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Agenda:

1. Introducio FPGAs

2. Placa DE2-70 — Terasic / Altera
3. QuartusII

4. NIOS II Soft-Processor

5. Projeto de Circuito em FPGA
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Programmable Logic Devices (PLDs / CPLDs)

Tipo de Dispositivos Logicos Programaveis - [Simple/Complex]PLDs

*  Programmable Logic Array (PLA)

*  Programmable AND-Array Logic (PAL)

*  Generic Array Logic (GAL)

+ PAL, Configurable and Erasable (PALCE)

*  Field Programmable Gate Array (FPGA)

*  Programmable Read-Only Memory (PROM)
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Programmable Logic Devices (PLDs / CPLDs)

Programmable Logic Array (PLA) - Estrutura Légica

Conexdes Programaveis Pr(7uto Conexdes Programaveis
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2. Projeto de Hardware Reconfiguravel

Programmable Logic Devices (PLDs / CPLDs)

Programmable Logic Array (PLA) - Métodos de Programacio das Conexaes

Usando um programador de PLD (ROM writer)
para programar um PLA: determinar onde as conexdes serao feitas.
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Inputs & Flig-ficp feedbacks

2. Projeto de Hardware Reconfiguravel

Programmable Logic Devices

=1
Programmable AND-Array Logic - PAL - =
=
PAL- Programmable Array Logic (PAL) is a relatively s =
small FPD that has a programmable AND-plane followed = >
by a fixed OR-plane [PAL is a trademark of Advanced Micro Devices| §>_E’_
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Programmable Logic Devices

Field Programmable Gate Arrays - FPGA

* A maioria dos tipos de chips complexos pode ser "programado"”
para implementar circuitos arbitrarios;
* Diferentes fabricantes competindo entre si:
Actel, Altera, Cypress, Lattice, Xilinx, etc.
* Fatores competitivos:
- Grande nro. de portas logicas;
- Velocidade dos dispositivos;
- Flexibilidade e Custo;
- Reprogramabilidade;
> FPGA: um array programavel de PLDs simples

> FPGA: field programmable version of “gate array”
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FPGA - XC4010XL Xilinx FPGA Block Diagram

FPGA: CLB + Interconnection Logic
CLB = Combinatorial/Configurable Logic Block (Elemento basico)

Inputs

£ — Leokup
ez || Tabe

[] []

Switch
Matrix [ C—

t i F3 —

-

Figurs 18 - Xilmx Y000 Confievrable Logic Block {CLE).
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FPGA - XC4010XL Xilinx FPGA - CLB Block Diagram
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FPGA - Altera FPGA

Altera CLPDs => FPGA

LAB - Logic Array Blocks

FPGA LAB composto de Logic Elements (LE)
Logic Element LUTs,

LUT inputs are mux select lines

X =AB + ABCD + ABCD

Programmed levels
(EEPROM or SRAM)
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FPGA - Altera FPGA - Cyclone EP1C** /

Table 1. Cyclone Device Overview 4

EP EP EP1CH p p |
Logic Elements 2810 4.000 5,980 12,060 | 20060
{LEz)
M4K RAM Blocks 13 17 20 52 54
{4 Khats + parity)
Total RAM Bits 39904 78,336 92160 239616 |[294.912 |
Phaze-Locked Loops (PLL:) 1 2 2 2 2 |
Maximum User 0 Pins 104 301 185 249 301 |
Production Device Availabilicy April September How Mow MNow

2003 2003

) —

® T

Cyclone } 22 -ff):‘ Hm“u Hardware - SCE 703:
Cyclone - EP1C12F324C8

® % Firefly Board

AN [] m 1y cft;l: Peﬂy NIOS 1T
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FPGA - Altera FPGA - Cyclone EP1C20

Cyclone Architecture
Abundant logic and memory resources, clock management circuitry, and advanced I/O capabilities
are all available in Cyclone devices. The Cyclone architecture consists of vertically arranged
Logic Elements (LEs), embedded memory blocks, and phase-locked loops (PLLs) that are
surrounded by I/O elements (IOEs). A highly efficient interconnect and low-skew clock network
provide connectivity between each of these structures for clock and data signals.

EPIC20 Device Floorplan Cyclone LE
EP1C20 Logic Element
Logic Array I
Blocks (LABS) M4K RAM
-+ Blocks Cyclone Device Clock Network
PLLs Cyclone Device
PLL OQutputs —
__ 1O Elements Dedicated Clock Inputs —
(I0Es) DDR or PCI Input —p.
Internal Logic —
Global Clock
13 Network'
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FPGA - Altera FPGA - Cyclone EP1C20
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FPGA - Altera FPGA - Cyclone EP1C12 Kit - Firefly

| 16MB SDRAM

Off-chip usB2.0IP
memory

1P

Firefly module

Nios 1|
Processor

@
=
o
L
T

@

=

Custom [P/
Instruction

Firefly Configurable Processing
Modules add FPGA flexibility and
32-b'.t R,sc processing power to Firefly modules can bs designed tc fit any number

your next embedded product. " ol srheddsd device T el
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Sistemas Embarcados - Exemplo do DE2-70 / DM5 / LTM

