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Agenda:

1. Quartus IT — Editando Circuitos
Editor de Diagramas Esquematicos

2. Quartus II — Simulacio de Circuitos
Waveform Editor / Simulador

3. Projeto de Circuito em FPGA
Xor , Half-Adder , Full-Adder

Somador: Implementacao e Simulacio
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New Project Wizard

Editor de Diagramas Esquematicos

G Quartus I
mimmr— : - w ®
DBEHG & tBB o[ XY/ EBQ T r ¥ r0@® L 0®
e 2 X @ New Project Wizard =)
o 2
Introduction

Task

o 1 startProject s helps incuding the following:

.2 st esin e i ity

Project fles and lbraries
Target device famiy and device:

.
= .

b (1 Assign Constraints .
.

. EDA tool seting:

4 b Compie esgn
b P Analys
s You can change: fetemes
» : HiE e the various pages of the Setiings dclog box to add functionalty to the project.
b P TimeQuestTmin
b P EDANetist Wit
& program Device (Ope|
b 1 Verify Desian
Export Database
Archve Praject

Syt

< ’

Type Message

@ x

[ Dort show me this introduction again

S <Bad Next > Firich Cancel
System /\ Processing /\ Extta 1 Help

I

Messages
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New Project Wizard

Editor de Diagramas Esquematicos DF270

. EP2C70F896C6
@ New Project Wizard (]

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

Device family Show in ‘Avaieble devices st
Family: [Cydone 11 ~]  padage:  [any -]
Devices: [Al -] Pncomnt [any -]
Target device Speed grade: [Any -
7 huto device selected by the Fitter [¥/] show advanced devices
10 Specific device selectedin 'Available devices' list [ Hardcapy compatbie anly &
Other: nfa

Avaiable devices:

Name Core Voltage LEs User1/0s Memory Bits ‘Embedded multiplier 9-bit elements PLL G-
EP2CTOFE72C7 1.2V 68416 472 1152000 300 4 16
EPXCIOF672C8 L2V 68416 412 1152000 300 4 1
EPACTOF672I8 L2V 68416 422 1152000 300 4 15
/ lesais ez lusoo e
EPICTOFGI6CT L2V 65416 612 1152000 300 4 1
EPICTOFBIECS 1.2V 68416 622 1152000 300 4 16 (1]
EP2C70FBI6I8 1.2V 68416 622 1152000 300 4 6~
7 0 ] v

Comparnion device (&)
HardCopy: | |

[ Limit DSP &RAM to HardCopy device resources

4 <Back | [ Mext> | [ Fish | [ Coned ][ Heb |
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Editor de Diagramas Esquematicos

@ Quartus Il - C/Users/fosorio/Quartus/eld-xor/eld-xor - eld-xor

Tasks.
Fiow: [Ful Desion | [Customize. .
e = z
= 4 Desion Fles F
AHOL i
> 0 startproject (block ingramSchemtc e |

© [ create Design EDIF Fie

Qsys System File
State Machine File
SystemVerilog HDL Fie

» (1 ssign Constraints.
4 P Compile Design
> P Analyss asynth

2 Td SeriptFile
b P Fitter Place &R Mee
b P Assembler (Gene Veriog HDL File
b P TimeQuest Timin 4 Memory Fies = =)
B EDANetist wrie Hexadecimal (ntel-Format] File "

Memory Tnitiization Fie
4 Verfication/Debugging Fies
In-System Sources and Probes Fie
Logi Analyzer Interface File
SignalTap I Logic Analyzer File
4 Other Fies
AHDL Indlude Fle
Block Symbol Fie:
Chain Descripton Fie
Synopsys Design Canstrains Fie
TextFie

QUARTUS 11

& program Device (Gpe]
b (1 Verify Desin

[ Export Database

[ Archive Project

FUS II

1%]| Type Message
£ \_Systen /\_Processing /\ Extra Info J\ Info J\ Warring J\ Cribed Viaming /| Er
e (8] [$) (oot
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Editor de Diagramas Esquematicos

@ Quartus I - Cy/Usersfosorio/Quartus/eld-xor/eld-xor - eld-yor

1. Quartus I1 — Edi¢ao de Circuitos

Fle Edt Vew Project Assigmments Processng Tools Window Hep &

DEHE & $ 8@ o~ [ MY rEHG T r W DS % L e®
[x]

Tesks ax| @ eldoxor bdf

L
Flow: [FullDeson » [customzee] B (DR QADE-O T T INANNOONFAHAS L B S 2@

Task
b (2 Start Project
¢ [ Create Desin
b [ Assign Constraints
4 P conpie Design
b Analysis & Synthe
P Fitter (lace &
P Assenbier (Genel
B TimeQuest Tmin
P EDA Netist Write
& program Deviee (Ope
v (1 Verify Design
= Export Database
1 avchive Project

e

£

« al ¥ e
7
X [tme weszage

6 %‘\ System \_Processing J\_Extra Info Info J\ Warning //\_Critical Warning Error J\_Suppressed J\ Flag /
e [8) (O
z e
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New

