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Chapter 1

/ntroduction

TheCyclone VGX StarterKit presents a robust hardware design platform lwdtund the Altera
Cyclone V GXFPGA, whichis optimized forthe lowest cost and power requirement for transceiver
applicationswith industryleading programmable logic for ultimate design flexibilyith Cyclone
V FPGAs, you can get the poweagst,andperformance levels you need for higblume
applications including protocol bridging, motor control drives, broadcast video converter and
capture cards, and handheld deviddse Cyclone VGX Starter Kitdevelopment boarthcludes
hardwaresuch a#\rduino Headeyon-board USB Blasteaudio and video capabilitiesxd much
more.In addition, @ onboard HSMC connector with higépeed transceivers allows for even
greater arrapf hardware setup®8y leveraging all of these capabilities, thgclone VGX Starter
Kit is the perfect solution for showcasing, evaluating, and prototyping the true potential of the
Altera Cyclone VGX FPGA

TheCyclone V GX StarteKit contains all components needed to usebthedin conjunction with
a computer that runs the Magoft WindowsXP or later

1.1 Package Contents

Figure 1-1 shows a photograph of ti@yclone V GX StarteKit package

® @ Cyclone V GX Starter board

B8 cyctone v GX .

Starter Kit —
st o ,""‘_:4"?41

® Cyclone V GX Starter Kit Quick
Start Guide

© Type Ato B USB Cable
® Power DC Adapter (12V)

Figurel-1 TheCyclone \GXStarter Kipackagecontents

The Cyclone VGX Starter Kit packageincludes:

The Cyclone V GX Startdyoard

Quick Start Guide

12V DCPower Supply

Type A Male to Type B Male USB Cable

= 4 —a
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1.2 Cyclone V GX Starter Kit System CD

TheCyclone V GX Start Ki{C5G) System CD contasthedocumentation and supporting
materials, including the User Manu@lontrol PanelSystem Builder, reference designs and device
datasheets. User can download this SystemrGm the wel{http:/Avww.c5g.terasic.com

1.3 Layout and Components

This sectionpresents the features and design characteristics of the board

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

UART MIC  Line Line
USB Blaster to USB HDMI TX In In Out Micro SD Card

& RUN/PROG
N SWITCH

' i : | Bl swa XN
PowerON/OFFq s i JM : B SMA_RX(DNI)
fefil

LPDDR2
EPCQ

Arduino Header

SRAM
HSMC Connector

Altera Cyclone V GX
5CGXFC5C6F27C7N

2x20 GPIO —

7-Segment Display

LED x18

CPU Reset - HSMC 12V Jumper

o el LT

Switch x10 Button x4

Figurel-2 Development Board (top view)
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Dip Switch x2

Figurel-3 DevelopmenBoard (bottom view)

Thisboard 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

Cyclone VGX 5CGXFC5C6F27CN Device
77K Programmable Logic Elements
4884Kbits embedded memory

Six Fractional PLLs

Two Hard Memory Controllers

Six 3.125G Transceivers

= =4 4 48 a8 -

Configuration and Debug

1 QuadSerial Configuration device EPCQ2560n FPGA
1 OnBoard USB Blasterormaltype BUSB connector)
1 JTAG and AS mode configuration supported
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Memory Device

1 4GbLPDDR2 x32 bits data bus
1 4Mb SRAM x16 bits data bus

Communication
 UART to USB
Connectors

HSMC x 1, including 4anes 3.125G transceiver
2x20 GPIO Header

Arduino header, including aifog pins.

SMA x 4 (DNI), onelane 3.125G transceiver

= —a —a -

Display
1 HDMI TX, compatible with DVI v1.0 and HDCP v1.4

Audio

1 24-bit CODEC Line-in, line-out, and microphon@ jacks
Micro SD Card Socket
9 Provides SPI and-8it SD mode for SD Card access

ADC

1 12-Bit Resolution,500KspsSampling Rate. SPI Interface.

1 8-Channel Analog Input. Input Range : OV ~ 4.096V.
Switches, Buttonsand LEDs

1 18 LEDs
9 10 SlideSwitches
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1 4 Debounced Push Buttons
1 CPU reset Push Buttons
1 Four ZSegments

Power

1 12vDC input

1.4 Block Diagram of the Cyclone V GX Starter Board

Figure 1-4 gives the block diagram of the board. To provide maximum flexibility for the user, all
connections are made through the Cyclor@X/FPGA device. Thus, the user can confgthe
FPGA to implement any systetiesign

USB Type-B USB Type-B HDMI TX Audio Jack

SMA(Transceiver, DNI) f_$
Sofolone

Ml
‘* Micro SD Card

XCVR x4

=
g
c.
=
o
=
Q
5
o
y

Cyclone V GX FPGA
258 z:z::::: I 2 -
¥ = 3 ¥ - ¥ EEEEEEEEEE FRFEEEEE |
BN NIEEEEEEEEER
HE DD sepapeE e
7'Segment  7’Segment User Interface(LED, Slide Switch, and Tact Switch) Button
Figurel-4 Board Block Diagram
1.5 Getting Help
Here are the addresses where you can get help if you encaoppgoblem:
asic] s S ’ ok

www.terasic.com
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i Terasic Technologies

Taiwan/9F, No.176Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, Taiwar7800

Email: support@terasic.com

Tel.: +886-3-5750-880

Wehb http://wwwcbhqgterasic.com
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Chapter 2

Control Pane/

TheCyclore V GX Starérboard comes with a Control Panel program that allows users to access
various components 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 faligtioh

components on the board or be used as a debug tool while developgiR@L 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 theectoryii To/€ b a t r o bnRheCQydoned
V GX Starter KitSystem CD It's free of installation, just copy the whole folder to your host

computer and launch the control panekby e cut CsGgCob her éal Panel . exeo.

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

To activate the Control Panel, perform the following steps:
1. Make sure Quartus II3.1or alaterversionis installed successfully on your PC.
2. Set the RUN/PROG switch to the RUN position

3. Connecthe USB cablerovidedto the USB Blaster port, connect the 12V power supply, and
turn the power switch ON

4. Start the executable5G_ControlPanel.exe on the host computer. The Control Panel user
interface shown irigure 2-1 will appear.

5. TheC5G_ControlPanel.sof bit stream is loaded automatically as soon as the
C5G_ntrolPanel.exe is launched.

asic Cyclone V GX Starter Kit 9 www.terasic.com
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6. In caseof adisconnet, click on CONNECT where the .sof will be-l@aded onto the
board.

Please not¢hatthe Gontrol Panel will occupy the USB port until yolose that port; you cannot use
Quartus Il to download a configuration file into the FPGA until the USB port is closed.

7. The Control Panel is now reattyuse; experiece itby setting the ON/OFF statusrfo
some LEDs and observing the result on@&& board.

Figure2-1 TheC5GControl Panel
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The concept of th€5G Control Panel is illustrated inigure 2-2. T h e  fioCQireuitd t h a't
performs the control functions is implemented in the FPGA board. It communicates with the
Control Panel window, which is active on the host computer, via the USB Blaster link. The
graphical interface is used $endcommands to the cowmfrcircuit. It handles altherequests and
performs data transfers between the computer anQyttlene V Starteboard.

7-SEG Display

UART to USB/
+—>
HDMI/HSMC

USB Blaster Control
Circuit

A 4

Button/
Switch/
SD Card

SRAM/

LPDDR2

Figure2-2 TheC5GControl Panel concept

The C5G Control Panel can be used to ligit LEDs, change the values displayedion7-segment,
monitor buttons/switches status, read/write the SRRMLPDDR2Memory,output HDMFTX

color pattern to VGA monitor, verify functionality of HSM&nnectoi/Os, communicate with PC
via UART to USB inerfacefread 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

(Flash Audio Player, Flash Picture Viewer) without worrying about how to bidraory
Programmer.
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2.2 Controlling the LEDs, 7-segment Displays

A simple function of the Control Panel is to allgetting the values displayed on LEDssefgment
displays.

Choosing thé.ED tab leads to the window irigure 2-3. Here, you can directly turtine LEDs on
or off individually orby clickingi Li ght Al |l 0 or AUnlight Al Il 0.

F_Tmmm BEENEEEN
Sw'nches; HDI.U-‘D(H

C— =) pEEEEEEEEE

7=
QISCONNECT

Figure2-3 Controlling LEDs
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Choosing th&-SEGtab leads to the windoshownin Figure 2-4. From the windowdirectly use
theleft-right arrows tacontrolthe 7-SEG patterns on th@yclone V GX Staerboard which are

updated immediatelyNote that the dots of theSEGs are not enabled tre Cyclone V GX Starter
board

UART-USB J

L &g
Switches J HDMITX
Memory HSMC
SD Card

|

e
V DISCONNECT,

Figure2-4 Controlling 7SEG display

The ability to set arbitrary values into simple display devices is not needed in typical design
activities. However, it gives usea simple mehanism for verifying that these devices are

functioning correctly in case a malfunction is suspected. Thus, it can be used for troubleshooting
purposes.
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2.3 Switches and Push-buttons

Choosing th&Switchegtab leads to the window irigure 2-5. The function is designed to monitor
the status o$lide switches anghushbuttonsin real time and show the status in a graphical user
interface. It can be used to verify the functionality ofghée switches angbushbuttons

UART-USB
tches J HDMITX
Hemory HSMC

ﬁ(, 1000090008

JISCONNECT. SW9 SW8 SW7 SW6 SWS5 SW4 SW3 SW2 SW1 SW
MR Monitor Switches and Pushbuttons..

