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Chapter 1
DEO Package

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

1.1 Package Contents

Figure 1.1 shows a photograph of the DEO package.

Figure 1.1. The DEO package contents.
1
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The DEO package includes:

1.2

The DEO board
USB Cable for FPGA programming and control
DEO System CD containing :
o Altera’s Quartu$ Il Web Edition and the Nidsll Embedded Design Suit Evaluation
Edition software
o the DEO documentation and supporting materialdudieg the User Manual, the
Control Panel utility, reference designs and dertratisns, device datasheets,
tutorials, and a set of laboratory exercises
Clear plastic cover for the board
7.5 DC wall-mount power supply

The DEO Board Assembly

To assemble the included stands for the DEO board:

Assemble a rubber (silicon) cover, as shown in fledu2, for each of the four copper stands
on the DEO board

The clear plastic cover provides extra protectanmd is mounted over the top of the board
by using additional stands and screws

Figure 1.2. The feet for the DEO board.

Getting Help

Here are the addresses where you can get help iéyoounter problems:
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» 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: DEO.terasic.com

Chapter 2
Altera DEO Board

This chapter presents the features and designatbéastics of the DEO board.

2.1 Layout and Components

A photograph of the DEO board is shown in Figurg. 2t depicts the layout of the board and
indicates the location of the connectors and kegypmnents.
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Power Supply Input USB Blaster Connector Triple 4 - bit VGA DAC PS/2 Port SD Card Socket

50 - MHz Oscillator

i ; | |
I d
@ 5 : ¢
- h I . 19 b _: RS - 232 Interface
Power ON/OFF Switch —»-, : 2 ; J
| gy . o | ¥
= 3 g . £ ——="% TR
iy

16 x 2 LCD Interface

Expansion Headers (2)

g 1
-:-.tarualc.com L i) . = Cyclone Il EP3C16F484

Altera EPCS 4
Configuration Device

il

USB Blaster Circuit T
E%mn g e
JUH LR AL L

=ik

qmm'
[~

SDRAM (8 Mbytes) FLASH (4 Mbytes)

7 - Segment Display (4)

RUN/PROG Switch for
JTAG/AS Modes

Slide Switches (10) User LEDs (10) PushButton Switches (3)

Figure 2.1. The DEO board.

The DEO 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 DEO board
« Altera Cyclon€ 1ll 3C16 FPGA device
* Altera Serial Configuration device — EPCS4
» USB Blaster (on board) for programming and user édtitrol; both JTAG and Active Serial
(AS) programming modes are supported
* 8-Mbyte SDRAM
* 4-Mbyte Flash memory
» SD Card socket
* 3 pushbutton switches
» 10 toggle switches
* 10 green user LEDs
* 50-MHz oscillator for clock sources
* VGA DAC (4-bit resistor network) with VGA-out conair
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* RS-232 transceiver
* PS/2 mouse/keyboard connector
* Two 40-pin Expansion Headers

2.2 Block Diagram of the DEO Board

Figure 2.2 gives the block diagram of the DEO bod@adprovide maximum flexibility for the user,
all connections are made through the Cyclone IRGA device. Thus, the user can configure the
FPGA to implement any system design.

'

mmmmma RS-232 Transceiver

EPCS4
Config BIUSF
Device aster

Figure 2.2. Block diagram of the DEO board.

PushButton Switches (3)

Slide Switches (10)

Expansion Headers (2)

1

16X2 LCD Interface

Following is more detailed information about thedKs in Figure 2.2:

Cyclone Il 3C16 FPGA
* 15,408 LEs
56 M9K Embedded Memory Blocks
504K total RAM bits
56 embedded multipliers
4 PLLs
346 user I/0O pins
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* FineLine BGA 484-pin package

Built-in USB Blaster circuit
* On-board USB Blaster for programming and user Aiplication programming interface)
control
* Using the Altera EPM240 CPLD

SDRAM
* One8-Mbyte Single Data Rate Synchronous Dynamic RAM rmenchip
* Supports 16-bits data bus

Flash memory
* 4-Mbyte NOR Flash memory
* Support Byte (8-bits)/Word (16-bits) mode

SD card socket
¢ Provides both SPI and SD 1-bit mod SD Card access

Pushbutton switches
* 3 pushbutton switches
* Normally high; generates one active-low pulse winenswitch is pressed

Slide switches
* 10 Slide switches
* A switch causes logic 0 when in the DOWN positiod ¢éogic 1 when in the UP position

General User Interfaces
* 10 Green color LEDs (Active high)
* 4 seven-segment displays (Active low)
* 16x2 LCD Interface (Not include LCD module)

Clock inputs
* 50-MHz oscillator

VGA output
* Uses a 4-bit resistor-network DAC
* With 15-pin high-density D-sub connector
* Supports up to 1280x1024 at 60-Hz refresh rate

6
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Serial ports
* One RS-232 port (Without DB-9 serial connector)
* One PS/2 port (Can be used through a PS/2 Y Calalkkow you to connect a keyboard and
mouse to one port)

Two 40-pin expansion headers
* 72 Cyclone Il I/O pins, as well as 8 power andugrad lines, are brought out to two 40-pin
expansion connectors
* 40-pin header is designed to accept a standardnddepon cable used for IDE hard drives

2.3 Power-up the DEO Board

The DEO 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:

1. Connect the provided USB cable from the host coerpiat the USB Blaster connector on
the DEO board. For communication between the husttlke DEO 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
DEO Board This tutorial is available in the directobEO\DEO _user_manual on theDEO
System CD-ROM

2. Connect the 7.5V adapter to the DEO board

3. Connect a VGA monitor to the VGA port on the DE@ixb

4. Turn the RUN/PROG switch on the left edge of theOD&bard to RUN position; the
PROG position is used only for the AS Mode prograngm

5. Turn the power on by pressing the ON/OFF switchhenDEO board

At this point you should observe the following:
* All user LEDs are flashing
* All 7-segment displays are cycling through the narmsl to F
* The VGA monitor displays the image shown in FigRr&
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Figure 2.3. The default VGA output pattern.
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Chapter 3
DEO Control Panel

The DEO board comes with a Control Panel faciligttallows users to access various components
on the board from a host computer. The host compatemmunicates with the board through an
USB connection. The facility can be used to vetiifg functionality of components on the board or
be used as a debug tool while developing RTL code.

This chapter first presents some basic functiorth@iControl Panel, then describes its structure in
block diagram form, and finally describes its cafids.

3.1 Control Panel Setup

The Control Panel Software Utility is located inethDEO_Control_panel folder in the DEO
System CD-ROM To install it, just copy the whole folder to yourgt computer.

To activate the Control Panel, perform the follogvsteps:

1.
2.

Make sure Quartus Il and USB-Blaster Driver ar¢alhsd successfully on your PC.
Connect the supplied USB cable to the USB Blasbet, gonnect the 7.5V power supply,
and turn the power switch ON

Set the RUN/PROG switch to the RUN position

Start the executablBEO_ControlPanel.exen the host computefhe Control Panel user
interface shown ifrigure 3.1will appear.

When the control panel window appears, it will autonatically download the bit
stream file .sof into the FPGA. If any error messag shows up as shown ifigure 3.2
please check steps 1 to 3 has been performed. Thefick Download Code button to
program FPGA again. Note, the Control Panel will occupy the USB portiluyou close
that port; you cannot use Quartus Il to downloambiafiguration file into the FPGA until
you close the USB port.

The Control Panel is now ready to be use; experirbgrsetting the value of the LEDs
display and observe the result on the DEO board.
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= SEG | Button | Memory| PS2 | SD-CARD | WaA |
LED-
CILEDGO
CILEDGT
CILEDG2
CILEDG3
CILEDGY
CILEDGS
CILEDGE
CILEDG?
e 1 CILEDGS
oULLLLLLLLLS LERGR
Product Name: DED
/AVOTS RYA\
UNIVERSITY
PROGRAM
[erd
Wi Lerasic. com AbDUt
Corfigure FPGA, .. ] | 15%

Figure 3.1. The DEO Control Panel.

