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Chapter 1
DE2 Package

The DE2 package contains all components neededdothe DE2 board in conjunction with a
computer that runs the Microsoft Windows software.

1.1 Package Contents
Figure 1.1 shows a photograph of the DE2 package.

Figure 1.1. The DE2 package contents.
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The DE2 package includes:
DE2 board
USB Cable for FPGA programming and control
CD-ROM containing the DE2 documentation and suppg@nnaterials, including the User
Manual, the Control Panel utility, reference desigmd demonstrations, device datasheets,
tutorials, and a set of laboratory exercises
CD-ROMs containing Altera’s Quarttisl Web Edition and the Ni§sll Embedded Design
Suit Evaluation Edition software.
Bag of six rubber (silicon) covers for the DE2 hlbatands. The bag also contains some
extender pins, which can be used to facilitateezgsiobing with testing equipment of the
board’s I/0O expansion headers
Clear plastic cover for the board
9V DC wall-mount power supply

1.2 The DE2 Board Assembly

To assemble the included stands for the DE2 board:
Assemble a rubber (silicon) cover, as shown in iEdu2, for each of the six copper stands
on the DE2 board
The clear plastic cover provides extra protectanmd is mounted over the top of the board
by using additional stands and screws

F

Figure 1.2. The feet for the DE2 board.
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1.3 Getting Help

Here are the addresses where you can get help iéyoounter problems:

Altera Corporation

101 Innovation Drive

San Jose, California, 95134 USA
Email: university@altera.com

Terasic Technologies

No. 356, Sec. 1, Fusing E. Rd.

Jhubei City, HsinChu County, Taiwan, 302
Email: support@terasic.com

Web: DE2.terasic.com

Arches Computing

Unit 708-222 Spadina Ave

Toronto, Ontario, Canada M5T3A2

Email: DE2support@archescomputing.com
Web: DE2.archescomputing.com

A BBS (Bulletin Board System) Forum for the DE2 tibhas been created at the address shown
below. This Forum is meant to serve as a reposimrynformation about the DE2 board, and to
provide a resource through which users can askigassand share design examples.

BBS forum:http://www.terasic.com/english/discuss.htm
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Chapter 2
Altera DE2 Board

This chapter presents the features and designatkasdics of the DE2 board.

2.1 Layout and Components

A photograph of the DE2 board is shown in Figurg. 2t depicts the layout of the board and
indicates the location of the connectors and keypmnents.

USB USB USB Ethernet
Blaster Device Host Mic Line Line Video VGAVideo 10/100M
Port Port Port in in Out In Port Port  RS-232 Port
9V DC Power
Supply Connector ; 1 1 1 l 1 t 1 t 1 1
27-MHz Oscillator y R M1 1| el

N0 § | K

24-bit Audio Codec

Power ON/OFF Switch =P PS/2 Keyboard/Mouse Port

VGA 10-bit DAC
Ethernet 10/100M Controller
Expansion Header 2 (JP2)

USB Host/Slave Controller
TV Decoder (NTSC/PAL)

Altera USB Blaster Controller Chipset
Altera EPCS16 Configuration Device

<«—— Expansion Header 1 (JP1)

Altera Cyclone Il FPGA

RUNIPROG Switch for JTAG/AS Modes I P £ —
16x2 LCD Module D T 5 <+—— 8D Card Slot
= 7 W LI | & ===

7-Segment Displays & Greon L EDs
18 Red LEDs ﬂ‘— IrDA Transceiver
= <+ SMA External Clock
18 Toggle Switches

4 Debounced Pushbutton Switches

50-MHz Oscillator 8-MB SDRAM  512-KB SRAM  4-MB Flash Memory

Figure 2.1. The DE2 board.

The DE2 board has many features that allow the tesemplement a wide range of designed
circuits, from simple circuits to various multimadirojects.

The following hardware is provided on the DE2 board
Altera Cycloné& Il 2C35 FPGA device
Altera Serial Configuration device - EPCS16
USB Blaster (on board) for programming and user édtitrol; both JTAG and Active Serial
(AS) programming modes are supported
512-Kbyte SRAM
8-Mbyte SDRAM
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4-Mbyte Flash memory (1 Mbyte on some boards)

SD Card socket

4 pushbutton switches

18 toggle switches

18 red user LEDs

9 green user LEDs

50-MHz oscillator and 27-MHz oscillator for cloc&igces

24-bit CD-quality audio CODEC with line-in, line-guand microphone-in jacks
VGA DAC (10-bit high-speed triple DACs) with VGA-baonnector
TV Decoder (NTSC/PAL) and TV-in connector

10/100 Ethernet Controller with a connector

USB Host/Slave Controller with USB type A and typeonnectors
RS-232 transceiver and 9-pin connector

PS/2 mouse/keyboard connector

IrDA transceiver

Two 40-pin Expansion Headers with diode protection

In addition to these hardware features, the DE2rcbdeas software support for standard I/O
interfaces and a control panel facility for accegsrarious components. Also, software is provided
for a number of demonstrations that illustrateaieanced capabilities of the DE2 board.

In order to use the DE2 board, the user has toabaliar with the Quartus Il software. The
necessary knowledge can be acquired by readingutbaals Getting Started with Altera's DE2
Board andQuartus Il Introduction(which exists in three versions based on the desngry method
used, namely Verilog, VHDL or schematic entry). $&e€utorials are provided in the directory
DE2_tutorialson theDE2 System CD-ROMthat accompanies the DE2 board and can also be
found on Altera’s DE2 web pages.

2.2 Block Diagram of the DE2 Board

Figure 2.2 gives the block diagram of the DE2 boaadprovide maximum flexibility for the user,
all connections are made through the Cyclone Il ARBvice. Thus, the user can configure the
FPGA to implement any system design.
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usBe

Config Blaster

Device

Figure 2.2. Block diagram of the DE2 board.
Following is more detailed information about thedKs in Figure 2.2:

Cyclone 1l 2C35 FPGA
- 33,216 LEs
105 M4K RAM blocks
483,840 total RAM bits
35 embedded multipliers
4 PLLs
475 user I/O pins
FineLine BGA 672-pin package

Serial Configuration device and USB Blaster circuit
Altera’s EPCS16 Serial Configuration device
On-board USB Blaster for programming and user ARl
JTAG and AS programming modes are supported
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SRAM
512-Kbyte Static RAM memory chip
Organized as 256K x 16 bits
Accessible as memory for the Nios Il processorlanthe DE2 Control Panel

SDRAM
8-Mbyte Single Data Rate Synchronous Dynamic RAMnoey chip
Organized as 1M x 16 bits x 4 banks
Accessible as memory for the Nios Il processorlanthe DE2 Control Panel

Flash memory
4-Mbyte NOR Flash memory (1 Mbyte on some boards)
8-bit data bus
Accessible as memory for the Nios Il processorlanthe DE2 Control Panel

SD card socket
Provides SPI mode for SD Card access
Accessible as memory for the Nios Il processor withDE2 SD Card Driver

Pushbutton switches
4 pushbutton switches
Debounced by a Schmitt trigger circuit
Normally high; generates one active-low pulse wthenswitch is pressed

Toggle switches
18 toggle switches for user inputs
A switch causes logic 0 when in the DOWN (closedhe edge of the DE2 board) position
and logic 1 when in the UP position

Clock inputs
50-MHz oscillator
27-MHz oscillator
SMA external clock input
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Audio CODEC
Wolfson WM8731 24-bit sigma-delta audio CODEC
Line-level input, line-level output, and microphaneut jacks
Sampling frequency: 8 to 96 KHz
Applications for MP3 players and recorders, PDAsag phones, voice recorders, etc.

VGA output
Uses the ADV7123 240-MHz triple 10-bit high-speédieo DAC
With 15-pin high-density D-sub connector
Supports up to 1600 x 1200 at 100-Hz refresh rate
Can be used with the Cyclone Il FPGA to implemehigh-performance TV Encoder

NTSC/PAL TV decoder circuit
Uses ADV7181B Multi-format SDTV Video Decoder
Supports NTSC-(M,J,4.43), PAL-(B/D/G/H/I/M/N), SEGA
Integrates three 54-MHz 9-bit ADCs
Clocked from a single 27-MHz oscillator input
Supports Composite Video (CVBS) RCA jack input.
Supports digital output formats (8-bit/16-bit): ITRIBT.656 YCrCb 4:2:2 output + HS, VS,
and FIELD
Applications: DVD recorders, LCD TV, Set-top boxBsgital TV, Portable video devices

10/100 Ethernet controller
Integrated MAC and PHY with a general processarfate
Supports 100Base-T and 10Base-T applications
Supports full-duplex operation at 10 Mb/s and 10@'s/with auto-MDIX
Fully compliant with the IEEE 802.3u Specification
Supports IP/TCP/UDP checksum generation and chgckin
Supports back-pressure mode for half-duplex mauie dontrol

USB Host/Slave controller
Complies fully with Universal Serial Bus Specifiicat Rev. 2.0
Supports data transfer at full-speed and low-speed
Supports both USB host and device
Two USB ports (one type A for a host and one tyderBa device)
Provides a high-speed parallel interface to moati@vie processors; supports Nios Il with a
Terasic driver
Supports Programmed 1/O (PIO) and Direct Memoryessc(DMA)
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Serial ports

One RS-232 port

One PS/2 port

DB-9 serial connector for the RS-232 port

PS/2 connector for connecting a PS2 mouse or keglioahe DE2 board

IrDA transceiver

Contains a 115.2-kb/s infrared transceiver
32 mA LED drive current

Integrated EMI shield

IEC825-1 Class 1 eye safe

Edge detection input

Two 40-pin expansion headers

2.3

72 Cyclone 11 I/O pins, as well as 8 power and giblines, are brought out to two 40-pin
expansion connectors

40-pin header is designed to accept a standardrdfspon cable used for IDE hard drives
Diode and resistor protection is provided

Power-up the DE2 Board

The DE2 board comes with a preloaded configuratibrstream to demonstrate some features of
the board. This bit stream also allows users togeekly if the board is working properly. To
power-up the board perform the following steps:

a s wbd

Connect the provided USB cable from the host coerpiat the USB Blaster connector on
the DE2 board. For communication between the husdttlke DE2 board, it is necessary to
install the Altera USB Blaster driver softwarethis driver is not already installed on the
host computer, it can be installed as explainethéntutorialGetting Started with Altera's
DE2 Board This tutorial is available on tHBE2 System CD-ROMand from the Altera
DE2 web pages.

Connect the 9V adapter to the DE2 board

Connect a VGA monitor to the VGA port on the DEZtxb

Connect your headset to the Line-out audio potherDE2 board

Turn the RUN/PROG switch on the left edge of the2D#bard to RUN position; the
PROG position is used only for the AS Mode prograngm

Turn the power on by pressing the ON/OFF switchhenDE2 board
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At this point you should observe the following:
All user LEDs are flashing
All 7-segment displays are cycling through the nerstd to F
The LCD display showgvelcome to the Altera DE2 Board
The VGA monitor displays the image shown in Fig2r&.
Set the toggle switch SW17 to the DOWN positiony gbould hear a 1-kHz sound
Set the toggle switch SW17 to the UP position amthect the output of an audio player to
the Line-in connector on the DE2 board; on yourdse&ayou should hear the music played
from the audio player (MP3, PC, iPod, or the like)
You can also connect a microphone to the Microphinr@nnector on the DE2 board; your
voice will be mixed with the music played from thedio player

AITERA

DE2 Board

www.terasic.com

Figure 2.3. The default VGA output pattern.
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Chapter 3
DE2 Control Panel

The DE2 board comes with a Control Panel faciligttallows a user to access various components
on the board through a USB connection from a hostputer. This chapter first presents some
basic functions of the Control Panel, then deseritsestructure in block diagram form, and finally
describes its capabilities.

3.1 Control Panel Setup

To run the Control Panel application, it is firgoessary to configure a corresponding circuit e th
Cyclone Il FPGA. This is done by downloading theafaguration file DE2_USB_API.sointo the
FPGA. The downloading procedure is described iniGed.1.

In addition to theDE2_USB_API.sofile, it is necessary to execute on the host cdeipthe
programDEZ2_control_panel.exeBoth of these files are available on thE2 System CD-ROM
that accompanies the DE2 board, in the direciB2_control_panel Of course, these files may
already have been installed to some other locatioyour computer system.