Switches

Figure2-5 Monitoring switches and buttons

The ability to check the status pfishbutton and slidewitch is not needed in typical design
activities. However, it provides users a simple mechatusrerify if the buttons and switches are
functioning correctly. Thus, it can be used for troubleshooting purposes.
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2.4 SRAM/LPDDR2 Controller and Programmer

The Control Panel can be used to write/read data to/from the SRWMPDDR2 chips on the
Cyclone V GX Staterboard. As an exampleve will describe how thePDDR2may be accessed;

the same approach is used to accesdPODR® ESRAM.
reach the window ifrigure 2-6.

7-SEG UART-USB ‘
L AW 5
Switches J HDMLTX =
| ' | Address
HSMC

ial Write

00000000 Length: | File Length

+

Sl R
ad

ELLEEN 10000000 Length: _ [l Entire Memory

DISCONNECT

Figure2-6 Accessing thePDDR2

A 16-bit word can be written into tHePDDR2by entering the address of the desired location,
specifying the data to be written, and pressing the Write button. Contents of the locaberread
by pressing the Read buttdrigure 2-6 depicts the result of writing the hexadecimal value 06CA
into offset address 200, followed by reading the same location.

The Sequential Write function of the CortRanel is used to write the contents of a file into the
LPDDR2 SDRAM as follows:

asic Cyclone V GX Starter Kit 15 www.terasic.com
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1. Specify the starting address in the Address box.

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

3. To initiate the writingprocess, click on the Write a File to Memory button.

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

The Control Panel also supports loading files with a .hex extension. Files with 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

defines eight &it values: 01, 23, 45, 67, 89, AB, CD, EF. These values will be loaded
consecutively into the memory.

The Sequential Read function is used to read the contentsld?Bi@R2 and fill tham into a file as
follows:
1. Specify the starting address in the Address box.

2. Specify the number of bytes to be copied into the file in the Length box. If the entire
contents of thé PDDR2are to be copied (which involves all2 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 with the standard Windows dialog box asking for the
destination file, specify the desired file in the usual manner.

Users can use the similway to access the SRAM.

Cyclone V GX Starter Kit 16 www.terasic.com
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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 the SD Card. This function can be used to verify the
functionality of the SD Card Ietface. Follow the steps belowperformthe SD Cardxercise

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

2.Insert a SD Card to th€yclone V GX Starteboard,and then press the Read buttomead
the SD Card. The SD Cardods identification
displayed in the control window.

-Manufatturer ID: /4h
OEM/Application ID:454Ah

UART-USB J -Product NarnngSD
-Product Revision:10h

-Serial No.:D380028%h

-Date Code:0D7h
J\IﬂChES HDMITX
-CSD Version 2 O
Hemory HSMC -Read Access Time:1000 us
-Read Access Time (NSAC):0 (x100 cycle)

-Max. Data Transfer Rate:2
-Max. Read Data Block Len
-Memory Capacity:7638MB

ﬁ‘ \
QISCONNECT

Figure2-7 Reading the SD Card Identification and Specification
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2.6 ADC

From the Control Panel, users are able to view the-eigdéminel 1zbit analogto-digital converter

reading. The values shown are the ADC register outputs from all of the eight separate channels. The
voltage shown is the voltage reading from the separageqn the extension headergure 2-8

shows the ADC readings when the ADC tab is chosen

B
AR RIEIE S
1 |

pe
LED ADC ‘
L 7-SEG | UART-USB
HDMITX
Memory HSMC |

[ =0 i

SD Card

f‘, \

Figure2-8 Readingf eight channel ADC

2.7 UART-USB Communication

The Contol Panel allows users to verify the operation of W(eRT to USBserial communication
interface on th€yclone V GX Starter Board he setup is established by connectindSB cable

from the PC to th&SB port where the Control Panel communicates to thmital emulator

software on the PC, or vice versa. The Receive terminal window on the Control Panel monitors the
serial communication status. Follow the steps below to initiate the UART communication:

1. Choosing th&JART-USB tab leads to the window iRigure 2-9.

Cyclone V GX Starter Kit 18 www.terasic.com
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2. Plugin an USB cable from PQSB port to the USB to UART port on dgmne V GX Starter
board

3. TheUART settingsareprovided below in case@nnection from the PC is usddgure 2-10
shows the screen shot of UART configuration in Putty utility.

Baud Rate: 115200

Parity Check Bit: None

Data Bits: 8

Stop Bits: 1

Flow Control (CTS/RTS)OFF

4. To begin the communication, enter specific letters followed biinlicSend. During the
communication process, observe the status of the Receive terminal window to verify its operation.

7-SEG UART-USB J
- I
Switches J HDMITX
- | — R
Memory HSMC Send:

—
DISCONNECT

| AR RS232 Monitor...

Figure2-9 UART to USBerial Communication
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Category:

Appearance
- Behaviour
- Translation
i i Selection
- Colours
|- Connection
- Data

Proxy
- Telnet

Rlogin
- 55H

23

Figure2-10 UARTConfiguration in PuTTY

2.8 HDMI-TX

Optione controlling local serial lines
Select a senal line

Seral line to connect to COoM33
Corfigure the serial line

Speed baud) 115200
Data bits

Stop bits

Party

Fow contral

C5G Control Panel providegideopattern function that allows users to output color pattern to
HDMI interfacedLCD monitor using th€yclone V GX Starteboard. Follow the steps below to

generate thvideopattern function:

Note, do not instaldHSMC loopback board while using HDMIX function because the
loopback board wilinferencethe 12C bus of HDMI.

Mo

monitor.

W

individually.

Cyclone V GX Starter Kit
aslc User Manual

www.terasic.com

Choosing the \eotab leads to the window iRigure 2-11.

20

Plug aHDMI cable tathe HDMI connector of th€yclone V GX Starteboard and LCD

The LCD monitor will display the same color pattern on the control panel window.

Click the drop down menu shownfiigure 2-11where you can output the selectedtern

www.terasic.com
June 5, 2014


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

| ern Displa
7-SEG UART-USB ‘ Pattern: |Color Scale H
e—— —

SwrtchesJ HDMITX
Memory HSMC
— \

| SD Card

.

(ﬁ \
! DISCONNECT.

T T

Figure2-11 Controlling VGA display

2.9 HSMC

Select the HSMC tab to s#ee window shown ifrigure 2-12. This function is designed to verify

the functionality of the signals located on the HSMC connector. Before running the HSMC
loopback verification test, follow the instruction noted under the Loopback Installation section and
click on Verify. Please rmaember taurn off theCyclone V GX Starteboard before the HSMC
loopback adapter is installed to prevent any damage to the board.

The HSMC loopback adapter is not provided in the kit package but can be purchased through the
website below(http:/hsmc_loopbackerasic.com
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] .
O 15t

& Ll

LED ADC J
7-SEG UART-USB ‘

L ). L =D
Switches HDMLTX adapter has connected to the HSMC
connector of Cyclone V Starter Board

Please make sure the HSMC loopback

Otherwise please follow the steps below.

Memory
SD Card
L

@
Y DISCONNECT.

T T

Figure2-12 HSMC loopback verification test performed under Control Panel

2.10 Overall Structure of the C5G Control Panel

The C5G Control Panel is based on a Nio©Qi$yssystem instantiated in the Cyclone V GRGA
with software running on the ezhip memory. The software part is implemented in C code; the
hardware part is implemented irNMog HDL code withQsysbuilder. The source code is not
available on th€5G System CD.

To run the Control Panel, usesisouldfollow the configurationsettingaccording tdSection 3.1.

Figure 2-13 depicts the sucture 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 from the PC and perftrens
corresponding actions.
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— .
.
s

< ADC

JIAS =¥ 7-SEG Display
Blaster
Hardware <
L LED/Button/
e Switch/

SDCard

KE—> LPDDR2

- -

Figure2-13 The block diagram of th@5Gcontrol panel
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Chapter 3
Using the Starter Kit

In this chaptewe introducethe importantomponent®n the Cyclone V GX Starter Kit

3.1 Configuration, Status and Setup

TheCyclone V GX Starteboard contains a serial configuration device that stores configuration

data for the Cyclone 6X FPGA. This configuration data is automatically loaded from the
configurationdevice into the FPGavhen poweed on Using the Quartus Il software, it is possible

to reconfigure the FPGA at any time, and it is also possible to change tiwelabtie data that is

stored in the serial configuration device. Both types of programming methods are described below.