Control Panel ¥ 1.0 .@

| LED | 7-SEG | Buton | Memory| PS2 | SD-CARD | vGA |

Product Name: DED

UNIVERSITY
PROGRAM

Ahout l Cannad ‘

W W, TEFBS G LR

'Con-F'igure FPGA. .. 100%:

Figure 3.2. The error message of the DEO ContmakR

The concept of the DEO Control Panel is illustrateBigure 3.3 The “Control Codes” that perform
the control functions is implemented in the FPGAIdb It communicates with the Control Panel
window, which is active on the host computer, Yia USB Blaster link. The graphical interface is
used to issue commands to the control codes. learall requests and performs data transfers
between the computer and the DEO board.
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FPGA/ SOPC <> SEG7 Controller 7-SEG Display
Q@ | SDRAM Controller SDRAM
(2]
)
NIOSII' [ —n| 3 |<— PS2 Controller PS2 Keyboard
&
8 VGA Controller
TIMER || S <= VGA
[¢°)
Q
JTAG A — PIO Controller LED/Button/
Blaster K——>>| JTAG —> g Switch/ Seg7/
Hardware 3 SD-Card
Avalon- MM Flash
\}:> Tristate Bridge [— Controller Flash

Figure 3.3. The DEO Control Panel concept.

The DEO Control Panel can be used to light up tBB4, change the values displayed on 7-segment,
monitor buttons/switches status, read/write the 8BIRand Flash Memory, read data from a PS/2
keyboard, output color pattern to LCD monitor viaGX connector, and read SD-CARD
specification information. The feature of readingfwg a word or an entire file from/to the Flash
Memory allows the user to develop multimedia agtien (Flash Picture Viewer) without worrying
about how to build a Memory Programmer.

3.2 Controlling the LEDs and 7-Segment Displays

A simple function of the Control Panel is to all@stting the values displayed on LEDs and the
7-segment displays.

Choosing the.ED tab leads to the window #igure 3.4 Here, you can directly turn the individual
LEDs on or off by selecting them individually or blicking “Light All” or “Unlight All”.

11
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Control Panel ¥1.0.1 DE] @

LED  |7-SEG | Buton | Memary| PS2 | SD-CARD | vGa |
LED

WILEDGO
MILEDGT
WILEDGE
MILEDGS
MILEDGY
WILEDGE
WILEDGE
MILEDGY
WILEDGE
WILEDGY

Product Name: DED

UNIVERSITY Light Al Unlight Al

PROGRAM

About

WO, TR R ARG O

Digconnect Exit J

Connected et Led Success

Figure 3.4. Controlling LEDs

Choosing the7-SEG tab leads to the window iRigure 3.5 In the tab sheet, directly use the
Up-Down control andDot Check box to specified desired patterns, the 7-§&rns on the board
will be updated immediately.

Control Panel ¥1 0.1

LED Button | Memory| P52 | SD-CARD | WGA |

1 2 3 4

dot [ dot [ dot [ dot [
L3 Y | 0 3 | M 5

ol000AC00U0
Product Name: DED

UNIVERSITY
PROGRAM

WA LEMBEIC Cam Digconnect Exit

- !
About ]

Connected |Set SEG-7 Surcess

Figure 3.5. Controlling 7-SEG display.
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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 spd. Thus, it can be used for troubleshooting
purposes.

3.3 Switches and Buttons

Choosing théutton tab leads to the window ifigure 3.6 The function is designed to monitor the
status of switches and buttons in real time andvghe status in a graphical user interface. Itloan
used to verify the functionality of the switcheglduttons.

Press theStart button to start button/switch status monitoringpgass, and button caption is
changed fronttart to Stop. In the monitoring process, the status of buttangd switches on the
board is shown in the GUI window and updated i teae. PressStop to end the monitoring

process.

Control Fanel ¥1.0.1

LED |7-3EG Button ]MemoryJPSE | SD-cARD | vGa |
Button/Switch

Button

—— -

- i “Switch
° bt L Lo L L

’ IERA ot e
PROGRA M o

Aot i —— | = ‘

Wik, TErEEIC. COMm

Connected 'Mohitoring BuEtonfSwiE&h Status...,

Figure 3.6. Monitoring switches and buttons.
The ability to check the status of button and swite not needed in typical design activities.

However, it provides users a simple mechanism fenifying if the buttons and switches are
functioning correctly. Thus, it can be used foutreshooting purposes.
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3.4 SDRAM and Flash Controller and Programmer

The Control Panel can be used to write/read ddfeoto the SDRAM and FLASH chips on the
DEO board. Click on thd&emory tab and select “SDRAM” to reach the windowFhigure 3.7
Please note to erase the flash memory before gyik#ta to it.

Control Fanel ¥1.0.1

LED | 7-6EG | Button Memow |Ps2 | sD-cARD|vea |

| SDRAM (200000h WORDS) -
Random Access
Address: [pooooo wDATA [pooo FOATA |DDDD
J Write | Fead |
~Sequential Write-

Address: lnopopopn Length: 10 I File Length

White a File to Memary

Product Name: DEO

— Sequential Read 1
Mm . Address: |popoog. Length: '|I|] I Entire Memory

UNIVERSITY Load Memory Content to a File ‘

PROGRAM

ter m Abot

W W CEPES T GO m

Digconnect ‘ Exit |

Connected SDRAM Random Write Success

Figure 3.7. Accessing the SDRAM

A 16-bit word can be written into the SDRAM by enig the address of the desired location,
specifying the data to be written, and pressing\ilige button. Contents of the location can be
read by pressing thRead button.Figure 3.7depicts the result of writing the hexadecimal ealu
7eff into location 000000, followed by reading $ame location.

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 tlength 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 Memory button.

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

14
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The Control Panel also supports loading files withexextension. 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 8-bit values: 01, 23, 45, 67, 89, &R, EF. These 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 inesl all 8 Mbytes), then place a
checkmark in th&ntire Memory box.

3. Presd.oad Memory Content to a Filebutton.

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

Users can use the similar way to access the FRighse note that users need to erase the flash
before writing data to it.

3.5 PS2 Device

The Control Panel provides users a tool to rectigaenputs from a PS2 keyboard in real time. The
received scan-codes are translated to ASCII codalmplayed in the control window. Only visible
ASCII codes are displayed. For control key, onhafftage Return/ENTER” key is implemented.
This function can be used to verify the functiotyabf the PS2 Interface. Please follow the steps
below to exercise the PS2 device:

1. Choosing thd>S2tab leads to the window iigure 3.8

2. Plug a PS2 Keyboard to the FPGA board. Then,

3. Press theStart button to start PS2Keyboard input receiving pregdtutton caption is
changed fronstart to Stop.

4. In the receiving process, users can start to ghesattached keyboard. The input data will
be displayed in the control window in real timee$&Stop to terminate the monitoring
process.

15
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Control Panel ¥1.0.1 C1f X
miEE LED | 7-SEG | Button | Memary P32 |SD-CARD| vGa |
|PS2 Keyboard -
@LLULUULLLULL S
Product Hame: DEO
[AVO[S RYA\
UNIVERSITY Clear ‘ Stant ‘
PROGRAM
wJ\.‘w.LE ﬂ] Disconnect J Exit J
Connected SDRAM Fandam Write Success :

Figure 3.8. Reading the PS2 Keyboards

3.6 SD CARD

The function is designed to read the identificateond specification of the SD card. The 1-bit SD
MODE is used to access the SD card. This functiam loe used to verify the functionality of
SD-CARD Interface. Follow the steps below to exsgdhe SD card:

1. Choosing thé&sD-CARD tab leads to the window iigure 3.9

2. Insert a SD card to the DEO board, then pres&#a button to read the SD card. The SD
card’s identification and specification will be diayed in the control window.