To activate the Control Panel, perform the follogvsteps:

1. Connect the supplied USB cable to the USB Blastet, gonnect the 9V power supply,
and turn the power switch ON

2. Set the RUN/PROG switch to the RUN position

3. Start the Quartus Il software

4. SelectTools > Programmerto reach the window in Figure 3.1. Click #&wld File and in
the pop-up window that appears select B2 USB_API.soffile. Next, click on the
Program/Configure box which results in the image displayed in trgurfe. Now, click
Start to download the configuration file into the FPGA.

5. Start the executablBE2_control_panel.exen the host computefhe Control Panel user
interface shown in Figure 3.2 will appear.

6. Open the USB port by clickin@pen > Open USB Port 0 The DE2 Control Panel
application will list all the USB ports that conmeéo DE2 boards. The DE2 Control Panel
can control up to 4 DE2 boards using the USB lifiks2 Control Panel will occupy the
USB port until you close that port; you cannot @eartus Il to download a configuration
file into the FPGA until you close the USB port.
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7. The Control Panel is now ready for use; experinbgrgetting the value of some 7-segment
display and observing the result on the DE2 board.

i Chain1.cdf* =1
‘.:; Hardwars Setup..  U5B-Blaster [ISE-0] Mode: ]JTAG _1] Progress: 0%
mﬂ Start File Device Checksum Uzercode E;ﬁiﬁm; “Yerify

FFEFFFFF
’?ﬂ Auto Detect
¥ Delste

G 4edd File...

W Changs File... |

8 Add Device...

Figure 3.1. Quartus Il Programmer window.

02 DE2 Control Panel =13

Cpen  Help  About

FLASH | SDRAM | SRAM | YGA |
PS2 & 7-SEG | LED & LCD | TOOLS |
F-BEG
HEX7: HEXB: HEX 5 : HEX4:
P ENp  EE  FEP  H
HEX 3! HEX2: HEX 1 HEX0:

p= P = =P A

| Set |

-P32 Keyboard:

Clear ‘

Figure 3.2. The DE2 Control Panel.

The concept of the DE2 Control Panel is illustratedrigure 3.3. The IP that performs the control
functions is implemented in the FPGA device. It commicates with the Control Panel window,
which is active on the host computer, via the US8str link. The graphical interface is used to

issue commands to the control circuitry. The predidP handles all requests and performs data
transfers between the computer and the DE2 board.
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16 DED Comtal Pl :_ i T_SEG Display
D e ket
P52 B ¥-%EG LED B LCO | TOOLS = ™ =
e ] ] ] [ E
SDFAM ! -
Pusectam Accuss | |

Address- 5 wDATA Gppo DATA [mmon

| : |
., USB @ Userf——| SDRAM
Addvess. F Lenigth: Fi Langth Blaster iIP —— Flash
= ! > SRAM
beeeedey |
LEDs "| veA

Figure 3.3. The DE2 Control Panel concept.

The DE2 Control Panel can be used to change theesalisplayed on 7-segment displays, light up
LEDs, talk to the PS/2 keyboard, read/write the 8RAlash Memory and SDRAM, load an image

pattern to display as VGA output, load music to nhemory and play music via the audio DAC.

The feature of reading/writing a byte or an enfilee from/to the Flash Memory allows the user to

develop multimedia applications (Flash Audio Playdash Picture Viewer) without worrying about

how to build a Flash Memory Programmer.

3.2 Controlling the LEDs, 7-Segment Displays and LCD Biplay

A simple function of the Control Panel is to allgetting the values displayed on LEDs, 7-segment
displays, and the LCD character display.

In the window shown in Figure 3.2, the values tallsplayed by the 7-segment displays (which are
namedHEX7-0) can be entered into the corresponding boxesdasplayed by pressing tHget
button. A keyboard connected to the PS/2 port @anded to type text that will be displayed on the
LCD display.

Choosing the.ED & LCD tab leads to the window in Figure 3.4. Here, yan trn the individual
LEDs on by selecting them and pressing $ie¢button. Text can be written to the LCD display by
typing it in the LCD box and pressing the corresping Setbutton.

The ability to set arbitrary values into simple pligs/ devices is not needed in typical design
activities. However, it gives the user a simple haism for verifying that these devices are
functioning correctly in case a malfunction is segpd. Thus, it can be used for troubleshooting
purposes.
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k2 DE2 Control Panel BE|E|

Cpen Help  About

FLASH | SDRAM | SRAM | VGA |
PS2 & 7-SEG LED & LCD |  Toos |

LED-
rLEDS8 [ LED7 [ LED& [ LEDS [ LEDA
rLED3 [ LED2 [ LED1 [~ LEDGO
" LED17 " LED16 I LED15 [~ LED14 [~ LED13
" LED12 [ LED11 [~ LED10 [ LED9 [ LEDS®
rLED? [ LEDG6 [ LEDS5 [ LEDA4 [ LED3
CLED2 [ LED1 [ LEDGO

LCD
Text for displa

P Y Clear Set

Figure 3.4. Controlling LEDs and the LCD display.

3.3 SDRAM/SRAM Controller and Programmer

The Control Panel can be used to write/read d#teito the SDRAM and SRAM chips on the DE2
board. We will describe how the SDRAM may be acedsthe same approach is used to access the
SRAM. Click on the SDRAM tab to reach the windowHigure 3.5.

2 DE2 Control Panel B@E|

Cpen  Help  About

PS2 & 7-SEG | LED & LCD | TOOLS |
FLASH SDRAM |  sram |  vea |
SDRAM
~Random Access
Address: |20p wDATA |5, DATA . lnECA
Write | Fiead |

~Seguential Write

Address: | Length : ]D I File Length

Write & File to SORAM

Sequential Read

Address: |p Length: 1o I~ Entire Sdram

Load SDRAM Content to a File

Figure 3.5. Accessing the SDRAM.
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A 16-bit word can be written into the SDRAM by etng the address of the desired location,
specifying the data to be written, and pressing\ihige button. Contents of the location can be
read by pressing thRead button. Figure 3.5 depicts the result of writitge thexadecimal value
6CA into location 200, followed by reading the sado@ation.

The Sequential Write function of the Control Paiselised to write the contents of a file into the
SDRAM as follows:

1. Specify the starting address in thddress box.

2. Specify the number of bytes to be written in thength box. If the entire file is to be
loaded, then a checkmark may be placed inAie Length box instead of giving the
number of bytes.

3. To initiate the writing of data, click on thrite a File to SDRAM button.

4. When the Control Panel responds with the standartidWws dialog box asking for the
source file, specify the desired file in the usumanner.

The Control Panel also supports loading files vaithexextension. Files with dexextension are
ASCII text files that specify memory values using@ll characters to represent hexadecimal
values. For example, a file containing the line

0123456789ABCDEF
defines four 16-bit values: 0123, 4567, 89AB, CDERese values will be loaded consecutively
into the memory.

The Sequential Read function is used to read theeats of the SDRAM and place them into a file
as follows:

1. Specify the starting address in thddress box.

2. Specify the number of bytes to be copied into ke if the Length box. If the entire
contents of the SDRAM are to be copied (which imesl all 8 Mbytes), then place a
checkmark in th&ntire SDRAM box.

3. Presd.oad SDRAM Content to a Filebutton.

4. When the Control Panel responds with the standartidWws dialog box asking for the
destination file, specify the desired file in theual manner.
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3.4 Flash Memory Programmer

The Control Panel can be used to write/read d#teto the Flash memory chip on the DE2 board.
It can be used to:

Erase the entire Flash memory

Write one byte to the memory

Read one byte from the memory

Write a binary file to the memory

Load the contents of the Flash memory into a file

Note the following characteristics of the Flash noeyn
The Flash memory chip is organized as 4 M (or 1iome boards) x 8 bits.
You must erase the entire Flash memory before ywouverite into it. (Be aware that the
number of times a Flash memory can be erased iteth
The time required to erase the entire Flash mensoapout 20 seconds. Do not close the
DE2 Control Panel in the middle of the operation.

To open the Flash memory control window, shown igufe 3.6, select the FLASH tab in the
Control Panel.

DE2 Control Panel =]
Cpen  Help  About
PS2 & 7-SEG | LED & LCD | TOOLS |

A SDRAM | SRAM | VGA |

FLASH
Fandom Access

Address: o wDATA: |DD rDATA: [op
i i

Chip Erase (24 Sec) ‘ Write | Fead

Sequential Write
Address: o Length: lig I~ File Length

Write & File to FLASH

Sequential Read

Address |D Length . 10 I~ Entire Flash

Load FLASH Contentto a File

Figure 3.6. Flash memory control window.

A byte of data can be written into a random logatbo the Flash chip as follows:
1. Click on theChip Erase button. The button and the window frame title ywilbmpt you to
wait until the operation is finished, which takémat 20 seconds.
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2. Enter the desired address into theédress box and the data byte into teDATA box.
Then, click on th&Vrite button.

To read a byte of data from a random location, rethie address of the location and click on the
Readbutton. TheDATA box will display the data read back from the addrgpecified.

The Sequential Write function is used to load aifito the Flash chip as follows:

1. Specify the starting address and the length of (ataytes) to be written into the Flash
memory. You can click on theile Length checkbox to indicate that you want to load the
entire file.

2. Click on theWrite a File to Flash button to activate the writing process.

3. When the Control Panel responds with the standartldWws dialog box asking for the
source file, specify the desired file in the usuanner.

The Sequential Read function is used to read theeslared in the Flash memory and write this data
into a file as follows:

1. Specify the starting address and the length of {iatdytes) to be read from the Flash
memory. You can click on thentire Flash checkbox to indicate that you want to copy the
entire contents of the Flash memory into a spetiiie.

2. Click on theLoad Flash Content to a Filebutton to activate the reading process.

3. When the Control Panel responds with the standartldws dialog box asking for the
destination file, specify the desired file in theual manner.

3.5 Overall Structure of the DE2 Control Panel

The DE2 Control Panel facility communicates witleiecuit that is instantiated in the Cyclone I
FPGA. This circuit is specified in Verilog code, it makes it possible for a knowledgeable user
to change the functionality of the Control Pandie Tode is located inside tb&2_demonstrations
directory on thdOE2 System CD-ROM

To run the Control Panel, the user must first tsepias explained in Section 3.1. Figure 3.7 depict
the structure of the Control Panel. Each input/outevice is controlled by a controller instantiate

in the FPGA chip. The communication with the PG@ase via the USB Blaster link. A Command
Controller circuit interprets the commands receivemin the PC and performs the appropriate
actions. The SDRAM, SRAM, and Flash Memory con&@dl have three user-selectable
asynchronous ports in addition to the Host port gravides a link with the Command Controller.

The connection between the VGA DAC Controller amel EPGA memory allows displaying of the
default image shown on the left side of the figwvhich is stored in an M4K block in the Cyclone
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Il chip. The connection between the Audio DAC Colier and a lookup table in the FPGA is used
to produce a test audio signal of 1 kHz.

To let users implement and test their IP corestigvriin Verilog) without requiring them to
implement complex API/Host control software and mem(SRAM/SDRAM/Flash) controllers,
we provide an integrated control environment cdimgsof a software controller in C++, a USB

command controller, and a multi-port SRAM/SDRAM/gHiecontroller.

USB Blaster | /TAGLInk

Hardware

r 3

USB Link

- & i
FL i
3 I\
)
i!i |% 2 W AN

DE2 Board

PC Side
DE2 Control Panel

A 4

JTAG

Serial to Parallel
Conversion

r 3
Y

Command Controller

PS/2 Keyboard
Controller

7-SEG LUT

LCD
Controller

Host Port

User Port 3 (Async 3)4—»
User Paort 2 (Async 2) 4—»
User Port 1 (Async 1)4—#

SDRAM
Controller

Host Port

User Port 3 (Async 3)+—»
User Part 2 (Async 2) +—»

SRAM
Controller

User Port 1 (Async 1) |::
FPGA

Memory |« -

VGA DAC
Controller

PS/2
Keyboard

16x2 LCD
Module

SDRAM
Memory

h 4

VGA

LCD/CRT
DAC | |

Monitor

Host Port

UserPort 3 (Async 3] 4——m
UserPort2 (Async 2) 4—p
UserPort1 {Async 1)

Flash
Controller

B

1 kHz Sine Wave

Look up Table =

Audio DAC
Controller

=

Audio
DAC

Figure 3.7. The DE2 Control Panel block diagram.