1. JTAG programming: In this method of programming, named after the IEEE standards Joint Test
Action Group, the configuration bit stream is downloaded directly into the Cy@3nePGA. The

FPGA will retain this configuration as long as power is applied tbdaed; 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 Altera EPZ56serial configuration device. It provideonvolatile

storage of the bit stream, so that the information is retained even when the power supply to the
CycloneVGX Stateboar d i s turned off. When the boardo
data in the EPQ256device is automatically la#d into the Cyclone GX FPGA.

A JTAG Chain on Cyclone V GX Starter board

To use JTAG interface for configuring FPGA device, the JTAG chai@yamtone V GX Starter Kit
must form a closgtloop that allows Quartus Il programmer to detect FPGA devwicelre 3-1
illustrates the JTAG chain ddyclone V GX Starteboard. Shoihg pinl and pin2 n JP2 can
disable the JTAG signals on HSMC connector that will form a dld$AG loop chain orfCyclone
V GX Starterboard (Seéigure 3-2). Thus, only the ofboard FPGA device (Cyclone @X) will
be detected bthe Quartus Il programmer. If users want to inclastether FPGA device or
interface containing FPGA device in the chain via HS86@Gnectorremove JP2 Jumper (oppml
and pir2 on JP2) to enable the JTAG signal ports on the HSMC connector.
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USB Embedded Blaster
Connector

UsSB
t: ‘ Controller |~ EPhi240

TDI

A
b 4

TDO

EEEEEEL TN =
i 0 i | o N o I M s

ry "l ool bl bl b b bl o

Figure3-2 The JTAG chain configuration header

The sections below describe the steps to perform both JTAG and AS programming. For both
methods th&€yclone V GX Starteboard is connected to a host computer via a USB cable. Using
this connectin, the board will be identified by the host computer as an Altera USB Blaster device.
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A Configuring the FPGA in JTAG Mode

Figure 3-3 illustrates the JTAG configuration setup. To download a configuration bit siré@am
the Cyclone V\GX FPGA,you need tgerform the following steps:

1
1

Rasic

Ensure that power is applied to t@gclone V GX Starteboard

Configure the JTAG programming circuit by setting the RUN/PROG slide switchs\Wihe
RUN position (Seé&igure 3-4)
Connect the USB cabferovidedto the USB Blaster port on tl@&yclone V GX Starteboard

(SeeFigure 1-2)

The FPGA can now be programmed by using the Quartus Il Programsetetb a
configuration bit stream file with the .sof filename extension

USB Blaster Circuit

QUARTUSTT

Quartus Il
@/ Programmer

v

MAX 11
EPM 240

RUN

“PROG”

Figure3-3

@l JTAGUART
" JTAG Config Signals

Figure3-4 The RUN/PROG switch (SM$set in JTAG mode
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A Configuring the EPCQ256in AS Mode

Figure 3-5 illustrates the AS configuration setup. To download a configuration bit stream into the
EPQQ256serial configuration devicgiou need tgerform thefollowing steps:

1 Ensure that power is applied to tGgclone V GX Starteboard.

1 Connect théJSB cableprovidedto the USB Blaster port on tl&yclone V GX Starteboard

1 Configure the JTAG programming circuit by setting the RUN/PROG slide switch IB\/the
PROG position.

1 The EP@256¢hip 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 bacRtdNhe
position and then reset the board by turning the power switch off and back on; this action causes
the new configuration data in the EQ256device to be loaded into the FPGA chip.

USB Blaster Circuit
RUN
! Quartus Il AS Mode Auto Power-on =
&Q Programmer 2 MAX 1l E Conﬁg Conﬂg - Am-m ®
\Q > EPM 240 _’[ ] >
QUARTUSTI : cwlone.g,V
“PROG” GX
EPCQ256
Serial
Configur
Devi
Figure3-5 The AS atfiguration scheme
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A Status LED

1 TheFPGAdevelopment board includesardspecificstatus LED<go indicate board status
Please refer tdable 3-1 for thedescriptionof the LED indicatorPlease refer téigure 3-6 for
detailed LED location.

Table 3-1 StatusLED

Board o
LED Name Description
Reference
D5 12-V Power llluminates when 12-V power is active.
D6 3.3-V Power llluminates when 3.3-V power is active.
D24 HSMC_12-V Powerl|llluminates when HSMC 12-V power is active.
D23 HSMC_PSNT_n llluminates when HSMC Daughter Card is present
D7 ULED llluminates when the on-board USB-Blaster is working

D24

D23

Figure3-6 Status LED position
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3.2 General User Input/Output

This section describes the user I/O interface to the FPGA.

A User DefinedPushbuttons

The board include®ur user definegpushbuttors that allowusergo interact with theCyclone Vv

GX deviceas shown iri-igure 3-7. Each of these switches is debounced using a Schmitt Trigger
circuit, as indicated ifrigure 3-8. The four outputs called KEYO, KEY1,lKY2, and KEY3 of the
Schmitt Trigger devices are connected directly to the Cyclo6X\WFPGA. Each pushutton

switch provides a high logic level when it is not pressed, and provides a low logic level when
depressed. Since the ptistitton switches are deboced, they are appropriate for using as dock
or reset inputs in a circuit.

Table 3-2 lists theboard references, signal namasd their correspondin@ycloneV GX device
pin numbers.

12V
KEY3 é é %
a9
—O O
KEY2 KEY3 "
. N
KEY1 74AUC17
. KEYT >  Cyclone®™V
GX
—O O . KEYO |
KEYO
. .
—O0 O—e

Figure3-7 Connections between the pustutton and Cyclone @XFPGA
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lPushbutton depressed lPushbutton released

Before

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

Schmitt Trigger
Debounced

&
<

v

Figure3-8 Switch debouncing

Table 3-2 Push-button Pin Assignmerts, Schematic Signal Names, and Functions

Board Schematic o /10 Cyclone V GX
. Description ;
Reference |Signal Name Standard |Pin Number
KEYO KEYO High Logic Level when the button is not|1.2-V PIN_P11
KEY1 KEY1 pressed. The four push buttons (KEYO, [1.2-V PIN_P12
KEY?2 KEY?2 KEY1, KEY2, and KEY3) go through the |1 2-v PIN_Y15
KEN3 KEN3 debounce circuit. 1.2-V PIN_Y16
KEY4 CPU_RESET n ﬁ:g:sl_ec;glc Level when the button is not(3.3-V PIN_AB24

A User-Defined SlideSwitch

There argenslide switches conneed to FPGA on the board (Segure 3-9). These switches are

not debounced, and are assumed for use asdewusltive data inputs to a circuit. Each switch is
connected directly to a pin on the Cyclon&X FPGA.When the switch is in the DOWN position
(closest to 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.

Table 3-3 lists thesignal names and their correspond@ygloneV GX device pin numbers.

/AYO[S RYAN,

Cyclone,§ | 4

rT 1] TT I

EEEE-33 333

SW9 Sw8 SW7 SW6 SW3 Sw2 Sw1 SWO0 Logic™0”

Figure3-9 Connections between the slide switches and CycldB¥RPGA
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Table 3-3 Slide Switch Pin Assignments, Schematic Signal Names, and Functions

Board Schematic o /0 Cyclone V GX
) Description .
Reference Signal Name Standard Pin Number
SWO0 SWO0 Slide Switch[0] 1.2-V PIN_AC9
SW1i SW1i Slide Switch[1] 1.2-V PIN_AE10
SW2 SW2 Slide Switch[2] 1.2-V PIN_AD13
SW3 SW3 Slide Switch([3] 1.2-V PIN_ACS
Sw4 Sw4 Slide Switch[4] 1.2-V PIN_W11
SW5 SW5 Slide Switch[5] 1.2-V PIN_AB10
SW6 SW6 Slide Switch[6] 1.2-V PIN_V10
SW7 SW7 Slide Switch[7] 1.2-V PIN_AC10
SW8 SwW8 Slide Switch[8] 1.2-V PIN_Y11
SW9 SW9 Slide Switch[9] 1.2-V PIN_AE19

A UserDefined LEDs

There are also eighteesercontrollable LEDs connected to FPGA on the bodetred LEDs are
situated above then dide switches, and eight green LEDs are found above thelpusin
switchesEach LED is driven directly by a pin on the Cyclon&X FPGA; driving its associated
pin to a high logic level turns the LED on, and driving the pin low turns it-affire 3-10 shows
the connections between LE@Nnd Cyclone \GX FPGA.

Table 3-4 lists the signal names and their correspon@iggloneV GX device pin numbers.

