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Chapter 1

Introduction

The DEO-CV presents a robust hardware design platform built around the Alyetane VFPGA,
which is optimized forthe lowest cost and power requirement for transceiver egipdnswith
industryleading programmable logic for ultimate design flexibiliyith Cyclone V FPGAS, you
can get the powegost,and performance levels you need for higblume applications including
protocol bridging, motor control drives and capteseds, and handheld devicéhe DEO-CV
development boarthcludes hardwarsuch ason-board USB Blastewideo capabilitiesand much
more. By leveraging all of these capabilities, I¥EOC-CV is the perfect solution for showcasing,
evaluating, and prototypg the true potential of the Alte@yclone VFPGA

The DEO-CV contains all components needed to usebtherdin conjunction with a computer that
runs the Microsoft WindowXP or later

1.1 Package Contents

Figure 1-1 shows a photograph of tleEQ0-CV package

@ DEO-CV board
@ Type A to B USB Cable
® Power DC Adapter (5V)

Figure 1-1 The DEO-CV package contents

The DEO-CV packageincludes:

i TheDEQG-CV board
1 5V DC Power Supply
1 Type A Male to Type B Male USB Cable
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1.2 DEO-CV System CD

The DEG-CV System CD contasithe documentation and supporting materials, including the User
Manual, Control Panel,System Builder, reference designs and device datasheets. User can
download this System CDdm the wel{http://cddeQcv.terasic.com

1.3 Layout and Components

This sectionpresents the features and design characteristics of the board

A photograph of the board is shownFmjure 1-2 andFigure 1-3. It depicts the layout of the board
and indicates the location of the connectors and key components.

USB
Power Blaster VGA
DC JACK Port Out PS/2

Micro SD Card

Power
ON/OFF
Altera USB
Blaster
Controller
Chipset Altera 28-nm
Cyclone V FPGA
5CEBA4F23C7N
2x20 GPIOx2
RUN/PROG PR
SWItCh for --v|unm‘x“(::uuuumv =
JTAG/AS Modes i
7-Segment
Display ¥ ot
BED |
Fl ll»| il ol
T .
LED x10 Switch x10 64MB  Button x4 FPGA
SDRAM Reset
Figure 1-2 Development Board (top view)
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Figure 1-3 Development Board (bottom view)

This board has many features that allogersto implement a wide range of designed circuits, from
simple circuits to various multimedia projects.

The following hardware is provided on the board:

FPGA Device

1 Cyclone V5CEBA4F23C7NDevice
1 49K Programmable Logic Elements
1 3080Kbits embedded memory

1 4 Fractional PLLs

Configuration and Debug

1 Saeial Configuration devicé EPCS64 on FPGA
1 OnBoard USB BlasterNormaltype BUSB connector)
1 JTAG and AS modeanfiguration supported

Memory Device
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1 64MB SDRAM, x16 bits data bus
Communication

1 PS/2 mouse/keyboard
Connectors

1 2x20 GPIO Header
Display

I Uses a dit resistornetwork DAC
1 With 15-pin high-density Dsub connector

Micro SD Card Socket

9 Provides SPI and-Bit SD mode foMicro SD Card access
Switches, Buttons and LEDs

9 10LEDs

9 10 SlideSwitches

9 4 Debounced Push Buttons
9 1 CPU reset Push Buttons
1 Six 7-Segments

Power

1 5V DC input

1.4 Block Diagram of the Cyclone V Starter Board

Figure 1-4 gives the block diagram of the board. To provide maximum flexibility for the user, all
connections are made through tgclone VFPGA device. Thus, the user can configlre EPGA
to implement any systenesign
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Figure 1-4 Board Block Diagram

1.5 Getting Help

Here are the addresses where you can get help if you encanyppgoblem:

9 Terasic Inc.

9F., N0.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan

Email: support@terasic.com

Tel.: +886-3-5750-880

Web: http://wwwDEQ-CV.terasic.com
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Chapter 2

Control Pane/

The DEO-CV board comes with a Control Panel program that allows users to access various
compaments on the board from a host computer. The host computer communicates with the board
through a USB connection. The program can be used to verify the functionality of components on
the board or be used as a debug tool while devel@rg&TL code.

This chapter first presents some basic functions of the Control Panel, then describes its structure in
theblock diagram form, and finally describes its capabilities.

2.1 Control Panel Setup

The Control Panel Software Utility is located in thieectoryfi T o/€dnts o | P & theDEG-CV
System CD It's free of installation, just copy the whole folder to ybastcomputer and launch the
control panel by executinpei DEOCV _Contr.ol Panel . exeo

Specific controlcircuits should be downloaded to your FPGA board befloeecontrol panel can
request it to perform required tasks. The program will call Quartus Il tools to download the control
circuit to the FPGA board throughe USB-Blaster[USBO] connection.

To activate the Control Panel, perform the following steps:
1. Make sure Quartus I4.0or a laterversionis installed successfully on your PC.
2. Set the RUN/PROG switch to the RUN position

3. Connect the USB cable provided to the USB Blaster port, conneé&\tipewer supply, and
turn the power switch ON

4. Stat the executabl®EOCV_ControlPanel.exen the host computer. The Control Panel user
interface shown ifrigure 2-1 will appear.

5. The DEOCV_ControlPanel.sof bit stream is loaded automatically as soon as the
DEOCV_ControlPanel.exds launched.

6. In caseof adisconnet click on CONNECT where the .sof will be-l@aded onto the board.
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Please note thathe Control Panel will occupy the USB port until you close that portaymot use Quartus |l
to download a cofiguration file into the FPGA until the USB port is closed.

7. The Control Panel is now ready to use; expereih by setting the ON/OFF status for some
LEDs and observing the result on bEC-CV board.

