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“‘Desenvolvimento de Sistemas Digitais com FPGASs”

Material utilizado no Lab 1:

 lab1 _FPGAs.ppt

« DE1-SoC_User manual 0COD.pdf
« Capitulo 1 do livro texto
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Roteiro da aula

1. Apresentacao lab1 FPGAs.ppt
Slides 1..14, 31..33, 55..58

2. Documentacao do kit de desenvolvimento, incluindo
informacoes de pinagem disponivel em:
« DE1-SoC_User_manual_0COD.pdf

3. Versao em PDF do capitulo 1 do livro texto disponivel no
site da disciplina

4. Sequir o tutorial COMPLETO descrito no livro texto e
nessa apresentacao, pois esse fluxo de projeto sera
utilizado em todas as aulas de laboratério do semestre.
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Motivaciao — Industria de Circuitos Integrados

INVERSOR CMOS
* Equacao: * Esquema Elétrico CMOS
S=E
0 Vcc
 Esquema Légico _
AV ‘ Transistor P
—0
1
o S 0
—]
Transistor N
AV J

—  Terra
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Motivaciao — Industria de Circuitos Integrados

Single die

—— Wafer

y AMDI

£Lithion

Obtido em http://www.amd.com
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Motivaciao — Industria de Circuitos Integrados

*Si0,, atomos de silicio e oxigénio ligados
por seus elétrons.

*O, ¢ retirado em laboratorio, e os atomos
de silicio resultantes formam cristal de
silicio puro.

* Proximo ao zero absoluto, os elétrons de
silicio se ocupam apenas em manter a
estrutura do cristal.

* Aumentando para temperatura ambiente,
atomos de Si vibram o suficiente para
gerar energia térmica possibilitando seus
elétrons saltar para camada de conducao.

*Cristal de Silicio a ser “fatiado”. Diametro
varia de 10 a 30 cm.

* Wafers de silicio (fatias) com espessura em
torno de Imm.
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Tecnologia CMOS: fabricacao

Processo de fotolitografia

-Depdsito de produto quimico Mascara
(se altera na presenca de luz) \ Oxidacao Opti ca
na superficie do chip;

-Com lente micro, luz altera
regiées do material com
produto quimico;

-Solvente remove regides
alteradas;

-Regibées ndo atingidas pela
luz permanecem, formando
transistores;

-Processo se repete, com
outros produtos, formando
também isoladores e

conexoes. /

Remogéao do Outras

revestimento

foto-resistivo
(ashing)

/ Exposi¢do UV
(stepper exposure)

Revestlmento
foto-resistivo

etapas do
processo

Desenvolwmento
foto-resistivo

Girar, lavar, secar Ataque
(spin, rinse, dry) acido
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Portas Logicas Basicas e Tabela Verdade

s v s 3 s Ao

OR AND XOR

ABS AB]|S AB S NOT

oo]o 00O 0o01|o AlS
011 o1]o 011 ol B

10]1 10/0 101 110

1111 1111 1110

S=AorB S=Aand B S=AxorB S =not A
S=A+B S=A.B S=A®B S=A

S=A|B S=A&B S=A"B S=!A
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Tarefa a ser realizada na aula pratica
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Tarefa a ser realizada na aula pratica

Utilizando a ferramenta Quartus Il da Altera, criar um projeto de
circuito digital (esquematico) com as 4 portas légicas apresentadas
no slide 9. Pode ser um circuito qualquer, com apenas uma das
portas légicas, ou um meio somador usando duas das portas, por
exemplo.

Realizar a simulagao no Modelsim, visando descobrir a tabela
verdade do circuito desenvolvido.

O objetivo principal dessa aula pratica é possibilitar que o aluno
tenha um primeiro contato com as ferramentas de desenvolvimento
a serem utilizadas durante o semestre.

« Segquir o tutorial existente na secdo “Laboratory assignment” do
capitulo 1 do livro texto.

 Um resumo desse tutorial esta incluido nos slides a segquir.
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1. Edicao do circuito
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Criar um novo projeto

Quartus Il 64-Bit 13 m == 4)) 4:14PM %
File Edit View roject Assignments Prc ng Tools Window
Ctrl+N
Ctrl+0 E
Ctrl+F4

[

oductivity and Performance

New Project Wizard...
Open Project...

Save Project

Close Project

i

Save All

File Properties..

Create / Update

QUARTUSII

Page Setup...
P |T Pr eview
Print...