LEDRO EDRO

ASI{ L LEDGO LEDGO
NN ERR! m LEDR1 - VW LEDG1’|L
'_\5| {LEDR? LEDR2 VW NZL
LEDR3 Wy LEDR3 LD VW X
ASK VWV A = DA LEDG3 M LEDG3>I££
° ®
. LEDG4 W LEDG4’|££
M LEDRE °, LEDR6 cyc’onegV LEDGS LEDCS A”
VWV & LEDG6 LEDG6
55| ( LEDR7 Wy LEDR7 GX VWV >|£L
LEDRS LEDRS LEDG7 LEDG7>|£L
L N WV VW
y_xl { LEDRO W LEDR9
Figure3-10 Connections between tHeEDsand Cylone VGXFPGA
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Table 3-4 User LEDs Pin Assignments, Schematic Signal Names, and Functions

Board Schematic o /0 Cyclone V GX
) Description .
Reference Signal Name Standard [Pin Number
LEDRO LEDRO Driving a logic 1 on the I/O port turns the LED |2.5-V PIN_F7
LEDR1 LEDR1 ON. 2.5-V PIN_F6
LEDR?2 LEDR2 Driving a logic 0 on the I/O port turns the LED |2 5.v PIN_G6
LEDR3 LEDR3 OFF. 25V  PIN._G7
LEDR4 LEDR4 2.5-V PIN_J8
LEDR5 LEDRS 2.5-V PIN_J7
LEDRG6 LEDR6 2.5-V PIN_K10
LEDRY LEDRY 2.5-V PIN_K8
LEDRS8 LEDRS8 2.5-V PIN_H7
LEDR9 LEDR9 2.5-V PIN_J10
LEDGO LEDGO 2.5-V PIN_L7
LEDG1 LEDG1 2.5-V PIN_K6
LEDG2 LEDG2 2.5-V PIN_D8
LEDG3 LEDG3 2.5-V PIN_E9
LEDG4 LEDG4 2.5-V PIN_AS5
LEDG5 LEDG5 2.5-V PIN_B6
LEDG6 LEDG6 2.5-V PIN_HS8
LEDG7 LEDG7 2.5-V PIN_H9

A UserDefined 7-Segment Displays

TheFPGAboard hagour 7-segment displays. As indicated in the schematiednre 3-11, the
seven segments (common anode) armected to pins on Cyclone®X FPGA. Applying a low
logic level to a segment will light it ugnd applying high logic level turns it off

Please nt@ that two 7segment display${EX2 and HEX3share bus witthe GPIO. When using
HEX2 and HEX3, you nekto switch the Dip Switch S1/S2 which is located on the back of the
board to the "ON" position before FPGA can control correspondsgpiment displays.

Each segment in a display is identified by an index listed from O to 6 with the positions given in
Figure 3-12. In additionthe decimal has no function at all.
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Table 3-5 shows the mapping of the FPGA pin assignments to-8egihent displays

A

VCC2P5

8 L9 9 y-ercHl

7-Segment Display

VCC2P5

7-Segment Display

8 / 9 G- ySCECHp

7-Segment Display

>

Figure3-11 Connection between-g8egment displays and Cyclone V GX FPGA

) ‘/V\/ HEXO0[0]
v A HEXO[]
J HEXO[2] A /N
“— W =
\ 4 HEX0[3]
e HEXO[4]
“—W Cyclone,ng
\ A HEXO[5] GX
W\’ HEXO0[6]

Figure3-12 Connectiosbetween the 7segment display HEXO0 and Cyclo@xX¥FPGA
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Table 3-5 User7-segment displayPin Assignments, Schematic Signal Names, and Functions

Board Sf:hematlc _ I/O Cyclone V GX
Reference Signal Description Standard |Pin Number
Name
HEXO0 HEX0_DO |Seven Segment Digit 0[0] 1.2-v PIN_V19
HEXO0 HEXO_D1 |[Seven Segment Digit 0[1] 1.2-v PIN_V18
HEXO0 HEXO0_D2 |[Seven Segment Digit 0[2] 1.2-v PIN_V17
HEXO0 HEXO0_D3 [Seven Segment Digit 0[3] 1.2-V PIN_W18
HEXO0 HEX0_D4 |Seven Segment Digit 0[4] 1.2-V PIN_Y20
HEXO0 HEX0_D5 |Seven Segment Digit 0[5] 1.2-V PIN_Y19
HEXO0 HEX0_D6 |Seven Segment Digit 0[6] 1.2-v PIN_Y18
HEX1 HEX1_DO |Seven Segment Digit 1[0] 1.2-v PIN_AA18
HEX1 HEX1_D1 |Seven Segment Digit 1[1] 1.2-v PIN_AD26
HEX1 HEX1 D2 |Seven Segment Digit 1[2] 1.2-v PIN_AB19
HEX1 HEX1_D3 |Seven Segment Digit 1[3] 1.2-v PIN_AE26
HEX1 HEX1_D4 |Seven Segment Digit 1[4] 1.2-v PIN_AE25
HEX1 HEX1 D5 |Seven Segment Digit 1[5] 1.2-v PIN_AC19
HEX1 HEX1 D6 |Seven Segment Digit 1[6] 1.2-v PIN_AF24
HEX2 HEX2_DO [Seven Segment Digit 2[0], Share GP1022 3.3-V PIN_AD7
HEX2 HEX2_D1 |[Seven Segment Digit 2[1] , Share GP1023 3.3-V PIN_AD6
HEX2 HEX2_D2 |Seven Segment Digit 2[2] , Share GP1024 3.3-V PIN_U20
HEX2 HEX2_D3 |[Seven Segment Digit 2[3] , Share GP1025 3.3-V PIN_V22
HEX2 HEX2_D4 |[Seven Segment Digit 2[4] , Share GPIO26 3.3-V PIN_V20
HEX2 HEX2_D5 [Seven Segment Digit 2[5] , Share GPIO27 3.3-V PIN_W21
HEX2 HEX2_D6 [Seven Segment Digit 2[6] , Share GPIO28 3.3-V PIN_W20
HEX3 HEX3_DO [Seven Segment Digit 3[0] , Share GP1029 3.3-V PIN_Y24
HEX3 HEX3_D1 |[Seven Segment Digit 3[1] , Share GPIO30 3.3-V PIN_Y23
HEX3 HEX3_D2 |[Seven Segment Digit 3[2] , Share GP1031 3.3-V PIN_AA23
HEX3 HEX3_D3 [Seven Segment Digit 3[3] , Share GPIO32 3.3-V PIN_AA22
HEX3 HEX3_D4 |[Seven Segment Digit 3[4] , Share GP10O33 3.3-V PIN_AC24
HEX3 HEX3_D5 |Seven Segment Digit 3[5] , Share GPIO34 3.3-V PIN_AC23
HEX3 HEX3_D6 |[Seven Segment Digit 3[6] , Share GPIO35 3.3-V PIN_AC22

3.3 Clock Circuit

The development board includes one 50MHz and one programmable Clock Geretatte 3-13 shows the
default frequencies afn-boardexternalclocks going to th€ycloneV GX FPGA
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Si501 50MHz, 50ppm
S50MHz 13.3V

Si5338C

50MHz/2.5V
50MHz/2.5V

Bank 8A

50MHz, 2.5V
Single-end

Bank 6A

125MHz LVDS or Variable

Crystal 25MHz N
25MHz

Bank 5B

Transceiver Black

156.25MHz LVDS or Variable . Cycloneg V
> s
by
125MHz LVDS or Variable X
@
Bank 3A Bank 3B Bank 4A

Figure3-13 Clockcircuitof the FPGA Board

The programming Clock Generator is a highly flexible and cordigleclock generator/buffer. This to provide
special and high quality clock signals for higjreed transceivers. The clock generetoontrolled by the FPGA
through the I2Gerialinterface. The user canodify thefrequency between 0.16 MHz to 200 MHz.

Table 3-6 lists the clocksource signal namesdefaultfrequencyand their correspondin@ycloneV GX device
pin numbersTable 3-7 lists theprogrammableClock Gerratorcontrol pinssignal named/O standarénd

their correspondin@ycloneV GX device pin numbers.

Table 3-6 Clock Source, Signal Name, DefaulErequency, Pin Assignments and Functions

Schematic Default Cyclone V GX L
Source . I/O Standard | Application
Signal Name Frequency Pin Number
u20 CLOCK_125_p 125.0 MHz |LVDS PIN_U12
u20 CLOCK_125 n 125.0 MHz |LVDS PIN_V12
o CLOCK_50_B5B 50.0 MHz 3.3-V PIN_R20
CLOCK_50_B6A 50.0 MHz [3.3-V PIN_N20
u20 CLOCK_50_B7A 50.0 MHz 2.5-V PIN_H12
u20 CLOCK_50_B8A 50.0 MHz  [2.5-V PIN_M10
u20 REFCLK_pO 125.0 MHz |1.5-V PCML |PIN_V6
u20 REFCLK_nO 125.0 MHz |1.5-V PCML |PIN_W6
u20 REFCLK_p1 156.25 MHz/1.5-V PCML  [PIN_N7
u20 REFCLK_n1 156.25 MHz/1.5-V PCML |PIN_P6
Cyclone V GX Starter Kit 35 www.terasic.com
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Table 3-7 Programmable oscillator control pin, Signal Name, 1/0O standardPin Assignments
and Descriptions

Programmable |Schematic Cyclone V GX o
i ) I/O Standard i Description
Oscillator Sighal Name Pin Number
I2C_SCL 2.5-V PIN_B7 12C bus. direct
U20 (Si5338) us, di . .
I2C_SDA 2 5.V PIN_G11 connected with Si5338

3.4 RS-232 Serial Port to USB interface

The RS232 is designed to perforoommunicatiorbetweertheboard andhePC, allowing a
transmission speed of upto3Mbppsh i s i nt er face woul dndt support
physical interfacés done using UARTUSB onboard bridge frona FT232R chip and connextb

the host using BISB Type-B connector. For detailed information on how to use the transceiver,

peag refer to the datasheet, whi chundesgheavail abl
Datasheet§T232 folderon the Kit System CDFigure 3-14 shows the related schematicsgan

Table 3-8 lists the R&32pin assignments, signal names and functions.