BEEBRERBEESR" ® '
- n“ﬁﬁﬁﬂﬁﬂ- b Ahat .
o e bl bbb b 1 1220

Figure 2-1 The DEO-CV Control Panel

The concept of th®EO-CV Control Panel is illustrated iRigure 2-2. T h e A CQirouitor otlh at
performs the control functions is implemented in the FPGA board. It communicéteshe
Control Panel window, which is active on the host computer, via the USB Blaster link. The
graphical interface is used s@ndcommands to the contralrcuit. It handles althe requests and
performs data transfers between the computer andEQeCV board.
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Figure 2-2 The DEO-CV Control Panel concept
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The DEG-CV Control Panel can be used to light up LEDs, change the values displayed on the
7-segment, monitor buttons/switches status, read/writeSDRAM Memory, output VGA color
pattern to VGA monitorread SD Card specification information. The feature of reading/writing a
word or an entire file from/to the Memory allows the user to develop multimedia applications
without worrying about how to build emory Programmer.

2.2 Controlling the LEDs, 7-segment Displays

A simple function of the Control Panel is to allsetting the values displayed on LEDsségment
displays.

Choosing tha.ED tab leads to the window iRigure 2-3. Here, you can directly turtihe LEDs on
or off individually orby clickingid Li ght Al |l 6 or AUnlight Al Il 0.
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Figure 2-3 Controlling LEDs

Choosing the7-SEGtab leads to the windoshownin Figure 2-4. From the windowdirectly use
the left-right arrows tocontrol the 7-SEG patterns on th®EO-CV board which are updated
immediately Note that the dots of theSEGs are not enabled tre DEC-CV board

LED Memory

7-SEG SD Card
[ e ] Y T e O e
,F\
DISCONNECT.

Figure 2-4 Controlling 7-SEG display
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The ability to set arbitrary values into simple display devices is not needed in typical design
activities. However, it gives usera simple mechanism for verifying that #ee devices are
functioning correctly in case a malfunction is suspected. Thus, it can be used for troubleshooting
purposes.

2.3 Switches and Push-buttons

Choosing theSwitchestab leads to the window iRigure 2-5. The function is designed to monitor
the status oslide switches angushbuttonsin real time and show the status in a graphical user
interface. It can be used to verify the functionality ofghée switches angbushbuttons.

LED Memory o
SD Card KEY3 KEY2 KEY1 KEY0

VG4 Switches

HHUHDMUUH

SW8 SW7 SW6 SW5 SW4 SW3 SW2 SW1 SWo
-chncru vitches and Pushbuttons

Figure 2-5 Monitoring switches and buttons

The ability to check the status plishbutton and slideswitch is not needed in typical design
activities. However, it provides users a simple mechaniswerify if the buttons and switchese
functioning correctly. Thus, it can be used for troubleshooting purposes.

2.4 SDRAM Controller and Programmer

The Control Panel can be used to write/read data to/fromRRAS! chips on theDEO-CV board.
As shown belowwe will describe how th€DRAM may ke accessed; Click on the Memory tab and
sel BRRAMON t o r each Figue@6.wi ndow i n
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Figure 2-6 Accessing the SDRAM

A 16-bit word can be written into th8DRAM by entering the address of the desired location,
specifying the data to be written, and pressing the Write button. Contents of the location can be read
by pressing the Read buttdAgure 2-6 depicts the result afiriting the hexadecimal value 06CA

into offset address 200, followed by reading the same location.

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

1. Specify the starting address in teldress box.

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

3. To initiate the writingprocess, click on th@/rite a File to Memory button.

4. When the Control Panel responds with the standard Windows dialog box asking for the
source file, specify the desired file location in the usual manner.

The Control Panel also supports loading files with a .hex extenslen.Wfth a .hex extension are
ASCII text files that specify memory values using ASCII characters to represent hexadecimal
values. Foexample, a file containing the line

0123456789ABCDEF

aslc DEOCV User Manual 13 www.terasic.com
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defines eight &it values: 01, 23, 45, 67, 89, AB, CD, EF. Thesdues will be loaded
consecutively into the memory.

The Sequential Read function is used to read the contents 8SDRAM and fill them into a file as
follows:

1. Specify the starting address in the Address box.

2. Specify the number of bytes to be copietto the file in the Length box. If the entire
contents of theSDRAMare to be copied (which involves &4 Mbytes), then place a checkmark
in the Entire Memory box.

3. Press Load Memory Content to a File button.

4. When the Control Panel responds withettstandard Windows dialog box asking for the
destination file, specify the desired file in the usual manner.

2.5 SD Card

The function is designed to read the identification and specification information of the SD Card.
The 4bit SD MODE is used to access th® £ard. This function can be used to verify the
functionality of the SD Card Interface. Follow the steps belopetformthe SD Cardxercise

1. Choosing the SD Card tab leads to the windowidnre 2-7.

2. Inset an SD Card to thd®EO-CV board,and then press the Read button to read the SD Card. The

SD Cardodés identification, specification, and
window.
DEOCV User Manual 14 www.terasic.com
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entification
-Manufacturer ID:1Bh
-OEM/Application ID:4D53h
-Product Name:00000
-Product Revision:10h
-Serial No.:-B113A5A1h
-Date Code:08

D Version 2.0

-Read Access Time: 1000 us
Switches -Read Access Time (NSAC):0 (x100 cycle)
-Max. Data Transfer Rate:25 Mbits/s

-Max. Read Data Block Length:512 Byte

N -Memory Capacity:3925MB
y ﬂ \ File System
DISCONNECT. FAT32

L -

Figure 2-7 Reading the SD Card Identification and Specification

2.6 VGA

DEG-CV Control Panel provide¥GA patten function that allows users to output color pattern to
LCD/CRT monitor using thdDEO-CV board. Follow the steps below to generate\ll&A pattern
function:

Choosing the BA tab leads to the window iRigure 2-8.
Plug aD-subcable to th&/GA connector of th®EQO-CV board and LCOCRT monitor.
The LCD'CRT monitor will display the same color pattern on the comieslel window.

Click the drop down menu shown iAgure 2-8 where you can output the selected pattern
individually.
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Figure 2-8 Controlling VGA display under Control Panel

2.7 Overall Structure of the DEO-CV Control Panel

The DEO-CV Control Panel is based on a NiogQsyssystem instantiated in the Cyclone V FPGA
with software running on the echip memory. The software part is implemented in C code; the
hardware part ismplemented in VerilogHDL code with Qsys builder. The source code is not
available on th®EQ-CV System CD.