Users can connect circuits of their own designrte of the User Ports of the SRAM/SDRAM/Flash
controller. Then, they can download binary data itite SRAM/SDRAM/Flash. Once the data is
downloaded to the SDRAM/Flash, users can configiseememory controllers so that their circuits
can read/write the SDRAM/Flash via the User Paotsnected.
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3.6 TOOLS — Multi-Port SRAM/SDRAM/Flash Controller

The TOOLS page of the Control Panel GUI allows ctede of the User Ports. We will illustrate a
typical process by implementing a Flash Music Rlayée music data is loaded into the Flash
memory. User Port 1 in the Flash Controller is usedend the music data to the Audio DAC
Controller and hence to the audio output jack.
You can implement this application as follows:

1. Erase the Flash memory (as explained in Section Bken, write a music file into the
Flash memory. You can use the fifeisic.wavin the directoryDE2_demonstrations\music
on theDE2 System CD-ROM

2. Inthe DE2 Control Panel, select the TOOLS taketh the window in Figure 3.8.

2 DE2 Control Panel =]
Cpen  Help  About
FLASH | SDRAM | SRAM | YGA |
P52 & 7-5EG ] LED & LCD TOOLS
SDRAM Multiplexer :  |Host USB Port 2
FLASH Multiplexer : ]ﬂSUnChI'DI'IDUS 1 j
SRAM Multiplexer : |Host USB Port ﬂ
I

Configure

Board Test

Figure 3.8. TOOLS window of the DE2 Control Panel.

3. Select the Asynchronous 1 port for the Flash Mld#pr and then click on th@onfigure
button to activate the port. You need to click @@nfigure button to enable the connection
from the Flash Memory to the Asynchronous Port 1hef Flash Controller (indicated in
Figure 3.7).

4. Set toggle switches SW1 and SWO to OFF (DOWN posjitand ON (UP position),
respectively.

5. Plug your headset or a speaker into the audio oy#peld and you should hear the music
played from the Audio DAC circuit.

6. Note that the Asynchronous Port 1 is connectetddéddudio DAC part, as shown in Figure
3.7. Once you selected Asynchronous Port 1 an#ledithe Configure button, the Audio
DAC Controller will communicate with the Flash memdlirectly. In our example, the



m—m DEZ2 User Manual

AUDIO_DAC Verilog module defines a circuit that reads thateats of the Flash memory
and sends it to the external audio chip.

3.7 VGA Display Control

The Control Panel provides a tool with the assedidlP that allows the user to display an image via
the VGA output port. To illustrate this feature, wél show how an image can be displayed on a
VGA monitor. Perform the following steps to displaylefault image:

Select the VGA tab in the Control Panel to reagwtindow in Figure 3.9.

2 DE2 Control Panel =]
Cpen  Help  About
P52 & 7-SEG | LED & LCD | TOOLS |
FLASH | SDRAM | SRAM VGA

AERA

DEZ2 Board

W Defaultimage v C

Figure 3.9. Displayed image and the cursor coletldby the scroll bars

Make sure that the checkboxX@sfault Image andCursor Enable are checked.

Connect a VGA monitor to the DE2 board and you &h@ee on the screen the default
image shown in Figure 3.9. The image includes aaruvhich can be controlled by means
of the X/Y-axes scroll bars on the DE2 Control Rane

The image in Figure 3.9 is stored in an M4K memiagck in the Cyclone Il FPGA. It is loaded
into the M4K block in the MIF/Hex(Intel) format dag the default bit stream configuration stage.
We will next describe how you can display other g@s and use your own images to generate the
binary data patterns that can be displayed on BA monitor.

Another image is provided in the fifgcture.datin the folderDE2_demonstrations\picturem the
DE2 System CD-ROM You can display this image as follows:
Select theSRAM page of the Control Panel and load thegilgure.datinto the SRAM.
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Select theTOOLS page and choos&synchronous 1for the SRAM multiplexer port as
shown in Figure 3.10. Click on tl@onfigure button to activate the multi-port setup.

2 DE2 Control Panel |Z]@E|

Cpen  Help  About
FLASH | SDRAM | SRAM | YGA |

P52 & 7-5EG ] LED & LCD TOOLS
SDRAM Multiplexer : JHOSt USB Port _'._J
FLASH Multiplexer : ]HOSt UsB Port ;J
SRAM Multiplexer : !nsynchronous 1 LJ

Configure
Board Test

Figure 3.10. Use the Asynchronous Port 1 to adtessnage data in the SRAM.

The FPGA is now configured as indicated in Figufe 3

Select the/GA page and deselect the checklip®fault Image.

The VGA monitor should display theicture.datimage from the SRAM, as depicted in
Figure 3.12. You can turn off the cursor by dedelgaheCursor Enable checkbox.

FPGA

Host Port

UsarPort 1 (Async 1) 4— SDRAM =] " SDRAM

User Port 2 (Async 2 ) <—» Controller
UserPort 3 (Async 3) 4—

PC

T UsB
Blaster

Host Port

User Port 1 (Async 1) 4— S Flash

Usaer Port 2 (Asyne 2) 4+—» Controller
UsarPort 3 (Async 3) 4+—W

-

Host Port

DE2

Control Panel ) —n SRAM le » SRAM

Controller

:_-__'iJ 12 [Asyne 2 ) 4—»
User Part1 (Asynec 1)
[: veapac | B | vea | licoicr
Controller DAC Monitor

Figure 3.11. Multi-Port Controller configured tsplay an image from the SRAM.

USB Command Controller

L 4
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Figure 3.12. Adisplayed image.

You can display any image file by loading it intetSRAM chip or into an M4K memory block in
the Cyclone Il chip. This requires generating anp file, which may be done as follows:

1.
2.

Load the desired image into an image processinggaoh as Corel PhotoPaint.

Resample the original image to have a 640 x 486luen. Save the modified image in
the Windows Bitmap format.

Execute DE2_control_panel\imgConv.exe&n image conversion tool developed for the
DE2 board, to reach the window in Figure 3.13.

Click on the Open Bitmap button and select the 640 x 480 Grayscale photo fo
conversion.

When the processing of the file is completed, choktheSave Raw Databutton and a file
namedRaw_Data_Gray.dawill be generated and stored in the same directmthe
original image file. You can change the file namefig from Raw_Datato another name
by changing the File Name field in the displayeddaw.

Raw_Data_Gray.dais the raw data that can be downloaded directlytine SRAM on the
DE2 board and displayed on the VGA monitor using YGA controller IP described in
theDE2_USB_APproject.

The ImgConv tool will also generateRaw_Data BW.da{and its corresponding TXT
format) for the black and white version of the iraagthe threshold for judging black or
white level is defined in the BW Threshold.
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B=1ES

B! Threshold :

1128

Band of RGH :
Red -

Processed Line :

o

File Mame :

1F|aw_D ata

Open Bitmap

Save Raw Data

Figure 3.13. The image converter window.

Image Source R/G/B Band B&W Output Resuli
Filter Threshold (640x480)
Filter
Color Picture | R/G/B N/A Raw_Data_Gray
Color Picture | R/G/B BW Threshold| Raw_Data BW +
(optional) Raw_Data_BW.txt
Grayscale N/A N/A Raw_Data_Gray
Picture
Grayscale N/A BW Threshold| Raw_Data BW +
Picture Raw_Data_BW.txt

Note: Raw_Data_BW.txt isiMIF/Intel Hex formag 6 +3 @ 0 +storedldneah M4Kee 8 O a A3

3

3
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Chapter 4
Using the DE2 Board

This chapter gives instructions for using the DBard and describes each of its I/O devices.

4.1 Configuring the Cyclone Il FPGA

The procedure for downloading a circuit from a hashputer to the DE2 board is described in the
tutorial Quartus Il Introduction This tutorial is found in théE2_tutorials folder on theDE2
System CD-ROM,and it is also available on the Altera DE2 web gadde user is encouraged to
read the tutorial first, and to treat the inforroatbelow as a short reference.

The DE2 board contains a serial EEPROM chip thattest configuration data for the Cyclone I
FPGA. This configuration data is automatically leddrom the EEPROM chip into the FPGA each
time power is applied to the board. Using the Qusit software, it is possible to reprogram the
FPGA at any time, and it is also possible to chahgenon-volatile data that is stored in the serial
EEPROM chip. Both types of programming methodsdascribed below.
1. JTAGprogramming: In this method of programming, narattdr the IEEE standardeint
Test Action Groupthe configuration bit stream is downloaded disettto the Cyclone I
FPGA. The FPGA will retain this configuration andpas power is applied to the board;
the configuration is lost when the power is turoéd
2. ASprogramming: In this method, callédttive Serialprogramming, the configuration bit
stream is downloaded into the Altera EPCS16 seBBRPROM chip. It provides
non-volatile storage of the bit stream, so thatittiermation is retained even when the
power supply to the DE2 board is turned off. Whiea board's power is turned on, the
configuration data in the EPCS16 device is autarahyi loaded into the Cyclone Il
FPGA.

The sections below describe the steps used torpetioth JTAG and AS programming. For both
methods the DE2 board is connected to a host canpia a USB cable. Using this connection, the
board will be identified by the host computer asAdiera USB Blasterdevice. The process for
installing on the host computer the necessary swéwlevice driver that communicates with the
USB Blaster is described in the tutor@etting Started with Altera’'s DE2 Boardhis tutorial is
available on th®E2 System CD-ROMand from the Altera DE2 web pages.
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Configuring the FPGA in JTAG Mode

Figure 4.1 illustrates the JTAG configuration seftip download a configuration bit stream into the
Cyclone Il FPGA, perform the following steps:
Ensure that power is applied to the DE2 board
Connect the supplied USB cable to the USB Blastergn the DE2 board (see Figure 2.1)
Configure the JTAG programming circuit by settihng RUN/PROG switch (on the left side
of the board) to the RUN position.
The FPGA can now be programmed by using the Quérirogrammer module to select a
configuration bit stream file with theoffilename extension

USB Blaster Circuit

PROG/RUN
Quartusil _{USB o T JTAG Config Signals
Programmer s JTAG UART JTAG Config Port

RUN Auto
Power-on Config

FPGA

EPCS16

Serial
Configuration
Device

Figure 4.1. The JTAG configuration scheme.

Configuring the EPCS16 in AS Mode

Figure 4.2 illustrates the AS configuration set Tip.download a configuration bit stream into the
EPCS16 serial EEPROM device, perform the followsteps:
Ensure that power is applied to the DE2 board
Connect the supplied USB cable to the USB Blastergn the DE2 board (see Figure 2.1)
Configure the JTAG programming circuit by settihg RUN/PROG switch (on the left side
of the board) to the PROG position.
The EPCS16 chip can now be programmed by usin@tratus 11 Programmer module to
select a configuration bit stream file with tipef.flename extension
Once the programming operation is finished, setRbEN/PROG switch back to the RUN
position and then reset the board by turning thegpaswitch off and back on; this action
causes the new configuration data in the EPCS1@elév be loaded into the FPGA chip.
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USB Blaster Circuit
RUN/PROG
AS Mode

Quartus Il USB SM
Programmer ) -_ P
AS Mode Auto ontig ror

Config
Power-on Config

FPGA

EPCS16
Serial

Configuration
Device

Figure 4.2. The AS configuration scheme.

In addition to its use for JTAG and AS programmitigg USB Blaster port on the DE2 board can
also be used to control some of the board's feattemotely from a host computer. Details that
describe this method of using the USB Blaster pagtgiven in Chapter 3.

4.2 Using the LEDs and Switches

The DE2 board provides four pushbutton switcheshEaf these switches is debounced using a
Schmitt Trigger circuit, as indicated in Figure 4T&e four outputs calleHEYQ ..., KEY3of the
Schmitt Trigger device are connected directly @ @yclone || FPGA. Each switch provides a high
logic level (3.3 volts) when it is not pressed, gmvides a low logic level (0 volts) when
depressed. Since the pushbutton switches are dedduthey are appropriate for use as clock or
reset inputs in a circuit.

l Pushbutton depressed l Pushbutton released

Before

Debouncing

Schmitt Trigger
Debounced

< >
< >

Figure 4.3. Switch debouncing.

