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Altera FPGA Roadmap

t FLEX 10KE

APEX 20KE

Stratix
(0.13 mh

Relative Price per Function

FLEX 6000 Stratix Il
90 nm) Stratix Il
(65 nm)
ACEX 1K
Cyclone —o
Cyclone Il Cyclone Il

1998 1999 2000 2001 2002 2003 2004 2005 2006 20(57
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o 0 OP-0A 1Al 2] FPGA <EZK ,PGA .

noB$ H éay-

o 0@ 1AL 21 —5x@ ?U , tEG*6 *K_,P

AM#3 & LO .@D3P" G A

SAGET+-éX*de6Ne«  90nm, 65nm, 45nm 1 F >N
IR

g 0*0Ge*d A O RGj?U,X-&,P 1K

© 2007 Altera Cooperation



FPGA csolL+ ORUC-LGA

o 0 OP-0A 1Al 2] FPGA <E.
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End Market Focus

Cornoues

Communications ( _ i
N ‘ A
Cellular Basestations ~ SW Sen s RAID Copiers
Wireless LAN Routers WIEro Main ame SAN Printers
ACCESS Work 3 MFP

Digital Consumer

P b

: . Security/
Entertainment Instrumentation Energy Mgmt. w

Broadband Studio Medical Card Readers Navigation Secure Comm.
Audio/Video Satellite Test Equipment  Control Systems Entertainment Radar
Manufacturing ATM Guidance & Control

Video Display Broadcasting

ANERAY
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Product Overview

MAX Cyclonefg? Stratixx: Stratg(; "

HARDCOPY™

< - @& $ VW 9

CPLDs Low-Cost General-Purpose FPGAs with Structured
FPGAs FPGAs Embedded ASICs
Transceivers
o ®
Nios **
( \&\;‘ MegaCore® ,

QUARTUS’II

ANERAY
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Ultra Electroenics

AN/GRC-512A(V)rRadigrRElay

“The security feature in the Stratix Il device allow s easy and inexpensive
protection of our IP as we work with our manufactur ers. The high capacity
and exceptional digital signal processing performan ce of Stratix Il devices
combined with Nios Il processors enabled us to add f irmware-based support
for additional waveforms, which extends our product lifetime”

—Stéphan Charbonneau, Radio Products Manager

© 2006 Altera Corporation

Application:
Software-Defined Radio

Industry:
Military

Altera Value Proposition:

Stratix Il Security Solution Enables
Avoidance of Costly Gate Array
Conversion

Stratix Il Density and DSP
Performance + Nios Il Processor
Allows Three PC Boards to Be
Replaced by Single Board

Altera Products Chosen:

Strat;X®II MAXTT
Nios'II

/AVOTS RYA\,



Uniliest

UNI460 and UNISGOISIDRANVINIESIETS

Memory Testers

Industry:
Test and Measurement

Altera Value Proposition:

Highest Performance DDR2 SDRAM
Interface Enables Industry-Leading
Memory Test Capabilities
Highest-Performance Logic for
Rapid Pattern Generation

FPGA Reconfigurability Supports
Different Testing Configurations

“We chose Stratix Il FPGAs because they provide the h  ighest-performance
DDR2 memory interfaces. We have achieved DDR2 interf —ace speeds of up

to 400 MHz and data rates of 800 Mbps  with Stratix || FPGAs, which enables Altera Products Chosen:
us to deliver industry-leading capabilities in our UNI460 and UNI560 SDRAM -
testers.” Stratix-11

—Kang Jong Koo, Chief Research Engineer

© 2006 Altera Corporation AIEIEA -



OnDemandSoft , )

HoMame | 20 | 3D |Real| DB | New |Save|

Application:
Medical Imaging

Industry:

Altera Value Proposition:

Highest Performance DDR2 SDRAM
Interface Enables Industry-Leading
Memory access Capabilities

Highest-Performance Logic for
Rapid Pattern Generation

FPGA Reconfigurability Supports
Different Testing Configurations

Straﬂx*‘ll

Altera Products Chosen:

/AVOTS RYA\,

© 2007 Altera Corporation



Biomfoermatics (DNA;, RINAS Preieisbriig

[Discoven/)

Application:

Bioinformatics

Framesearch - 5-W

Internal applications =

) 20 40 &0 80 100 %




FPGA GAZ-$ -—-$0CtL+ zA+ LO

Engineers
Professors

International Competition Projects

ANERAY
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AlteraDE2 coB$ H éay

UsSBE Ethernat
oV OC Blaster YSB  USB  Mic Ling Line Uiden VGA 1041.00M R5-232

Power Supply Port  Device Host in OQut In Out Port Porl

Connector _l t t t Iv t l T (— I . 1

2TMhz Oscitlator

TV Decoder
(NTSCIPAL)

Power ON/OFF
Switch

ISE Host/Slave
Controller

Altera USE Blaster
Contraller chipset

Altera EFCE16
Configuration Davice

Switch between JTAG
INormal Made (RUN)
and AS Mode (PROG)

P
FEET L ERL

This is NIOS |
Mice to See Mg .
LED 162 Module with

Blue Backlight e i it

LLRLLELLE LS

7-5EG Display Module
18 Red LEDs

18 DPDT Switches

S0Mhz Oscillator

17 © 2007 Altera Cooperation

EMbyte SDRAM  512KDyte SRAM  1Mbyte Flash Memory

= P&2
Part

VGA 10-bit
DAC

- @ -— Expansion Header2 (JP2)

(with Protection Rasistors)

Expansion Header 1 {JP1)
iwith Profection Resistors)

Ethernet 1001 00M Controller

Altera 90nm Cyclone Il
FPGA with 35K LEs

+— 5D Card Connectar

— [tDA Transceiver

8 Grean LEDs

'-—$r.m Ext Clk

4 Push-button Switches

ANERAY
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Wright-Patterson = N \ )
Air Force Base - \Y4

WMERICA'S BIR FORCE <2

“In my opinion, the DE2 board is hands
down the best board | have ever seen. It is
clear from reading through documentation
and inspecting the pcb this board is well
thought out. Even down to the design
examples provided, it is the best
documented board | have seen.

(e"za -B®YEUé1rC )
Douglas Hodson,

Wright Patterson AFB
(www.wpafb.af.mil )(- <& %

22 © 2007 Altera Cooperation



ELEC5563

Digital Design for System on Chip
SCHOOL OF ELECTRONIC AND ELECTRICAL ENGINEERING 6 E T 1 y
b}

" We use this platform at both
undergraduate and masters level for
the teaching of system-on-chip. It is

Important to back up academic

concepts with hands-on learning.

With all the flexibility offered on this
platform, project are only limited by
Ingenuity and imagination. "
(6« <1 ® 8
ygajl:l” h:1lé
| 0+121Cv 1)
Dr Steven Freear, Lecturer in
System-On-Chip, University of Leeds

(www.leeds.ac.uk )

ANERAY

23 © 2007 Altera Cooperation



Columbia University Co&
DE Oh142fX... !

“We currently use the DE2s for the course,
and | love them!

| am a huge fan of your products!

Hopefully with the ability to run uclinux on
them, more opensource and hobby software
programmers will become interested in FPGA
and hardware development. “

David Lariviere

Teaching Assistant for the Embedded Systems
course at Columbia University

24 © 2007 Altera Cooperation
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m Altera DE2 Board
- =

25

Video In

Line In

CVBS
S-Video Audio
YPbPr Output

Qutput

YCbCr (YUV)
to

RGB

© 2007 Altera Cooperation

Line Out

VGA (LCD/CRT) Monitor



DE2 Tx sa LCD aY{azy

Provide 4.3” 800 x 480 Touch Panel (highest resolution)

*Free Picture Viewer Reference Design
«Controlled by your fingertips like iPhone

AT

26 © 2007 Altera Cooperation



DE2 IX 51, EHG "E?2rC
Provide Micron 5Mega-pixel CMOS sensor
Terasic Lens Module

ANERAY

27 © 2007 Altera Cooperation
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Altera DE1 — Development and Education Board

DE1 Board Feature Set

- EP2C20F484

- EPCS4 for configuration
- USB Blaster on board

- SDRAM (8Mbyte)

- SRAM (512KDb)

- Flash (4Mbyte)