To run the Control Panel, useshouldfollow the configuration settingaccording toSection 3.1.
Figure 2-9 depicts the structure of the Control Panel. Each input/output device is controlled by the
Nios Il Processor instantiated in the FPGA chip. The communication with the PC is done via the
USB Blaster link. The Ms Il interprets the commands sent frometPC and performs the
corresponding actions.
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Figure 2-9 The block diagram of the DEO-CV control panel
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Chapter 3
Using the Starter Kit

This chapter provides an instruction to uselib@rd and describes tiperipherals

3.1 Configuration of Cyclone V FPGA on DEO-CV

The DEO-CV board contains a serial configuration device that stores configuration data for the
Cyclone VFPGA. This configuration data is automatically loaded from the configuration device
into the FPGAwhen powered anUsing the Quartus Il software, it is possible to reconfigure the
FPGA at any time, and it is also possible to change thevolatile data that is stored in the serial
configuration device. Both types of programming methods are destdhed.

1. JTAG programming: In this method of programming, named after the IEEE standards Joint Test
Action Group, the configuration bit stream is downloaded directly intcCgredone VFPGA. The

FPGA will retain this configuration as long as power is &gpko the board; the configuration
information will be lost when the power is turned off.

2. AS programming: In this method, called Active Serial programming, the configuration bit
stream is downloaded into the AltefE®?CS64 serial configuration devicet provides norvolatile

storage of the bit stream, so that the information is retained even when the power supply to the
DEOCVboard is turned off. When the boardds po\
EPC®4 device is automatically loadediatheCyclone VFPGA.

The sections below describe the steps to perform both JTAG and AS programming. For both
methods th&EQO-CV board is connected to a host computer via a USB cable. Using this connection,
the board will be identified by the host compude an Altera USB Blaster device.
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A Configuring the FPGA in JTAG Mode

Figure 3-1 illustrates the JTAG configuration setup. To download a configuration bit stream into
the Cyclone VFPGA, you need t@erform the fdowing steps:

1 Ensure that power is applied to th&0-CV board

1 Configure the JTAG programming circuit by setting the RUN/PROG slide swdHL() to the

RUN position (Seéigure 3-2)

Connect the USB cabfaovidedto the USB Blaster port on tfizE0-CV board

1 The FPGA can now be programmed by using the Quartus II Programmer to select a
configuration bit stream file with the .sof filename extension

=

USB Blaster Circuit

Quartus Il RUN

@ Programmer MAX Il R JTAG UART
\Q/ EPM 240 =

JTAG Config Signals 1
QUARTUS"II
“PROG”

v

Figure 3-1 The JTAG configuration scheme

BalEREREE P o

(ST Sy S ) Ny Sy o] S

SW10 -

Figure 3-2 The RUN/PROG switch (SW10) is set in JTAG mode
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A Configuring the EPCS54in AS Mode

Figure 3-3 illustrates the AS configuration sgt. To download a configuration bit stream into the
EPC%4 serial configuration devicgiou need tgerform the following steps:

1 Ensure that power is applied to th&0-CV board.

1 Connect th&JSB cableprovidedto the USB Blaster port on tizE0-CV board

1 Configure the JTAG programming circuit by setting the RUN/PROG slide sw&@¢l(Q to the
PROG position.

1 The EPC%4 chip can now be programmed by using the Quartus Il Programmer to select a
configuration bit stream file with the .pof filename extension.

1 Once the programming operation is finished, set the RUN/PROG slide switch back to the RUN
position and then reset the board by turning the power switch off and back on; this action causes
the new configuration data in tB#°C$4 device to be loaded into th€BA chip.

USB Blaster Circuit

RUN

Quartus |1 AS Mode Auto Power-on =
&g‘ Programmer R MAX Il ‘i Config Config R Alm ®
\. v EPM 240 T s <3
QUARTUS I Cyclone'”V

“PROG”

EPCS64
Serial
Configul

Figure 3-3 The AS configuration scheme
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A Status LED

1 The FPGA development board includdsardspecific status LEDsto indicate board status
Please refer tdable 3-1 for thedescriptionof the LED indicatorPlease refer téigure 3-4 for
detailed LED location.

Table 3-1 StatusLED

Board A
LED Name Description
Reference
D15 3.3-V Power llluminates when 3.3-V power is active.
D16 ULED llluminates when the on-board USB-Blaster is working

= DEO-CV Cyetonefy il

B

Nl RERERE Frrere

) P ) it ) P ) P Ol

Figure 3-4 Status LED position

3.2 Using the LEDs and Switches

A UserDefined Push-buttons

The board includetour user definecpushbuttors and one FPGA reset buttdnat allowusersto
interact with theCyclone Vdeviceas shown irFigure 3-5. Each of these switches is debounced
using a Schmitt Tgger circuit, as indicated iRigure 3-6. The five outputs called KEYO, KEY1,
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KEY2, KEY3 and RESET_Nof the Schmitt Trigger devices are connected directly taCywone
V FPGA. Each pushutton switch provides kigh logic level when it is not pressed, and provides a

low logic |

evel when depressed. Since the postion switches are debounced, they are appropriate

for using as clockor reset inputs in a circuit.

VCC3P3

L ssis

N
—O O ®
KEY1 KEYO
N E7
O 0O KEY1 boo
—_—
KEY2 KEY2 .,
S 74AUCT7 > M7
—0 O KEY3 - Cyclonet™V
—’ -
KEY3
RESET_N
-_O l = P22
KEY4
-
O NGO,

Figure 3-5 Connections between the push-button and Cyclone V FPGA

lPushbutton depressed lPushbutton released

Before

Debouncing||||||||| |||||||

Schmitt Trigger
Debounced

&
<

v

Figure 3-6 Switch debouncing

A UserDefined SlideSwitch

There ardenslide switches connected to FPGA on the board [Sgee 3-7). These switches are
not debounced, and are assumed for use asdewusitive data inputs to a circuit. Each switch is
connected directly to a pin on ti@&yclone VFPGA. When the switch is in the DOWN position

(closest o

the edge of the board), it provides a low logic level to the FPGA, and when the switch is

in the UP position it provides a high logic level.