There are also 18 toggle switches (sliders) onCtB2 board. These switches are not debounced,
and are intended for use as level-sensitive dgiatsnto a circuit. Each switch is connected diyectl
to a pin on the Cyclone Il FPGA. When a switchnghe DOWN position (closest to the edge of
the board) it provides a low logic level (0 volts)the FPGA, and when the switch is in the UP
position it provides a high logic level (3.3 volts)
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There are 27 user-controllable LEDs on the DE2 dhoarghteen red LEDs are situated above the
18 toggle switches, and eight green LEDs are faalmive the pushbutton switches (tHed¥een
LED is in the middle of the 7-segment displays)clE& ED is driven directly by a pin on the
Cyclone Il FPGA; driving its associated pin to ghhiogic level turns the LED on, and driving the
pin low turns it off. A schematic diagram that sisothie pushbutton and toggle switches is given in
Figure 4.4. A schematic diagram that shows the kE€uitry appears in Figure 4.5.

A list of the pin names on the Cyclone Il FPGA thet connected to the toggle switches is given in
Table 4.1. Similarly, the pins used to connechi pushbutton switches and LEDs are displayed in
Tables 4.2 and 4.3, respectively.

TACT SW 1 l TACT SW 1 l TACT SW l l TACT SW = L = VCC330 1] DIR VE‘C_, [C20 ovee33
= 74HC245
SWO SWi1 SW2 SW3 Sw4 SW5 SWe SW7
4 GND 4 GND 4 GND 4 GND 4 GND 4 GND 4 GND 4 GND
1 VCC33 1 VCC33 1 _VCC33 1 _VCC33 1 VCC33 1 VCC33 1 VCC33 1 VCC33
2 SWO0 2 Swi 2 SW2 2 SW3 2 SW4 2 SW5 2 SW6 2 SW7
3 GND 3 GND 3 GND 3 GND 3 GND 3 GND 3 GND 3 GND
5 _GND 5 _GND 5 GND 5 GND 5 GND 5 GND 5 GND 5 GND
SLIDE SW SLIDE SW SLIDE SW SLIDE sW SLIDE sSW SLIDE SW SLIDE SW SLIDE SW
SwW8 Sw9 SW10 SWi11 SW12 SW13
4 _GND 4 GND 4 GND 4 GND 4 GND 4 _GND
1 VCC33 1 _VCC33 1_VCC3 1 VCC33 1 VCC3: 1 _VCC3.
2 SW8 2 SW9 2 SW10 2 Swi1 2 SW12 2 R35 120 SW13
3 _GND 3__GND 3__GND 3 GND 3 GND 3 GND
5 GND 5 GND 5 GND 5 GND 5 GND 5 GND
SLIDE SW SLIDE SW SLIDE SW SLIDE SW SLIDE SW SLIDE SW
SW14 SW15 SW16 SW17
4 GND 4 GND 4 GND 4 GND
1 VCC33 1 VCC33 1 _VCC33 1 VCC33 RN27 :: KEY[0.3
2 2 2 2 ) 1 SWI7
3 GND 3 GND 3 GND 3 GND 7 2 SW16 :: SWI0_17.
5 GND 5 GND 5 GND 5 GND 6 3 SW15
5 4 SWi14
SLIDE SW SLIDE SW SLIDE SW SLIDE SW
120

Figure 4.4. Schematic diagram of the pushbutt@htaggle switches.
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Figure 4.5. Schematic diagram of the LEDs.

SWIO0] PIN_N25 Toggle Switch[0]
SWI1] PIN_N26 Toggle Switch[1]
SWI[2] PIN_P25 Toggle Switch[2]
SWI3] PIN_AE14 Toggle Switch[3]
SWI[4] PIN_AF14 Toggle Switch[4]
SWI5] PIN_AD13 Toggle Switch[5]
SWI6] PIN_AC13 Toggle Switch[6]
SWI[7] PIN_C13 Toggle Switch[7]
SWI8] PIN_B13 Toggle Switch[8]
SWI[9] PIN_A13 Toggle Switch[9]
SWI10] PIN_N1 Toggle Switch[10]
SW[11] PIN_P1 Toggle Switch[11]
SW[12] PIN_P2 Toggle Switch[12]
SW[13] PIN_T7 Toggle Switch[13]
SW[14] PIN_U3 Toggle Switch[14]
SW[15] PIN_U4 Toggle Switch[15]
SW[16] PIN_V1 Toggle Switch[16]
SWI17] PIN_V2 Toggle Switch[17]

Table 4.1. Pin assignments for the toggle switches
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KEY[0] PIN_G26 Pushbutton[0]
KEY[1] PIN_N23 Pushbutton[1]
KEY[2] PIN_P23 Pushbutton[2]
KEY[3] PIN_W26 Pushbutton[3]

Table 4.2. Pin assignments for the pushbuttoncbes.

LEDRI0] PIN_AE23 LED Red][0]
LEDRI1] PIN_AF23 LED Red[1]
LEDRI[2] PIN_AB21 LED Red[2]
LEDRI[3] PIN_AC22 LED Red][3]
LEDR[4] PIN_AD22 LED Red[4]
LEDRI5] PIN_AD23 LED Red][5]
LEDRI6] PIN_AD21 LED Red][6]
LEDR[7] PIN_AC21 LED Red[7]
LEDRIS] PIN_AA14 LED Red][8]
LEDRI9] PIN_Y13 LED Red[9]
LEDRI10] PIN_AA13 LED Red[10]
LEDRI[11] PIN_AC14 LED Red[11]
LEDRI[12] PIN_AD15 LED Red[12]
LEDRI[13] PIN_AE15 LED Red[13]
LEDRI[14] PIN_AF13 LED Red[14]
LEDRI[15] PIN_AE13 LED Red[15]
LEDRI[16] PIN_AE12 LED Red[16]
LEDRI[17] PIN_AD12 LED Red[17]
LEDG[O] PIN_AE22 LED Green[0]
LEDG[1] PIN_AF22 LED Green[1]
LEDG[2] PIN_W19 LED Green[2]
LEDG[3] PIN_V18 LED Green([3]
LEDG[4] PIN_U18 LED Green[4]
LEDG[5] PIN_U17 LED Green([5]
LEDG[6] PIN_AA20 LED Green][6]
LEDG[7] PIN_Y18 LED Green([7]
LEDG[8] PIN_Y12 LED Green([8]

Table 4.3. Pin assignments for the LEDs.
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4.3 Using the 7-segment Displays

The DE2 Board has eight 7-segment displays. Theg#agls are arranged into two pairs and a
group of four, with the intent of displaying numbef various sizes. As indicated in the schematic
in Figure 4.6, the seven segments are connectpthsoon the Cyclone Il FPGA. Applying a low
logic level to a segment causes it to light up, applying a high logic level turns it off.

Each segment in a display is identified by an inftern O to 6, with the positions given in Figure
4.7. Note that the dot in each display is unconnectetl @nnot be used. Table 4.4 shows the
assignments of FPGA pins to the 7-segment displays.

Figure 4.6. Schematic diagram of the 7-segmeiplais.

Figure 4.7. Position and index of each segmeatimsegment display.
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HEXO0[0] PIN_AF10 Seven Segment Digit 0[0]
HEXO0[1] PIN_AB12 Seven Segment Digit 0[1]
HEXO0[2] PIN_AC12 Seven Segment Digit 0[2]
HEXO[3] PIN_AD11 Seven Segment Digit O[3]
HEXO0[4] PIN_AE11 Seven Segment Digit 0[4]
HEXO[5] PIN_V14 Seven Segment Digit O[5]
HEXO0[6] PIN_V13 Seven Segment Digit 0[6]
HEX1[0] PIN_V20 Seven Segment Digit 1[0]
HEX1[1] PIN_V21 Seven Segment Digit 1[1]
HEX1[2] PIN_W21 Seven Segment Digit 1[2]
HEX1[3] PIN_Y22 Seven Segment Digit 1[3]
HEX1[4] PIN_AA24 Seven Segment Digit 1[4]
HEX1[5] PIN_AA23 Seven Segment Digit 1[5]
HEX1[6] PIN_AB24 Seven Segment Digit 1[6]
HEX2[0] PIN_AB23 Seven Segment Digit 2[0]
HEX2[1] PIN_V22 Seven Segment Digit 2[1]
HEX2[2] PIN_AC25 Seven Segment Digit 2[2]
HEX2[3] PIN_AC26 Seven Segment Digit 2[3]
HEX2[4] PIN_AB26 Seven Segment Digit 2[4]
HEX2[5] PIN_AB25 Seven Segment Digit 2[5]
HEX2[6] PIN_Y24 Seven Segment Digit 2[6]
HEX3[0] PIN_Y23 Seven Segment Digit 3[0]
HEX3[1] PIN_AA25 Seven Segment Digit 3[1]
HEX3[2] PIN_AA26 Seven Segment Digit 3[2]
HEX3[3] PIN_Y26 Seven Segment Digit 3[3]
HEX3[4] PIN_Y25 Seven Segment Digit 3[4]
HEX3[5] PIN_U22 Seven Segment Digit 3[5]
HEX3[6] PIN_W24 Seven Segment Digit 3[6]
HEX4[0] PIN_U9 Seven Segment Digit 4[0]
HEX4[1] PIN_U1 Seven Segment Digit 4[1]
HEX4[2] PIN_U2 Seven Segment Digit 4[2]
HEXA4[3] PIN_T4 Seven Segment Digit 4[3]
HEX4[4] PIN_R7 Seven Segment Digit 4[4]
HEX4[5] PIN_R6 Seven Segment Digit 4[5]
HEX4[6] PIN_T3 Seven Segment Digit 4[6]
HEX5[0] PIN_T2 Seven Segment Digit 5[0]
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HEX5[1] PIN_P6 Seven Segment Digit 5[1]
HEX5[2] PIN_P7 Seven Segment Digit 5[2]
HEX5[3] PIN_T9 Seven Segment Digit 5[3]
HEX5[4] PIN_R5 Seven Segment Digit 5[4]
HEX5[5] PIN_R4 Seven Segment Digit 5[5]
HEX5[6] PIN_R3 Seven Segment Digit 5[6]
HEX6[0] PIN_R2 Seven Segment Digit 6[0]
HEX6[1] PIN_P4 Seven Segment Digit 6[1]
HEX6[2] PIN_P3 Seven Segment Digit 6[2]
HEX6[3] PIN_M2 Seven Segment Digit 6[3]
HEX6[4] PIN_M3 Seven Segment Digit 6[4]
HEX6[5] PIN_M5 Seven Segment Digit 6[5]
HEX6[6] PIN_M4 Seven Segment Digit 6[6]
HEX7[0] PIN_L3 Seven Segment Digit 7[0]
HEX7[1] PIN_L2 Seven Segment Digit 7[1]
HEX7[2] PIN_L9 Seven Segment Digit 7[2]
HEX7[3] PIN_L6 Seven Segment Digit 7[3]
HEX7[4] PIN_L7 Seven Segment Digit 7[4]
HEX7[5] PIN_P9 Seven Segment Digit 7[5]
HEX7[6] PIN_N9 Seven Segment Digit 7[6]

Table 4.4. Pin assignments for the 7-segmentaiyspl

4.4 Clock Inputs

The DE2 board includes two oscillators that prodzieeMHz and 50 MHz clock signals. The board
also includes an SMA connector which can be usednmect an external clock source to the board.
The schematic of the clock circuitry is shown igutie 4.8, and the associated pin assignments
appear in Table 4.5.
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Figure 4.8. Schematic diagram of the clock circuit

CLOCK_27 PIN_D13 27 MHz clock input
CLOCK_50 PIN_N2 50 MHz clock input
EXT_CLOCK PIN_P26 External (SMA) clock input

Table 4.5. Pin assignments for the clock inputs.

4.5 Using the LCD Module

The LCD module has built-in fonts and can be usedlisplay text by sending appropriate
commands to the display controller, which is caltid44780. Detailed information for using the

display is available in its datasheet, which carfduend on the manufacturer's web site, and from

the Datasheetfolder on theDE2 System CD-ROM A schematic diagram of the LCD module

showing connections to the Cyclone Il FPGA is giireRigure 4.9. The associated pin assignments

appear in Table 4.6.
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Figure 4.9. Schematic diagram of the LCD module.