16
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LED | 7-8EG | Butan | Memary| PS2 SD-CARD |voa |
SD-CARD-

SD-CARD ldentification:
-Manufacturer 1D:3ER
-OEM/Application |D:2D48h
-Product Marne:

-Product Revision:00h
-Serial Mo ;00002D26h
-Date Code:05Eh

SD-CARD Specification:
™ -GS0 Wersion Mo, 1.0
-Head Access Time: 20 ms
Product Name: DED -Read Access Time (NSAC)1 (100 cycle)
-tdax. Data Transfer Rate: 26 Mbits/s

-— -Max. Read Data Block Length:512 Byte
m -Memory Capacity: 957 ME
UNIVERSITY Read
PROGRAM

ter EHII4 |
About . .
W W, CErESIC. COm iJ Disconnect J Exit ‘

Connected |SD-CARD read success

Figure 3.9. Reading the SD card Identification Specification

3.7 VGA

DEO control panel provides VGA pattern functionttl@ows users to output color pattern to
LCD/CRT monitor using the DEO FPGA board. Pleadlothe steps below to generate the VGA
pattern function:

Choosing the VGA tab leads to the windowFigure 3.10

Plug a D-sub cable to the VGA connector of the bBard and LCD/CRT monitor.

The LCD/CRT monitor will display the same colorteah on the control panel window.
Click the drop down menu shown in Figure 3.10 whgye can output the selected color
individually.

P wnpE
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LED | 7-SEG | Button | Memory| PS2 | SD-CARD VGA |

i Pattern Type

JScaIe j

Product Name: DED

/AVO[S RYAN,

UNIVERSITY
PROGRAM

About

WKW TEFRSIE COMm

Digsconnect ‘ Exit

Connecked SD-CARD read success

Figure 3.10. Controlling VGA display
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Chapter 4
Using the DEO Board

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

4.1 Configuring the Cyclone Il FPGA

The procedure for downloading a circuit from a hmmhputer to the DEO board is described in the
tutorial Getting Started with Altera's DEO Boar@his tutorial is found in theser_manaufolder on
the DEO System CD-ROM The user is encouraged to read the tutorial, fasd to treat the
information below as a short reference.

The DEO board contains a serial EEPROM chip thaestconfiguration data for the Cyclone llI
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, naradr the IEEE standardeint
Test Action Groupthe configuration bit stream is downloaded digertto the Cyclone Il
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 EPCS4 selt®®EOM chip. It provides non-volatile
storage of the bit stream, so that the informaisoretained even when the power supply to
the DEO board is turned off. When the board's pas/&urned on, the configuration data in
the EPCS4 device is automatically loaded into thel@e Il FPGA.

The sections below describe the steps used torpetfoth JTAG and AS programming. For both
methods the DEO board is connected to a host canpist a USB cable. Using this connection, the
board will be identified by the host computer asAdtera USB Blasterdevice. The process for
installing on the host computer the necessary swévdevice driver that communicates with the
USB Blaster is described in the tutor@etting Started with Altera’'s DEO Boar@his tutorial is
available on th®EOQ System CD-ROM

19
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/AVO[S R¥A)

Configuring the FPGA in JTAG Mode

Figure 4.1lillustrates the JTAG configuration setup. To dovad a configuration bit stream into the

Cyclone Il FPGA, perform the following steps:
* Ensure that power is applied to the DEO board
» Connect the supplied USB cable to the USB Blastergn the DEO board (see Figure 2.1)

» Configure the JTAG programming circuit by settihg RUN/PROG switch (sdegure 4.2

to the RUN position.
* The FPGA can now be programmed by using the Quériimgrammer module to select a
configuration bit stream file with theoffilename extension

USB Blaster Circuit

Quartus Il
\&d Programmer % —PIRE;/R-UN IJTAG UART R §
N JTAG Config Signals Cyclone:Ill
QUARTUSII RUN

Figure 4.1. The JTAG configuration scheme

Figure 4.2. The RUN/PROG switch (SW2) is set in GTode

Configuring the EPCS4 in AS Mode

Figure 4.3illustrates the AS configuration set up. To dovelaa configuration bit stream into the

EPCS4 serial EEPROM device, perform the followiteps:
* Ensure that power is applied to the DEO board
20
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» Connect the supplied USB cable to the USB Blastergn the DEO board (see Figure 2.1)

» Configure the JTAG programming circuit by settihng RUN/PROG switch (sdegure 4.4
to the PROG position.

 The EPCS4 chip can now be programmed by using thet@ I Programmer module to
select a configuration bit stream file with tipef.flename extension

* Once the programming operation is finished, setRUN/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 EPCS4édewibe loaded into the FPGA chip.

Quartus Il USB Blaster Circuit
Programmer

PROG/RUN Auto Power-on

AS Mode Config

"

QUARTUSII

Cyclone;@m

"PROG"

AS Mode
Config

EPCS4
Serial

Configuration
Device

Figure 4.3. The AS configuration scheme

| G4 TS (TS T i

[ RS-222
‘ [e[e[e[e]e] *

Figure 4.4. The RUN/PROG switch(SW2) is set in A&
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ALTERA

In addition to its use for JTAG and AS programmitigg USB Blaster port on the DEO board can
also be used to control some of the board's featgmotely 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 DEO board provides three pushbutton switchks.tliree outputs calleUTTONQ BUTTON
1, and BUTTONZ2are connected directly to the Cyclone Ill FPGAclEawitch provides a high
logic level (3.3 volts) when it is not pressed, gmvides a low logic level (0 volts) when

depressed.

There are also 10 slide switches (sliders) on tB® Doard. These switches are not debounced, and
are intended for use as level-sensitive data injpugscircuit. Each switch is connected directlyato
pin on the Cyclone Ill FPGA. When a switch is i BOWN position (closest to the edge of the
board) it provides a low logic level (0 volts) teetFPGA, and when the switch is in the UP position

it provides a high logic level (3.3 volts).

There are 10 user-controllable LEDs on the DEOdhdaach LED is driven directly by a pin on the
Cyclone Il FPGA; driving its associated pin toigtlogic level turns the LED on, and driving the
pin low turns it off.Figure 4.5andFigure 4.6show the connections between the push buttomig sli

switches, and Cyclone Ill FPGA

A list of the pin names on the Cyclone Il FPGAtthge connected to the toggle switches is given
in Table 4.1 Similarly, the pins used to connect to the pustaouswitches and LEDs are displayed

in Table 4.2andTable 4.3 respectively.
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o
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‘

Figure 4.5. Connections between the pushbuttorCactbne Il FPGA
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Cyclone;@?m

D2 E4 E3 H7 J7 G5 G4 H6 HS5 J6

SW9 Sw8 Sw7 SW6 SW5 Sw4 SW3 SW2 SwWi1 SWO . Logic™0™"

Figure 4.6. Connections between the toggle swateimel Cyclone 11l FPGA

Cyclone:@m

1 |LLEDGO 1\ L'EDG"!!
3, | LEDG1 AA .LEDGIEE
33 | LEDG2 AAA 'LEDGZEE
hy | LEDG3 AN .LEDGg!
Fp | LEDG4 AAA lLEDG4z ,
g1 | LEDG5 AAA, ILEDes

cy | LEDGS6 AAA 'LEDGgl
cp | LEDG7 AAA .LEDG;!
gp | LEDGS8 AAA .LEDG@!
gy | LEDGY AN EDGO

Figure 4.7. Connections between the LEDs and @gcld FPGA
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Table 4.1.

Pin assignments for the slide switches

SWIo0] PIN_J6 Slide Switch[0]
SWI1] PIN_H5 Slide Switch[1]
SW[2] PIN_H6 Slide Switch[2]
SWI3] PIN_G4 Slide Switch[3]
SW4] PIN_G5 Slide Switch[4]
SWIs] PIN_J7 Slide Switch[5]
SWIs] PIN_H7 Slide Switch[6]
SWI7] PIN_E3 Slide Switch[7]
SwWis] PIN_E4 Slide Switch[8]
SWI9 PIN_D2 Slide Switch[9)]

Table 4.2. Pin assignments for the pushbuttorches

BUTTON [O] PIN_ H2 Pushbutton[0]
BUTTON [1] PIN_G3 Pushbutton[1]
BUTTON [2] PIN_F1 Pushbutton[2]

Table 4.3. Pin assignments for the LEDs

LEDGIO0] PIN_J1 LED Green|[0]
LEDGI1] PIN_J2 LED Green[1]
LEDGI2] PIN_J3 LED Green[2]
LEDGI3] PIN_H1 LED Green[3]
LEDG[4] PIN_F2 LED Green[4]
LEDGI5] PIN_E1 LED Green[5]
LEDGI[6] PIN_C1 LED Green[6]
LEDG[7] PIN_C2 LED Green[7]
LEDGI[8] PIN_B2 LED Green[8]
LEDGI[9] PIN_B1 LED Green[9]
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4.3 Using the 7-segment Displays

The DEO board has four 7-segment displays. Theg#ayis are arranged into two pairs and a group
of four, with the intent of displaying numbers afrious sizes. As indicated gure 4.8 the seven
segments are connected to pins on the CyclonePiBA: Applying a low logic level to a segment
causes it to light up, and applying a high logielgurns it off.

