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Thank you for using the Altera DE1 Development &ddication board.

The purpose of this board is to provide the idediiele for learning about digital logic, computeganization,
and FPGAs. It uses the state-of-the-art technalodppth hardware and CAD tools to expose studamis a
professionals to a wide range of topics. The bo#fiets a rich set of features that make it suitébteise in
alaboratory environment for university and collegearses, for a variety of design projects, as alor the
development of sophisticated digital systems. Aligmovides a suite of supporting materials foriel board,
including tutorials, “ready-to-teach” laboratoryeggises, and illustrative demonstrations.

DE1 Board Features

The DE1 board features a state-of-the-art Cya@dh2C20
FPGA in a 484-pin package. All important componemts
the board are connected to pins of this chip, aligwhe

user to control all aspects of the board’s openati@r
simple experiments, the DE1 board includes a deffic
number of robust switches (of both toggle and pustten
type), LEDs, and 7-segment displays. For more ach@n
experiments, there are SRAM, SDRAM, and Flash mgmo
chips. For experiments that require a processosanple

I/O interfaces, it is easy to instantiate Alterisigs I
processor and use interface standards such as R&d3
PS/2. For experiments that involve sound or vidgoads,
there are standard connectors for microphone,tine-
line-out (24-bit audio CODEC), SD memory card cartog
and VGA,; these features can be used to create @Drgu
audio applications and video. Finally, it is possito connect other user defined boards to the Btatd by
means of two expansion headers.
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Supporting Material

Software provided with the DE1 board features thar@u® |1l Web Edition CAD system, and the N8
Embedded Processor. Also included are severataiaslp students and professionals experiment fetures
of the board, such as tutorials and example agjgita

Traditionally, manufacturers of educational FPGAtos have provided a variety of hardware featunels a
software CAD tools needed to implement designshesd boards, but very little material has beenredff¢hat
could be used directly for teaching purposes. AlseDE1 board is a significant departure from titgad. In
addition to the DE1 board's hardware and softwaltera Corporation provides a full set of assodate
laboratoryexerciseghat can be performed in a laboratory settingypical courses on logic design and
computer organization. In effect, the DE1 board tredavailable exercises can be used as a reaggtb-
platform for both university and college courses.

University and College Cour ses

Courses on the design of logic circuits and computganization usually include a laboratory compunin a
modern curriculum the laboratory equipment shodélly exemplify state-of-the-art technology andige
tools, but be suitable for exercises that range fsonple tasks illustrating fundamental conceptshtallenging
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designs that require knowledge of advanced topies.DE1 board is designed to be the ideal equipimeait of
these cases.

Engineering Professionals

With its advanced Cyclone® Il FPGA, flexible memantions, and a plethora of advanced I/O devites, t
DEL1 board is an ideal platform for the implememtatdbf many types of digital systems. Engineering
professionals will appreciate the wealth of desigamples provided with the board, and will enjoy
experimenting with audio, video. The DE1 boardrisdeal vehicle for implementing embedded applaati
such as those that feature the Altera Nios Il erdbdgbrocessor.

Specifications

FPGA
e Cyclone Il EP2C20F484C7 FPGA and DE1 Package Contents
EPCS4 serial configuration device

[/O Devices
e Built-in USB Blaster for FPGA
configuration RS-232 port = S
e VGA DAC resistor network (4096 colors)
PS/2 mouse or keyboard port
e Line-in, Line-out, microphone-in
(24-bit audio CODEC)
e Expansion headers (76 signal pins)

Memory
e 8-MB SDRAM, 512-KB SRAM, 4-MB

Flash
e SD memory card slot

Switches, LEDs, Displays, and Clocks
10 toggle switches

4 debounced pushbutton switches
10 red LEDs, 8 green LEDs

Four 7-segment displays

27-MHz and 50-MHz oscillators, external SMA clociput

Examples of Advanced Applications

The DE1 board can be used to implement a wide tassot of interesting design projects. Some example
applications are shown on the next page.
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Installing the Softwar e:

1

2.