- 24-bit Audio CODEC

- VGA Port

- RS-232 Port

- PS/2 Port

- SD/MMC Socket

- SMA ext clock input

- 10 Red/8 Green LEDs

- 2 X 40-pin Expansion Ports
- 4 x 7-seg display

- 10 SW & 4 Push Buttons

ANERAY

© 2007 Altera Cooperation
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Altera DE2-70 (FPGA 4 2C70F892C6)

© 2007 Altera Cooperation



Altera DE2-70 (FPGA 4 2C70F892C6)

*64Mbyte SDRAM, 2Mbyte SSRAM, 8Mbyte Flash, 2 x DTV input
*LVVDS support on 2 x 40-pin Expansion ports

ANERAY

30 © 2007 Altera Cooperation
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i x Stratix Il FPGA (2S60-180)

TREX-S2 Module

© 2007 Altera Cooperation
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i x Stratix || FPGA (2S60-180) "4S4— @ &
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I x Stratix Il FPGA (2560-180) PCI-X

PCI-X, DDRII, LVDS |

© 2007 Altera Cooperation
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| x Stratix Il FPGA S 4 — PCle
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du#+A Cyclone lll FPGA éi

DDR SDRAM, SSRAM, HSMC LVDS to 500Mbps

© 2007 Altera Cooperation
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du#+A Cyclone lll FPGA éi

SSRAM, DDR DRAM, HSMC for LVDS support to 500Mhz

© 2007 Altera Cooperation



Cyclone lll FPGA eip

37

chi©OUWEe

Clll Daughter Board

- 4.3" 800x480 LCD

- With Touch Panel

- Ethernet PHY

- 24-bit Audio Codec

- Digital TV Composite Input
- 10-bit XSGA Output

- RS-232 Port

- PS/2 Port

- SD/MMC Socket

© 2007 Altera Cooperation
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The DE3 Board

© 2007 Altera Cooperation

ANERAY



Stackable Mechanism (240 LVDS pairs — 1Gbps)

ok wWwpNPk

39 © 2007 Altera Cooperation



Many ways to assemble DE3 boards into a big
system (3 DE3 boards in this case)

40 © 2007 Altera Cooperation



Many ways to assemble DE3 boards into a big
system (5 DE3 boards in this case)

41 © 2007 Altera Cooperation



DE3 System Builder — generate Top-level
project and configure bank/Connector IO
Voltage using a friendy GUI (simply connect
various boards using click and drag)

42 © 2007 Altera Cooperation



Many Daughter Boards Ready for DE3 (1/2)

=) =

LTM
AD/DA

= =

HMB (NEEK) DSM

43 © 2007 Altera Cooperation



Many Daughter Boards Ready for DE3 (2/2)

=) =

H2S(HSMC to SC) Camera Link/CCD

= =

Flash Daughter Card
DDR3

44 © 2007 Altera Cooperation
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Altera -\2IN;#20<)x3EQ al9-$

Dr. Stephen Brown Dr. Zvonko Vranesic

© 2007 Altera Cooperation
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Altera -\2IN;#20<)x3EQ a19-$

Tutorials

Introduction to Quartus Il

- Introduction to Quartus Il @

- Getting Started with Altera Lab Boards @
- Quartus Il Simulation @

- Using LPMs ©

- Timing Considerations ©

- Using Nios Il and SOPC Builder (2006)

Ready-to-Teach Lab Experiments
- Lab experiments for Digital Logic ©
- Lab experiments for Embedded Systems (2006)

© 2007 Altera Cooperation
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Altera -\2IN;#20<)x3EQ a19-$

Ten lab exercises released on the web
From basic logic gates to simple processors

© 2007 Altera Cooperation



1 NIOS Il &Z X 93&2I3E-L-$

Embedded Systems

- Nios Il ISA tutorial
- Nios Il Monitor Program

Easy-to-use debugging environment
- SOPC Builder tutorial

Need SOPC Builder components for all DE2 devices, and need DE2
board description component

- Nios Il software development tutorial
SOPC Builder and Nios Il program examples