Version 15.0

. w Buy Software
Recent Files

Recent Projects

Exit @ Documentation
3 [ — @ Notification Center

LAl ) 44 |9 \? <<Filter>> ‘ | 8 Find... | | #Find Next |

Type ID Message

Messages

élystem/ \Processincy

Starts the New Project Wizard

Q4| ] 2

100%  00:01:28
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Escolher a pasta e nome do projeto

Directory, Name, Top-Level Entity

What is the working directory for this project?
/home/parallels/Documents/halfadder
What is the name of this project?

halfadder

What is the name of the top-level design entity for this project? This name is case sensitive and must exactly
match the entity name in the design file.

| halfadder]

Use Existing Project Settings...

Help <Back || Mext= | Finish Cancel



Selecionar o dispositivo alvo (FPGA)

: New Project Wizard

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 Il software in which your target device is supported, refer to the Device Support List webpage.

Device family

Show in 'Available devices' list

family( E/GX/GT/SX/SE/ST)

Devices: | Cyclone V SE Mainstream

Target device

@® Specific device selected in 'Available devices' list

Available devices:

= Package: Any -
- Pin count: | Any =
Core Speed grade: | Any =

Name filter: ]

[ Show advanced devices

Name Core Voltage ALMs Total 1/Os GPIOs GXB Channel PMA GXB Channel PCS
S5CSEMASU23CE 1.1V 32070 314 314 0 0 0
S5CSEMASUZ2317 1.1V 32070 314 314 0 0 0|~
SCSEMABF31AT 1.1V 41910 =

SCEFEMARFRICT (1 1V A41410N

__EI

Help

]

| <Back | || Next=\ Finish || Cancel




Configurar a ferramenta de simulacao

- (2]
_# New Project Wizarc X
U
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 Automatically
Design Entry/Synthesis [<None> V] <None > v [ ] Run this tool automatically to synthesize the current design
Simulation [ModelSim-Altera v ['VHDL v {7 Run gate-evel simulation automatically after compilation
Formal Verification [<None > v ]
Board-Level Timing [<None> v ]
Symbol [<None> v ]
Signal Integrity [<None:> v ]
Boundary Scan [<None> v ]

<o ) (o> ) [ ) (e ) b




Criar um novo diagrama de esquematico

Quartus Il 64-Bit - /homefparallels/Documents/halfadder/halfadder - halfadder
File Edit Viex

Assianments g Window

New Project Wizard...

Open Project... Ctrl+]

Save Project

Close Project 2 30-Day Trial » :

Save All Ctrl+shift+5S

File Properties..

Create [ Update

S QUARTUS"II

Page Setup... Version 15.0

Print Preview

Print...

. = Buy Software
Recent Files

Recent Projects

Exit @ Documentation
; - @ Notification Center

—

LAl O 4 4 ¢ \7 <<Filter>> | @Find... | | #Find Next |

palElEs]

Type ID Message

il I ) ¥

}System{ \Processingy

Messages

100% 00:01:28



Criar um novo diagrama de esquematico

New Quartus Il Project
v Design Files
AHDL File

Block Diagram/Schematic File

EDIF File
Qsys System File
State Machine File

SystemVerilog HDL File

Tcl Script File

VHDL File

Verilog HDL File
¥ Memory Files

D OK | Cancel ||

Hexadecimal (Intel-Format) ...

Memory Initialization File

¥ Verification/Debugging Files
In-System Sources and Prob...

Logic Analyzer Interface File
SignalTap Il Logic Analyzer ...
University Program VWF

v Other Files

AHDL Include File
Block Symbol File
Chain Description File

Sunnncve Necinn Cnnctraint

Help




Entrar com as portas légicas

Quartus Il 64-Bit - fhome/fparallels/Documents/halfadder/halfadder - halfadder

File Edit View Project Assignments Processing Tools Window
D E d @ & 2@ 9 o - halfadder Y LS e D rpgn 0 B3
Project Navigator T@m Block1.bdf »®
% X ‘ : . ||
H KR QOADE-OTTIANNNOON D [ > H»
Entity o000 00000000000000000000000000000000000000000000000008000000000c000000005000tRERREEERERR
&y Cyclone V: 5CSEMA6F31C6 D nacnmnnnanccnnanany  Nocranmannacnsnnnnnnnnaocnnnnnaacannannnnnanceennnnnaannooa s SRSSENERENERNEN

# halfad

e dE L el 1K)

Libraries: Sl I | - - I

v & Jopt/altera/15.0/quartus/ [~ | " SEEEEEEESEREEE RIS SRR EERERERRREEE =~ R

» & megafunctions H 2 SRR SRS RS S RS RS RN EREPEREPEREREE =~ RO

—= » £ others 7

iy Hierarch .

a _‘ ¥ & primitives .
Tasks > & buffer R

= vblogic ..........