Table 3-9 lists the R&232 status LEDs.

us

RXD

CBUSO

TXD

AE-E{A CBUS1 USBDP ——>
4 r
) UART_RX »
Cyclone®™V < TXD USBDM ————p
GX UART_TX USB B-TYPE
= » RXD

Figure3-14 Qonnectionsbetween theCyclme V GX FP@GAdFT232RChip

Table 3-8 RS-232Pin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix V GX Pin
. Description I/O Standard
Signal Name Number
UART_TX Transmit Asynchronous Data Output b 5.\ PIN_L9
UART_RX Receiving Asynchronous Data Input ' PIN_M9
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Table 3-9 RS-232 StatusLED

Board Reference LED Name Description
D8 TX LED Illuminates when RS-232 transmission is active.
D9 RX LED Illuminates when RS-232 receiving is active.

3.5 SRAM : Static Random Access Memory

ThelS61WV25616SRAM (Static Random Access MemQmyeviceis featured on the development
board.For detailed information on how to use BIRAM, please refer to th#atasheet, which is
availabl e on t he maderthélDatashaekSRAMIoteran¢hb KSitiSysiem o r
CD. Figure 3-15shows the related schematarsd Table 3-10 lists theSRAM pin assignments,

signal names relative to ti@ycloneV GX device

SRAM_D[15:0]

ﬁ‘ SRAM_A[17:0]

= SRAM_CE n i

i SEn
° SRAM_OE_n i
Cyclone™V SRAM_WE _n >
GX SRAM_LB_n ]
SRAM_UB_n i

Figure3-15 (onnectionshetween theCyclone V GX FP&#&SRAMMip

Table 3-10 SRAM Pin Assignments, Schematic Signal Names, and Functions

Schematic o Cyclone V GX
Signal Name Description I/0 Standard Bin Number
SRAM_AO Address bus 3.3-V PIN_B25
SRAM_A1l Address bus 3.3-V PIN_B26
SRAM_A2 Address bus 3.3-V PIN_H19
SRAM_A3 Address bus 3.3-V PIN_H20
SRAM_A4 Address bus 3.3-V PIN_D25
SRAM_A5 Address bus 3.3-V PIN_C25
SRAM_A6 Address bus 3.3-V PIN_J20
SRAM_AY Address bus 3.3-V PIN_J21
SRAM_AS8 Address bus 3.3-V PIN_D22
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SRAM_A9 Address bus 3.3-V PIN_E23
SRAM_A10 Address bus 3.3-V PIN_G20
SRAM_A11 Address bus 3.3-V PIN_F21
SRAM_A12 Address bus 3.3-V PIN_E21
SRAM_A13 Address bus 3.3-V PIN_F22
SRAM_A14 Address bus 3.3-V PIN_J25
SRAM_A15 Address bus 3.3-V PIN_J26
SRAM_A16 Address bus 3.3-V PIN_N24
SRAM_A17 Address bus 3.3-V PIN_M24
SRAM_DO Data bus 3.3-V PIN_E24
SRAM_D1 Data bus 3.3-V PIN_E25
SRAM_D2 Data bus 3.3-V PIN_K24
SRAM_D3 Data bus 3.3-V PIN_K23
SRAM_D4 Data bus 3.3-V PIN_F24
SRAM_D5 Data bus 3.3-V PIN_G24
SRAM_D6 Data bus 3.3-V PIN_L23
SRAM_D7 Data bus 3.3-V PIN_L24
SRAM_D8 Data bus 3.3-V PIN_H23
SRAM_D9 Data bus 3.3-V PIN_H24
SRAM_D10 Data bus 3.3-V PIN_H22
SRAM_D11 Data bus 3.3-V PIN_J23
SRAM_D12 Data bus 3.3-V PIN_F23
SRAM_D13 Data bus 3.3-V PIN_G22
SRAM_D14 Data bus 3.3-V PIN_L22
SRAM_D15 Data bus 3.3-V PIN_K21
SRAM_CE_n Chip Enable, active Low 3.3-V PIN_N23
SRAM_OE_n Output Enable, active Low 3.3-V PIN_M22
SRAM_WE_n Write Enable, active Low 3.3-V PIN_G25
SRAM_LB_n Lower-Byte Control, DO~D7, active Low [3.3-V PIN_H25
SRAM_UB_n Upper-Byte Control, D8~D15, active Low [3.3-V PIN_M25

3.6 LPDDR2 Memory

The development board hase4GbMobile Low-Power DDR2 SDRAM (LPDDR2yhichis a
high-speed CMOS, dynamic randesccess memory containing 4,294,967 ;&6 shown in
Figure 3-16.

For detailed information on how to use ttfRDDR2, please refer to the datasheet, which is

availabl e on t he maderthéDatashaet RDDR2$0ldevan ithe KittSgstem o r
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CD. Figure 3-17 shows the related schematarsd Table 3-11 lists theLPDDR2pin assignments,
signal names, and functions.

DDR2LP_CA[9:0]
DDR2LP_DQ[31:0]
DDR2LP_DQS_p[3:0]
DDR2LP_DQS_n[3:0]
DDR2LP_DM[3:0]
DDR2LP_CK_p
DDR2LP_CK_n
DDR2LP_CS_n[0]
DDR2LP_CKE_nj[0]

<

<

DDR2LP_OCT_RZQ

g b ?

Figure3-16 Qonnectionsbetween theCyclone V %6 FPGAndLPDDRghip

Figure3-17 LPDDRandCycloneV GX FP&

Table 3-11 LPDDR2 Memory Pin Assignments, Schematic Signal Names, and Functions

Schematic o Cyclone V GX
. Description I/O Standard ;
Signal Name Pin Number
DDR2LP_CAO Command/address bus 1.2-V HSUL PIN_AE6
DDR2LP_CA1l Command/address bus 1.2-V HSUL PIN_AF6
DDR2LP_CA2 Command/address bus 1.2-V HSUL PIN_AF7
DDR2LP_CA3 Command/address bus 1.2-V HSUL PIN_AF8
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DDR2LP_CA4 Command/address bus 1.2-V HSUL PIN_U10

DDR2LP_CA5 Command/address bus 1.2-V HSUL PIN_U11

DDR2LP_CAG6 Command/address bus 1.2-V HSUL PIN_AE9

DDR2LP_CA7 Command/address bus 1.2-V HSUL PIN_AF9

DDR2LP_CAS8 Command/address bus 1.2-V HSUL PIN_AB12
DDR2LP_CA9 Command/address bus 1.2-V HSUL PIN_AB11
DDR2LP_DQO Data bus 1.2-V HSUL PIN_AA14
DDR2LP_DQ1 Data bus 1.2-V HSUL PIN_Y14

DDR2LP_DQ2 Data bus 1.2-V HSUL PIN_AD11
DDR2LP_DQ3 Data bus 1.2-V HSUL PIN_AD12
DDR2LP_DQ4 Data bus 1.2-V HSUL PIN_Y13

DDR2LP_DQ5 Data bus 1.2-V HSUL PIN_W12

DDR2LP_DQ6 Data bus 1.2-V HSUL PIN_AD10
DDR2LP_DQ7 Data bus 1.2-V HSUL PIN_AF12
DDR2LP_DQ8 Data bus 1.2-V HSUL PIN_AC15
DDR2LP_DQ9 Data bus 1.2-V HSUL PIN_AB15
DDR2LP_DQ10 Data bus 1.2-V HSUL PIN_AC14
DDR2LP_DQ11 Data bus 1.2-V HSUL PIN_AF13
DDR2LP_DQ12 Data bus 1.2-V HSUL PIN_AB16
DDR2LP_DQ13 Data bus 1.2-V HSUL PIN_AA16
DDR2LP_DQ14 Data bus 1.2-V HSUL PIN_AE14
DDR2LP_DQ15 Data bus 1.2-V HSUL PIN_AF18
DDR2LP_DQ16 Data bus 1.2-V HSUL PIN_AD16
DDR2LP_DQ17 Data bus 1.2-V HSUL PIN_AD17
DDR2LP_DQ18 Data bus 1.2-V HSUL PIN_AC18
DDR2LP_DQ19 Data bus 1.2-V HSUL PIN_AF19
DDR2LP_DQ20 Data bus 1.2-V HSUL PIN_AC17
DDR2LP_DQ21 Data bus 1.2-V HSUL PIN_AB17
DDR2LP_DQ22 Data bus 1.2-V HSUL PIN_AF21
DDR2LP_DQ23 Data bus 1.2-V HSUL PIN_AE21
DDR2LP_DQ24 Data bus 1.2-V HSUL PIN_AE15
DDR2LP_DQ25 Data bus 1.2-V HSUL PIN_AE16
DDR2LP_DQ26 Data bus 1.2-V HSUL PIN_AC20
DDR2LP_DQ27 Data bus 1.2-V HSUL PIN_AD21
DDR2LP_DQ28 Data bus 1.2-V HSUL PIN_AF16
DDR2LP_DQ29 Data bus 1.2-V HSUL PIN_AF17
DDR2LP_DQ30 Data bus 1.2-V HSUL PIN_AD23
DDR2LP_DQ31 Data bus 1.2-V HSUL PIN_AF23
DDR2LP_DQS pO |Data Strobe positive Differential 1.2-V HSUL |PIN_V13