Each segment in a display is identified by an inftexn 0 to 6, with the positions given kigure
4.9. In addition, the decimal point is identified aB.Dable 4.4shows the connections between the
FPGA pins to the 7-segment displays.

HEX0_DO HEXO DO
< < = E11
D D ~ HEX0_D1 11
D ~ HEX0_D2 Hi2
HEX0_D5 HEX0_D1™  HEX0_D3 H13
HEX0_D6 ) @
C Cycilonet= Ill
. 0 bp le  HEX0_D4 612
HEX0_D4 HEX0_D < ~ HEX0_D5
D ~ HEX0_D6 Eg
e HEXO0 DP N " HEXO0 DP
HEX0_D3 ® | < = D13

Figure 4.8. Connections between the 7-segmenkagsand Cyclone Il FPGA

Figure 4.9. Position and index of each segmeatimsegment display
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Table 4.4. Pin assignments for the 7-segmentaispl

HEXO0_D[0] PIN_E11 Seven Segment Digit 0[0]
HEXO_D[1] PIN_F11 Seven Segment Digit O[1]
HEXO0_D[2] PIN_H12 Seven Segment Digit 0[2]
HEXO_D[3] PIN_H13 Seven Segment Digit O[3]
HEXO_D[4] PIN_G12 Seven Segment Digit 0[4]
HEXO0_D[5] PIN_F12 Seven Segment Digit 0[5]
HEXO0_D[6] PIN_F13 Seven Segment Digit 0[6]
HEXO0_DP PIN_D13 Seven Segment Decimal Point O
HEX1_D[0] PIN_A13 Seven Segment Digit 1[0]
HEX1_D[1] PIN_B13 Seven Segment Digit 1[1]
HEX1_D[2] PIN_C13 Seven Segment Digit 1[2]
HEX1_D[3] PIN_A14 Seven Segment Digit 1[3]
HEX1_D[4] PIN_B14 Seven Segment Digit 1[4]
HEX1_D[5] PIN_E14 Seven Segment Digit 1[5]
HEX1_D[6] PIN_A15 Seven Segment Digit 1[6]
HEX1_DP PIN_B15 Seven Segment Decimal Point 1
HEX2_D[0] PIN_D15 Seven Segment Digit 2[0]
HEX2_D[1] PIN_A16 Seven Segment Digit 2[1]
HEX2_D[2] PIN_B16 Seven Segment Digit 2[2]
HEX2_D[3] PIN_E15 Seven Segment Digit 2[3]
HEX2_D[4] PIN_A17 Seven Segment Digit 2[4]
HEX2_D[5] PIN_B17 Seven Segment Digit 2[5]
HEX2_D[6] PIN_F14 Seven Segment Digit 2[6]
HEX2_DP PIN_A18 Seven Segment Decimal Point 2
HEX3_D[0] PIN_B18 Seven Segment Digit 3[0]
HEX3_D[1] PIN_F15 Seven Segment Digit 3[1]
HEX3_D[2] PIN_A19 Seven Segment Digit 3[2]
HEX3_D[3] PIN_B19 Seven Segment Digit 3[3]
HEX3_D[4] PIN_C19 Seven Segment Digit 3[4]
HEX3_D[5] PIN_D19 Seven Segment Digit 3[5]
HEX3_D[6] PIN_G15 Seven Segment Digit 3[6]
HEX3_DP PIN_G16 Seven Segment Decimal Point 3
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4.4 Clock Circuitry

The DEO board includes a 50 MHz clock signals. Thigk signal is connected to the FPGA that
are used for clocking the user logic. In additiah,these clock inputs are connected to the phase
lock loops (PLL) clock input pin of the FPGA allod@sers can use these clocks as a source clock
for the PLL circuit.

The clock distribution on the DEO board is showrfigure 4.10 The associated pin assignments
for clock inputs to FPGA I/O pins are listedTiable 4.5

GPIO 0 (J4)
_ GPIOO_CLKINO
(CLK12) AB12 1
(CLK13) AAL2 ¢ GPIOO_CLKINL |4

GPIOO_CLKOUTO
GPIO0_CLKOUTL _

(PLL1_CLKOUTnNn) AB3 19

(PLL1_CLKOUTp) AA3 21

CLOCK_50

> G21 (CLKA4)

5g|\£(H:z Cyclone;@lll

CLOCK_50_2

A 4

B21 (CLK9)

GPIO 1 (J5)
GPIO1_CLKINO
(CLK14) AB11 [« = 1

(CLK15) AALL ¢ CPIOL CLKINL |

GPIO1_CLKOUTO
GPI0O1_CLKOUT1 |

(PLL4_CLKOUTN) R16 19

(PLL4_CLKOUTp) T6

21

Figure 4.10. Block diagram of the clock distrilourti

Table 4.5. Pin assignments for the clock inputs.

CLOCK_50 PIN_G21 50 MHz clock input

CLOCK_50_2 PIN_B12 50 MHz clock input

4.5 Using the LCD Module

The DEO board provides a 2x16 LCD interface. Ineortb use the LCD interface, users are
required to solder a LCD module onto the DEO boshtdwn in Figure 4.11.The detailed
component reference is listedTable 4.6 Also, users can buy this module from Terasic webst
(http://de0.terasic.com).
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Table 4.6. The listed information on the LCD madul

J2 2x16 LCD Module

The LCD module has built-in fonts and can be usedlisplay text by sending appropriate
commands to the display controller, which is calltid44780. Detailed information for using the
display is available in its datasheet, which carfduend on the manufacturer's web site, and from
the Datasheet/LCOolder on theDEO System CD-ROM A schematic diagram of the LCD module
showing connections to the Cyclone Ill FPGA is given Figure 4.12 The associated pin
assignments appearTable 4.7

2 X 16 LCD Module

G4 RTS TS TX0 RO

e i
% 2 3
PROC =
{_ R R B K
1 J !

,_. e e A T 5,

Figure 4.11. LCD module on DEO board
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Cyclone}?.lll

F21 D22 D21 C22 C21 B22 B21 D20 C20 E21 F22 E22
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MY adl
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oviva da

Tvliva ado
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€v.iva ao
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-
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Figure 4.12. Connections between the LCD moduie@yclone Ill FPGA

Table 4.7. Pin assignments for the LCD module

LCD_DATA[0] PIN_D22 LCD Data[0]

LCD_DATA[1] PIN_D21 LCD Data[1]

LCD_DATA[2] PIN_C22 LCD Data[2]

LCD_DATA[3] PIN_C21 LCD Data[3]

LCD_DATA[4] PIN_B22 LCD Data[4]

LCD_DATA[5] PIN_B21 LCD Data[5]

LCD_DATA[6] PIN_D20 LCD Data[6]

LCD_DATA[7] PIN_C20 LCD Data[7]
LCD_RW PIN_E22 LCD Read/Write Select, 0 = Write, 1 = Read
LCD_EN PIN_E21 LCD Enable
LCD_RS PIN_F22 LCD Command/Data Select, 0 = Command, 1 = Data

LCD_BLON PIN_F21 LCD Back Light ON/OFF

Note that some LCD modules do not have backligheré&fore the LCD_BLON signal should not
be used in users’ design projects.
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4.6 Using the Expansion Header

The DEO Board provides two 40-pin expansion headigash header connects directly to 36 pins of
the Cyclone Ill FPGA, and also provides DC +5V (V&(DC +3.3V (VCC33), and two GND pins.
Among these 36 1/O pins, 4 pins are connectedddiil clock input and output pins of the FPGA
allowing the expansion daughter cards to accesBltheblocks in the FPGA.