— WFlow: Compi £ and12 N
— inst ]

.’;m
4
4 v | ¥

| ||~

Name:

'and2

Repeat-insert mode

ssage

-

]

Cancel




Realizar as conexoes das portas logicas

ty B = ) 431Pm %

File Edit View Project Assignments Processing Tools

JEd @ # 2@

Project Navigator f@x
o}

Entity
iy Cyclone V: 5CSEMAGF31C6
» halfadder <&

&y Hierarchy | E| Files of

Tasks l@am

e e L RSN | Ko

Flow: | Compilati « | | Customize...

ﬂ v b Compile Design ‘ .........................................................................................
BB Analysis & SYNthel [
v B Fitter (Place & RO |- oo cococo o

b, ] Edit Settings L
B View Report || /@il

— =l O N N N N N NN DN NI -

- 1§ | |

®|



Entrar com os pinos de entrada e saida

L]braries: ..............................................................

B G buﬁer | T T T T T

[ | |ogic ..............................................................

» £ other i

v B pin {0 T S

£t bidir Ll

& input S B E T EHETA S ETIERIERERTEEEEEEEEEEPEEPHEPHEPHF

................... B i el T LDl
ij output R R B T

» O storage |

Name:

 output

@ Repeat-insert mode i

OK || Cance




Conectar os pinos de entrada e saida e as portas logicas

= 4) 4:34PM {%

Quartus Il 64-Bit - fhome/parallels/Documents/halfadder/halfadder - halfadder

i

File Edit View Project Assignments Processing Tools Window Help

DS @ % @ @B 9 o - halfadder MY > ¢ e O rOn BO K2
Project Navigator 1@ ] Block1.bdf* »®
o x| _ - -
B O QA OCADE-O077TTANNNDOON D (S5 d» Fd»
Entity RS S R RRDRSSRRRR
d» Cyclone V: 5CSEMAGF31C6 I

» halfadder <&

Ay Hierarchy | E] Files | & 4/(»

Tasks 1@

DPDOmS

-l Flow: Compilati + | | Customize...

v I Compile Design
BB Analysis & Synthe it [ oo

v B Fitter (Place & RO| [ - - -ccre ]

O Edit Settings || [0 i oo

BE View Report || r:cccccr o




2. Sintese — criacao do
“hardware”
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Realizar a sintese do circuito (compile)

File Edit View Project Assignments Processing Tools Window Help

D& 6 @ #% 5@ 9 o - halfadder Y @




3. Simulagao
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Configurar a ferramenta de simulacao

‘ File Edit View Project Assignments Processing
OE B F@ ¥ =2 B 9 o -|halfadder
— Project Navigator 1@m ] Blo
E ‘\_)‘3 b4 N
@ |ﬁ| = A
f) Entity SRRESESORRIRRSURS:
S iy Cyclone V: SCSEMAGF31C6 SRR EORRERREERE
é > halfadder 4 BESERESESERRRRRES
Ay Hierarchy | E| Files | & 4i» oo
f—wgl Tasks E@® o
F — » I .
= SFlow: | Compilati « | | Customize... |[:ii0i00i0i000000000

¥ b Compile Design ‘:212222::::::::::::::
> B Analysis & Synthe|lf: o

v = Fitter (Place & Rao
1 Edit Settings
A View Report

Tools

Quartus Il 64-Bit - fhome/parallels/Documents/halfadder/halfadder - halfadder

Help &
Run Simulation Tool v

ﬂ| n d ow

Launch Simulation Library Compiler
Launch Design Space Explorer Il

TimeQuest Timing Analyzer
Advisors v

Chip Planner
Design Partition Planner
Netlist Viewers v

SignalTap Il Logic Analyzer

In-System Memory Content Editor

Logic Analyzer Interface Editor
In-System Sources and Probes Editor
SignalProbe Pins...

Programmer

|TAG Chain Debugger

Fault Injection Debugger

System Debugging Tools v

IP Catalog
Nios Il Software Build Tools for Eclipse
Qsys

Tcl Scripts...