. . rqe
Editor de Diagramas Esquematicos Block Diagram
Schematic File
G Quartus II - C/Users/fosorio/Quartus/eld-xor/eld-xor - eld-xor
Fie Edt Vien Project Assignments Processng Tools Window Hep & QPF:
SH@ & ¥ %ﬁ wolflme R Ys/ERP T PN BORP AL0® Quartus Project File
Toss. x [’ ekt or b, 0le ‘Compilation Report o] @ Assignment Editor 8]
Fow: [FullDeson v [Customize... | <<new>> + Fiter on nade names: = BDF:
=y | sous From T Assigment Name Ve Ensbled Entty Comment  Tag Block Diagram File
1+ o N 5 entade 2 Location PIN_AA23 Yes | |
v (3 Startproject 2w o [EEE @ orocn b |Locoson PN A2 Yes I
v (0 create pesin 3 + ok [N © sida xor  Location PIN_W27 Yes |
(] Assign Consuaints <anews> <<new>> <znews>
> 4 b o
4 Compile
T Assignment Editor
& Program Device (Ope] (pinagem)

o (2 verify Desion
] Export Database
[ Archive Project.

the devies for the pins

Informatiom x

Type Message

Info: Quartus IT

Full Compilation was successful.

0 errors,

14 warnings
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Editor de Diagramas Esquematicos

qu.sn Cy/Users/fosorio/Quartus/eld-xor/eld-xor - eld-xor =@
—— —
BUG S sBm oo _X"” RN T XX
x| ) eld-xor.baf £<3 ‘Compiation Report K" Assignment Editor []
Costomie..,| Teble of Contents 5
[ Browswmaey || Ponsens Successfl - Thu Aug 25 10:33:37 2011
Task Quartus I Version 11.0Buid 157 04/27/2011 5 Web Edton
B Flow settngs St ek ¢
© 1 Start Project BB Flow Non-Defauit Giobal Settings Top-evel Entity Name eld-xor
> ) Greate Desion B Fow Elpred Tme Famiy Cydone 11
» [ Assign Constraints E= Flow 0S Summary L P Areice
+ 4 CompieDesgn B Fowtog Tring Models Foal
e . 4 Totallogi cments /68,416 (< 1%)
4 ¥ Aralyss sy | o 03 Andyss s synthess Tota combinationalfnctions 168,416 (< 1%)
CA b W Fitter (Place &R 1 Fitter Dedicated logic registers 0/68,416 (0 %)
v > W assenbler (Genel | 1 (O Assembler Tota regsters o
v b W TmeQuestTming | b (] TmeQuestTiming Analyzer Totalpins 3/622(<1%)
gy 5 Dy Sk o110 (0%)
otal memory z
3 program Device ope Enbedded Multpler 9-bit dements  0/300 (0 %)
& 0 Vertfy Desian TotalPlls 0/4(0%)

] Export Database

0 avcive Project @ QuartesT ===

Full Complation was successful (13 warrings)

(=]

% | Type Message =

@) Info: Quartus IT Full Compilation was successful. 0 errors, 13 warnings [E|

Manaqex

Processng (57) /\ Extralnfo / oY)
'—Mesage Oof 124 \g\ [#] [Locaton +] [ tocate

Bl-Ts(elc]aala]ale]+] e
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Simulacio de Circuitos: Functional / Timing => Q11 / Q9

QUARTUS 11: http://www.altera.com/education/univ/software/qsim/unv-qsim.html

| QSIM - Quartus 11 |

Center » Literature

hnology

Search

Training ¥ Support ¥ About Al Buy Online

Educational Materials

o e ey Quartus Il Simulator Tools for Education
 Software Tools Home > Training > Univarsity Program > Softwara Tosls > O s
Quartus I
Quartus II Simulato The Quartus@ 11 Simulator tools consist of two programs: QSim and the Waveform Editor. QSim is a graphical user
Nios 11 interface (GUI) that is used to run simulations and launch the Waveform Editor. Alse, QSim is used to set whether the
Altera Manitor Program simulation should be a functional or timing simulation. The Vector Waveform Editor is used to draw the test input
ModelSim-Altera signals for the simulation and select which signal should be shown in the simulation results.
University Program The following table shows the available tutorial for these tools and the program used to install these tools. This installer
Installer is to be used in conjunction with the Quartus I1 software versions 11.0 and 10.1 only.
DSP Builder
~Digital Logic Filter Materials
“ Computer Organization
University Links Choose HDL: Choose Quartus 11 Version
Events
Conferences Table 1. Simulation Tools for Quartus IT 11.0
Workshops Title Downloads
Innovate Design Contests e
Members Introduction to Simulation EDF
License Request oole
Board Request
Board Purchase University Program Installer EXE