[:asic]
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Cyclone!?v

B12 |AB13 |AA13 [AA14 |AB15 |AA15 [T12 |T13 [vi3  |U13 o
[l ) L L A

SW9 SW8 SW7 SW6 SW5 Sw4 SW3 Sw2 SW1 SWO Logic™0”

Figure 3-7 Connections between the slide switches and Cyclone V FPGA

A UserDefined LEDs

There are alsten usercontrollable LEDs connected to FPGA on the board. Each LED is driven
directly by a pin on th€yclone VFPGA; driving its associated pin to a high logic level turns the
LED on, and driving the pin low turnsoff. Figure 3-8 shows the connections between LEDs and
Cyclone VFPGA. Table 3-2, Table 3-3 andTable 3-4 list the pinassignmenbf user puskbuttons,
switches, and LEDs.
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Figure 3-8 Connections between the LEDs and Cyclone V FPGA

Table 3-2 Pin Assignment ofPush-buttons

Signal Name FPGA Pin No. Description
KEYO PIN_U7 Push-button[0]
KEY1 PIN_W9 Push-button[1]
KEY2 PIN_M7 Push-button[2]
KEY3 PIN_M6 Push-button[3]
RESET N PIN_P22 Push-button which connected

to DEV_CLRN Pin of FPGA

Table 3-3 Pin Assignment ofSlide Switches

Signal Name FPGA Pin No. Description
SWO0 PIN_U13 Slide Switch[0]
SW1 PIN_V13 Slide Switch[1]
SW2 PIN_T13 Slide Switch[2]
SW3 PIN_T12 Slide Switch[3]
Sw4 PIN_AA15 Slide Switch[4]
SW5 PIN_AB15 Slide Switch[5]
SW6 PIN_AA14 Slide Switch[6]
SW7 PIN_AA13 Slide Switch[7]
SW8 PIN_AB13 Slide Switch[8]
SW9 PIN_AB12 Slide Switch[9]
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Table 3-4 Pin Assignmentof LEDs

Signal Name FPGA Pin No. Description
LEDRO PIN_AA2 LED [0O]
LEDR1 PIN_AA1 LED [1]
LEDR2 PIN_W2 LED [2]
LEDRS3 PIN_Y3 LED [3]
LEDR4 PIN_N2 LED [4]
LEDRS PIN_N1 LED [5]
LEDR6 PIN_U2 LED [6]
LEDRY PIN_U1 LED [7]
LEDRS PIN_L2 LED [8]
LEDR9 PIN_L1 LED [9]

3.3 Using the 7-segment Displays

The DEO-CV board hassix 7-segment displays. These displays are paired to display numbers in
various sizesFigure 3-9 shows the connection of seven segments (common anode) to pins on
Cyclone VFPGA. The segment can be turned on or off by applying a low logic level or high logic
level from the FPGA, respectively.

Each segment in a display is indexed from 0 to 6, with corresponding positions giugnrin3-9.
Table 3-5 shows the pin assignment of FPGA to theegment displays.

Figure 3-9 Connections between the 7-segment display HEXO and the Cyclone V FPGA

Table 3-5 Pin Assignment of7-segment Displays

Signal Name FPGA Pin No. Description
HEXO00 PIN_U21 Seven Segment Digit 0[0]
HEXO01 PIN_V21 Seven Segment Digit 0[1]
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HEX02 PIN_W22 Seven Segment Digit 0[2]

HEXO03 PIN_W21 Seven Segment Digit 0[3]
HEX04 PIN_Y22 Seven Segment Digit 0[4]
HEXO05 PIN_Y21 Seven Segment Digit 0[5]
HEX06 PIN_AA22 Seven Segment Digit 0[6]
HEX10 PIN_AAZ20 Seven Segment Digit 1[0]
HEX11 PIN_AB20 Seven Segment Digit 1[1]
HEX12 PIN_AA19 Seven Segment Digit 1[2]
HEX13 PIN_AA18 Seven Segment Digit 1[3]
HEX14 PIN_AB18 Seven Segment Digit 1[4]
HEX15 PIN_AA17 Seven Segment Digit 1[5]
HEX16 PIN_U22 Seven Segment Digit 1[6]
HEX20 PIN_Y19 Seven Segment Digit 2[0]
HEX21 PIN_AB17 Seven Segment Digit 2[1]
HEX22 PIN_AA10 Seven Segment Digit 2[2]
HEX23 PIN_Y14 Seven Segment Digit 2[3]
HEX24 PIN_V14 Seven Segment Digit 2[4]
HEX25 PIN_AB22 Seven Segment Digit 2[5]
HEX26 PIN_AB21 Seven Segment Digit 2[6]
HEX30 PIN_Y16 Seven Segment Digit 3[0]
HEX31 PIN_W16 Seven Segment Digit 3[1]
HEX32 PIN_Y17 Seven Segment Digit 3[2]
HEX33 PIN_V16 Seven Segment Digit 3[3]
HEX34 PIN_U17 Seven Segment Digit 3[4]
HEX35 PIN_V18 Seven Segment Digit 3[5]
HEX36 PIN_V19 Seven Segment Digit 3[6]
HEX40 PIN_U20 Seven Segment Digit 4[0]
HEX41 PIN_Y20 Seven Segment Digit 4[1]
HEX42 PIN_V20 Seven Segment Digit 4[2]
HEX43 PIN_U16 Seven Segment Digit 4[3]
HEX44 PIN_U15 Seven Segment Digit 4[4]
HEX45 PIN_Y15 Seven Segment Digit 4[5]
HEX46 PIN_P9 Seven Segment Digit 4[6]
HEX50 PIN_N9 Seven Segment Digit 5[0]
HEX51 PIN_M8 Seven Segment Digit 5[1]
HEX52 PIN_T14 Seven Segment Digit 5[2]
HEX53 PIN_P14 Seven Segment Digit 5[3]
HEX54 PIN_C1 Seven Segment Digit 5[4]
HEX55 PIN_C2 Seven Segment Digit 5[5]
HEX56 PIN_W19 Seven Segment Digit 5[6]
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3.4 Clock Circuitry

Figure 3-10shows theclock circuit of DEGCV Board, the crystal 50 MHz buffered ftaur 50MHz
clock. The associated pin assignment for clock inputs 8AKO pins is listed infable 3-6.