- University Program IPs

© 2007 Altera Cooperation



IBeon 0@ 11Al 21 —5x@ ?U
Ag L*61 Oy Pb)A YOE( o

© 2007 Altera Cooperation

ANERAY



DTV Solution using Altera DE2

Speaker

Line Dutp_

CVBS
S-Videczl Qutput
YPbPr [

DVD Player - - ﬁ .,h","',-';’ ey
VGA{(LCDICRT} Monitor

YCbCr (YUV) Algorithms
to for

RGB Video Processing

50 © 2007 Altera Cooperation



1.3 Mega Pixel Digital Camera with 3.6” Digital Pane

51 © 2007 Altera Cooperation
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Digital Camera + Color/Motion Recognition (Pong Gam e)

ANERAY
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SD Card Music Player (File System Provided)

53 © 2007 Altera Cooperation

ANERAY



Ethernet Packets TX/RX with NIOS |l Core

Key Components Used in the Lab:
-- SDRAM (NIOSII code)
-- Davicom 9000a Ethernet Controller

54 © 2007 Altera Cooperation



Web Server Using DE2

55
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WebPage Content Limitation: 4Mbyte

56 © 2007 Altera Cooperation
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CD-Quality CASIO Keyboard (High-end Music
Synthesizer)

57 © 2007 Altera Cooperation
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University of Michigan
(Ann Arbor)

Introduction to Computer
Audio Processing
Music Synthesizer Algorithm

59 © 2007 Altera Cooperation
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Brown University

EN2911X "h£pO~ (Fall 2007)
http://ic.engin.brown.edu/classes/EN2911XF07/

Introduction

RC principles: Programmable logic technology

Verilog: A hardware definition language

RC principles: Software

SystemC: A system description language

Application-driven hardware acceleration using RC

© 2007 Altera Cooperation



Columbia University

CSEE 4840 yo BeéO _B

http://www1.cs.columbia.edu/~sedwards/classes/2007/4840/index.html

A microprocessor-based embedded system
A combination of C and the VHDL hardware description language

CSEE 4840 Zz#126+ “**
http://wwwl.cs.columbia.edu/~sedwards/classes/2007/4840/highlights.html

61 © 2007 Altera Cooperation
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Cornell University

ECE 576 Advanced Microcontroller
Systems on a Programmable Chip  (Fall 2007)

http://instructl.cit.cornell.edu/courses/ece576/

SRAM state machine. One-dimensional cellular automaton
Niosll based, VGA video interface

Niosll and MicroC/OS audio signal generator

Niosll and Digital Differential Analyzer
Final Projects :
http://instructl.cit.cornell.edu/courses/ece576/FinalProjects/

© 2007 Altera Cooperation



Georgia Institute of Technology

ECE 2031 Digital Design Laboratory
http://users.ece.gatech.edu/~hamblen/DE?2/

Rapid Prototyping of Digital Systems (DE2)
Book available on Amazon on Sept, 2007
Rapid Prototyping of Digital

Systems SOPC Edition

Running the uClinux example

63 © 2007 Altera Cooperation
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Imperial College London

EE3&ISE3 GiO-{a
http://www.ee.ic.ac.uk/pcheung/teaching/ee3 DSD/index.html

How to go about designing complex, high speed digital systems
How to use some of the modern CAD tools

How to implement such designs using programmable logi

4 ALTERA UTf DE1/DE2 1a@= V SOPC1 Lab

http://university.altera.com/materials/unv-lab-manu al.html

© 2007 Altera Cooperation



@ Electrical and Computer Engineering %E;‘E?I%

McMaster University

COE3DQ4 ! y&>&<0,0k http://www.ece.mcmaster.ca/~nicola/3dg4/

Hardware Description Languages
Programmable Logic Devices

Design Synthesis using (System)Verilog
Project - Hardware Implementation of an
Image Decompressor for MP3 audio and
MPEG2 audio/video decoders

65 © 2007 Altera Cooperation
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University of Alabama

ECE480/580 "B €O _B
http://jjackson.eng.ua.edu/courses/ece480/

Hardware description language -Design a
system, component(SSI,MSI), or processor

Design of digital 1/O interfaces possibly including
parallel, serial, USB, IEEE1394 (firewire), SPIl and 12C

Design of a microprocessor
System-on-chip (SOC) design

NIOS Il C Application — Displays a digital clock on the LCD
display and Green LEDs 0.1HZ

ANERAY

© 2007 Altera Cooperation
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University of British
Columbia