Finally, Figure 4.13shows the related schematics. The figure showpribtection circuitry for only
two of the pins on each header, but this circugrincluded for all 72 data pin$able 4.8gives the
pin assignments.

(GPIO 0) (GPIO 1)
J4 J5
[AB12] GPIOO_CLKINO—{<) 1 2 (GHf— GPIO0_DO [AB16] [AB11] GPIO1_CLKINO—{) 1 2 (SHH— GPIO1_DO [AA20]
[AA12] GPIOO_CLKIN1 1<) 3 4 (O{— GPIO0_D1 [AA16] [AA11] GPIO1_CLKINI—<) 3 4 (GH— GPIO1_D1 [AB20]
[AA15] GPIOO_D2—) 5 6 (SH— GPIO0_D3 [AB15] [AA19] GPIO1_D2—<) 5 6 (OH— GPIO1_D3 [AB19]
[AA14] GPIOO_D4—<) 7 8 (OH— GPIO0_D5 [AB14] [AB18] GPIO1_ D4 &) 7 8 (3H—GPIO1_D5 [AA18]
[AB13] GPIO0_D6—{l <y 9 10 (| GPIOO_D7 [AA13] [AA17] GPIO1_D6—{l <) 9 10 (S GPIO1_D7 [AB17]
sv—+@ 11 12 @+— GND sv—@ 11 12 @H— GND
[AB10] GPIOO_D8—1<) 13 14 (GH— GPIO0_D9 [AA10] [Y17] GPIO1_D8—-<) 13 14 (=H— GPIO1_D9 [W17]
[AB8] GPIO0_D10—{) 15 16 (GHH— GPIO0_D11 [AAS] [U15] GPIO1_D10—{<) 15 16 (SH— GPIO1_D11 [T15]
[AB5] GPIO0_D12—<) 17 18 (GH— GPIO0_D13 [AA5] [W15] GPIO1_D12—{€) 17 18 (GH{— GPIO1_D13 [V15]
[AB3] GPIO0_CLKOUTO — 19 20 (3{— GPIO0_D14 [AB4] [R16] GPIO1_CLKOUTO—) 19 20 (GH— GPIO1_D14 [AB9]
[AA3] GPIOO_CLKOUT1—) 21 22 (— GPIO0_D15 [AA4] [T16] GPIO1_CLKOUT1—) 21 22 (5— GPIO1_D15 [AA9]
[V14] GPIO0_D16—-C) 23 24 (OHl— GPIO0_D17 [U14] [AA7] GPIO1_D16—{-<) 23 24 (CHH— GPIO1_D17 [AB7]
[Y13] GPIO0_D18—) 25 26 (SHf— GPIO0_D19 [W13] [T14] GPIO1_D18—<) 25 26 (SH— GPIO1_D19 [R14]
[U13] GPIO0_D20—{<) 27 28 (H— GPIO0_D21 [V12] [U12] GPIO1_D20—<) 27 28 (>— GPIO1_D21 [T12]
33V—@ 29 30@{— GND 3.3V—{-@ 29 30@{— GND
[R10] GPIOO_D22—{-> 31 32(SH— GPIO0_D23 [V11] [R11] GPIO1_D22—{) 31 32(SH— GPIO1_D23 [R12]
[Y10] GPIOO_D24—{<) 33 34 (=Ht— GPIO0_D25 [W10] [U10] GPIO1_D24—<) 33 34— GPIO1_D25 [T10]
[T8] GPIO0_D26—{i- 35 36(S— GPIO0_D27 [V8] [U9] GPIO1_D26—{{<> 35 36(>{— GPIO1_D27 [T9]
[W7] GPIOO_D28—{-) 37 38 (CH— GPIO0_D29 [W6] [Y7] GPIO1_D28—{-<) 37 38(SH— GPIO1_D29 [U8]
[V5] GPIO0_D30—-) 39 40— GPIO0_D31 [U7] [V6] GPIO1_D30—H<) 39 40(SH— GPIO1_D31 [V7]

Figure 4.13. 1/O distribution of the expansion thes

Table 4.8. Pin assignments for the expansion isade

Signal Name FPGA Pin No. Description
GPIO0_DI0] PIN_AB16 GPIO Connection 0 10[0]
GPIO0_D[1] PIN_AA16 GPIO Connection 0 10[1]
GPIO0_D[2] PIN_AA15 GPIO Connection 0 10[2]
GPIOO0_DJ[3] PIN_AB15 GPIO Connection 0 10[3]
GPIO0_D[4] PIN_AA14 GPIO Connection 0 10[4]
GPIO0_D[5] PIN_AB14 GPIO Connection 0 10[5]
GPI0O0_D[6] PIN_AB13 GPIO Connection 0 10[6]
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GPIO0_DI[7] PIN_AA13 GPIO Connection 0 10[7]
GPIO0_DI[8] PIN_AB10 GPIO Connection 0 10[8]
GPIO0_DI[9] PIN_AA1O GPIO Connection 0 10[9]
GPIO0_D[10] PIN_ABS GPIO Connection 0 10[10]
GPIO0_D[11] PIN_AA8 GPIO Connection 0 10[11]
GPIO0_D[12] PIN_AB5 GPIO Connection 0 10[12]
GPIO0_DI[13] PIN_AA5 GPIO Connection 0 10[13]
GPIO0_D[14] PIN_AB4 GPIO Connection 0 10[14]
GPIO0_DI[15] PIN_AA4 GPIO Connection 0 10[15]
GPIO0_DI[16] PIN_V14 GPIO Connection 0 10[16]
GPIO0_D[17] PIN_U14 GPIO Connection 0 10[17]
GPIO0_DI[18] PIN_Y13 GPIO Connection 0 10[18]
GPIO0_D[19] PIN_W13 GPIO Connection 0 10[19]
GPIO0_D[20] PIN_U13 GPIO Connection 0 10[20]
GPIO0_D[21] PIN_V12 GPIO Connection 0 10[21]
GPIO0_D[22] PIN_R10 GPIO Connection 0 10[22]
GPIO0_D[23] PIN_V11 GPIO Connection 0 10[23]
GPIO0_D[24] PIN_Y10 GPIO Connection 0 10[24]
GPIO0_DI[25] PIN_W10 GPIO Connection 0 10[25]
GPIO0_DI[26] PIN_TS GPIO Connection 0 10[26]
GPIO0_D[27] PIN_V8 GPIO Connection 0 10[27]
GPIO0_DI[28] PIN_W7 GPIO Connection 0 10[28]
GPIO0_D[29] PIN_W6 GPIO Connection 0 10[29]
GPIO0_DI[30] PIN_V5 GPIO Connection 0 10[30]
GPIO0_D[31] PIN_U7 GPIO Connection 0 10[31]
GPIOO_CLKIN[O] PIN_AB12 GPIO Connection 0 PLL In
GPIOO_CLKIN[1] PIN_AA12 GPIO Connection 0 PLL In
GPIOO_CLKOUT[0]|  PIN_AB3 GPIO Connection 0 PLL Out
GPIOO_CLKOUT[1]|  PIN_AA3 GPIO Connection 0 PLL Out
GPIO1_DI0] PIN_AA20 GPIO Connection 1 10[0]
GPIO1_DI[1] PIN_AB20 GPIO Connection 1 10[1]
GPIO1_D[2] PIN_AA19 GPIO Connection 1 10[2]
GPIO1_D[3] PIN_AB19 GPIO Connection 1 10[3]
GPIO1_D[4] PIN_AB18 GPIO Connection 1 10[4]
GPIO1_DI[5] PIN_AA18 GPIO Connection 1 10[5]
GPIO1_DI6] PIN_AA17 GPIO Connection 1 10[6]
GPIO1_DI[7] PIN_AB17 GPIO Connection 1 10[7]
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GPIO1_D[8] PIN_Y17 GPIO Connection 1 10[8]
GPIO1_D[9] PIN_W17 GPIO Connection 1 10[9]
GPIO1_D[10] PIN_U15 GPIO Connection 1 I0[10]
GPIO1_D[11] PIN_T15 GPIO Connection 1 10[11]
GPIO1_D[12] PIN_W15 GPIO Connection 1 10[12]
GPIO1_D[13] PIN_V15 GPIO Connection 1 I0[13]
GPIO1_D[14] PIN_AB9 GPIO Connection 1 10[14]
GPIO1_D[15] PIN_AA9 GPIO Connection 1 IO[15]
GPIO1_D[16] PIN_AA7 GPIO Connection 1 I0[16]
GPIO1_D[17] PIN_AB7 GPIO Connection 1 I0[17]
GPIO1_D[18] PIN_T14 GPIO Connection 1 IO[18]
GPIO1_D[19] PIN_R14 GPIO Connection 1 I0[19]
GPIO1_D[20] PIN_U12 GPIO Connection 1 10[20]
GPIO1_D[21] PIN_T12 GPIO Connection 1 10[21]
GPIO1_D[22] PIN_R11 GPIO Connection 1 10[22]
GPIO1_D[23] PIN_R12 GPIO Connection 1 10[23]
GPIO1_D[24] PIN_U10 GPIO Connection 1 10[24]
GPIO1_D[25] PIN_T10 GPIO Connection 1 10[25]
GPIO1_D[26] PIN_U9 GPIO Connection 1 10[26]
GPIO1_D[27] PIN_T9 GPIO Connection 1 10[27]
GPIO1_D[28] PIN_Y7 GPIO Connection 1 10[28]
GPIO1_D[29] PIN_US GPIO Connection 1 10[29]
GPIO1_D[30] PIN_V6 GPIO Connection 1 10[30]
GPIO1_D[31] PIN_V7 GPIO Connection 1 10[31]
GPIO1_CLKIN[0] PIN_AB11 GPIO Connection 1 PLL In
GPIO1_CLKIN[1] PIN_AA11L GPIO Connection 1 PLL In
GPIO1_CLKOUT[0]|  PIN_R16 GPIO Connection 1 PLL Out
GPIO1_CLKOUT[1]| PIN_T16 GPIO Connection 1 PLL Out