TheAltera Design Softwar e Suite contains two CD-ROM disks:
QUARTUS®II

e Quartus|l Web Edition CD-ROM: Users of the DE1 board need to install the

software on this CD-ROM disk. It supports all ssgéthe design process for logic circuits, inchgli
design entry, synthesis, placement and routingylsition, and device programming. This softwarenis a
ideal tool for designing any type of logic circyitsom simple ones that may be used for learningpqses
to multi-million gate designs that are found in rmodcommercial products. To install the Quartus Il
software, simply insert the disk into your CD draved follow the instructions. Tutorials for usirgpt
Quartus Il software are included in th&1 System CD-ROM (Terasic Lab CD-ROM), described below.
Nios |l Embedded Processor CD-ROM: The software on this CD-ROM disk is needed fongishe

Nios Il embedded processor. The Nios Il processarndely used in the industry as a powerful and
easy-to-use processor, but it is also an excelinitle for learning about topics in computer oiigation.

Install the USB Blaster driver software, as expdim the tutorialGetting Started with Altera’s DE1 Board.

3. TheDE1 System CD-ROM provides a variety of material for use witie board. To examine the disk, insert

it into your computer’s CD drive and use a utilityelivindows Explorer to peruse the disk’s contents:
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DE1 User Manual and Data Sheets. the complete manual for using the DE1 board dvideed in the
DE1 user_manual folder on the CD-ROMData Sheets for each of the 1/0 devices on the miz2d,
such as the memory chips, Audio CODEC, and RS28pmvided in th®atasheets folder.

DE1 Schematic Diagrams. detailed schematic diagrams for all circuits loe DE2 board are provided in
the folder calledE1 schematics.

Tutorials: a set of tutorials are included in th&1_tutorialsfolder on the CD-ROM that illustrate how to
use the Quartus Il software and the DE2 board.cBopovered in the tutorials inclu@uartus Il
Introduction, Getting Started with Altera’s DE2 BdaUsing the Library of Parameterized
Modules(LPMs)Timing ConsiderationQuartus |l Simulationand (coming soorlysing Nios Il and
SOPCBUuilder with the Quartus Il Software

Laboratory Exercises. a set of ready-to-teach laboratory exercisesnataded on the CD-ROM. These
exercises can be used for self-study, or they earesas a significant part of the laboratory congmrof a
university or college course in digital logic. Tearly exercises are simple ones that illustratedonmental
concepts and perform simple operations on the Of&2d) like using switches and controlling LEDs and
7-segment displays. Later exercises progress te ambranced topics such as arithmetic circuits, eoan
state machines, memory devices, datapaths, andespmgressors. The tutorials are found in the folde
DE1 lab_exerciseson the CD-ROM, with subfolders provided for versiaf the exercises that use
VHDL and Verilog hardware description languages.

Demonstrations: a set of demonstrations that illustrate the D&Arli's features are provided in the
DE1 demonstrations folder. Examples include: VGA Graphics GeneratdecEonic Keyboard, Music
Player, SD Card Sound Player, PS/2 Keyboard, SDRtroller, Flash Controller, and RS-232
Controller. A programming file that can be downleddnto the DE1 board is provided for each
demonstration example, as well as the source coderilog HDL.

DE1 Contraol Panel: This application, which runs on PC platforms undéndows XP, allows remote
control of the DE2 board through a USB cable. Tl [@ontrol Panel is found in the folder called
DE1 _control_panel; instructions for its use are given in the DE1 iudanual.

Power on Test

To design and implement circuits on the DE1 bo#iid,necessary to install the accompanying softywas
described on the previous page. Without installing software, a simple power on test can be done:

1

Plug the supplied 7.5 volt DC power supply intaf® power outlet (100V - 240V), and then connecs thi
power supply to the DE1 board. Make surerRb&/PROG switch is in theRUN position

Connect the DE1 board to your computer using tipplsad USB cable

Optionally connect the DE1 board VGA connector ¥&A monitor, and the line-out (green) audio
connector to a speaker or headset

Turn on the DE1 power by pressing the red powetohutYou should be able to observe the following:

The bluePOWER LED is on UNIVERSITY PROGRAM
The 7-segment displays show a sequence of chasacter

The red and green LEDs are flashing

The VGA monitor is displaying a color pattern A |:] = D A

A humming sound is produced by the audio line-batitch -

sw9 is DOWN. ®
Changesw9 to be UP and use microphone-in or line-in to he ) .
sound Learning Through Innovation
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