Prime Lite Edition - C/Users/asroliveira/CloudStation/LSDig2016/SDig/Aulal/Parte4/EqCmpDermo - EqCmpDemo 4 - P— = | B o
File Edt Wiew Projsct Assignments Processing Tooks Window Help @ Search attera com (5]
Ok d r w1 /SO LUP+2QOAOHE
Froect Navigator | o Herarcny  v]= (@8 x || T2 EqCmpd.bdf o |

-_— ~ 7 y e
Fr— SRQWAD -0 10NN OO N NN
% Cyclone IV E: EP4CE115F29CT
» EqCmpé 7y o 0
NPOT 1 input0[3..0]
cC .
PO 1 input1[3..0]
& 5 & & =g g g
5| = 5l = “ 5] = S5l £ : : : : :
=11 =101 =1 =1
a & ol 8 o 48 a2 &
£ £ £l £ . £l £ . g £
. 111, J »
[Tasks| Compiation ~=@s ~ Ly Ly L e
Task 2 S 2 2
4 B Compie Design B 5 = 5 =
. B Anaysis & Syntnesis < < < 53
» B Fiter (Psce & Route)
) B Assembler (Generate programming
> P TimeQuest Timing Analysis X X X X X AND4
. b DA Netist wrter
B Edi Setiings |
&) Program Device (Open Programmer) } OUTPUT —— cmpOut
and_1

« m - v ||« - i ] 5
% [Type ID Message
e
@
£| system [ Processing |

s4t15¢ 0% 00:00:00

Figura 60 — Diagrama légico do comparador de igualdade de palavras de 4 bits com interligacdo e identificagao
dos diversos elementos do circuito.

3. Crie um simbolo para o mdédulo “EqCmp4”, de forma a poder ser usado num diagrama
esquematico, tal como ilustrado na Figura 61, e grave-o com o nome “EqCmp4.bsf” (Figura
62).
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- EqCmpDemo
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EqCmp4.bdf

-@QWAw%lﬂﬂﬁ\\NDO\\ﬂ¥

I

b Quartus Prime Lite Edition - C De:
E] Edt View Project Assignments Processing Tools Window Hep @
] New. CtrisN
= CmpDemo v) £
&l g e —
Close CirieF4 x Compiation Report - EqCmpDemo
[&]  New Project Wizard
BE  Open Project. Ctri+J
e |1 R
Close Project Z ﬁ j . Z .........
Save CrkS  p [} oo e e
saveAs. il - 5] 5 =
& save Al CtrisShiftsS ol g gl e
5|5 5| 5
2| 2 2l g
File Properties.. = =l L
x : | fos
Create / Update 12 Create HDL Design File from Current File.
Export Create Symbol Files for Current File
Convert Programming Files. Create AHDL Include Files for Current File
[ PageSetup... Create Veriog Instantiation Template Files for Current Fie
@ Priot Prevew Create VHDL Component Declaration Files for Current File
& Pt Ctri+P Create Design File from Selected Block.
e > Update Design File from Selected Block
FOE— 5 ignalTap i Fie from Design Instance(s|
Create JAM, JBC, SVF, or ISC Fie.
Exit AltsF4 o PS File..
7 T
- Create Board-Level Boundary-Scan File
* | Type ID Message N
F) Create Top-Level Design File From Pin Planner.
2
1P
Hesrral
£ || System(14) | Processing
Create symbol fies for current fie

100% 00:00:05

Figura 61 — Criagdo de um simbolo para o médulo “EqCmp4”.

(G Create Symbol File ==
Lookin [ cuwsersasroweraciousstation_sDig20161 sDigwAuis11Partes -Jo © o =
WA My Computer | | s db
. incremental_db
o ssrowers b outout_fies
| simulation
[} Eacmpest

Filename:  EqCmp4 bst

=

Files of type: [Symbol File (" bsf)

~) [ canca |

Figura 62 — Gravagao do ficheiro “EqCmp4.bsf” relativo ao simbolo do médulo “EqCmp4”.

4. Crie um novo ficheiro para um diagrama esquematico, chamado “EqCmpDemo.bdf”, para
instanciar o comparador de igualdade construido no ponto anterior (Figura 63) e efetuar a sua
interligacdo a pinos da FPGA. Ligue a entrada “input0[3..0]” aos interruptores SW[3..0], a
entrada “input1[3..0]” aos interruptores SW[7..4] e a saida “cmpOut” a LEDGJ[0] tal como
ilustrado na Figura 64.