LCD_DATA[0] PIN_J1 LCD Data[0]

LCD_DATA[1] PIN_J2 LCD Data[1]

LCD_DATA[2] PIN_H1 LCD Data[2]

LCD_DATA[3] PIN_H2 LCD Data[3]

LCD_DATA[4] PIN_J4 LCD Data[4]

LCD_DATA[5] PIN_J3 LCD Data[5]

LCD_DATA[6] PIN_H4 LCD Data[6]

LCD_DATA[7] PIN_H3 LCD Data[7]
LCD_RW PIN_K4 LCD Read/Write Select, 0 = Write, 1 = Read
LCD_EN PIN_K3 LCD Enable
LCD_RS PIN_K1 LCD Command/Data Select, 0 = Command, 1 = Data
LCD_ON PIN_L4 LCD Power ON/OFF

LCD_BLON PIN_K2 LCD Back Light ON/OFF

Table 4.6. Pin assignments for the LCD module.
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4.6 Using the Expansion Header

The DE2 Board provides two 40-pin expansion headsash header connects directly to 36 pins on
the Cyclone Il FPGA, and also provides DC +5V (VGa3aC +3.3V (VCC33), and two GND pins.
Figure 4.10 shows the related schematics. Eaclompithe expansion headers is connected to two
diodes and a resistor that provide protection fimgh and low voltages. The figure shows the
protection circuitry for only four of the pins oah header, but this circuitry is included for &l
data pins. Table 4.7 gives the pin assignments.

Figure 4.10. Schematic diagram of the expansicrlées.

GPIO_0[0] PIN_D25 GPIO Connection 0[0]
GPIO_0[1] PIN_J22 GPIO Connection 0[1]
GPIO_0[2] PIN_E26 GPIO Connection 0[2]
GPIO_0[3] PIN_E25 GPIO Connection 0[3]
GPIO_0[4] PIN_F24 GPIO Connection 0[4]
GPIO_0[5] PIN_F23 GPIO Connection 0[5]
GPI1O_0[6] PIN_J21 GPIO Connection 0[6]
GPIO_0[7] PIN_J20 GPIO Connection 0[7]
GPIO_0[8] PIN_F25 GPIO Connection 0[8]
GPIO_0[9] PIN_F26 GPIO Connection 0[9]
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GPIO_0[10] PIN_N18 GPIO Connection 0[10]
GPIO_0[11] PIN_P18 GPIO Connection 0[11]
GPIO_0[12] PIN_G23 GPIO Connection 0[12]
GPIO_0[13] PIN_G24 GPIO Connection 0[13]
GPIO_0[14] PIN_K22 GPIO Connection 0[14]
GPIO_0[15] PIN_G25 GPIO Connection 0[15]
GPIO_0[16] PIN_H23 GPIO Connection 0[16]
GPIO_0[17] PIN_H24 GPIO Connection 0[17]
GPIO_0[18] PIN_J23 GPIO Connection 0[18]
GPIO_0[19] PIN_J24 GPIO Connection 0[19]
GPIO_0[20] PIN_H25 GPIO Connection 0[20]
GPIO_0[21] PIN_H26 GPIO Connection 0[21]
GPIO_0[22] PIN_H19 GPIO Connection 0[22]
GPIO_0[23] PIN_K18 GPIO Connection 0[23]
GPIO_0[24] PIN_K19 GPIO Connection 0[24]
GPIO_0[25] PIN_K21 GPIO Connection 0[25]
GPIO_0[26] PIN_K23 GPIO Connection 0[26]
GPIO_0[27] PIN_K24 GPIO Connection 0[27]
GPIO_0[28] PIN_L21 GPIO Connection 0[28]
GPIO_0[29] PIN_L20 GPIO Connection 0[29]
GPIO_0[30] PIN_J25 GPIO Connection 0[30]
GPIO_0[31] PIN_J26 GPIO Connection 0[31]
GPIO_0[32] PIN_L23 GPIO Connection 0[32]
GPIO_0[33] PIN_L24 GPIO Connection 0[33]
GPIO_0[34] PIN_L25 GPIO Connection 0[34]
GPIO_0[35] PIN_L19 GPIO Connection 0[35]
GPIO_1[0] PIN_K25 GPIO Connection 1[0]
GPIO_1[1] PIN_K26 GPIO Connection 1[1]
GPIO_1[2] PIN_M22 GPIO Connection 1[2]
GPIO_1[3] PIN_M23 GPIO Connection 1[3]
GPIO_1[4] PIN_M19 GPIO Connection 1[4]
GPIO_1[5] PIN_M20 GPIO Connection 1[5]
GPIO_1[6] PIN_N20 GPIO Connection 1[6]
GPIO_1[7] PIN_M21 GPIO Connection 1[7]
GPIO_1[8] PIN_M24 GPIO Connection 1[8]
GPIO_1[9] PIN_M25 GPIO Connection 1[9]
GPIO_1[10] PIN_N24 GPIO Connection 1[10]
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GPIO_1[11] PIN_P24 GPIO Connection 1[11]
GPIO_1[12] PIN_R25 GPIO Connection 1[12]
GPIO_1[13] PIN_R24 GPIO Connection 1[13]
GPIO_1[14] PIN_R20 GPIO Connection 1[14]
GPIO_1[15] PIN_T22 GPIO Connection 1[15]
GPIO_1[16] PIN_T23 GPIO Connection 1[16]
GPIO_1[17] PIN_T24 GPIO Connection 1[17]
GPIO_1[18] PIN_T25 GPIO Connection 1[18]
GPIO_1[19] PIN_T18 GPIO Connection 1[19]
GPIO_1[20] PIN_T21 GPIO Connection 1[20]
GPIO_1[21] PIN_T20 GPIO Connection 1[21]
GPIO_1[22] PIN_U26 GPIO Connection 1[22]
GPIO_1[23] PIN_U25 GPIO Connection 1[23]
GPIO_1[24] PIN_U23 GPIO Connection 1[24]
GPIO_1[25] PIN_U24 GPIO Connection 1[25]
GPIO_1[26] PIN_R19 GPIO Connection 1[26]
GPIO_1[27] PIN_T19 GPIO Connection 1[27]
GPIO_1[28] PIN_U20 GPIO Connection 1[28]
GPIO_1[29] PIN_U21 GPIO Connection 1[29]
GPIO_1[30] PIN_V26 GPIO Connection 1[30]
GPIO_1[31] PIN_V25 GPIO Connection 1[31]
GPIO_1[32] PIN_V24 GPIO Connection 1[32]
GPIO_1[33] PIN_V23 GPIO Connection 1[33]
GPIO_1[34] PIN_W25 GPIO Connection 1[34]
GPIO_1[35] PIN_W23 GPIO Connection 1[35]

Table 4.7. Pin assignments for the expansion lisade

4.7 Using VGA

The DE2 board includes a 16-pin D-SUB connectorM@A output. The VGA synchronization
signals are provided directly from the Cyclone RGA, and the Analog Devices ADV7123 triple

10-bit high-speed video DAC is used to produceah@&og data signals (red, green, and blue). The
associated schematic is given in Figure 4.11 andsapport resolutions of up to 1600 x 1200 pixels,

at 100 MHz.
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Figure 4.11. VGA circuit schematic.

The timing specification for VGA synchronizationdaRGB (red, green, blue) data can be found on
various educational web sites (for example, semcHVGA signal timing”). Figure 4.12 illustrates
the basic timing requirements for each row (horiahnthat is displayed on a VGA monitor. An
active-low pulse of specific duration (tima in the figure) is applied to the horizontal
synchronization {syng¢ input of the monitor, which signifies the end arfe row of data and the
start of the next. The data (RGB) inputs on the itbomust be off (driven to 0 V) for a time period
called theback porch(b) after thehsyncpulse occurs, which is followed by the displayeiwal ).
During the data display interval the RGB data dgiveach pixel in turn across the row being
displayed. Finally, there is a time period calleé front porch (d) where the RGB signals must
again be off before the nelisyncpulse can occur. The timing of the vertical syodization ¢syng

is the same as shown in Figure 4.12, except thayacpulse signifies the end of one frame and the
start of the next, and the data refers to the fseives in the frame (horizontal timing). Figured.3.
and 4.14 show, for different resolutions, the doret of time periodsa, b, ¢, andd for both
horizontal and vertical timing.

Detailed information for using the ADV7123 video BAs available in its datasheet, which can be
found on the manufacturer's web site, and fronDiaasheefolder on theDE2 System CD-ROM
The pin assignments between the Cyclone Il FPGAthadADV7123 are listed in Table 4.8. An
example of code that drives a VGA display is dématiin Sections 5.2 and 5.3.
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Figure 4.12. VGA horizontal timing specification.

Configuration Resolution(HxV) | a(us) b(us) | c(us) | d(us) Pixel clock(Mhz)
VGA(60Hz) 640x480 3.8 19 254 | 0.6 25 (640/c)
VGA(85Hz) 640x480 1.6 2.2 17.8 1.6 36  (640/c)

SVGA(60Hz) 800x600 3.2 2.2 20 1 40 (800/c)

SVGA(75Hz) 800x600 1.6 3.2 16.2 | 0.3 49  (800/c)
SVGA(85Hz) 800x600 11 2.7 142 | 0.6 56  (800/c)
XGA(60Hz) 1024x768 21 25 158 | 04 65 (1024/c)
XGA(70Hz) 1024x768 1.8 1.9 13.7 | 0.3 75  (1024/c)
XGA(85Hz) 1024x768 1.0 2.2 108 | 0.5 95  (1024/c)

1280x1024(60Hz) 1280x1024 1.0 2.3 119 | 04 108 (1280/c)

Figure 4.13. VGA horizontal timing specification.

Configuration Resolution (HxV) a(lines) b(lines) c(lines) d(lines)
VGA(60Hz) 640x480 2 33 480 10
VGA(85Hz) 640x480 3 25 480 1

SVGA(60Hz) 800x600 4 23 600 1

SVGA(75Hz) 800x600 3 21 600 1

SVGA(85Hz) 800x600 3 27 600 1
XGA(60Hz) 1024x768 6 29 768 3
XGA(70Hz) 1024x768 6 29 768 3
XGA(85Hz) 1024x768 3 36 768 1

1280x1024(60Hz) 1280x1024 3 38 1024 1

Figure 4.14. VGA vertical timing specification.
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VGA_R[0] PIN_C8 VGA Red[0]
VGA_R[1] PIN_F10 VGA Red[1]
VGA_R[2] PIN_G10 VGA Red[2]
VGA_R[3] PIN_D9 VGA Red[3]
VGA_R[4] PIN_C9 VGA Red[4]
VGA_R[5] PIN_AS VGA Red[5]
VGA_R[6] PIN_H11 VGA Red[6]
VGA_R[7] PIN_H12 VGA Red[7]
VGA_R[8] PIN_F11 VGA Red[8]
VGA_R[9] PIN_E10 VGA Red[9]
VGA_G[0] PIN_B9 VGA Green[0]
VGA_G[1] PIN_A9 VGA Green[1]
VGA_G[2] PIN_C10 VGA Green[2]
VGA_G[3] PIN_D10 VGA Green([3]
VGA_G[4] PIN_B10 VGA Green[4]
VGA_G[5] PIN_A10 VGA Green([5]
VGA_G[6] PIN_G11 VGA Green[6]
VGA_G[7] PIN_D11 VGA Green[7]
VGA_G[8] PIN_E12 VGA Green([8]
VGA_G[9] PIN_D12 VGA Green[9]
VGA_B[0] PIN_J13 VGA Blue[0]
VGA_BI[1] PIN_J14 VGA Blue[1]
VGA_B[2] PIN_F12 VGA Blue[2]
VGA_B[3] PIN_G12 VGA Blue[3]
VGA_B[4] PIN_J10 VGA Blue[4]
VGA_BI[5] PIN_J11 VGA Blue[5]
VGA_BI6] PIN_C11 VGA Blue[6]
VGA_B[7] PIN_B11 VGA Blue[7]
VGA_BI[§] PIN_C12 VGA Blue[8]
VGA_B[9] PIN_B12 VGA Blue[9]
VGA_CLK PIN_BS VGA Clock
VGA_BLANK PIN_D6 VGA BLANK
VGA_HS PIN_A7 VGA H_SYNC
VGA_VS PIN_D8 VGA V_SYNC
VGA_SYNC PIN_B7 VGA SYNC

Table 4.8. ADV7123 pin assignments.
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4.8 Using the 24-bit Audio CODEC

The DE2 board provides high-quality 24-bit audi@ \the Wolfson WM8731 audio CODEC
(enCOder/DECoder). This chip supports microphondtie-in, and line-out ports, with a sample
rate adjustable from 8 kHz to 96 kHz. The WM873Xkamtrolled by a serial 12C bus interface,
which is connected to pins on the Cyclone Il FP@Achematic diagram of the audio circuitry is
shown in Figure 4.15, and the FPGA pin assignmarddisted in Table 4.9. Detailed information
for using the WM8731 codec is available in its daget, which can be found on the manufacturer's
web site, and from thBatasheefolder on theDE2 System CD-ROM

Figure 4.15. Audio CODEC schematic.