DDR2LP_DQS pl1 |Data Strobe positive Differential 1.2-V HSUL |PIN_U14

DDR2LP_DQS p2 |Data Strobe positive Differential 1.2-V HSUL |PIN_V15
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DDR2LP_DQS p3 |Data Strobe positive Differential 1.2-V HSUL |PIN_W16

DDR2LP_DQS nO |Data Strobe negative Differential 1.2-V HSUL |PIN_W13
DDR2LP_DQS nl1 |Data Strobe negative Differential 1.2-V HSUL |PIN_V14
DDR2LP_DQS n2 |Data Strobe negative Differential 1.2-V HSUL |PIN_W15
DDR2LP_DQS n3 |Data Strobe negative Differential 1.2-V HSUL |PIN_W17
DDR2LP_DMO Data Write Mask (byte enables) 1.2-V HSUL PIN_AF11
DDR2LP_DM1 Data Write Mask (byte enables) 1.2-V HSUL PIN_AE18
DDR2LP_DM2 Data Write Mask (byte enables) 1.2-V HSUL PIN_AE20
DDR2LP_DM3 Data Write Mask (byte enables) 1.2-V HSUL PIN_AE24
DDR2LP_CK_p Differential Output Clock (positive) |Differential 1.2-V HSUL [PIN_N10
DDR2LP_CK_n Differential Output Clock (negative) [Differential 1.2-V HSUL |PIN_P10
DDR2LP_CKEO Clock Enable 0 1.2-V HSUL PIN_AF14
DDR2LP_CKE1l Clock Enable 1 (Not use) 1.2-V HSUL PIN_AE13
DDR2LP_CS_nO Chip Select 0 1.2-V HSUL PIN_R11
DDR2LP_CS_n1 Chip Select 1 (Not use) 1.2-V HSUL PIN_T11
DDR2LP_OCT_RZQ [ZQ calibration. 1.2-V HSUL PIN_AE11
Ext ernal resistance

3.7 Micro SD-Card

The development board suppavgro SD card interface using x4 data linegyure 3-18 shows
the related signalsonnections between ti&D CardandCycloneV GX FPGAandFigure 3-19
shows micro SD card plu@ position.

Finally, Table 3-12ists all the associated pins

SD_CLK olls
«—m SD_CMD o5
l . “TT S g Micro-SD Card
cwlone§V «—PNSDDAT! N . Socket
GX -
PR

N_SD_DAT2 1
N SD_DAT3/CD A 2

Figure3-18 Connection between th8D Card SockahdCyclone/ GX FPGA
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Figure3-19 Micro SD Card

Table 3-12 SD Card Pin Assignments, Schematic Signal Names, and Functions
Schematic o Cyclone V GX
Signal Name Description I/0 Standard R
SD_CLK Serial Clock 3.3-V PIN_AB®6
SD_CMD Command, Response 3.3-V PIN_W8
SD_DATO Serial Data 0 3.3-V PIN_U7
SD_DAT1 Serial Data 1 3.3-V PIN_T7
SD_DAT2 Serial Data 2 3.3-V PIN_V8
SD_DAT3 Serial Data 3 3.3-V PIN_T8

3.8 HDMI TX Interface

The development boaptovides High PerformanddDMI Transmittervia the Analog Devices
ADV7513 whichincorporates HDMI v1.4 features, including 3Deadsupportand165 MHz
supports all video formats up to 1080p and UXGAeADV7513is controlled via a serial 12C bus

asic Cyclone V GX Starter Kit 42 www.terasic.com
User Manual June 5, 2014

www.terasic.com


http://www.terasic.com/
http://www.terasic.com/
http://www.terasic.com/

interface, which is connected to pins on the Cyclof@3FPGA. A schematic diagram of the
audio circuitry is shown ifrigure 3-20. Detailed informatioron using theADV7513HDMI TX is
available on the manafc t ur e r 6 sunderthéDaitasheetsiDMI folder on the Kit System

CD.

Table 3-13lists theHDMI Interfacepin assignmentandsignal names relative to ti&yclone V

GX device.

HDMI_TX_CLK  _
HDMI_TX_HS TOMS_TXC |
IAITERA HOML TA Vo TDMS_TX0 _
. HDMI_TX DE  , EEEIVER G “TDOVS TX1 i
Cyclone®™V TDMS_TX2 .|
GX _ HDMI_TX_INT >

b I2C_SDA J

3 12C_SCL 1

HDMI_TX_D[23:0]

IU UI

ot

Figure3-20 onnectionshetween theCyclone V GX FP@fdHDMI Transmitte€hip

Table 3-13 HDMI Pin Assignments, Schematic Signhal Names, and Functions

Schematic o Cyclone V GX
Signal Name Description I/O Standard S Nl
HDMI_TX_DO Video Data bus 3.3-V PIN_V23
HDMI_TX_D1 Video Data bus 3.3-V PIN_AA26
HDMI_TX_D2 Video Data bus 3.3-V PIN_W25
HDMI_TX D3 Video Data bus 3.3-V PIN_W26
HDMI_TX D4 Video Data bus 3.3-V PIN_V24
HDMI_TX_D5 Video Data bus 3.3-V PIN_V25
HDMI_TX_D6 Video Data bus 3.3-V PIN_U24
HDMI_TX_D7 Video Data bus 3.3-V PIN_T23
HDMI_TX_D8 Video Data bus 3.3-V PIN_T24
HDMI_TX D9 Video Data bus 3.3-V PIN_T26
HDMI_TX_D10 Video Data bus 3.3-V PIN_R23
HDMI_TX_D11 Video Data bus 3.3-V PIN_R25
HDMI_TX_D12 Video Data bus 3.3-V PIN_P22
HDMI_TX_D13 Video Data bus 3.3-V PIN_P23
HDMI_TX_D14 Video Data bus 3.3-V PIN_N25
HDMI_TX_D15 Video Data bus 3.3-V PIN_P26
HDMI_TX_D16 Video Data bus 3.3-V PIN_P21
HDMI_TX_D17 Video Data bus 3.3-V PIN_R24
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HDMI_TX_D18 Video Data bus 3.3-V PIN_R26
HDMI_TX_D19 Video Data bus 3.3-V PIN_AB26
HDMI_TX_D20 Video Data bus 3.3-V PIN_AA24
HDMI_TX_ D21 Video Data bus 3.3-V PIN_AB25
HDMI_TX D22 Video Data bus 3.3-V PIN_AC25
HDMI_TX_D23 Video Data bus 3.3-V PIN_AD25
HDMI_TX_CLK Video Clock 3.3-V PIN_Y25
HDMI_TX DE Data Enable Signal for Digital Video. |3.3-V PIN_Y26
HDMI_TX_HS Horizontal Synchronization 3.3-V PIN_U26
HDMI_TX VS Vertical Synchronization 3.3-V PIN_U25
HDMI_TX_INT Interrupt Signal 1.2-V PIN_T12
I2C_SCL I2C Clock 2.5-V PIN_B7
I2C_SDA I2C Data 2.5-V PIN_G11

3.9 Audio Interface

The board provides highuality 24bit audio via tle Analog Devices SSM2603 audio CODEC
(Encoder/Decoder). This chip supports microphiomdine-in, and lineout ports, with a sample rate
adjustable from 8 kHz to 96 kHz. The SSM2603 is controlled via a serial I12C bus interface, which
is connected to pinsn the Cyclone \GX FPGA. A schematic diagram of the audio circuitry is
shown inFigure 3-21. Detailed informatioron using the SSM2603 codec is available in its
datasheet, which can be found on the maruft uwebsited aunderthe

Datasheetswudio CODEC folderon the Kit System CD

Table 3-14lists theAudio Codein assignmentandsignal names relative to ti@yclone VGX
device.