-
F2) Symbol

Libraries:

["a @ Project
£} EqCmp4
€ c/akera_ite/15.1/quartus/ibraries/

Name:
EqCmp4

[V] Repeat-insert mode

[T] Insert symbol as block

© {EqCmpé

+ =1 input0[3..0]
=1 input1[3..0]

cmpOut

inST

Figura 63 —

Instanciagdo num diagrama esquematico do médulo “EqCmp4”.
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(5 Quartus Prime Lite Edition - C:/Users/asroliveira/CloudStation/L5Dig2016/L5Dig/Aulal/Parte4/EqCmpDemo - EqCmpDemo | [
File Edit Wiew Project Assignments Processing Tools Window Hep @ Search aftera.com ©
Or<d T e ) QSO LP+ O LOH
Project Navigator [F\Ies ~|=@p || & compiaton Report - eqcmpDemo. L& EqCmpé.baf | EqCmpDemo bdf |
SRQWAD = 011NN DO\ AL -
EA EqCmpd bt H [E] A De D \ "L N D
EX eqcmpDemo baf -
Tasks| Compiation ~|]=@s = EqCmpa L
Task o
4 P Compie Desig SW[s-.0] — input0[3..0] cmpOut — UL EDc[]
o STl m— nput1[3. 0]
>
> P _Cmp_3_msT .
. B £DA Netis :
M Edit Settings. :
4 Program Devics (Open Programmer) -
m v« m ’

Type ID  Message

8
@

Messages

System (14) | Processing

641,303 100%  00:00:05

Figura 64 — Interligagdo do mddulo “EqCmp4” e dos portos de entrada e de saida e identificacdo dos diversos

elementos do circuito no médulo “EqCmpDemo”.

5. Importe o ficheiro “master.qsf” com as definigdes dos pinos da FPGA na placa de

desenvolvimento.

6. Efetue a sintese e implementag¢ao do projeto através do comando “Compile Design”.

7. No final do processo de compilacdo, programe a FPGA e teste o comparador no kit de
desenvolvimento aplicando diversos vetores de teste através dos interruptores usados e

observando no LED o valor da saida.

8. Feche a aplicacdo de programacao da FPGA.

9. Crie um novo ficheiro VHDL, chamado “EqCmp8.vhd” com o cédigo VHDL da Figura 65,
correspondente a um comparador de igualdade de duas entradas de 8 bits.

library IEEE;
use IEEE.STD LOGIC_1164.all;

entity EqCmp8 is

cmpOut
end EqCmp8;

out std _logic);

architecture Behavioral of EqQCmp8 is
begin
cmpOut <= 'l' when (inputO = inputl) else
IOI;
end Behavioral;

port(input0 : in std logic_vector (7 downto 0);
inputl : in std_logic_vector (7 downto 0);

Figura 65 — Cadigo fonte do médulo “EqCmp8” (comparador de igualdade de 8 bits).
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10. Crie um simbolo para o mddulo descrito no ficheiro “EqCmp8.vhd”, tal como ilustrado na
Figura 66, de forma a poder instancid-lo num diagrama esquematico.
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11. Troque no ficheiro top-level “EqCmpDemo” a instanciagdo do mdédulo

Create Board-Level Boundary-Scan File.

0% 00:00:00

Figura 66 — Criagdo de um simbolo para o médulo “EqCmp8”.

modulo “EqCmp8” (Figura 67) e ligue-o tal como ilustrado na Figura 68.
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Instanciagdo num diagrama esquematico do mdédulo “EqCmp8”.
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Figura 68 —

elementos do circuito no médulo “EqCmpDemo”.

Interligacdo do mddulo “EqCmp8” e dos portos de entrada e de saida e identificagdo dos diversos
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12. Volte a importar o ficheiro “master.qsf” com as definicdes dos pinos da FPGA na placa de
desenvolvimento.

13. Efetue a sintese e implementagdo do projeto através do comando “Compile Design”.
14. Programe a FPGA através do comando “Program Device”.

15. Teste o comparador no kit de desenvolvimento aplicando diversos vetores de teste através
dos interruptores usados e observando no LED o valor da saida.

16. Feche a aplicacdo de programacao da FPGA e seguidamente o projeto.

Para refletir

De acordo com a experiéncia adquirida com a realizacdo deste guido, em que circunstancias
prefere usar VHDL e em que casos prefere a captura de diagramas esquematicos (esquemas
l6gicos)?

TPC

1. Acrescente ao projeto da parte Il deste guido um ficheiro que permita realizar na forma de
um diagrama esquematico a instanciacdo e interligacdo da porta légica AND e do inversor de
forma a construir a porta NAND. Compile e teste o projeto resultante.

2. Valide por simulacdo o médulo “LogicUnit” da parte lll deste guido.

3. Valide por simulacdo os mddulos “EqCmp4” e “EqCmp8” da parte IV deste guido.
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