AUD_ADCLRCK PIN_C5 Audio CODEC ADC LR Clock
AUD_ADCDAT PIN_B5 Audio CODEC ADC Data
AUD_DACLRCK PIN_C6 Audio CODEC DAC LR Clock
AUD_DACDAT PIN_A4 Audio CODEC DAC Data
AUD_XCK PIN_A5 Audio CODEC Chip Clock
AUD_BCLK PIN_B4 Audio CODEC Bit-Stream Clock
12C_SCLK PIN_A6 12C Data
12C_SDAT PIN_B6 12C Clock

Table 4.9. Audio CODEC pin assignments.
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4.9 RS-232 Serial Port

The DE2 board uses the MAX232 transceiver chip an@pin D-SUB connector for RS-232
communications. For detailed information on howute the transceiver refer to the datasheet,
which is available on the manufacturer's web siaed from theDatasheetfolder on theDE2

System CD-ROM Figure 4.16 shows the related schematics, ante #ako lists the Cyclone Il
FPGA pin assignments.

Figure 4.16. MAX232 (RS-232) chip schematic.

UART_RXD PIN_C25 UART Receiver

UART_TXD PIN_B25 UART Transmitter

Table 4.10. RS-232 pin assignments.

4.10 PS/2 Serial Port

The DE2 board includes a standard PS/2 interfadeaatonnector for a PS/2 keyboard or mouse.
Figure 4.17 shows the schematic of the PS/2 cirdogtructions for using a PS/2 mouse or

keyboard can be found by performing an appropsatach on various educational web sites. The
pin assignments for the associated interface arersin Table 4.11.

Figure 4.17. PS/2 schematic.
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PS2_CLK

PIN_D26

PS/2 Clock

PS2_DAT

PIN_C24

PS/2 Data

4.11 Fast Ethernet Network Controller

Table 4.11. PS/2 pin assignments.

The DE2 board provides Ethernet support via theiddawy DM9000A Fast Ethernet controller chip.
The DM9000A includes a general processor interfAéeKbytes SRAM, a media access control
(MAC) unit, and a 10/100M PHY transceiver. Figur&8ishows the schematic for the Fast Ethernet
interface, and the associated pin assignmentssteel in Table 4.12. For detailed information on
how to use the DM9000A refer to its datasheet gli@ation note, which are available on the
manufacturer’s web site, and from thatasheefolder on theDE2 System CD-ROM

Figure 4.18. Fast Ethernet schematic.

ENET_DATA[0] PIN_D17 DM9000A DATA[0]
ENET_DATA([1] PIN_C17 DM9000A DATA[1]
ENET_DATA[2] PIN_B18 DM9000A DATA[2]
ENET_DATA[3] PIN_A18 DM9000A DATA[3]
ENET_DATA[4] PIN_B17 DM9000A DATA[4]
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ENET_DATA[5] PIN_A17 DM9000A DATA[5]
ENET_DATA[6] PIN_B16 DM9000A DATA[6]
ENET_DATA[7] PIN_B15 DM9000A DATA[7]
ENET_DATA[8] PIN_B20 DMO9000A DATA[8]
ENET_DATA[9] PIN_A20 DM9000A DATA[9]
ENET_DATA[10] PIN_C19 DM9000A DATA[10]
ENET_DATA[11] PIN_D19 DM9000A DATA[11]
ENET_DATA[12] PIN_B19 DM9000A DATA[12]
ENET_DATA[13] PIN_A19 DM9000A DATA[13]
ENET_DATA[14] PIN_E18 DM9000A DATA[14]
ENET_DATA[15] PIN_D18 DM9000A DATA[15]
ENET_CLK PIN_B24 DM9000A Clock 25 MHz
ENET_CMD PIN_A21 DM9000A Command/Data Select, 0 = Command, 1 = Data
ENET_CS_N PIN_A23 DMO9000A Chip Select
ENET_INT PIN_B21 DM9000A Interrupt
ENET_RD_N PIN_A22 DM9000A Read
ENET_WR_N PIN_B22 DM9000A Write
ENET_RST_N PIN_B23 DM9000A Reset
Table 4.12. Fast Ethernet pin assignments.

4.12 TV Decoder

The DE2 board is equipped with an Analog Devices/AD81 TV decoder chip. The ADV7181 is

an integrated video decoder that automatically aetand converts a standard analog baseband

television signal (NTSC, PAL, and SECAM) into 4:ZBmponent video data compatible with

16-bit/8-bit CCIR601/CCIR656. The ADV7181 is compsd with a broad range of video devices,

including DVD players, tape-based sources, broddmsces, and security/surveillance cameras.

The registers in the TV decoder can be programnyeal $erial 12C bus, which is connected to the
Cyclone Il FPGA as indicated in Figure 4.19. The assignments are listed in Table 4.13. Detailed

information on the ADV7181 is available on the miacturer’'s web site, and from tHgatasheet
folder on theDE2 System CD-ROM
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Figure 4.19. TV Decoder schematic.

TD_DATA[O] PIN_J9 TV Decoder Data[0]
TD_DATA[1] PIN_E8 TV Decoder Data[1]
TD_DATA[2] PIN_H8 TV Decoder Data[2]
TD_DATA[3] PIN_H10 TV Decoder Data[3]
TD_DATA[4] PIN_G9 TV Decoder Data[4]
TD_DATA[5] PIN_F9 TV Decoder Data[5]
TD_DATA[6] PIN_D7 TV Decoder Data[6]
TD_DATA[7] PIN_C7 TV Decoder Data[7]
TD_HS PIN_D5 TV Decoder H_SYNC
TD_VS PIN_K9 TV Decoder V_SYNC
TD_CLK27 PIN_C16 TV Decoder Clock Input.
TD_RESET PIN_C4 TV Decoder Reset
12C_SCLK PIN_A6 12C Data
12C_SDAT PIN_B6 12C Clock
Table 4.13. TV Decoder pin assignments.



DE2 User Manual

4.13 Implementing a TV Encoder

Although the DE2 board does not include a TV encadp, the ADV7123 (10-bit high-speed
triple ADCs) can be used to implement a profesdiqoality TV encoder with the digital
processing part implemented in the Cyclone Il FPGure 4.20 shows a block diagram of a TV
encoder implemented in this manner.

Figure 4.20. ATV Encoder that uses the CyclorféPIGA and the ADV7123.

4.14 Using USB Host and Device

The DE2 board provides both USB host and devicafates using the Philips ISP1362 single-chip
USB controller. The host and device controllers eompliant with the Universal Serial Bus

Specification Rev. 2.0, supporting data transfdulspeed (12 Mbit/s) and low-speed (1.5 Mbit/s).
Figure 4.21 shows the schematic diagram of the W8E&uitry; the pin assignments for the

associated interface are listed in Table 4.14.

Detailed information for using the ISP1362 deviseavailable in its datasheet and programming
guide; both documents can be found on the manutaituveb site, and from tHeatasheefolder

on theDE2 System CD-ROM The most challenging part of a USB applicatiomishe design of
the software driver needed. Two complete exampfe’lSB drivers, for both host and device
applications, can be found in Sections 5.3 and Bhtse demonstrations provide examples of
software drivers for the Nios Il processor.
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Figure 4.21. USB (ISP1362) host and device schemat

OTG_ADDRI0] PIN_K7 ISP1362 Address|0]
OTG_ADDR[1] PIN_F2 ISP1362 Address[1]
OTG_DATA[0] PIN_F4 ISP1362 Datal0]
OTG_DATA[1] PIN_D2 ISP1362 Data[1]
OTG_DATA[?] PIN_D1 ISP1362 Data[2]
OTG_DATA[3] PIN_F7 ISP1362 Data[3]
OTG_DATA[4] PIN_J5 ISP1362 Data[4]
OTG_DATA[5] PIN_J8 ISP1362 Data[5]
OTG_DATA[6] PIN_J7 ISP1362 Data[6]
OTG_DATA[7] PIN_H6 ISP1362 Data[7]
OTG_DATA[8] PIN_E2 ISP1362 Data[8]
OTG_DATA[9] PIN_E1 ISP1362 Data[9]
OTG_DATA[10] PIN_K6 ISP1362 Data[10]
OTG_DATA[11] PIN_K5 ISP1362 Data[11]
OTG_DATA[12] PIN_G4 ISP1362 Data[12]
OTG_DATA[13] PIN_G3 ISP1362 Data[13]
OTG_DATA[14] PIN_J6 ISP1362 Data[14]
OTG_DATA[15] PIN_K8 ISP1362 Data[15]
OTG_CS_N PIN_F1 ISP1362 Chip Select
OTG_RD_N PIN_G2 ISP1362 Read
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OTG_WR_N PIN_G1 ISP1362 Write
OTG_RST_N PIN_G5 ISP1362 Reset
OTG_INTO PIN_B3 ISP1362 Interrupt O
OTG_INT1 PIN_C3 ISP1362 Interrupt 1
OTG_DACKO_N PIN_C2 ISP1362 DMA Acknowledge 0
OTG_DACK1_N PIN_B2 ISP1362 DMA Acknowledge 1
OTG_DREQO PIN_F6 ISP1362 DMA Request O
OTG_DREQ1 PIN_E5 ISP1362 DMA Request 1
OTG_FSPEED PIN_F3 USB Full Speed, 0 = Enable, Z = Disable
OTG_LSPEED PIN_G6 USB Low Speed, 0 = Enable, Z = Disable

Table 4.14. USB (ISP1362) pin assignments.

4.15 Using IrDA

The DE2 board provides a simple wireless commuioicatnedia using the Agilent HSDL-3201
low power infrared transceiver. The datasheet ligg tlevice is provided in thBatasheet\IrDA
folder on theDE2 System CD-ROM Note that the highest transmission rate suppdged5.2
Kbit/s and both the TX and RX sides have to usestime transmission rate. Figure 4.22 shows the
schematic of the IrDA communication link. Pleaséereto the following website for detailed
information on how to send and receive data wusinge t IrDA link:
http://techtrain.microchip.com/webseminars/docurséidA_BW.pdf

The pin assignment of the associated interfacéisaeel in Table 4.15.

Figure 4.22. IrDA schematic.

IRDA_TXD PIN_AE24 IRDA Transmitter

IRDA_RXD PIN_AE25 IRDA Receiver

Table 4.15. [rDA pin assignments.
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4.16 Using SDRAM/SRAM/Flash

The DE2 board provides an 8-Mbyte SDRAM, 512-Kb§iRAM, and 4-Mbyte (1-Mbyte on some
boards) Flash memory. Figures 4.23, 4.24, and gh®% the schematics of the memory chips. The
pin assignments for each device are listed in BaBllé6, 4.17, and 4.18. The datasheets for the
memory chips are provided in tbatasheefolder on theDE2 System CD-ROM

Figure 4.23. SDRAM schematic.

Figure 4.24. SRAM schematic.
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Figure 4.25. Flash schematic.