Introduction to Microcomputers
http://courses.ece.ubc.ca/259/

Lecture notes and photographs

Altera software install guide (DE2/DE1)

Nios Il tutorial and documentation(DE2/DE1)
Nios Il example code (DE2/DE1)
Homework(DE2/DE1)

© 2007 Altera Cooperation
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University of Cambridge

Computer Laboratory & ECAD and Architecture Practical C lasses
http://www.cl.cam.ac.uk/teaching/0708/ECAD+Arch/

System-on-a-chip (SOC)
Application Specific Instruction set Processors (ASIP).
MPEG1-Layer3 (MP3) Player

Lab 1 Pong - Hardware & Lab 2 - Game of Life SOPC

© 2007 Altera Cooperation
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University of lllinois at Urbana —
Champaign

ECE 598 BL
Design and Synthesis for SoCResearch Oriented Impleme
http://courses.ece.uiuc.edu/ece598/bl/

System-on-a-chip (SOC)
Application specific instruction set processors (ASIP).
Platform FPGA boards and digital cameras

Implementation - MPEG1-Layer3 (MP3) Player

© 2007 Altera Cooperation

ntation
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University of Leeds

ELEC5563 SOC *éO0
http://www.personal.leeds.ac.uk/~een5sf/ELEC5563 index.html

Introduction to real-time embedded systems
using programmable digital circuits and logic

Digital Design for System on Chip, FIR Filter,
Simple Processor, More complex processor

Project Areas suggested by ARM & PACE

© 2007 Altera Cooperation



University of Massachusetts Amherst

ECE354 O“!W; B
http://python.ecs.umass.edu/%7Eece354/

The principles of Embedded Systems.
To develop embedded software.

To prototype, debug and demonstrate embedded systems
combining sensors, interfaces, computation, memory and
networking.

Lab — Networked Camera

71 © 2007 Altera Cooperation
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ECE241 Digital Systems

http://ccnet.utoronto.ca/20069/ece241h1f/
Combinational Sequential Logic

Complex Finite State Machines and Digital Hardware Displays

ECE241 Digital Systems Student Projects
http://www.eecqg.utoronto.ca/~jayar/ece241 06F/06projectvids

Duck Shooting

Book: Dr. Brown & Dr. Vranesic

© 2007 Altera Cooperation



University of Waterloo

E&CE223 Digital Circuits and Systems
http://www.ece.uwaterloo.ca/~ece223/

Digital Circuits — Combinational design
A Simple Calculator
Synchronous Sequential Design - LED DEMO

73 © 2007 Altera Cooperation
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2006 / 2007 ROY A&7 O LLI3LL6&Z A+ 1?2¢ _

A&7 0 LLI 321 40Y Altera 6C U°P+x, G!''Y 200 + DE2
7 20 + TREX-S2, 250 + Digital Camera/LCD +E
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'25| Audio X3l (o Nl Speakers
Processor CODEC

CVBS
S-Video
YCbCr s I
RGB Video Signa
Image Processing IRy Scalar L%
SYEEN TVDS

- De-Interlace
HDMI Receive Sync Process

Firewire w—p

B ASSP
B FPGA

Sunplies B Co-FPGA

FLASH
EEPROM

77 © 2007 Altera Cooperation



Gi=.[A{a — P Altera DE2 *

De-
Interlace

SCLK SDATA ﬁ 1

-<
n 2]

Composite
Input

1

Jol Jol I=L

Output
Frame to
Buffer LCD/CRT
ABTERAW
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2t. /G~ E2{a - DFPGA  (DE2)"”

Meet the increasingly demanded FPGA-based AOI market ne  eds.

Successfully create advanced FPGA-based algorithms to meet
the AOI criteria for large PCB/Panel QC process.

79 © 2007 Altera Cooperation
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DATA
|
FVAL DATA
LVAL \ | Bayer Color HS
| CMOS Sensor } Pattern Data VEA izrétmller » VGA
Data Capture To VS
! (I Data Reguest . DAC
PCLK
CMOS " oLk
Image MCLK "
Sansor -t
S DATA |
SDAT . N
L - )
[2C Sensor Multi-Port SDRAM ADDR S
SCLK Configuration Controller
i CTRL
Core
Mo ule Board
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