Customize...

+ @
2

Y

License Setup...
Install Devices...

i mhin NDloneor

sages




Configurar a ferramenta de simulacao
©© options

Category:
« Genera
Specify the directory that contains the tool executable for each third-party EDA tool:
Headers & Footers Setting: = | EDA Tool Directory Containing Tool Executable
v Internet Connectivity Precision S... |
Notifications .
Libraries Synplify |
v IP Settings Synplify Pro |
IP Catalog Search Locat | | Active-HDL |
Design Templates Riviera-PRO |
License Setup
Preferred Text Editor ModelSim |
Processing QuestaSim |
Tooltip Settings ModelSim-A... | fopt/altera/15.0/modelsim_ase/linuxaloem
v Messages
Colors NCSim |
Fonts VCS \
¥ Block/Symbol Editor VCS MX |
Colors
Fonts

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

0K Cancel

( ) 3 | | | |

Help




Executar o ModelSim (ferramenta de simulacao)

pject  Assignments Processing Tools Window Help @&

2 @ 9 o -|halfadder = ‘Ei’ﬁ‘ S e O g n B




Executar o ModelSim (ferramenta de simulagao)

Obs. Caso o ModelSim nao venha a ser executado ao pressionar o botao
indicado, digitar vsim no terminal do Linux, para executar o ModelSim via
linha de comando.

[1]+ Done quartus

parallels@ubuntu:~$

parallels@ubuntu:~$ quartus &

[1] 7390

parallels@ubuntu:~$ Inconsistency detected by ld.so: dl-close.c: 762: _dl _close:
Assertion map-=l_1init_called' failed!

parallels@ubuntu:~$
parallels@ubuntu:~$ vsim &

[2] 15290

parallels@ubuntu:~$ Reading pref.tcl




Obs. Se a biblioteca work nao for apresentada:

ModelSim ALTERA STARTER EDITION 10.3d - Custom Altera Version
File Edit View Compile Simulate Add Library Tools Layout Bookmarks Window Help

hd

'R R ‘ Layout [NoDesign

S5 g GE Y T g

‘ ColumnLayout [A11Columns

Il Library
T|Name |Path
=} 220model Library $MODEL_TECH]/../altera/vhdl/220model
.il--ﬂ 220model_ver Library SMODEL_TECH/../alterafverilog/220m...
.il--)il altera Library S$SMODEL_TECH/../alterafvhdl/altera
.il--ﬂ altera_Insim Library SMODEL_TECH/../alterajvhdlfaltera_In...
.il--ﬂ altera_Insim_ver Library SMODEL_TECH]/../altera/verilog/altera_...
=4k} altera mf Library SMODEL_TECH/../alterajvhdlfaltera_mf
+-Jl} altera_ mf ver Library $SMODEL_TECH]/../altera/verilog/altera_...
=4k} altera ver Library $MODEL_TECH]/../altera/verilog/altera |
=4l arriaii Library $MODEL_TECH]/../altera/vhdl/arriaii
.il--ﬂ arriaii_hssi Library SMODEL_TECH/../altera/vhdl/arriaii_hssi
.il--ﬂ arriaii_hssi_ver Library $MODEL_TECH]/../altera/verilog/arriaii_...
+-fli} arriaii_pcie_hip Library SMODEL_TECH/../altera/vhdl/arriaii_pc...
+-fli} arriaii_pcie_hip_ver Library SMODEL_TECH]/../altera/verilog/arriaii_...
=4l arriaii_ver Library $SMODEL_TECH/../alterajverilog/arriaii
=4l arriaiigz Library $MODEL_TECH]/../altera/vhdl/arriaiigz
+-Jli} arriaiigz_hssi Library $MODEL_TECH]/../altera/vhdl/arriaiigz_...
+-fli} arriaiigz_hssi_ver Library SMODEL_TECHY/../alterafverilog/arriaiig...
+-4li} arriaiigz_pcie_hip Library $MODEL_TECH;/../alterajvhdl/arriaiigz_...
+-4li} arriaiigz_pcie_hip_ver  Library $MODEL_TECH/../altera/verilog/arriaiig...
.il--ﬂ arriaiigz_ver Library SMODEL_TECH/../altera/verilog/arriaiigz
=+l arriav Library SMODEL_TECH;/../altera/vhdl/arriav

Il arriav_hssi_ver (empt... Library $MODEL_TECHY/../alterajverilog/arriav_...