Research Partnership
Overview
Quip

[Rate This Page
9

Agosto 2008

USP- ICMC - SSC0711- Turma 2011/2
R € C 52 / T04 2. Quartus II — Simulacio de Circuitos

Prof. Fernando Osorio / PAE Diogo Correa

Simulacio de Circuitos: Functional / Timing => Q11 / Q9

7 Qsim
File Asign Processing Help

D& > 2828

Console Window

>> To get started, open an existing Quartus IT project by selecting "File > Open Project...”
>> To produce an input waveform file, select "File > New Simulation Input’.
>> In the displayed window, create the desired input waveforms. Give it a suitable name and save it.

>> To specify a setting for simulation, select "Assign > Simulation Settings".

>> In the pop-up dialog box, choose a specific VWF file and specify either functional or timing simulation.
>> Run the simulation by selecting "Processing > Start Simmlation’.

>
>>
>> Warning: If yoa recompile your Quartus II project with new changes, the Node Finder files may be invalid.
>> To prevent invalid nodes from showing up in the Node Finder, regenmerate the Node Finder files

>> by selecting "Brocessing > Generate Node Finder Files", after you recompiled your project.

"?j Qsim - eld-xor

Open Project
e Ty el New Simulation Input File

Open Project... Ctrl+D
Close Project WAVEFORM EDITOR
New Simulation Input

VWF
Vector Waveform File

Open Simulation Input File sting Quar
Open Simulation Qutput File fm file, se
eate the d
Exit Alt+F4
e >> To specify a setting for simmlation,
>> In the pop-up dialog box, choose a sp =
10 1dle >> Run the simmlation by selecting "Froc [Version 11.0 Build 157 04/27/2011 S) Web Edition

Agosto 2008 >
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(IS4 TS
Simulacio de Circuitos: Functional / Timing => Q11 / Q9

New Simulation Input File

WAVEFORM EDITOR

VWF
Vector Waveform File

2. Quartus II — Simulacio de Circuitos

Q Simulation Waveform Editor - [eld-xorvwi]

(= [E [t

Fle Edit View Hep &
(e % o 4 2010 BT 2 )R
Master Time Bar: 0ps [4] [+ ] pointer: 2308305 Interval: 290930 Start: B
G Ops  60.0ns  160.0ns  240.0ns  320.0ns  400.0ns  480.0ns  S60.0ns  640.0ns  720.0ns  800.0ns  880.0ms  960.0ns *
N lue at : b : B p B v i h i h B
Qps ps
[ d entrada_a BO
[ g entrada b B0
£o 4 saida_xor BX
“ « il s
1
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(IS4 T
Simulacio de Circuitos: Functional / Timing => Q11 / Q9

New Simulation Input File

WAVEFORM EDITOR

2. Quartus II — Simulacio de Circuitos

VWF

4 Qsim - eld-xor

Vector Waveform File

Assign  Processing  Help

w &> 2TLE

Fie Assign Processing Help

Console Window

e »2@l8

Console Window

4 Simulation Settings

o]

Settings

ToT ProceSSIRG STATTEAT THW ARG Z5 TUTSSTIS ZUIT

) Simulator was successful

. functional sim netlist eld-xor -c eld-xor
ot licensed and has been disabled
ing 1 entities, in source file eld-xor.bdf |

for the top level hierarchy

tion Netlist Gemeration was successful. 0 errors,
egabytes

25 10:53:15 2011

cessors) : 00:00:01

Specify VWF File

|C/Users/fosorio/Quartus/eld-xor/ eld-xor.uf
Simulation Type

 Functional  Timing

Browse...

>> PID = 5128
nfo:

| cance |

. forn=VWF eld-xor -c eld-xor

Info: Running Quartus IT Simulator
Info: Version 11.0 Build 157 04/27/2011 SJ Web Edition
Info: Processing started: Thu Aug 25 10:53:18 2011
Info: Command: quartus_sim --simulation_results_format=VWF eld-xor -c eld-xor
Info: Using vector source File "C:/Users/fosorio/Quartus/eld-xor/eld-xor.vwe"
Info: Option to preserve fewer signal

to reduce memory

nfo: 1at

Info: 1

nas been p: nto
lgine. Transitions from memory will be flushed out to disk at the

12

Info: Simnlation coverage iz

into 1

Info: Quartus II Simnlator was successful. 0 errors, 0 warnings
Info: Peak virtual memory: 169 megabytes