CLOCK2_50
CLOCK3_50 L
Bank 8A Bank 7A
Crystal SOMHzI CLOCK Alm
®

i — <
S £
o Cyclonet™V 5

P
3 8
<
©
an]

Bank 3A | Bank 3B Bank 4A
CLOCK_50
CLOCK4_50
Figure 3-10 Clock circuit of the FPGA Board
Table 3-6 Pin Assignment of Clock hputs
Signal Name FPGA Pin No. Description

CLOCK_50 PIN_M9 50 MHz clock input(Bank 3B)
CLOCK2_50 PIN_H13 50 MHz clock input(Bank 7A)
CLOCK3_50 PIN_E10 50 MHz clock input(Bank 8A)
CLOCK4_50 PIN_V15 50 MHz clock input(Bank 4A)

3.5 Using 2x20 GPIO Expansion Headers

The board hasvo 40-pin expansion headerEach header has 36 user pins connected directly to the
Cyclone VFPGA. It also comes with DC +5V (VCC5), DC +3.3V (Va&3, and two GND pins.
Both 5V and 3.3V can provide a total of 5W power.

Each pin o the expansion headers is connected to two diodes and a resistor for protection against
high or low voltage level-igure 3-11 shows the protection circuitry applied to all 2x36 data pins.

Figure 3-11 shows therelated schematicslable 3-7 shows the pin assignment of two GPIO
headers.
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Figure 3-11 Connections between the GPIO header and Cyclone V FPGA

(GPIO 0)
JP1
Clock in  N16—SP10.0,D0 GPIO 0 D1 o6
Clock in  M16—SP10.0.02 GPIO 0 D3 (46
D17 GPIO_0_D4 GPIO 0 D5 s
ko1 GPI0_0_D6 GPIO 0 D7 0,
Moo GPI0_0_D8 GPIO 0 D9 0,
versi GPIO_0_D10 GPIO_0_D11
N2l e R22
Ro1 GPIO_0 D12 GPIO 0 D13 _ 1,
N20 GPI0_0 D14 GPIO 0 D15 _ g
Clock_out M2 SP10_0.D16 GPIO 0 D17_ .o
Clock out 22 -SP10.0.D18 GPIO 0 D19 _ 7
p1p _GPI0_0_D20 GPIO 0 D21 .0
|15 _GPIO_0_D22 GPIO 0 D23,
L1 GPIO_0_D24 GPIO 0 D25 .-
VCC3P3 O ]
«19GPIO_0_D26 GPIO_0 D27 .0
Ri5_GPIO_0_D28 GPIO 0 D29 ..,
R16 SPIO_0_D30 GPI0 0. D31 _
T19 GPIO_0_D32 GPI0 0 D33 o
147 _GPIO_0_D34 GPI0 0 D35 .
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BOX Header 2x20M

(GPIO 1)
JP2
Clock_in H16 GPIO_1_DO GPIO_1_D1 A12
Clock_in H15 GPIO_1_D2 GPIO_1_D3 B12
A13 GPIO_1_D4 GPIO_1_D5 B13
c13 GPIO_1_D6 GPIO_1_D7 D13
G18 GPIO_1_D8 GPIO_1_D9 G17
VELI e GPIO_1_D10 GPIO_1_D11
H18 ——————' J18
J1QM b GPIO_1_D13 G
H1OM GPIO_1_D15 1
HMM__ GPIO_1_D17 A15
me GPIO_1_D19 L8
A4 GPIO_1_D20 GPIO_1_D21 B15
c1s GPIO_1_D22 GPIO_1_D23 E14
E15 GPIO_1_D24 GPIO_1_D25 E16
VCC3P3 & b
F14 GPIO_1_D26 GPIO_1_D27 F15
F13 GPIO_1_D28 GPIO_1_D29 F12
G16 GPIO_1_D30 GPIO_1_D31 G15
G13 GPIO_1_D32 GPIO_1_D33 G12
7 GPIO_1_D34 GPIO_1_D35 K16
BOX Header 2x20M _

Figure 3-12 I/O distribution of the expansion headers

Table 3-7 Pin Assignment ofExpansion Headers

www.terasic.com

Signal Name FPGA Pin No. Description
GPIO_0 DO PIN_N16 GPIO Connection 0[0]
GPIO_0 D1 PIN_B16 GPIO Connection 0[1]
GPIO_0_D2 PIN_M16 GPIO Connection 0[2]
GPIO_0 D3 PIN_C16 GPIO Connection 0[3]
GPIO_0 D4 PIN_D17 GPIO Connection 0[4]
GPIO_0_D5 PIN_K20 GPIO Connection 0[5]
GPIO_0_D6 PIN_K21 GPIO Connection 0[6]
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GPIO_0_D7
GPIO_0_D8
GPIO_0_D9