Il arriav_pcie hip_ver (e... Library $MODEL_TECHY/../alterajverilog/arriav_...




Obs. Se a biblioteca work nao for apresentada:
Pressionar o Compile, e procurar o arquivo criado.

ModelSim ALTERA STARTER EDITION 10.3d - Custom Altera Version
File Edit View Compile Simulate Add Library Tools Layout Bookmarks Window Help

‘@? RFERE .

‘ Layout NoDesign ﬂ

Il Library
T|Name |Pa‘th
+-4l 220model Library $MODEL_TECH)/../alters
+-4li 220model_ver Library $MODEL_TECH]../alterz
+-4li} altera Library $MODEL_TECH/../alterz
+-4l} altera_Insim Library $MODEL_TECH/../alterz A
+-fli} altera Insim_ver Library SMODEL_TECH]../alterz g/a‘ltera
=4k} altera mf Library SMODEL_TECH/../alterz altera_mf
+-Jl} altera_ mf ver Library $SMODEL_TECH/../alterajverilog/altera_..
=4k} altera ver Library $MODEL_TECH]/../altera/verilog/altera |
=4l arriaii Library $MODEL_TECH]/../altera/vhdl/arriaii
.il--m arriaii_hssi Library SMODEL_TECH/../altera/vhdl/arriaii_hssi
+-4liy arriaii_hssi_ver Library $MODEL_TECH]/../altera/verilog/arriaii_...
+-fli} arriaii_pcie_hip Library SMODEL_TECH/../altera/vhdl/arriaii_pc...
+-fli} arriaii_pcie_hip_ver Library SMODEL_TECH]/../altera/verilog/arriaii_...
=4l arriaii_ver Library $SMODEL_TECH/../alterajverilog/arriaii
=4l arriaiigz Library $MODEL_TECH]/../altera/vhdl/arriaiigz
+-fli} arriaiigz_hssi Library $MODEL_TECH]/../altera/vhdl/arriaiigz_...
+-fli} arriaiigz_hssi_ver Library SMODEL_TECHY/../alterafverilog/arriaiig...
+-4li} arriaiigz_pcie_hip Library $MODEL_TECH;/../alterajvhdl/arriaiigz_...
+)-fli} arriaiigz_pcie hip_ver  Library $MODEL_TECH/../altera/verilog/arriaiig...
=4l arriaiigz_ver Library SMODEL_TECH/../altera/verilog/arriaiigz
=+l arriav Library SMODEL_TECH;/../altera/vhdl/arriav
Il arriav_hssi_ver (empt... Library $MODEL_TECHY/../alterajverilog/arriav_...
Il arriav_pcie hip_ver (e... Library $MODEL_TECHY/../alterajverilog/arriav_...




Obs. Se a biblioteca work nao for apresentada:
Pressionar o Compile, e procurar o arquivo criado no
Quartus. Compilar (Compile) esse arquivo.

Directory: /home/parallels/Documents/halfadder/simulation/modelsim
Library: ‘work hd
E] halfadder.vho

B Create Library

£l - | The library "work" does not exist. Do you want -
_ to create this library? ,
File name: 4 ¥ _ Compile
Files of type: *.v *.vl *.ul ’ Yes ‘ No | vht *vgm — ‘ Done

[ [ Don't ask this question again? Edit Source ‘




Selecionar o modulo a ser simulado

ModelSim ALTERA STARTER EDITION 10.3d - Custom Altera Version

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

SRR TY Y- ‘ L 25 ARE A W ‘ Layout [NoDesign A

R ———
*|Name Type |Path | F
;IM work Library fhomejparallels/work

;}_E'] halfadder Entity fhomejparallels/Documents/halfadder...