4.7 Using VGA

The DEO board includes a 16-pin D-SUB connectorM@A output. The VGA synchronization
signals are provided directly from the CycloneHRGA, and a 4-bit DAC using resistor network is
used to produce the analog data signals (red, gaehblue). The associated schematic is given in
Figure 4.14and can support standard VGA resolution (640x486Ig, at 25 MHz).
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110 | _YGARO ::::::
VGA_R1

H1T T GA Re VA |
:ig VGA R3 % /e\\
VGA R _.l @) 5
EQQQ::’ O
VGA_GO VGA_G
?572 VGA_G1 w _‘ O
K17 VGA_G2 | VGA B O
321 |VGA G3 'VV\/VVV o G
L—Aan— O
Cyclone™1II O 5 &
e Q=0
gi VGA_B1 AYAYA [ *
RN A
VGA_VS
L2z VGA_HS m

Figure 4.14. Connections between VGA circuit andl@ye Ill FPGA

The timing specification for VGA synchronizationdaRGB (red, green, blue) data can be found on
various educational web sites (for example, seBmciVGA signal timing”). Figure 4.15llustrates
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 i{syn¢ 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 displayemal ).
During the data display interval the RGB data dsiveach 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 5.13, except thay@acpulse signifies the end of one frame and the
start of the next, and the data refers to the fsetves in the frame (horizontal timing)able 4.9and
Table 4.10show different resolutions of the durations of dirperiodsa, 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, or in Daasheet/VGA DAGolder on theDEO System
CD-ROM. The pin assignments between the Cyclone 11l FR@GdA the VGA connector are listed

in Table 4.11An example of code that drives a VGA displayesctibed in Sections 5.3.
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Back porch b

DATA

Front porch d
Display interval ¢ |—i

HEYNC

L]

Figure 4.15. VGA horizontal timing specification

Table 4.9. VGA horizontal timing specification

Configuration

Resolution(HxV)

a(us)

b(us)

c(us) | d(us)

Pixel clock(Mhz)

VGA(60Hz)

640x480

3.8

19

25.4 0.6

25  (640/c)

Table 4.10. VGA vertical timing specification

Configuration

Resolution  (HxV)

a(lines)

b(lines)

c(lines)

d(lines)

VGA(60Hz)

640x480

2

33

480

10

Table 4.11. VGA pin assignments

VGA_R[0] PIN_H19 VGA Red[0]
VGA_R[1] PIN_H17 VGA Red[1]
VGA_R[2] PIN_H20 VGA Red[2]
VGA_R[3] PIN_H21 VGA Red[3]
VGA_G[0] PIN_H22 VGA Green[0]
VGA_G[1] PIN_J17 VGA Green[1]
VGA_G[2] PIN_K17 VGA Green[2]
VGA_G[3] PIN_J21 VGA Green[3]
VGA_B[0] PIN_K22 VGA Blue[0]
VGA_BI[1] PIN_K21 VGA Blue[1]
VGA_B[2] PIN_J22 VGA Blue[2]
VGA_B[3] PIN_K18 VGA Blue[3]
VGA_HS PIN_L21 VGA H_SYNC
VGA_VS PIN_L22 VGA V_SYNC
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4.8 RS-232 Serial Port

The DEO board uses the ADM3202 transceiver chigRi6r232 communications. Please note that
the associated RS232 signals are connected tcsusstgpoint as shown Figure 4.16 To use this
interface, users need to connect these signalgio B-sub connector or RS232 cable. For detailed
information on how to use the transceiver refertiie datasheet, which is available on the
manufacturer’s web site, or in tiatasheet/RS23lder on theDEO System CD-ROM Figure
4.17 shows the related schematics, and Table 4.12thist€yclone Ill FPGA pin assignments with
the RS-232 serial port.

)
GOIRTS TS T i

RS-232
00000

GND4 RTS CTS TXD RXD

oE== |y

CECEL ]
: RS232 Signals

U HIlIUE\HlHHlHHH i s
=0 Os!

LTI

e a0 |

Figure 4.16. The placement of the RS232 signals

U3 ADM3202

UART_RXD 12 13
u22 = R10UT R1IN 4D RXD

UART_RTS 9 8
o V2 = R20UT R2IN 4D RTS

Cyclonet~ 1Il 1

U2y [ARTTXD T1IN T10UT 4'14 TXD

UART_CTS 10 7
v21 T2IN T20UT 4D CTS

—l_—D GND1

Figure 4.17. Connections between the ADM232 (R3)}28ip and Cyclone Ill FPGA
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Table 4.12. RS-232 pin assignments

UART_RXD PIN_U22 UART Receiver
UART_TXD PIN_U21 UART Transmitter
UART_CTS PIN_V21 UART Clear to Send
UART_RTS PIN_V22 UART Request to Send

4.9 PS/2 Serial Port

The DEO board includes a standard PS/2 interfadeaaronnector for a PS/2 keyboard or mouse. In
addition, users can use the PS/2 keyboard and noouee DEO board simultaneously by plugging
an extension PS/2 Y-Cable. Note that bothRBe MSDATandPS_MSCLKsignals can be used only
when the PS/2 Y-cable is connected to the PS/2 extton Figure 4.18shows the connections
between the PS/2 circuit and FPGA. Instructionsufeing a PS/2 mouse or keyboard can be found
by performing an appropriate search on various &tlutal web sites. The pin assignments for the
associated interface are showTable 4.13

P22
R21

Cyclone;@mm

R22
P21

PS2_KBCLK

PS2_MSCLK '\/\/\’
VVV J3
L
L
® |:| ®
® ®

@@

PS2 MSDAT ANAAN

PS2 KBDAT ,\M

Figure 4.18. Connections between PS/2 and CydloR€GA

Table 4.13. PS/2 pin assignments

PS2_KBCLK PIN_P22

PS/2 Clock
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PS2_KBDAT PIN_P21 PS/2 Data
PS2_MSCLK PIN_R21 PS/2 Clock (reserved for second PS/2 device)
PS2_MSDAT PIN_R22 PS/2 Data(reserved for second PS/2 device)

4.10 SD Card Socket

The DEO board has a SD card socket and can besaccas optional external memory in both SPI
and 1-bit SD modelable 4.14shows the pin assignments for the SD card socitettiae Cyclone
Il FPGA.