GPIO_0_D10

GPIO_0_D11

GPIO_0_D12

GPIO_0_D13

GPIO_0_D14

GPIO_0_D15

GPIO_0_D16

GPIO_0_D17

GPIO_0_D18

GPIO_0_D19

GPIO_0_D20

GPIO_0_D21

GPIO_0_D22

GPIO_0_D23

GPIO_0_D24

GPIO_0_D25

GPIO_0_D26

GPIO_0_D27

GPIO_0_D28

GPIO_0_D29

GPIO_0_D30

GPIO_0_D31

GPIO_0_D32

GPIO_0_D33

GPIO_0_D34

GPIO_0_D35
GPIO_1_DO
GPIO_1 D1
GPIO_1_D2
GPIO_1_D3
GPIO_1_D4
GPIO_1_D5
GPIO_1_D6
GPIO_1_D7
GPIO_1_D8
GPIO_1_D9

GPIO_1_D10

GPIO_1_D11

GPIO_1_D12

GPIO_1_D13

GPIO_1_D14

GPIO_1_D15

GPIO_1_D16

GPIO_1 D17
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PIN_K22
PIN_M20
PIN_M21
PIN_N21
PIN_R22
PIN_R21
PIN_T22
PIN_N20
PIN_N19
PIN_M22
PIN_P19
PIN_L22
PIN_P17
PIN_P16
PIN_M18
PIN_L18
PIN_L17
PIN_L19
PIN_K17
PIN_K19
PIN_P18
PIN_R15
PIN_R17
PIN_R16
PIN_T20
PIN_T19
PIN_T18
PIN_T17
PIN_T15
PIN_H16
PIN_A12
PIN_H15
PIN_B12
PIN_A13
PIN_B13
PIN_C13
PIN_D13
PIN_G18
PIN_G17
PIN_H18
PIN_J18
PIN_J19
PIN_G11
PIN_H10
PIN_J11
PIN_H14
PIN_A15

29

GPIO Connection 0[7]
GPIO Connection 0[8]
GPIO Connection 0[9]
GPIO Connection 0[10]
GPIO Connection 0[11]
GPIO Connection 0[12]
GPIO Connection 0[13]
GPIO Connection 0[14]
GPIO Connection 0[15]
GPIO Connection 0[16]
GPIO Connection 0[17]
GPIO Connection 0[18]
GPIO Connection 0[19]
GPIO Connection 0[20]
GPIO Connection 0[21]
GPIO Connection 0[22]
GPIO Connection 0[23]
GPIO Connection 0[24]
GPIO Connection 0[25]
GPIO Connection 0[26]
GPIO Connection 0[27]
GPIO Connection 0[28]
GPIO Connection 0[29]
GPIO Connection 0[30]
GPIO Connection 0[31]
GPIO Connection 0[32]
GPIO Connection 0[33]
GPIO Connection 0[34]
GPIO Connection 0[35]
GPIO Connection 1[0]
GPIO Connection 1[1]
GPIO Connection 1[2]
GPIO Connection 1[3]
GPIO Connection 1[4]
GPIO Connection 1[5]
GPIO Connection 1[6]
GPIO Connection 1[7]
GPIO Connection 1[8]
GPIO Connection 1[9]
GPIO Connection 1[10]
GPIO Connection 1[11]
GPIO Connection 1[12]
GPIO Connection 1[13]
GPIO Connection 1[14]
GPIO Connection 1[15]
GPIO Connection 1[16]
GPIO Connection 1[17]
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GPIO_1 D18 PIN_J13 GPIO Connection 1[18]

GPIO_1_D19 PIN_L8 GPIO Connection 1[19]
GPIO_1 D20 PIN_A14 GPIO Connection 1[20]
GPIO_1_D21 PIN_B15 GPIO Connection 1[21]
GPIO_1 D22 PIN_C15 GPIO Connection 1[22]
GPIO_1 D23 PIN_E14 GPIO Connection 1[23]
GPIO_1_D24 PIN_E15 GPIO Connection 1[24]
GPIO_1 D25 PIN_E16 GPIO Connection 1[25]
GPIO_1_D26 PIN_F14 GPIO Connection 1[26]
GPIO_1 D27 PIN_F15 GPIO Connection 1[27]
GPIO_1_D28 PIN_F13 GPIO Connection 1[28]
GPIO_1_D29 PIN_F12 GPIO Connection 1[29]
GPIO_1 D30 PIN_G16 GPIO Connection 1[30]
GPIO_1_D31 PIN_G15 GPIO Connection 1[31]
GPIO_1 D32 PIN_G13 GPIO Connection 1[32]
GPIO_1_D33 PIN_G12 GPIO Connection 1[33]
GPIO_1 D34 PIN_J17 GPIO Connection 1[34]
GPIO_1 D35 PIN_K16 GPIO Connection 1[35]

3.6 Using VGA

The DEGCYV board includes a 1gin D-SUB connector for VGA output. The VGA syrrodnization
signals are provided directly from the Cyclovid-PGA, and a -bit DAC using resistor network is
used to produce the analog data signals (red, green, andTleegssociated schematic is given in
Figure 3-13and can support standard VGA resolution (640x480 pixels, at 25 MHz).

AITERAW

Cyclone,@i,v

VGA_BO | 8:8:8
VGA_B1
VGA_B2 \/\/\/
VGA_B3

 [veavs
r AN

VGA_HS
W

Figure 3-13 Connections between the FPGA and VGA
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The timing specification for VGA synchronization and RGB (red, green, blue) et be easily
found on website nowadaysigure 3-13 illustrates the basic timing requirements for each row
(horizontal) displayed on a VGA monitor. An actil@v pulse of specific duration is applied to the
horizontal synchronization (hsync) input of the monitor, which signifies the end of one row of data
and the start of the next. The data (RGB) output to the monitor must be off (driven to 0 V) for a
time period called the back porch (b) after the hsync pulserscwhich is followed by the display
interval (c). During the data display interval the RGB data drives each pixel in turn across the row
being displayed. Finally, there is a time period called the front porch (d) where the RGB signals
must again be ofbefore the next hsync pulse can occur. The timing of vertical synchronization
(vsync) is similar to the one shown fingure 3-14, except that a vsync pulse signifies the end of
one frame and the start of the nexttd the data refers to the set of rows in the frame (horizontal
timing). Table 3-8 andTable 3-9 show different resolutions and durations of time period a, b, ¢, and

d for both horizontal and vertical timing.