DRAM_ADDRI0] PIN_T6 SDRAM Address[0]
DRAM_ADDR([1] PIN_V4 SDRAM Address[1]
DRAM_ADDR[2] PIN_V3 SDRAM Address[2]
DRAM_ADDRI[3] PIN_W2 SDRAM Address[3]
DRAM_ADDRI[4] PIN_W1 SDRAM Address[4]
DRAM_ADDRIS5] PIN_U6 SDRAM Address[5]
DRAM_ADDRI6] PIN_U7 SDRAM Address[6]
DRAM_ADDR([7] PIN_U5 SDRAM Address[7]
DRAM_ADDRI8] PIN_W4 SDRAM Address[8]
DRAM_ADDRI9] PIN_W3 SDRAM Address[9]
DRAM_ADDR[10] PIN_Y1 SDRAM Address[10]
DRAM_ADDRI[11] PIN_V5 SDRAM Address[11]
DRAM_DQI0] PIN_V6 SDRAM Data[0]
DRAM_DQ[1] PIN_AA2 SDRAM Data[1]
DRAM_DQ[2] PIN_AAL SDRAM Data[2]
DRAM_DQ|3] PIN_Y3 SDRAM Data[3]
DRAM_DQ[4] PIN_Y4 SDRAM Data[4]
DRAM_DQ[5] PIN_R8 SDRAM Data[5]
DRAM_DQ[6] PIN_TS SDRAM Data[6]
DRAM_DQ[7] PIN_V7 SDRAM Data[7]
DRAM_DQ[8] PIN_W6 SDRAM Data[8]
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DRAM_DQI[9] PIN_AB2 SDRAM Data[9]
DRAM_DQ[10] PIN_AB1 SDRAM Data[10]
DRAM_DQ[11] PIN_AA4 SDRAM Data[11]
DRAM_DQ[12] PIN_AA3 SDRAM Data[12]
DRAM_DQ[13] PIN_AC2 SDRAM Data[13]
DRAM_DQJ[14] PIN_AC1 SDRAM Data[14]
DRAM_DQI15] PIN_AA5 SDRAM Data[15]
DRAM_BA 0 PIN_AE2 SDRAM Bank Address[0]
DRAM_BA 1 PIN_AE3 SDRAM Bank Address[1]
DRAM_LDQM PIN_AD2 SDRAM Low-byte Data Mask
DRAM_UDQM PIN_Y5 SDRAM High-byte Data Mask
DRAM_RAS_N PIN_AB4 SDRAM Row Address Strobe
DRAM_CAS_N PIN_AB3 SDRAM Column Address Strobe
DRAM_CKE PIN_AAG SDRAM Clock Enable
DRAM_CLK PIN_AA7 SDRAM Clock
DRAM_WE_N PIN_AD3 SDRAM Write Enable
DRAM_CS_N PIN_AC3 SDRAM Chip Select

Table 4.16. SDRAM pin assignments.

SRAM_ADDRI[0] PIN_AE4 SRAM Address[0]
SRAM_ADDR([1] PIN_AF4 SRAM Address[1]
SRAM_ADDR([2] PIN_AC5 SRAM Address[2]
SRAM_ADDR([3] PIN_AC6 SRAM Address[3]
SRAM_ADDR([4] PIN_AD4 SRAM Address[4]
SRAM_ADDR([5] PIN_AD5 SRAM Address[5]
SRAM_ADDRI6] PIN_AE5 SRAM Address[6]
SRAM_ADDR([7] PIN_AF5 SRAM Address[7]
SRAM_ADDR(S] PIN_AD6 SRAM Address[8]
SRAM_ADDRI[9] PIN_AD7 SRAM Address[9]
SRAM_ADDR][10] PIN_V10 SRAM Address[10]
SRAM_ADDR][11] PIN_VO SRAM Address[11]
SRAM_ADDR([12] PIN_AC7 SRAM Address[12]
SRAM_ADDR([13] PIN_W8 SRAM Address[13]
SRAM_ADDR([14] PIN_W10 SRAM Address[14]
SRAM_ADDR([15] PIN_Y10 SRAM Address[15]
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SRAM_ADDR[16] PIN_ABS8 SRAM Address[16]
SRAM_ADDR[17] PIN_AC8 SRAM Address[17]

SRAM_DQI0] PIN_AD8 SRAM Data[0]
SRAM_DQI1] PIN_AE6 SRAM Data[1]
SRAM_DQI2] PIN_AF6 SRAM Data[2]
SRAM_DQI[3] PIN_AA9 SRAM Data[3]
SRAM_DQ[4] PIN_AA1O SRAM Data[4]
SRAM_DQJ[5] PIN_AB10 SRAM Data[5]
SRAM_DQI6] PIN_AA1l SRAM Data[6]
SRAM_DQJ[7] PIN_Y11 SRAM Data[7]
SRAM_DQI[8] PIN_AE7 SRAM Data[8]
SRAM_DQI9] PIN_AF7 SRAM Data[9]
SRAM_DQJ[10] PIN_AES8 SRAM Data[10]
SRAM_DQJ11] PIN_AF8 SRAM Data[11]
SRAM_DQI[12] PIN_W11 SRAM Data[12]
SRAM_DQI13] PIN_W12 SRAM Data[13]
SRAM_DQJ[14] PIN_AC9 SRAM Data[14]
SRAM_DQI15] PIN_AC10 SRAM Data[15]
SRAM_WE_N PIN_AE10 SRAM Write Enable
SRAM_OE_N PIN_AD10 SRAM Output Enable
SRAM_UB_N PIN_AF9 SRAM High-byte Data Mask
SRAM_LB_N PIN_AE9 SRAM Low-byte Data Mask
SRAM_CE_N PIN_AC11 SRAM Chip Enable

Table 4.17. SRAM pin assignments.

FL_ADDR[0] PIN_AC18 FLASH Address[0]
FL_ADDRI[1] PIN_AB18 FLASH Address[1]
FL_ADDR[2] PIN_AE19 FLASH Address[2]
FL_ADDR[3] PIN_AF19 FLASH Address[3]
FL_ADDR[4] PIN_AE18 FLASH Address[4]
FL_ADDR[5] PIN_AF18 FLASH Address][5]
FL_ADDR[6] PIN_Y16 FLASH Address[6]
FL_ADDR[7] PIN_AA16 FLASH Address[7]
FL_ADDR[8] PIN_AD17 FLASH Address[8]
FL_ADDR[9] PIN_AC17 FLASH Address[9]
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FL_ADDR[10] PIN_AE17 FLASH Address[10]
FL_ADDR[11] PIN_AF17 FLASH Address[11]
FL_ADDR[12] PIN_W16 FLASH Address[12]
FL_ADDR[13] PIN_W15 FLASH Address[13]
FL_ADDR[14] PIN_AC16 FLASH Address[14]
FL_ADDR[15] PIN_AD16 FLASH Address[15]
FL_ADDR[16] PIN_AE16 FLASH Address[16]
FL_ADDR[17] PIN_AC15 FLASH Address[17]
FL_ADDR[18] PIN_AB15 FLASH Address[18]
FL_ADDR[19] PIN_AA15 FLASH Address[19]
FL_ADDR[20] PIN_Y15 FLASH Address[20]
FL_ADDR[21] PIN_Y14 FLASH Address[21]
FL_DQ[0] PIN_AD19 FLASH Data0]
FL_DQ[1] PIN_AC19 FLASH Data[1]
FL_DQ[2] PIN_AF20 FLASH Data[2]
FL_DQ[3] PIN_AE20 FLASH Data[3]
FL_DQ[4] PIN_AB20 FLASH Data[4]
FL_DQ[5] PIN_AC20 FLASH Data[5]
FL_DQ[6] PIN_AF21 FLASH Data[6]
FL_DQ[7] PIN_AE21 FLASH Data[7]
FL_CE_N PIN_V17 FLASH Chip Enable
FL_OE_N PIN_W17 FLASH Output Enable
FL_RST_N PIN_AA18 FLASH Reset
FL_WE_N PIN_AA17 FLASH Write Enable

Table 4.18. Flash pin assignments.
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Chapter 5
Examples of Advanced Demonstrations

This chapter provides a number of examples of azk@mircuits implemented on the DE2 board.
These circuits provide demonstrations of the mé&atures on the board, such as its audio and
video capabilities, and USB and Ethernet conndgtiior each demonstration the Cyclone I
FPGA (or EPCS16 serial EEPROM) configuration fderovided, as well as the full source code in
Verilog HDL code. All of the associated files cam found in theDE2_demonstration®lder from

the DE2 System CD-ROM For each of demonstrations described in the violilg sections, we
give the name of the project directory for its dilewhich are subdirectories of the
DE2_demonstrationfolder.

Installing the Demonstrations

To install the demonstrations on your computerfquer the following

1. Copy the directoryDE2_demonstrationsnto a local directory of your choice. It is
important to ensure that the path to your locaaory contains no spaces — otherwise, the
Nios Il software will not work.

2. Inthe directoryDE2_demonstrationgo to the subdirectofjxpaths

3. Run theDEZ2_fixpaths.babatch file. In the dialog box that pops up, selbet directory
DE2_demonstrations your local directory where you copied the fites Click OK.

4. Whenfixpathsis finished, press any key to complete the process

5.1 DEZ2 Factory Configuration

The DE2 board is shipped from the factory with &dk configuration that demonstrates some of
the basic features of the board. The setup reqdimethis demonstration, and the locations of its
files are shown below.

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_Default
Bit stream useddE2_Default.sobr DE2_Default.pof
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Power on the DE2 board, with the USB cable conwmettethe USB Blaster port. If
necessary (that is, if the default factory confagion of the DE2 board is not currently
stored in EPCS16 device), download the bit streathé board by using either JTAG or AS
programming
You should now be able to observe that the 7-segdisplays are displaying a sequence of
characters, and the red and green LEDs are flashiisg, Welcome to the Altera DE2
Board is shown on the LCD display
Optionally connect a VGA display to the VGA D-SUBmmector. When connected, the
VGA display should show a pattern of colors.
Optionally connect a powered speaker to the stewel-out jack
Place toggle switch SW17 in the UP position to hedr kHz humming sound from the
audio-out port. Alternatively, if switch SW17 is DN, the microphone-in port can be
connected to a microphone to hear voice soundbedme-in port can be used to play audio
from an appropriate sound source.
The Verilog source code for this demonstrationrsvigled in theDE2_Defaultfolder, which also
includes the necessary files for the correspon@ugrtus Il project. The top-level Verilog file,
called DE2_Default.y can be used as a template for other projectgusecit defines ports that
correspond to all of the user-accessible pins erCyclone 1l FPGA.

5.2 TV Box Demonstration

This demonstration plays video and audio input frar®DVD player using the VGA output and
audio CODEC on the DE2 board. Figure 5.1 showstbek diagram of the design. There are two
major blocks in the circuit, calld@C_AV_ConfigandTV_to_VGATheTV_to_VGAblock consists
of thelTU-R 656 DecoderSDRAM Frame BufferyUV422 to YUV444YCrCb to RGBandVGA
Controller. The figure also shows the TV Decoder (ADV7181) dhe VGA DAC (ADV7123)
chips used.

As soon as the bit stream is downloaded into th@A;Rhe register values of the TV Decoder chip
are used to configure the TV decoder vial@@ AV _Configblock, which uses the 12C protocol to
communicate with the TV Decoder chip. Following th@ver-on sequence, the TV Decoder chip
will be unstable for a time period; theck Detectotis responsible for detecting this instability.

ThelTU-R 656 Decodeblock extractsY CrCb 4:2:2 (YUV 4:2:2yideo signals from thETU-R 656
data stream sent from the TV Decoder. It also gdasra data valid control signal indicating the
valid period of data output. Because the videoaifpom the TV Decoder is interlaced, we need to
perform de-interlacing on the data source. We iise®DRAM Frame Buffeand afield selection
multiplexerMUX) which is controled by the GA controllerto perform the de-interlacing operation.
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Internally, theVGA Controllergenerates data request and odd/even selectedssigniheSDRAM
Frame Bufferandfiled selection multiplexei{UX). The YUV422 to YUV44dlock converts the
selectedrCrCb 4:2:2 (YUV 4:2:2yideo data to th& CrCb 4:4:4 (YUV 4:4:4yideo data format.

Finally, theYCrCb_to_RGHhblock converts th& CrCbdata into RGB output. ThRéGA Controller
block generates standard VGA sync signdBA HSandVGA_VSto enable the display on a VGA
monitor.
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Figure 5.1. Block diagram of the TV box demonsbrat

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_TV
Bit stream usedDE2_TV.sobr DE2_TV.pof
Connect a DVD player’'s composite video output @®@llplug) to the Video-in RCA jack of
the DE2 board. The DVD player has to be configuoegrovide
0 NTSC output
0 60 Hz refresh rate
0 4:3 aspect ratio
Non-progressive video
Connect the VGA output of the DE2 board to a VGAnitar (both LCD and CRT type of
monitors should work)
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Connect the audio output of the DVD player to thee-in port of the DE2 board and
connect a speaker to the line-out port. If the auditput jacks from the DVD player are of
RCA type, then an adaptor will be needed to conteethe mini-stereo plug supported on
the DEZ2 board; this is the same type of plug sugposn most computers

Load the bit stream into FPGA. Press KEYO on th D&ard to reset the circuit

Figure 5.2 illustrates the setup for this demortistna

Figure 5.2. The setup for the TV box demonstration

5.3 USB Paintbrush

USB is a popular communication method used in mianwtimedia products. The DE2 board
provides a complete USB solution for both host dadice applications. In this demonstration, we
implement a Paintbrush application by using a USRBIse as the input device.