3.3V

Cyclone,gm o

DATA2
wa [SP-DATAS L1 paTA3
\oy | SD_CMD 2} b
3 vss

3.3v| 41 vee

voq | SD_CLK 5 [P
6! vss
AA22 | SD_DATAQ 7| oaTAG
8| paTAL

Wao [ SP_WPn 11| we

Figure 4.19. Connections between SD Card and CgdibirPGA

Table 4.14. SD Card pin assignments

Signal Name FPGA Pin No. Description
SD_CLK PIN_Y21 SD Clock
SD_CMD PIN_Y22 SD Command bidirectional signal
SD_DATO PIN_AA22 SD Data bidirectional signal
SD_DAT3 PIN_W21 SD Data bidirectional signal
SD_WP_N PIN_W20 SD Card write protect signal (active low)

4.11 Using SDRAM and Flash

The DEO board provides a 4-Mbyte Flash memory, &hdbyte SDRAM chipsFigure 4.20and
Figure 4.21show the connections between the memory chipsGyaone 1l FPGA. The pin
assignments for each device are listed in TablEs d@nd 4.16. The datasheets for the memory chips

are provided in th®atasheet/Memorfolder on theDEO System CD-ROM
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SDRAM Ul
DRAM_ADDRJ[12:0]
See Table 4.15 P A[12:0]
DRAM_DQJ15:0]
See Table 4.15 |« P D[15:0]
DRAM_BA_0
B5 » BAO
DRAM_BA_1
A4 » BAl
DRAM_LDQM
= DRAM_UDQM ¥ LPoM
B8 — » UDQM
Cyclone? m ORAM WE N
D6 » nWE
DRAM_CAS_N
G8 » nCAS
DRAM_RAS_N
F7 CRAM G5 N » nRAS
e DRAM_CLI': > S
ES — » CLK
DRAM_CKE
E6 » CKE

Figure 4.20. Connections between SDRAM and CyclarfdPGA

FLASH U2
FL_ADDR[12:0
See Table 4.16 — 120] P A[21:0]
FL_DQI15:0
See Table 4.16 | Ql15:0] P» DQ[14:0]
FL_DQ15 AM1
Y2 > DQI15/A-1
FL_.WE_N
P4 » WE#
FL_RST_N
g R1 WP N » RESET#
Cycione=1ll - S > WPHACC
FL_RY
M7  CE N » RY/BY#
G8 - — » CE#
FL_OE_N
R6 » OE#
FL_BYTE_N
AAl - — »| BYTE#

Figure 4.21. Connections between Flash and CydlbR€GA
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Table 4.15.

SDRAM pin assignments

DRAM_ADDRI[0] PIN_C4 SDRAM Address[0]
DRAM_ADDR([1] PIN_A3 SDRAM Address[1]
DRAM_ADDR][2] PIN_B3 SDRAM Address[2]
DRAM_ADDR[3] PIN_C3 SDRAM Address|[3]
DRAM_ADDR[4] PIN_A5 SDRAM Address[4]
DRAM_ADDR[5] PIN_C6 SDRAM Address|[5]
DRAM_ADDR[6] PIN_B6 SDRAM Address|[6]
DRAM_ADDR[7] PIN_A6 SDRAM Address|[7]
DRAM_ADDR[8] PIN_C7 SDRAM Address|[8]
DRAM_ADDRI[9] PIN_B7 SDRAM Address[9]
DRAM_ADDR[10] PIN_B4 SDRAM Address[10]
DRAM_ADDR[11] PIN_A7 SDRAM Address[11]
DRAM_ADDR[12] PIN_C8 SDRAM Address[12]
DRAM_DQI0] PIN_D10 SDRAM Data[0]
DRAM_DQJ1] PIN_G10 SDRAM Data[1]
DRAM_DQ[2] PIN_H10 SDRAM Data[2]
DRAM_DQI[3] PIN_E9 SDRAM Data[3]
DRAM_DQ[4] PIN_F9 SDRAM Data[4]
DRAM_DQI[5] PIN_G9 SDRAM Data[5]
DRAM_DQI[6] PIN_H9 SDRAM Data[6]
DRAM_DQI[7] PIN_F8 SDRAM Data[7]
DRAM_DQJ8] PIN_A8 SDRAM Data[8]
DRAM_DQI[9] PIN_B9 SDRAM Data[9]
DRAM_DQ[10] PIN_A9 SDRAM Data[10]
DRAM_DQ[11] PIN_C10 SDRAM Data[11]
DRAM_DQ[12] PIN_B10 SDRAM Data[12]
DRAM_DQ[13] PIN_A10 SDRAM Data[13]
DRAM_DQJ[14] PIN_E10 SDRAM Data[14]
DRAM_DQI15] PIN_F10 SDRAM 1 Data[15]
DRAM_BA 0 PIN_B5 SDRAM Bank Address[0]
DRAM_BA 1 PIN_A4 SDRAM Bank Address[1]
DRAM_LDQM PIN_E7 SDRAM Low-byte Data Mask
DRAM_UDQM PIN_B8 SDRAM High-byte Data Mask
DRAM_RAS_N PIN_F7 SDRAM Row Address Strobe
DRAM_CAS_N PIN_G8 SDRAM Column Address Strobe

39



Alﬂ-m DEO User Manual

DRAM_CKE PIN_E6 SDRAM Clock Enable

DRAM_CLK PIN_E5 SDRAM Clock
DRAM_WE_N PIN_D6 SDRAM Write Enable
DRAM_CS_N PIN_G7 SDRAM Chip Select

Table 4.16. Flash pin assignments

FL_ADDR(0] PIN_P7 FLASH Address|0]
FL_ADDR[1] PIN_P5 FLASH Address[1]
FL_ADDR[2] PIN_P6 FLASH Address|[2]
FL_ADDR[3] PIN_N7 FLASH Address|[3]
FL_ADDR[4] PIN_N5 FLASH Address([4]
FL_ADDR[5] PIN_N6 FLASH Address|5]
FL_ADDR[6] PIN_M8 FLASH Address|6]
FL_ADDR[7] PIN_M4 FLASH Address|[7]
FL_ADDR[8] PIN_P2 FLASH Address|8]
FL_ADDR[9] PIN_N2 FLASH Address|[9]
FL_ADDR[10] PIN_N1 FLASH Address[10]
FL_ADDR[11] PIN_M3 FLASH Address[11]
FL_ADDR[12] PIN_M2 FLASH Address[12]
FL_ADDR[13] PIN_M1 FLASH Address[13]
FL_ADDR[14] PIN_L7 FLASH Address[14]
FL_ADDR[15] PIN_L6 FLASH Address[15]
FL_ADDR[16] PIN_AA2 FLASH Address[16]
FL_ADDR[17] PIN_M5 FLASH Address[17]
FL_ADDR[18] PIN_M6 FLASH Address[18]
FL_ADDR[19] PIN_P1 FLASH Address[19]
FL_ADDR[20] PIN_P3 FLASH Address[20]
FL_ADDR[21] PIN_R2 FLASH Address[21]
FL_DQ[0] PIN_R7 FLASH Data0]
FL_DQ[1] PIN_P8 FLASH Data[1]
FL_DQ[2] PIN_R8 FLASH Data[2]
FL_DQ[3] PIN_U1 FLASH Data[3]
FL_DQ[4] PIN_V2 FLASH Data[4]
FL_DQ[5] PIN_V3 FLASH Data[5]
FL_DQ[6] PIN_W1 FLASH Data[6]
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FL_DQ[7] PIN_Y1 FLASH Data[7]

FL_DQ[8] PIN_T5 FLASH Data[8]

FL_DQ[9] PIN_T7 FLASH Data[9]

FL_DQ[10] PIN_T4 FLASH Data[10]
FL_DQ[11] PIN_U2 FLASH Data[11]
FL_DQI12] PIN_V1 FLASH Data[12]
FL_DQI13] PIN_V4 FLASH Data[13]
FL_DQ[14] PIN_W2 FLASH Data[14]

FL_DQ15_AM1 PIN_Y2 FLASH Data[15]
FL_BYTE_N PIN_AA1 FLASH Byte/Word Mode Configuration
FL_CE_N PIN_N8 FLASH Chip Enable
FL_OE_N PIN_R6 FLASH Output Enable
FL_RST_N PIN_R1 FLASH Reset
FL_RY PIN_M7 LASH Ready/Busy output

FL_WE_N PIN_P4 FLASH Write Enable
FL_WP_N PIN_T3 FLASH Write Protect /Programming Acceleration
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Chapter 5
Examples of Advanced Demonstrations

This chapter provides a number of examples of atk@mircuits implemented on the DEO board.
These circuits provide demonstrations of the mdgatures on the board, such as its video
capabilities and SD card storage. For each denatiwstirthe Cyclone Ill FPGA (or EPCS4 serial
EEPROM) configuration file is provided, as welltag full source code in Verilog HDL code. All
of the associated files can be found in DEO\demonstrationdolder from theDEO System
CD-ROM. For each of demonstrations described in theviollg sections, we give the name of the
project directory for its files, which are subdi@tes of theDEO_demonstrationfolder.