Info: Processing ended: Thu Aug 25 10:53:19 2011

Info: Elapsed time: 00:00:01

Info: Total CPU time (on all processors): 00:00:01

is enabled
according to the maximum transition count determined by the en
e end of each sub-simulation to reduce memory requirements.
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Simulacio de Circuitos: Functional / Timing => Q11 / Q9

Open Project WAVEFORM EDITOR )
New Simulation Input File VWF RESULTADO DA SIMULACAO

Vector Waveform File

W - 1Y
@4 Simulation Waveform Editor - [eld-xor.simawi] {Read-Only) =
File Edt View Help 5

OO %0 5 20E0E B )XEE e 6 G

Master Time Bar: 0 ps E E] Pointer; 452.02ns Interval: 452,02ns  Start: End:
0 ps 80.0ns 160.0ns 240.0ns 320.0ns 400.0 ns 480.0m
Name Value at ' ] " ' ' |
Ops ps

(1 entrada_a B0

1 4 entrada_b B0 |

= saida_xor BO

4 b 4 1. EEv

0% 00:00:00
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Circuitos Légicos

*  XOR

* Half-Adder (meio somador)

*  Full-Adder (somador completo)
*  Somadores em Cascata

14
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Circuitos Légicos

+  XOR

* Half-Adder (meio somador)

*  Full-Adder (somador completo)
*  Somadores em Cascata

(:XOR::

--:—;n_-. —

e e BT

Brasi E -

.’q%

15
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Circuitos Légicos

* XOR INPUT QUTPUT
A B AXORB SOMA A+ B:
0+0=0
ojo; o0 0+1=1
01 1 1+0=1
1+1=0 e vai_ um
11 0
CANSI "Military” XOR &
Symbol
A
A
Q B
B Q

XOR gate constructed using only NAND gates.

XOR gate constructed using only NOR gates.
16
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« Half-Adder

Ao
B

SOMA
A+B=S => XOR

_—D_‘, c VAL UM
A+B=C => AND

Example half adder logic diagram &1

S

INPUT|QUTPUT | Vai_Um
A B AXORB| “Carry”

0o 0 0

01 1 0

10 1 0

11 0 1
17

Agosto 2008

USP- ICMC - SSC0711- Turma 2011/2
Laboratério ELD I BCC-B2/To04 3 Proj eto de Circuito em FPGA

Prof. Fernando Osorio / PAE Diogo Correa

Circuitos Légicos

° Full-Addel‘ Inputs qu:'uts
AB cin out 5

oo o0 0
1000 0 |1
g1/0, 0 1

Cout
110 1 |0
g|gj1| 0 |1
S 110(1] 1 |0
Schematic symbol for a 1-bit full adder &) 01! 1 1 0
with Cin and Cnm drawn on sides of block

to emphasize their use in a multi-bit adder 111 1 1

18
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Circuitos Légicos

e Full-Adder

Inputs | Outputs

O~
« S
Cin

Cout

- 0 a9 alb
oo = |=|o|la
e GGG

- D B s ala s oy

NE

Cout Cin

19
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Circuitos Légicos

e Full-Adder em Cascata: Somador de 4 bits

Inputs |Outputs
o Az B3 Az Bz A1 B1
A B in ‘out 5
ojojo, 0 |0
1100 0 (1
oj1jo0| 0 |1
1110 1 (0
a0 1 o |1
1101 1|0
a1 1 1 (0
111 1 (1
A B
Cout Cin
20 s Referéncia — Figuras:

http://en.wikipedia.org/wiki/Adder_(electronics)

Agosto 2008

10



USP - ICMC - SSC0711- Turma 2011/2
Laboratério ELD 1 BCC-B2/To04

Prof. Fernando Osorio / PAE Diogo Correa

21
Agosto 2008

USP - Universidade de Sao Paulo - Sao Carlos, SP
ICMC - Instituto de Ciéncias Matematicas e de Computacgao
SSC - Departamento de Sistemas de Computagao

LRM - Laboratério de Robética Mével

Web LRM: Http://Irm.icmc.usp.br/

Pagina pessoal: Http://www.icmc.usp.br/ ~fosorio/

E-mail: fosorio [at] { icmc. usp. br , gmail. com } — F.Osério
E-mail: diogosoc [at] {icmc. usp. br} - Diogo Correa (PAE)

Disciplina de Laboratério de Elementos de Logica Digital | [LELD1]
Web Disciplinas: Http://www.icmc.usp.br/~fosorio/

Web Wiki: Http://wiki.icmc.usp.br/index.php/SSC-111

> Programa, Material de Aulas, Critérios de Avaliagao,

> Material de Apoio, Trabalhos Praticos

11