This demonstration uses the device port of theipzhiSP1362 chip and the Nios Il processor to
implement a USB mouse movement detector. We algdemmented a video frame buffer with a
VGA controller to perform the real-time image stggaand display. Figure 5.3 shows the block
diagram of the circuit, which allows the user tawrlines on the VGA display screen using the
USB mouse. Th&GA Controllerblock is integrated into the Altera Avalon bustkat it can be
controlled by the Nios Il processor.

Once the program running on the Nios Il processatarted, it will detect the existence of the USB
mouse connected to DE2 board. Once the mouse igdnde Nios Il processor is able to keep
track of the movement and record it in a framedyufiemory. Th& GA Controllerwill overlap the
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data stored in the frame buffer with a default imagttern and display the overlapped image on the
VGA display.

Figure 5.3. Block diagram of the USB paintbrusmdastration.

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_NIOS_HOST_MOUSE_VGA
Bit stream usedDE2_NIOS HOST_MOUSE_VGA.sof
Nios Il WorkspaceDE2_NIOS HOST_MOUSE_VGA

Connect a USB Mouse to the USB Host Connector #pef the DE2 board

Connect the VGA output of the DE2 board to a VGAnitar (both LCD and CRT type of
monitors should work)

Load the bit stream into FPGA

Run the Nios Il and choodeE2 NIOS HOST MOUSE_VG the workspace. Click on
the Compile andRun button

You should now be able to observe a blue backgrouitil an Altera logo on the VGA
display

Move the USB mouse and observe the correspondirmgments of the cursor on the screen
Left-click mouse to draw white dots/lines and rightk the mouse to draw blue dots/lines
on the screen.
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Figure 5.4 illustrates the setup for this demortistna

Figure 5.4. The setup for the USB paintbrush destration.

5.4 USB Device

Most USB applications and products operate as U8W#cds, rather than USB hosts. In this
demonstration, we show how the DE2 board can opasat USB device that can be connected to a
host computer. As indicated in the block diagranftigure 5.5, the Nios Il processor is used to
communicate with the host computer via the host goithe DE2 board’s Philips ISP1362 device.

After connecting the DE2 board to a USB port onltbet computer, a software program has to be
executed on the Nios Il processor to initialize Bielips ISP1362 chip. Once the software program
is successfully executed, the host computer wdhtdy the new device in its USB device list and
ask for the associated driver; the device will bentified as aPhilips PDIUSBD12 SMART
Evaluation Board After completion of the driver installation orethhost computer, the next step is
to run a software program on the host computeredalEP1362DcUsb.exethis program
communicates with the DE2 board.

In the ISP1362DcUslkprogram, clicking on thédd button in the window panel of the software
causes the host computer to send a particular URRep to the DE2 board; the packet will be
received by the Nios Il processor and will incremttre value of a hardware counter. The value of
the counter is displayed on one of the board’sgirsat displays, and also on the green LEDs. If
the user clicks on th€lear button in the window panel of the software drivée host computer
sends a different USB packet to the board, whialses the Nios Il processor to clear the hardware
counter to zero.
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Figure 5.5. Block diagram of the USB device dent@ti®n.

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_NIOS_DEVICE_LED\HW

Bit stream usedDE2_NIOS DEVICE_LED.sof

Nios Il WorkspaceDE2_NIOS_DEVICE_LED\HW

Borland BC++ Software DriveDE2_NIOS_DEVICE_LED\SW

Connect the USB Device connector of the DE2 boarthé host computer using a USB
cable (type AR B).

Load the bit stream into FPGA

Run Nios Il IDE with HW as the workspace. Click Gompile andRun

A new USB hardware device will be detect&®becify the location of the driver as
DE2_NIOS_ DEVICE_LED\D12test.inf (Philips PDIUSBDI2MART Evaluation Board).
Ignore any warning messages produced during iasitadl

The host computer should report that a Philips FEBD12 SMART Evaluation Board is
now installed

Execute the software: DE2 NIOS DEVICE_ LED\SW\ISPAB6éUsb.exe on the host
computer. Then, experiment with the software bgkatig on the ADD and Clear buttons

Figure 5.6 illustrates the setup for this demoristna
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Figure 5.6. The setup for the USBg (démonstration.

5.5 A Karaoke Machine

This demonstration uses the microphone-in, lineaimg line-out ports on the DE2 board to create a
Karaoke Machine application. The Wolfson WM8731 iau@ODEC is configured in the master
mode, where the audio CODEC generates AD/DA sbiiatlock (BCK) and the left/right channel
clock (LRCK) automatically. As indicated in Figuse7, the 12C interface is used to configure the
Audio CODEC. The sample rate and gain of the CORIECset in this manner, and the data input
from the line-in port is then mixed with the michagne-in port and the result is sent to the line-out
port.

For this demonstration the sample rate is set tkHiB Pressing the pushbutt&iY Oreconfigures
the gain of the audio CODEC via the 12C bus, cylihrough one of the ten predefined gains
(volume levels) provided by the device.

Figure 5.7. Block diagram of the Karaoke Machieendnstration.
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Demonstration Setup, File Locations, and Instructios

Project directoryDE2_i2sound

Bit stream useddE2_i2sound.saofr DE2 i2sound.pof

Connect a microphone to the microphone-in portk(gimor) on the DE2 board

Connect the audio output of a music-player, suclaraMP3 player or computer, to the
line-in port (blue color) on the DE2 board

Connect a headset/speaker to the line-out poréfgeelor) on the DE2 board

Load the bit stream into the FPGA

You should be able to hear a mixture of the micomghsound and the sound from the music
player

PresKEYOto adjust the volume; it cycles between volumele® to 9

Figure 5.8 illustrates the setup for this demortistna

Figure 5.8. The setup for the Karaoke Machine.

5.6 Ethernet Packet Sending/Receiving

In this demonstration, we will show how to send aerdeive Ethernet packets using the Fast
Ethernet controller on DE2 board. As illustrated=igure 5.9, we use the Nios Il processor to send
and receive Ethernet packets using the DM9000A radte PHY/MAC Controller. The
demonstration can be set up to use either a look-b@annection from one board to itself, or two
DEZ2 boards connected together.
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On the transmitting side, the Nios Il processordsef4-byte packets every 0.5 seconds to the
DM9000A. After receiving the packet, the DM9000Apapds a four-byte checksum to the packet
and sends it to the Ethernet port.

On the receiving side, the DM9000A checks everkptceceived to see if the destination MAC
address in the packet is identical to the MAC askslief the DE2 board. If the packet received does
have the same MAC address or is a broadcast pabkddM9000A will accept the packet and send
an interrupt to the Nios Il processor. The processth then display the packet contents in the Nios
Il IDE console window.

Figure 5.9. Packet sending and receiving usindNibs Il processor.

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_NET

Bit stream usedDE2_NET.sof

Nios Il WorkspaceDE2_NET

Plug a CAT5 loop-back cable into the Ethernet cotoreof DE2

Load the bit stream into the FPGA

Run the Nios Il IDE under the workspad&2_ NET

Click on theCompile andRun button

You should now be able to observe the contenth@fplackets received (64-byte packets
sent, 68-byte packets received because of the exéxeksum bytes)

Figure 5.10 illustrates the setup for this dematigin.
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Figure 5.10. The setup for the Ethernet demonastrat

5.7 SD Card Music Player

Many commercial media/audio players use a largereat storage device, such as an SD card or
CF card, to store music or video files. Such playaay also include high-quality DAC devices so
that good audio quality is produced. The DE2 bgaavides the hardware and software needed for
SD card access and professional audio performaocthat it is possible to design advanced
multimedia products using the DE2 board.

In this demonstration we show how to implement @&nCard Music Player on the DE2 board, in
which the music files are stored in an SD card #Hrel board can play the music files via its
CD-quality audio DAC circuits. We use the Nios tbpessor to read the music data stored in the
SD Card and use the Wolfson WM8731 audio CODEQ4yp {he music.

The audio CODEC is configured in the slave modeenehexternal circuitry must provide the
ADC/DAC serial bit clock BCK) and left/right channel clock.RCK) to the audio CODEC. As
shown in Figure 5.11, we provide Andio DAC Controllerto achieve the clock generation and the
data flow control. Théudio DAC Controlleris integrated into the Avalon bus architectureths
the Nios Il processor can control the application.
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During operation the Nios Il processor will chetkhie FIFO memory of thAudio DAC Controller
becomes full. If the FIFO is not full, the processall read a 512-byte sector and send the data to
the FIFO of theAudio DAC Controllervia the Avalon bus. ThAudio DAC Controlleruses a 48
kHz sample rate to send the data and clock sidadlse audio CODEC. The design also mixes the
data from microphone-in with line-in for the Karaogtyle effects.

Figure 5.11. Block diagram of the SD music plajemonstration.

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_SD_Card_Audio

Bit stream usedDE2_SD_Card_Audio.sof

Nios Il WorkspaceDE2 SD_Card_Audio

Format your SD card intBAT 16format

To play a music file with this demonstration, thle imust use thd8KHz sample ratand
16-bit sample resolutionVAV format. Copy one or more such WAV files onthet
FAT16-formatted SD Card. Due to a limitation in g@tware used for this demonstration, it
is necessary to reformat the whole SD Card if a®yw\We that has been copied onto the
card needs to be later removed from the SD Card

Load the bit stream into the FPGA

Run the Nios Il IDE under the workspdd&2 SD Card_Audio

Connect a headset or speaker to the DE2 board @anghould be able to hear the music
played from the SD Card

Figure 5.12 illustrates the setup for this dematigin.
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Figure 5.12. The setup for the SD music playeratestration.

5.8 Music Synthesizer Demonstration

This demonstration shows how to implement a Mualtie Electronic Keyboard using DE2 board
with a PS/2 Keyboard and a speaker.

PS/2 Keyboard is used as the piano keyboard fartinfhe Cyclone Il FPGA on the DE2 board
serves as the Music Synthesizer SOC to generati @ tones. The VGA connected to the DE2
board is used to show which key is pressed duhagtaying of the music.

Figure 5.13 shows the block diagram of the desigim@ Music Synthesizer. There are four major
blocks in the circuitDEMO_SOUND PS2_KEYBOARDSTAFFE andTONE_GENERATORThe
DEMO_SOUNDblock stores a demo sound for user to pR$2_KEYBOARDMandles the users’
input from PS/2 keyboard; THETAFFblock draws the corresponding keyboard diagranvGiA
monitor when key(s) are pressed. TM@NE_GENERATOR the core of music synthesizer SOC.

User can switch the music source either fie82_KEYBOADr theDEMO_SOUNDblock using
SWO. To repeat the demo sound, users can press KEY1

The TONE_GENERATORas two tones: (1) String. (2) Brass, which carctetrolled by SWO.
The audio codec used on the DE2 board has two elgmwhich can be turned ON/OFF using SW1
and SW2.

Figure 5.14 illustrates the setup for this dematigin.
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Figure 5.13. Block diagram of the Music Synthesstesign

Demonstration Setup, File Locations, and Instructios

Project directoryDE2_Synthesizer

Bit stream useddE2_Synthesizer.sof DE2_Synthesizer.pof

Connect a PS/2 Keyboard to the DE2 board.

Connect the VGA output of the DE2 board to a VGAnitar (both LCD and CRT type of
monitors should work)

Connect the Lineout of the DE2 board to a speaker.

Load the bit stream into FPGA.

Make sure all the switches (SW[9:0]) are set t&Own Position)

Press KEY1 on the DE2 board to start the music demo

Press KEYO on the DE2 board to reset the circuit

Table 5.1 and 5.2 illustrate the usage of the $wi¢cpushbuttons (KEYs), PS/2 Keyboard.
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Switches and Pushbuttons

KEY[O] Reset Circuit

KEY[1] Repeat the Demo Music

SWI[0] OFF: BRASS, ON: STRING

SWI9] OFF: DEMO, ON: PS2 KEYBOARD
SWI1] Channel-1 ON / OFF

SW[2] Channel-2 ON / OFF

Table 5.1. Usage of the switches, pushbuttons (QEY

PS/2 Keyboard

Q #4
A -5
w #5
s -6
E #6
D 7
F 1
T #1
G 2
Y #2
H 3
J 4
[ #4
K 5
o) #5
L 6
P #6
7
+1

Table 5.2. Usage of the PS/2 Keyboard's keys.
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Figure 5.14. The Setup of the Music Synthesizen®estration.
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