AUDXCK I MeLkixTI .
— DDBCK fgc ¢ e @ #
AUD_DACDAT
/ANO TS RYA\ | coure
AUD_DACLRCK
. A 1 »| PBLRC Line In
AUD_ADCDAT 45
S < RECDAT
AUD_ADCLRCK
Cyclone:V « = »{ RECLRC —
) I2C_SDA > soi 9

Figure3-21 Connections between FPGA and Audio CODEC
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Table 3-14 Audio CODEC Pin Assignments, Schematic Signal Names, and Functions

Schematic o Cyclone V GX
Signal Name Description I/O Standard St Nl
AUD_ADCLRCK Audio CODEC ADC LR Clock 2.5-V PIN_C7
AUD_ADCDAT Audio CODEC ADC Data 2.5-V PIN_D7
AUD_DACLRCK Audio CODEC DAC LR Clock 2.5-V PIN_G10
AUD_DACDAT Audio CODEC DAC Data 2.5-V PIN_H10
AUD_XCK Audio CODEC Chip Clock 2.5-V PIN_D6
AUD_BCLK Audio CODEC Bit-Stream Clock 2.5-V PIN_E6
I2C_SCL I12C Clock 2.5-V PIN_B7
I2C_SDA I12C Data 2.5-V PIN_G11

3.10 HSMC : High-Speed Mezzanine Card

The FPGAdevelopment boardasoneHSMC connectorThe HSMCconnectomprovides a

mechanism t@xtend the pepiheralset of aFPGA host board by means of agid cards, which can
address todayos high s pe e d-spseddenielinienfage supgog. Ther e m
HSMC interfaces support JTAG, clock outputs and inputs-siged serial I/O (transceiss), and
singleended or differential signaling.

TheHSMC interface connected to tRgcloneV GX deviceis afemale HSMC connector having a
total of 172pins, including 121 signal pins (120 signal pins +1 PSNTn pin), 39 power pins, and 12
ground pins. Th&lSMC connector is based on tSAMTEC 0.5 mm pitch, surfacenount QSH

family of high-speed, boartb-board connectors. ThHeycloneV GX device provides +12 V DC

and +3.3 V DC power to the mezzanine card through the HSMC connetitr.3-15 indicates the
maximum power consumption for the HSMC connector.

Note that the +12V DC poweail goes through a jumpéBeeFigure 3-22). The function of the
jumper is to avoidasesvhenusers no longer use th@V power, and the power goes directly to
HSMC daughter boardmnd thus leads to burning the FPGA 1/Os.

This jumper can be fourtlabttomright corner neathe HSMC connector. Theactory default setting
is "OFF", meaning the 12Vqwer won't be availabl® the daughter boards. When users need to
connect the daughter boards, they need to switch the jumper to "ON" position. Pleas@esee
3-16for setting details.
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Figure3-22 HSMC 12V Power Jurapd Cyclone/ GX FP&default OFF)

Table 3-15 Power Supply of the HSMC

Supplied Voltage Max. Current Limit
12v 1A
3.3V 1.5A

Table 3-16 HSMC 12V Power Jump Setting Indicators
Function Jump Position | Jump Position (J13) |LED Indicator (D24)

HSMC 12V OFF J13.271 TP1
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HSMC_12V

HSMC 12V ON J13.171 J13.2

There are three banks in this connedtarure 3-23 shows the bank arrangement of signals with
respect to the SMTEC connectorTable 3-17 lists the mapping of the FPGA pin assignments to
the HSMC connectors.

Bank 1
Power

8 TX Channels CDR
8 RX Channels CDR

JTAG
SMBus
CLKINO, CLKOUTO

Bank 2

Power

D(39:0)
-or-
D(3:0) + LVDS

CLKIN1, CLKOUT1

Bank 3

Power
D(79:40)

CLKIN2, CLKOUT2

Figure3-23 HSMC Signal Bank Diagram

Table 3-17 Pin Assignments for HSMC connector

Schematic _ Cyclone V GX
. Description I/O Standard )

Signal Name Pin Number

HSMC_CLKINO Dedicated clock input 2.5-V PIN_N9

HSMC_CLKIN_n1 LVDS RX or CMOS I/O or 2.5-V or LVDS PIN G14
differential clock input -

HSMC_CLKIN_n2 LVDS RX or CMOS I/O or 2.5-V or LVDS PIN K9
differential clock input -

HSMC_CLKIN _p1 LVDS RX or CMOS I/O or 2.5-V or LVDS PIN_G15

differential clock input
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HSMC_CLKIN_p2 LVDS RX or CMOS I/O or 2.5-V or LVDS PIN L8
differential clock input -
HSMC_CLKOUTO Dedicated clock output 2.5-V PIN_A7
HSMC_CLKOUT_n1 |LVDS TX or CMOS I/O or 2.5-V or LVDS PIN A18
differential clock input/output -
HSMC_CLKOUT_n2  |LVDS TX or CMOS I/O or 2.5-V or LVDS PIN A16
differential clock input/output -
HSMC_CLKOUT_p1l |LVDS TX or CMOS I/O or 2.5-V or LVDS PIN A19
differential clock input/output -
HSMC_CLKOUT_p2  |LVDS TX or CMOS I/O or 2.5-V or LVDS PIN A17
differential clock input/output -
HSMC_DO LVDS TX or CMOS I/O 2.5-V PIN_D11
HSMC_D1 LVDS RX or CMOS I/O 2.5-V PIN_H14
HSMC_D2 LVDS TX or CMOS I/0 2.5-V PIN_D12
HSMC_D3 LVDS RX or CMOS I/O 2.5-V PIN_H13
I2C_SCL I2C Bus Clock 2.5-V PIN_B7
I2C_SDA I2C Bus Data 2.5-V PIN_G11
HSMC_GXB_RX_p0  [Transceiver RX bit 0 1.5-V PCML PIN_AD2
HSMC_GXB_RX_p1  [Transceiver RX bit 1 1.5-V PCML PIN_AB2
HSMC_GXB_RX_p2 Transceiver RX bit 2 1.5-V PCML PIN_Y2
HSMC_GXB_RX_p3 Transceiver RX bit 3 1.5-V PCML PIN_V2
HSMC_GXB_TX_pO0 Transceiver TX bit O 1.5-V PCML PIN_AE4
HSMC_GXB_TX_pl Transceiver TX bit 1 1.5-V PCML PIN_ACA4
HSMC_GXB_TX_p2 Transceiver TX bit 2 1.5-V PCML PIN_AA4
HSMC_GXB_TX_p3 Transceiver TX bit 3 1.5-V PCML PIN_W4
HSMC_GXB_RX_n0 Transceiver RX bit 0 1.5-V PCML PIN_AD1
HSMC_GXB_RX_n1 Transceiver RX bit 1 1.5-V PCML PIN_AB1
HSMC_GXB_RX_n2 Transceiver RX bit 2 1.5-V PCML PIN_Y1
HSMC_GXB_RX_n3  [Transceiver RX bit 3 1.5-V PCML PIN_V1
HSMC_GXB_TX_n0 Transceiver TX bit 0 1.5-V PCML PIN_AE3
HSMC_GXB_TX_nl Transceiver TX bit 1 1.5-V PCML PIN_AC3
HSMC_GXB_TX_n2 Transceiver TX bit 2 1.5-V PCML PIN_AA3
HSMC_GXB_TX_n3 Transceiver TX bit 3 1.5-V PCML PIN_W3
HSMC_RX _n0 LVDS RX bit On or CMOS /O LVDS or 2.5-V PIN_M12
HSMC_RX _n1 LVDS RX bit 1n or CMOS I/O0 LVDS or 2.5-V PIN_L11
HSMC_RX _n2 LVDS RX bit 2n or CMOS I/0 LVDS or 2.5-V PIN_H17
HSMC_RX _n3 LVDS RX bit 3n or CMOS I/0 LVDS or 2.5-V PIN_K11
HSMC_RX _n4 LVDS RX bit 4n or CMOS I/O LVDS or 2.5-V PIN_J16
HSMC_RX _n5 LVDS RX bit 5n or CMOS I/0 LVDS or 2.5-V PIN_J11
HSMC_RX _n6 LVDS RX bit 6n or CMOS I/0 LVDS or 2.5-V PIN_G17
HSMC_RX _n7 LVDS RX bit 7n or CMOS I/0 LVDS or 2.5-V PIN_F12
HSMC_RX n8 LVDS RX bit 8n or CMOS I/O LVDS or 2.5-V PIN_F18
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HSMC_RX _n9