The pin assignments between the Cycloh&PGA and the VGA connector are listed Table
3-10.
Back porch (b) Front porch (d)
1

<4 Displayinterval (c) |4

DATA | RGB
: )
! I
i :
HSYNC '
< »| Sync (a)
Figure 3-14 VGA horizontal timing specification
Table 3-8 VGA Horizontal Timing Specification
VGA mode Horizontal Timing Spec
Configuration Resolution(HxV) a(pixel | b(pixel | c(pixel | d(pixel | Pixel clock(MHz)
clock clock | clock | clock
cycle) | cycle) | cycle) | cycle)
VGA(60Hz) 640x480 96 48 640 16 25
Table 3-9 VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Configuration Resolution(HxV) a(lines) | b(lines)  c(lines)  d(lines) Pixel clock(MHz)
VGA(60Hz) 640x480 2 33 480 10 25
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Table 3-10 Pin Assignment ofVGA

Signal Name FPGA Pin No. Description
VGA_RO PIN_A9 VGA Red|[(]
VGA_R1 PIN_B10 VGA Red[1]
VGA_R2 PIN_C9 VGA Red[2]
VGA_R3 PIN_A5 VGA Red(3]
VGA_GO PIN_L7 VGA Green[0]
VGA_G1 PIN_K7 VGA Green[1]
VGA_G2 PIN_J7 VGA Green[2]
VGA_G3 PIN_J8 VGA Green[3]
VGA_BO PIN_B6 VGA Blue[0]
VGA_B1 PIN_B7 VGA Blue[1]
VGA_B2 PIN_A8 VGA Blue[2]
VGA B3 PIN_A7 VGA Blue[3]
VGA_HS PIN_HS8 VGA H_SYNC
VGA_VS PIN_G8 VGA V_SYNC

3.7 PS/2 Serial Port

The DEGCV board comes with a standard PS/2 interface and a connector for a PS/2 keyboard or
mouse.Figure 3-15 shows the connection of PS/2 circuit to the FPGA. Usersusanthe PS/2
keyboard and mouse on the BEW¥ board simultaneously by a PS/2Céble, as shown iRigure

3-16. Instructions on how to use PS/2 mouse and/or keyboard can be found on various educational
websites. Th@in assignment associated to this interface is showabife 3-11.

@
\J Note: If users connect only one PS/2 equipment, the PS/2 signals connected to the FPGA I/O

shoul d be PS2 CLK and PS2 DAT

_ PS2_CLK
b PS2_CLK2 Wy
E2 < \/\/\,
/ANO[S RYA) ¢
Cyclone,g.V ﬂ
_ PS2_DAT2 312
I PS2_DAT WV
G2 <« \/\/\,

Figure 3-15 Connections between the FPGA and PS/2
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Figure 3-16 Y-Cable for using keyboard and mouse simultaneously

Table 3-11 Pin Assignment of PS/2

Signal Name |FPGA Pin No. |Description
PS2_CLK PIN_D3 PS/2 Clock
PS2_DAT PIN_G2 PS/2 Data
PS2_CLK2 PIN_E2 PS/2 Clock (reserved for second PS/2 device)
PS2 DAT2 PIN_G1 PS/2 Data (reserved for second PS/2 device)

3.8 Micro SD-Card Socket

The development board suppolscro SD card interface using x4 data linésgure 3-17 shows
the related signalsonnections between ti&D CardandCyclone VFPGA andFigure 3-18 shows
micro SD card plugn position.

Finally, Table 3-12lists all the associated pins

J11

A 4
(3]

1 SD_CLK

S SD_CMD

A 4
w

[_\_SD_DATAQ

A 4

Micro-SD Card
L. SD_DATA1 Socket

A 4
(o]

[ SD_DATA2

g@
UL

N
LSD_DATAS/CD A N_A
| Vo

Figure 3-17 Connection between the SD Card Socket and Cyclone V FPGA
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Figure 3-18 Micro SD Card

Table 3-12 Pin Assignment of Micro SD Card Socket

Signhal Name FPGA Pin No. |Description
SD_CLK PIN_H11 Serial Clock
SD_CMD PIN_B11 Command, Response
SD_DATAO PIN_K9 Serial Data 0
SD_DATA1 PIN_D12 Serial Data 1
SD_DATA2 PIN_E12 Serial Data 2
SD_DATA3 PIN_C11 Serial Data 3

3.9 Using SDRAM

The board feature64MB of SDRAM with a single64MB (32Mx16) SDRAM chip. The chip
consists of 1éit data ling controlline, and address line connected to the FPTAs chip uses the

3.3V LVCMOS signaling standard. Connections between the FPGA and SDRAM are shown in
Figure 3-19, and the pin assignment is listedrable 3-13.
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32Mx16 SDRAM

. DRAM_DQU15.0] (g
__DRAM_ADDRI12.0]  FASPRS
DRAM_BA[1.0] __ NEYNER

DRAM_CLK N CLK

m I:l ‘EII R A DRAM_CKE ; CKE
® DRAM_LDOM ___ BECIeVY
Cyclone§v DRAM_UDGM ___ RUIsteTY

s DRAM_WE_N _ [eype

DRAM_CAS_N __ [FHSNS

DRAM_RAS_N [P

DRAM_CS N |8

v

Figure 3-19 Connections between the FPGA and SDRAM

Table 3-13 Pin Assignment of SDRAM

Signal Name FPGA Pin No. Description
DRAM_ADDRO PIN_W8 SDRAM Address[0]
DRAM_ADDR1 PIN_T8 SDRAM Address[1]
DRAM_ADDR2 PIN_U11 SDRAM Address[2]
DRAM_ADDRS3 PIN_Y10 SDRAM Address[3]
DRAM_ADDRA4 PIN_N6 SDRAM Address[4]
DRAM_ADDRS5 PIN_AB10 SDRAM Address[5]
DRAM_ADDRG6 PIN_P12 SDRAM Address[6]
DRAM_ADDRY PIN_P7 SDRAM Address[7]
DRAM_ADDRS PIN_P8 SDRAM Address[8]
DRAM_ADDR9 PIN_R5 SDRAM Address[9]
DRAM_ADDR10 | PIN_US8 SDRAM Address[10]
DRAM_ADDR11 |PIN_P6 SDRAM Address[11]
DRAM_ADDR12 |PIN_R7 SDRAM Address[12]
DRAM_DQO PIN_Y9 SDRAM Data[0]
DRAM_DQ1 PIN_T10 SDRAM Data[1]
DRAM_DQ2 PIN_R9 SDRAM Data[?2]
DRAM_DQ3 PIN_Y11 SDRAM Datal[3]
DRAM_DQ4 PIN_R10 SDRAM Data[4]
DRAM_DQ5 PIN_R11 SDRAM Datal[5]
DRAM_DQ6 PIN_R12 SDRAM Datal[6]
DRAM_DQ7 PIN_AA12 SDRAM Data[7]
DRAM_DQ8 PIN_AA9 SDRAM Data[8]
DRAM_DQ9 PIN_AB8 SDRAM Data[9]