5 Mega Pixel Digital Camera |
Development Package

| apEomai]
LA
Altera DE2-70 Board

4.3" LCD Touch Panel Kit (LTM)
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USB 2.0 Host/Device

10/100 Ethernet PHY/MAC

SDCard

IrDA Transceiver

| Flash (8 Mbyte) |4—>

SDRAM (64 Mbyte)

SRAM (2 Mbyte)

7-SEG Display (8)

Expansion Headers (2) k—}

Cyclone 1T EP2CT0F896C6
DE2-70
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Board Device Name
EPCS16 UusBe DEO Cyclone 111 EP3C16F484C6
conﬁg Blaster DEI Cyclone I EP2C20F484C7
DE2 Cyclone II EP2C35F672C6
Dev DEZ70 | Cyclone I EP2CTOFS96C6
DE2-115 | Cyclone IVE EP4CE115F29C7
Block dlagram of the DE2-70 Table 1. DE-series FPGA device names

Placa DE2-70 — Terasic / Altera

| 50Mhz/ 28Mhz | Extln |

v

24-bit Audio CODEC

XSGA 10-bit Video DAC

TV Decoder (2)

Cyclone Il p| User Green LEDs (9)

FPGA P

2670 [ luerresienny
16x2 LCD Module

PS2 & RS-232 Ports

<] DPDT Switches (18)

‘—' Push-Button Switches(4)
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Ferramentas de Desenvolvimento

Ferramentas de Software

Quartus IT 9.0 — 11.0 Altera (Web Edition)
SOPC Builder and IP Solutions
Nios II Integrated Development Environment (IDE) - Cyclone Edition

Simulator

Ferramentas de Hardware

Altera FPGA EP2C70F896C6
Cyclone II — Terasic DE2-70 Board
NIOS II Kit (Soft-Processor)
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Ferramentas de Desenvolvimento

Typical PLD Design Flow

f— to, ——

Design Entry Timing Analysis

- Native schematic entry - Verifies timing performance
- Native HDL entry - Reports timing viclations

- EDA design entry - Guides Fitter

4

Timing S
e RTL Simulation - Verifies legic timing
- Verifies logic model - Uses timing netlist
LS L LU | -Notiming delays :
EnAte6l siopant Requires input vectors

- Supports EDA tools

LE o Synthesis (Mapping)

% Program/Debug
- Logic minimization - Hardware options
MK - Logic optimization i - SignalTap Il debugging
. < =>| - Maps logic to primitives -
= Signallag’

- EDA tool support

Place & Route

- Maps primitives to device

- Accounts for constraints.
. - Assigns routing

- Ri i Quartus Il C il
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« IR | o Tocl Bestgu Flow
3 Source design filaz
E-E‘ \,  including WHDL Design
é Fiies () & Verilog

Deaign Files (v}

' '

Quartus Il _
Quartus Il g EDA Synthesis
Simulator t—| Aﬂaly:glf Tool

* !

nm?::r:fns\lm; |=t—=| Ouartus Il Fitter E R EDA Physical
F=pe=|  Synthesis Tool
EDIF retist
files Ledf) or Verilog
Quaress Mzpping Files (vaqm)
EDA Simulation
. Tools
Quarws Il b
Ferramentas de Desenvolvimento EDA Nerlist Writzr E
EDA
Cutpart files for EDA toolz | Timing Analysis
~ including Verilog Cutpurt Files Toals
Ouartus II Versao 8.0 (o), VDL Oucpur Files (.vhel,
VQM Files, Standard Delay Farmat
Gutpurt Files (sdo), testbench
files, symbol fles, Tcl script fles
(tel), IBIS Outpae Files ( ibs), EDA
HSFICE Simatation Deck Fifes [—#=-| Farmal Verification
(sp), and STAMP model files Toals
(data, or mod)
r
Qui 1} Qui I o
arus artus L | Board Level
Assembler B Programrmar Design Tools
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Ferramentas de Desenvolvimento

Quartus II Versao 8.0

Quartus Il Software Basic Design Flow

Create New Make
Project Assignments

Compile
Design

Results

Modify Settings
to Improve
Results

Assign Pins
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Ferramentas de Desenvolvimento

Quartus II Versio 8.0

Quartus Nl Software Basic Design Flow

Analyze
Results

Design

Modify Settings
to Improve
Results

Assign Pins

You can change the setings for ared specily ac e settngs with
o> New Project Wizard :i‘jdmmﬁnt’?m iesni) You cian U the vaiious pages of the Settings diskog bak
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WPmcessmg Tools  Windo!

Ferramentas de Desenvolvimento :; Bevice...
Pins
O Timing Analysis Settings. .

Quartus II Versao 8.0 %2 DA Taol Settings...

& Settings.., Ctrl+Shif+E

L=l Processing  Tools

Quartus Il Software Basic Design Flow

5
9 Device...

‘ 2 s
O Timing Analysis Settings...

EDA Tool Settings...