HSMC_RX _n10
HSMC_RX _nil
HSMC_RX _n12
HSMC_RX n13
HSMC_RX n14
HSMC_RX _n15
HSMC_RX _n16

HSMC_RX _pO
HSMC_RX p1l
HSMC_RX _p2
HSMC_RX p3
HSMC_RX _p4
HSMC_RX _p5
HSMC_RX _p6
HSMC_RX _p7
HSMC_RX p8
HSMC_RX _p9

HSMC_RX _p10
HSMC_RX p11l
HSMC_RX p12
HSMC_RX p13
HSMC_RX pl4
HSMC_RX _p15
HSMC_RX _p16

HSMC_TX _no
HSMC_TX ni
HSMC_TX _n2
HSMC_TX _n3
HSMC_TX _n4
HSMC_TX _n5
HSMC_TX n6
HSMC_TX n7
HSMC_TX n8
HSMC_TX _n9

HSMC_TX _n10

HSMC_TX ni1l

HSMC_TX _n12
HSMC_TX _n13
HSMC_TX _n14
HSMC_TX ni15

LVDS RX bit 9n or CMOS I/O
LVDS RX bit 10n or CMOS 1/O
LVDS RX bit 11n or CMOS I/O
LVDS RX bit 12n or CMOS /O
LVDS RX bit 13n or CMOS /O
LVDS RX bit 14n or CMOS 1/O
LVDS RX bit 15n or CMOS 1/O
LVDS RX bit 16n or CMOS 1/O
LVDS RX bit 0 or CMOS /O
LVDS RX bit 1 or CMOS 1/O
LVDS RX bit 2 or CMOS 1/O
LVDS RX bit 3 or CMOS I/O
LVDS RX bit 4 or CMOS I/O
LVDS RX bit 5 or CMOS I/O
LVDS RX bit 6 or CMOS I/O
LVDS RX bit 7 or CMOS /O
LVDS RX bit 8 or CMOS I/O
LVDS RX bit 9 or CMOS I/O
LVDS RX bit 10 or CMOS I/O
LVDS RX bit 11 or CMOS I/0
LVDS RX bit 12 or CMOS /O
LVDS RX bit 13 or CMOS I/O
LVDS RX bit 14 or CMOS I/O
LVDS RX bit 15 or CMOS I/O
LVDS RX bit 16 or CMOS 1/O
LVDS TX bit On or CMOS I/O
LVDS TX bit 1n or CMOS I/O
LVDS TX bit 2n or CMOS I/O
LVDS TX bit 3n or CMOS I/O
LVDS TX bit 4n or CMOS I/O
LVDS TX bit 5n or CMOS I/O
LVDS TX bit 6n or CMOS I/O
LVDS TX bit 7n or CMOS I/O
LVDS TX bit 8n or CMOS I/O
LVDS TX bit 9n or CMOS I/O
LVDS TX bit 10n or CMOS I/O
LVDS TX bit 11n or CMOS I/O
LVDS TX bit 12n or CMOS I/O
LVDS TX bit 13n or CMOS 1/O
LVDS TX bit 14n or CMOS I/O
LVDS TX bit 15n or CMOS I/O
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LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V
LVDS or 2.5-V

PIN_E15
PIN_D13
PIN_D15
PIN_D16
PIN_D17
PIN_E19
PIN_D20
PIN_A24
PIN_N12
PIN_M11
PIN_H18
PIN_L12
PIN_H15
PIN_J12
PIN_G16
PIN_G12
PIN_E18
PIN_F16
PIN_E13
PIN_C14
PIN_E16
PIN_D18
PIN_E20
PIN_D21
PIN_B24
PIN_E11
PIN_B9

PIN_C10
PIN_B11
PIN_A11
PIN_B19
PIN_C15
PIN_A21
PIN_C12
PIN_A9

PIN_A13
PIN_C22
PIN_B14
PIN_A22
PIN_B17
PIN_C18
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HSMC_TX ni16 LVDS TX bit 16n or CMOS 1/O LVDS or 2.5-V PIN_B20
HSMC_TX pO LVDS TX bit 0 or CMOS I/0 LVDS or 2.5-V PIN_E10
HSMC_TX p1 LVDS TX bit 1 or CMOS 1/0 LVDS or 2.5-V PIN_C9

HSMC_TX p2 LVDS TX bit 2 or CMOS 1/0 LVDS or 2.5-V PIN_D10
HSMC_TX p3 LVDS TX bit 3 or CMOS I/0 LVDS or 2.5-V PIN_A12
HSMC_TX p4 LVDS TX bit 4 or CMOS I/0 LVDS or 2.5-V PIN_B10
HSMC_TX p5 LVDS TX bit 5 or CMOS I/0 LVDS or 2.5-V PIN_C20
HSMC_TX p6 LVDS TX bit 6 or CMOS I/O LVDS or 2.5-V PIN_B15
HSMC_TX p7 LVDS TX bit 7 or CMOS 1/0 LVDS or 2.5-V PIN_B22
HSMC_TX p8 LVDS TX bit 8 or CMOS I/O LVDS or 2.5-V PIN_C13
HSMC_TX p9 LVDS TX bit 9 or CMOS I/0 LVDS or 2.5-V PIN_A8

HSMC_TX _p10 LVDS TX bit 10 or CMOS 1/0 LVDS or 2.5-V PIN_B12
HSMC_TX pi1 LVDS TX bit 11 or CMOS I/O LVDS or 2.5-V PIN_C23
HSMC_TX p12 LVDS TX bit 12 or CMOS I/O LVDS or 2.5-V PIN_A14
HSMC_TX p13 LVDS TX bit 13 or CMOS I/O LVDS or 2.5-V PIN_A23
HSMC_TX pi4 LVDS TX bit 14 or CMOS I/O LVDS or 2.5-V PIN_C17
HSMC_TX pi15 LVDS TX bit 15 or CMOS I/0 LVDS or 2.5-V PIN_C19
HSMC_TX pi6 LVDS TX bit 16 or CMOS I/O LVDS or 2.5-V PIN_B21

3.11 Using the 2x20 GPIO Expansion Header

Theboard provide®ne40-pin expansion headéGPI0O) andoneArduino Uno RB expansion
headerThese two kinds of expansion headshare parts of tH®. In addition, GPIO shaO
with 7-Segnent Display. Please refer fagure 3-24 for detailed connections and block diagrams.

LCPIO[35:0]  GPIO[35:0] | PSP ECEIN cccoco0000000000C0C0C0OOD
i 'M/‘ ld ©00000C00000000000000
GPIO
40-pin Expansion Header
— |
[PPPPPrry.y.y |FPPPYY-y.v.|
AITERAY

GPIO[18:3] Arduino_D[15:0] ) oo

Cyclone@l’ 4—’\,\/\/‘—’ Ardulno oo

e 00

GX i o |

Arduino Uno R3 (Digital)
Two 8-pin Expansion Header

GPIO[28:22] s \ x HEX2_D[6:0] '-i '-'
GPIO[35:29] > \ A HEX3_D[6:0] ,:' ':'

Two 7-Segment Display

Figure3-24 Connections betweeRPGA GPIQ Arduino and 7Segmentlisplay(share buy
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Now we introducehe 40-pin expansion header (GPIO) and Arduino UreRRpansion header.

A 40-pin Expansion Header

The40-pin header connectdirectly to 36 pins of the Cyclone 8X FPGA, and also provides DC

+5V (VCC5), DC +3.3V (VCCB3), and wo GND pins.Figure 3-25shows the I/O distribution of

the GPIO connector. The maximum power consumption of the daughter card that connects to GPIO
port is shownn Table 3-18. Table 3-19 shows all the pin assignments of the GPIO connextdr

Share pin

Table 3-18 Power Supply of the Expansion Header

Supplied Voltage Max. Current Limit
5V 1A
3.3V 1.5A

(GPIO)
JP9

GPIO[1]
GPIO[3]
GPIO[5]
GPIO[7]
GPIO[9]
GND
GPIO[11]
GPIO[13]
GPIO[15]
GPIO[17]
GPIO[19]
GPIO[21]
GPIO[23]
GPIO[25]
GND
GPIO[27]
GPIO[29]
GPIO[31]
GPIO[33]
GPIO[35]
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Figure3-25 GPIO Pin Arrangement
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Each pin on the expansion headers is connected to two diodes and a resistor that provides protection
against high and low voltagesigure 3-26 shows the protection circuitry for only one of the pin on
the headerbut this circuitry isappliedfor all 36 data pins.

Figure3-26 Connections between the GPIO ceaor and Cyclone GX¥PGA

Table 3-19 Pin Assignments for40-pin Expansion Headerconnectorand share bus signal.

Schematic Share Bus o Cyclone V GX
Signal Name |Signal Name bescription /O Standard Pin Number
GPI00 GPIO DATA[0] , Dedicated Clock Input [3.3-V PIN_T21

GPIO1 GPIO DATA[1] 3.3-V PIN_D26

GPIO2 GPIO DATA[2] , Dedicated Clock Input [3.3-V PIN_K25

GPIO3 Arduino_IO0 |GPIO DATA[3], Arduino 100 3.3-V PIN_E26

GPl04 Arduino_IO1 |GPIO DATA[4] , Arduino 101 3.3-V PIN_K26

GPI0O5 Arduino_IO2 |GPIO DATA[5] , Arduino 102 3.3-V PIN_M26

GPIO6 Arduino_lO3 |GPIO DATA[6] , Arduino 103 3.3-V PIN_M21
GPIO7 Arduino_lO4 |GPIO DATA[7] , Arduino 104 3.3-V PIN_P20

GPIOS8 Arduino_IO5 |GPIO DATA[8] , Arduino 105 3.3-V PIN_T22

GPIO9 Arduino_IO6 |GPIO DATA[9] , Arduino 106 3.3-V PIN_T19
GPI010 Arduino_IO7 |GPIO DATA[10] , Arduino 107 3.3-V PIN_U19
GPIO11 Arduino_lO8 |GPIO DATA[11] , Arduino 108 3.3-V PIN_U22
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