A structure Architecture

ﬂm 220model Library $MODEL_TECH/../altera/vhdl/220model
ﬂm 220model_ver Library $MODEL_TECH/../alterafverilog/220m...
+-4li} altera Library $MODEL_TECH/../altera/vhdl/altera
+-fl} altera Insim Library $MODEL _TECH/../altera/vhdlfaltera_ In...
+-4l altera_Insim_ver Library $MODEL_TECH/../altera/verilog/altera_... i
ﬂm altera_mf Library $MODEL_TECH/../altera/vhdl/altera_mf
+-4li, altera_mf ver Library $MODEL_TECH/../altera/verilog/altera_...
=t} altera ver Library $MODEL_TECH/../altera/verilog/altera
ﬂm arriaii Library $MODEL_TECH/../altera/vhdl/arriaii
ﬂm arriaii_hssi Library $MODEL_TECH/../alterafvhdl/arriaii_hssi
+-fli, arriaii_hssi_ver Library $MODEL_TECH]../altera/verilog/arriaii_...
+-fli, arriaii_pcie_hip Library $MODEL_TECH/../altera/vhdl/arriaii_pc...
=+l arriaii_pcie_hip_ver Library $MODEL_TECH/../altera/verilog/arriaii_...
ﬂm arriaii_ver Library $MODEL_TECH/../alterafverilog/arriaii
+-fli, arriaiigz Library $MODEL_TECH]/../altera/vhdlfarriaiigz
=l arriaiigz_hssi Library $MODEL_TECH]/../altera/vhdl/arriaiigz_...
=+l arriaiigz_hssi_ver Library $MODEL_TECH/../altera/verilog/arriaiig...
+-fli} arriaiigz_pcie_hip Library $MODEL_TECH/../altera/vhdl/arriaiigz_...
+-fli} arriaiigz_pcie_hip_ver  Library $MODEL_TECH/../alterafverilog/arriaiig...
=4l arriaiigz_ver Library $MODEL_TECH]/../altera/verilog/arriaiigz
ﬂm arriav Library $MODEL_TECH/../altera/vhdl/arriav

M arriav heci wver femnt 1 ihrare SMNNFI TECH! lalterafverilnniarriaw



Adicionar os sinais de interesse ao diagrama de formas de onda

ModelSim ALTERA STARTER EDITION 10.3d
Eile Edit View Compile Simulate Add Objects Tools Layout Bookmarks Window Help
E B-z & 5 : 7
_‘ f @W % m 100 EP3 ¥ ..L .-Ir m Bl N !' ﬁ t |t| % |‘|!:|

J Layout [Simalate

" | ColumnLayout |Default ﬂ H k. 6. & . 5 H 1 |o f f au| g# ’ ENEZN TR
4
FE el ol x| R g Wave - Default ———————————— e
¥|Instance |~
=il halfa
L
|
| o :
] -l \E ) View Declaration
Ir-l in 5 View Memory Contents
1 ir o in
F +r o \- ———— Add Wave Ctrl+w
1 - lir ﬂﬁ' ve) = Add Wave New
.' lir ‘I‘Name Add Wave To [/
- lir | 4| |y Add Dataflow Ctrl+D jow )5 00 ps 1000 ps
{ET] = Jlie — ‘ |
J-l—“M - - Selected Signals |—
| & sim L* Bl List ¥ Signals i i L
4 UPF > ignals in Region
| Transcript ——— Log ¥ Signals in Design + | X
# Leoading cycleonev. ¥ - Dataflow -
||# Leading cyclonev.cy Copy Crih Watch >
||# Loading cyclonev.cy Find... Ctrl+F e ——
VSIM 4= Insert Breakpoint [‘




* Fixar os sinais em ‘0’ ou ‘1’ utilizando o bot3o direito do
mouse sobre o sinal desejado.
* Pressionar o botao Run indicado na figura.

gE| Wave o |3 %8

File Edit View Add Format Tof Nindow

| Wave Ferees 4+ ] X
N-sE 8 s o-AFS| SERR

| R Y e
|- ®|QQaaa| L LN WIS

0 U3 - |
0 o Da
D — o
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ParaAO= ‘0’ eB0= ‘1", oresultado da simulacioserda0+1=1
(S0), com vai-um = ‘0’ (CO).
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Resultado da simula¢ao para todas as combinacoes de AO e BO
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4. Prototipagcao — Teste do
circuito no kit de
desenvolvimento

EEL5105 - Circuitos e Técnicas Digitais
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Testar o circuito na placa com o FPGA
Primeiro passo, associar os pinos do FPGA aos sinais de entrada e
saida definidos no projeto (esquematico).
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Testar o circuito na placa com o FPGA
Primeiro passo, associar os pinos do FPGA aos sinais de entrada e
saida definidos no projeto (esquematico).
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Testar o circuito na placa com o FPGA
Primeiro passo, associar os pinos do FPGA aos sinais de entrada e
saida definidos no projeto (esquematico).
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Pinagem a ser utilizada no projeto
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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Download do arquivo de configuracao para o FPGA
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