Create New Make
Project Assignments

Compile
Design

Analyze
Results

Modify Settings

to Improve
Results
o]
o bt et ™
Famiy: [Cyclone =
T ton e sunen:
~ % Complion Pracess Seigs SR Pockoge: [y =
Assign Pins & Frersatis Tagetdevice Pocork [y =]
Assenbier €~ Auto dovice selected by the Ftir Speed rade: [any. ]
ion Asistant & Spactic davice sslected in‘Avaizbls devicas it Coro vatoge: 1.5V
Serito Lo b 9 sz
Corcbmiye ot I~ Showacnced dovies
S ot I oy ooy
Sk Seods et s
FE e AN— T P i T B
e I e
fricaics A
g B owm G
e o T g 1
Ericiraay 0 i
Ericirisocs 0 mm i
EElcirisocy o 3
. Ericiaiy 0
>> . Ericirioor 0 mm i
ssignments vienu: Ericerzacs El a
. .. Mg conpatin B
Settings, Timing T e
Crigstonems et || 7 Lk D5P iy e s
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Ferramentas de Desenvolvimento

Quartus II Versio 8.0

Quartus Nl Software Basic Design Flow

Results

Modify Settings
to Improve
Results

B Fow
GBI Flow NonDefault Global Settir
S Cfm | oD
g% FNWNLW . Quartus I Version 61 Internal Buld 142 08/21/2006 5J Ful Version
I3 Tl s O
& @0 Frer
+ &) Assembler Topdevel Enfity Name  fikref
+ @1 TringArayzer oy Cycone
& @E Clasic Tming Anaizer Deve EPICEF296C5
. . Sl LE
>> Compile Design and e G
e
Total pins. 227185(12%)
Analyze Results Tasvaso 0
Total memory bits: 0/92160(0%)
G e
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Quartus II Versao 8.0

Steps:
1. Create New Project
New Project Wizard
> Add Files (vhd, v)
> Create Block Diagram Schematic File
Block Editor (bdf)
MegaFunctions (MegaWizard)
> Add Pins
2. Make Assignments
Settings (clock speed)
Timing Wizard
> Assignment Editor
> Timing Analysis
3. Compile Design
4. Analyze Results =i —
5. Modify Settings to Improve Results (Timing Analysis)
6. Assign Pins (Assignment Editor)

Quarius Il Software Basic Design Flow

(Create New
Project

[NETERVR,
QUART US" II
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Ouartus II VerSﬁO 8'0 Quartus il Software Basic Design Flow
Steps:
1. Create New Project AE
New Project Wizard
> Add Files (vhd, v)
> Create Block Diagram Schematic File
Block Editor (bdf)
MegaFunctions (MegaWizard) rusks e _fl
> Add Pins —
2. Make Assignments E I Comple Jesqn
. G- B Aniaysis & Gyrithesis
Settings (clock speed) H W Fite Phocd Fous)
Timing Wizard oo
> Assignment Editor G B D/, Netlist Wricr
> Tlmlng Analysis @ Frogram Device {0pen Progant
. Compile Design £ [T 3

. Analyze Results
. Modify Settings to Improve Results (Timing Analysis)
6. Assign Pins (Assignment Editor)

W AW
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Quartus II Versao 8.0 - TUTORIAL

Tutorial Modules

Select one of the following tutorial modules:

[ lodule 1: Quartus Il Introduction ]
(5 minutes)

[ Module 2: Create a Design ]
(30 minutes )

[ Madule 3; Compile a Design l

(40 minutes)

[ Module 4: Run Timing Analysis ]

(40 minutes )

® G & & 2

[ Module 5: Run Timing Simulation J

(30 minutes)

[ Module &: Configure a Device ]

{20 minutes)

Cl

[ Module 7. Advanced Topics ]

(20 minutes)
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Laboratoério de ELD I
e Bibliografia
Bibliografia Basica:

- BROWN, S. ; VRANESIC, Z. Fundamentals of Digital Logic with VHDL Design,
McGraw Hill, 2000.

- IDOETA,L.V.; CAPUANO, F.G. Elementos de Eletronica Digital, 12 ed., Sdo Paulo,
Livros Erica, Livros, 1987

- TAUB, H.; SCHILLING, D. Eletrénica Digital, McGraw-Hill do Brasil, 1982.

*Ver Site da Altera:
http://www.altera.com/education/univ/imaterials/boards/de2-70/unv-de2-70-board.html

http://www.altera.com/education/univ/materials/digital logic/tutorials/unv-tutorials.html
Quartus Il Introduction Using Schematic Designs
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USP - Universidade de Sao Paulo - Sao Carlos, SP
ICMC - Instituto de Ciéncias Matematicas e de Computagao
SSC - Departamento de Sistemas de Computagao

LRM - Laboratorio de Robética Movel

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

Pagina pessoal: Http://www.icmc.usp.br/ ~fosorio/
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Web Wiki: Http://wiki.icmc.usp.br/index.php/SSC-111

> Programa, Material de Aulas, Critérios de Avaliagao,

> Material de Apoio, Trabalhos Praticos
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