[asic]
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DRAM_DQ10
DRAM_DQ11
DRAM_DQ12
DRAM_DQ13
DRAM_DQ14
DRAM_DQ15
DRAM_BAO
DRAM_BA1
DRAM_LDQM
DRAM_UDQM
DRAM_RAS_N
DRAM_CAS_N
DRAM_CKE
DRAM_CLK
DRAM_WE_N
DRAM_CS_N

PIN_AAS8
PIN_AA7
PIN_V10
PIN_V9
PIN_U10
PIN_T9
PIN_T7
PIN_AB7
PIN_U12
PIN_N8
PIN_ABG
PIN_V6
PIN_R6
PIN_AB11
PIN_AB5
PIN_U6
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SDRAM Data[10]
SDRAM Data[11]
SDRAM Data[12]
SDRAM Data[13]
SDRAM Data[14]
SDRAM Data[15]

SDRAM Clock

SDRAM Write Enable
SDRAM Chip Select

SDRAM Bank Address[0]
SDRAM Bank Address[1]
SDRAM byte Data Mask][0]
SDRAM byte Data Mask[1]
SDRAM Row Address Strobe
SDRAM Column Address Strobe
SDRAM Clock Enable
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Chapter 4
DEO-CV System Builder

This chapter describes how tsean create a custom design project with the tool n&&SeCV
System Builder

4.1 Introduction

The DEO-CV System Builderis a Windowsbased utility. It is designed to help users create a
Quiartus Il project for DB-CV within minutes. The generated Quartuproject files include:

1 Quartus Il project file (.gpf)

1 Quartus Il setting file (.qsf)

1 Top-level design file (.v)

1 Synopsis design constraints file (.sdc)
1 Pin assignment document (.htm)

The above files generated by th&0-CV System Buildecan also preverdccurrence of situations
that are prone to compilation error when users manually edit tHewepdesign file or place pin
assignment. The common mistakes that users encounter are:

1 Board is damaged due to incorrect bank voltage setting or pin assignment

1 Board is malfunctioned because of wrong device chosen, declaration of pin location or direction
is incorrect or forgotten.

1 Performance degradation due to improper pin assignment.

4.2 General Design Flow

This section providesmaintroduction tothe design lbw of building a Quartus Il project for
DEO-CV under theDEO-CV System BuilderThe design flow is illustrated inigure 4-1.

The DEO-CV System Builderwill generate two major files, a tdpvel design file (.v) ad a
Quartus 1l setting file (.gsf) after users launch theDlIEY System Builder and create a new project
according to their design requirements
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The toplevel design file contains a tdpvel Verilog HDL wrapper for users to add their own
design/logic. TheQuartus Il setting file contains information such as FPGA device typdevep
pin assignment, and the 1/O standard for eachdesimed 1/0 pin.

Finally, the Quartus Il programmer is used to download .sof file to the developosedvia JTAG

interface.

Launch DEO-CV System

Launch Quartus II
and Open Project

Builder
Add User
Create New DEO-CV Design/Logic
System Builder Project
Compile to

Generate Quartus I1

generate . SOF
Project and Document

Configure FPGA

End

Figure 4-1 Design flow of building a project from the beginning to the end

4.3 Using DEO-CV System Builder
This section provides the procedures in details on how to uEHREYV System Builder

A Install and Launch the DEO-CV System Builder

The DEO-CV System Buildelis located in the directoryiTools\SystemBuilded of the DEO-CV
System CD. Users can copy the entire folder to a host computer without installing theAutility.

window will pop up, as shown ifigure 4-2, after executing thBEO-CV SystemBuilder.exe on the
host computer.
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System Configuration
UNIVERSITY

PROGRAM Wwwterasic.com

Project Name:

DEO-CV FPGA Board DEQ_Cv

¥l CcLOCK
W LEDx 10
¥l Button x 4
MIVGA

¥ microSD Card

GPI0-0 Header

[Vl 7-Segment x 6 |
¥ Switchx 10
¥ PS2 \
VISDRAM, 64MB

{None

Prefix Name:

GPIO-1 Header

Generate ‘ {None

1 l Prefix Name:
Exit

[ Save Setting ]
|

Load Setting

A Enter Project Name

Enter the project naein the circled area, as showrHigure 4-3.

The project name typed in will be assigned automatically as the name of yedewebplesign

entity.

Figure 4-2 The GUI of DEO-CV System Builder

=)

IAIERA System Configuration
UNIVERSITY

PROGRAM Ywwterasic.com

Project Name:

DEO-CV FPGA Board ( DEO_CV

-

¥l cLocK

MLEDx10

] Button x 4
VIVGA

VI microSD Card

GPIO-0 Header

¥l 7-Segment x 6 \
¥ Switchx 10

¥l ps2
VISDRAM, 64MB

INone

Prefix Name:

GPIO-1 Header

[ Save Setting [ Generate l [None

Prefix Name:

]
Load Setting | | Exit

Figure 4-3 Enter the project name
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A System Configuration

Users are given the flexibility in the System Configuration to include their choice of components in
the project, as shown iRigure 4-4. Each component onboard is listed arsrs can enable or
disable one or more components at will. If a component is enableDEMEV System Builder

will automatically generate its associated pin assignment, including the pin name, pin location, pin
direction, and 1/O standard.

Figure 4-4 System configuration group

A GPIO Expansion

If users connect any Terasi&PIO-based daughter card to the GPIO connector(s) oo-OE the
DEO-CV System Builder can generate a project that include the corgiggamodule, as shown in
Figure 4-5. It will also generate the associated pin assignment automatically, including pin name,
pin location, pin direction, and I/O standard.
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