Installing the Demonstrations

To install the demonstrations on your computerfguer the following

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

5.1 DEO Factory Configuration

The DEO 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 directoryDEQ_Default

» Bit stream usedDEO_Default.sobr DEO_Default.pof

 Power on the DEO board, with the USB cable conmettethe USB Blaster port. If
necessary (that is, if the default factory confajion of the DEO board is not currently
stored in EPCS4 device), download the bit streathedooard 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 green LEDs are flashing.

* Optionally connect a VGA display to the VGA D-SUBmmector. When connected, the
VGA display should show a pattern of colors
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The Verilog source code for this demonstrationrsvigled in theDEO _Defaultfolder, which also
includes the necessary files for the correspond@u@rtus Il project. The top-level Verilog file,
called DEO_Default.y can be used as a template for other projectgusecit defines ports that
correspond to all of the user-accessible pins erCyclone Il FPGA.

5.2 SD Card

Many applications use a large external storagecdewuch as a SD card or CF card, to store data.
The DEO board provides the hardware and softwaredew for SD card access. In this
demonstration we will show how to browse files setbin the root directory of a SD card and how
to read the file contents of a specific file. Thmeesof the SD card should be less or equal to 2GB.
Also, it is required to be formatted as FAT (FATA6FAT 32) File System in advance. Long file
name is supported in this demonstration.

Figure 5.1shows the hardware system block diagram of thisahestration. The system requires a
50 MHz clock provided from the board. Four PIO pame connected to the SD card socket. They
are SD_CLK, SD_CMD, SD_DAT and SD_WP_N. The threespSD_CLK, SD_CMD and
SD_DAT are used to implement SD 1-bit Mode protdoolaccessing the SD card content. The SD
1-bit protocol and FAT File System function areiaiplemented by NIOS Il software. The software
is stored in the on-board SDRAM memory.

FPGA
SOPC

— ) / \
Ry

b, A by On=Chip
¥ \ ¥ Memaory

NIOS 1T

A LY PICy A
\ ¥l Controller \

ITAG LEDVBUTTON

—
o

SDEAM A

|
Timer — Conmolier | SDRAM

System Interconnect Fabiric

PIC b,
PLL
Al ¥ v ¥l Controller 4 SrTARD

Figure 5.1 Block Diagram of the SD Card Demongirat

Figure 5.2shows the software stack of this demonstratiom NFOS PIO block provides basic 10
functions to access hardware directly. The funstiane provided from NIOS Il system and the
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function prototype is defined in the header file.kP>. The SD-CARD block implements SD 1-bit
mode protocol for communication with the SD cardhe TFAT File System block implements
reading function for FAT16 and FAT 32 file systehung filename is supported. By calling the
exported FAT functions, users can browse files utite root directory of the SD card. Furthermore,
users can open a specified file and read the ctstdnhe file.

The main block implements main control of this desteation. When the program is executed, it
detects whether a SD card is inserted. If a SD mafdund, it will check whether the SD card is
formatted as FAT file system. If a FAT file systésrfound, it searches all files in the root diregto
of the FAT file system and displays their nameghim nios2-terminal. If a text file named “test.txt”
is found, it will dump the file contents. If it stessfully recognizes the FAT file system, it wiltr

on the all of green LED. On the other hand, it wulin off all of the green LED if it fails to parse
the FAT file system. Half number of the green LED We turn on if there is no SD card found in
the SD Card socket. If users press BUTTON2 of ti® Doard, the program will perform above
process again.

Main

FAT File System

SD-CARD

NIOS Il PIO

Figure 5.2. Clock Diagram of the SD Card Demongirat

B Demonstration Source Code

* Project directoryDEO_NIOS_SDCARD
e Bit stream usedDEO_TOP_SDCARD.sof
* NIOS Il WorkspaceDEQO_NIOS_SDCARD\Software
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B Demonstration Batch File

Demo Batch File FoldeDEO_NIOS_ SDCARD \Demo_Batch
The demo batch file includes following files:

. Batch File: test.bat, test_bashrc

. FPGA Configure File: DEO_TOP_SDCARD.sof

. NIOS Il Program: DEO_SDCARD.elf

B Demonstration Setup

* Make sure Quartus Il and NIOS Il are installed oaryPC.

*  Change Switch to “PROG” Mode in DEO board.

*  Power on the DEO board.

e Connect USB Blaster to the DEO board and instaB B&ster driver if necessary.

* Execute the demo batch fileest.bat under the batch file folder,
DEO_NIOS_SDCARD\demo_batch

e After NIOS Il program is downloaded and executeccsgsfully, a prompt message will be
displayed in nios2-terminal

*  Copy test files to the root directory of the SD €ar

* Insert the SD card into the SD Card socket of DdsOshown irFigure 5.3

*  PressButton2 of the DEO board to start reading SD Card.

e The program will display SD Card information, aswh inFigure 5.4
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RAM

b«  UNIVERSITY
3 PR

Figure 5.3. Insert SD Card for the SD-Card Dema@tisin
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<+ Miow || EDS 9.0 _ T -0l x|

Figure 5.4. Display SD Card Information for the SBrd Demonstration

5.3 VGA Color Pattern Demonstration

The DEO board provides a 4-bit resistor VGA cirantd D-SUB VGA connector that allow users to
output VGA signals to LCD/CRT monitor using Cyclohié FPGA. This demonstration will
implement a VGA color pattern generator in the FPGKs color pattern generator can generate 2
color patterns using the resolution 640x480. Initamld using SWO can switch the output color
pattern to LCD/CRT monitor.

Figure 5.5 shows the basic block diagram of thimalestration. There are two major blocks in the
circuit, calledVGA_PatternandVGA_Ctr The VGA _Patternblock controls every pixel value for
each horizontal and vertical line; therefore theA/@®attern block can generate many color patterns.
The VGA_Ctrblock generate VGA control signals HS and VS theggend on the user’s resolution
setting that are used to output onto the LCD/CRTitoa
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Altera DEO Board

VGA_Pattern

SWO0

VGA_Ctrl

4-bit VGA Circuit
&
VGA Connector

LCD/CRT

Monitor

Figure 5.5. Block diagram of the VGA Color Pattdemonstration.

Demonstration Setup, File Locations, and Instructios

* Project directoryDEO_VGA

* Bit stream useddEO_VGA.sobr DEO_VGA.pof

» Connect the VGA output of the DEO board to a VGAnmar (both LCD and CRT type of

monitors should work)

* Load the bit stream into FPGA.
* The LCD/CRT monitor should display the color pattas shown irigure 5.6
» Switch SWO can change the color pattern {Sgere 5.7.

Figure 5.6llustrates the setup for this demonstration.
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Figure 5.6. The setup for the VGA color pattermdastration
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Pattern 1 Pattern 2

SWO SWO

Figure 5.7. The output color pattern type for deenonstration
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Chapter 6
Appendix

6.1 Revision History

Version Change Log
V1.0 Initial Version (Preliminary)
V11 GPIO Pin Assignments Corrected

6.2 Copyright Statement

Copyright © 2009 Terasic Technologies. All rightserved.
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