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Chapter 1
DE2-115 Package

The DE2115 package contains all components needed to use thd I3ERoard in conjunction
with a computer that runs the Microsoft Windo@s.

1.1 Package Contents

Figure 1-1 shows a photograph of the DE25 package.

@ Altera DE2-115 Board

@ Altera Complete Design
Suite DVD for Windows

© DE2-115 System CD

@ Power DC Adapter 12V/2A

® USB Programming Cable

® Two 1-pin Headers

@ Two Wire Strips (black and red)

® Six Silicon Footstands

©® Remote Controller

Figure 1-1 The DE2-115 package contents
The DE2115 package includes:

The DE2-115 board.
USB Cable for FPGA programming and control.
1 DEZ2-115 System CD containing the DEA15 documentation and supporting materials,
including the User Manual, the Control Panel, System Builder and Altera Monitor
Program utility, reference designs and demonstrations, device dataséts, tutorials, and a
set of laboratory exercises.
f CD-ROMs containing Alterads QuartusE Il Web E
Design Suit Evaluation Edition software.

= =
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1 Bag of six rubber (silicon) covers for the DE2115 board stands. The bag also contasn
some extender pins, which can be used to facilitate easier probing with testing equipment
of the boardds |/ O expansion header s.

1 Clear acrylic cover for the board.

1 12V DC power supply.

1 Remote controller

1.2 The DE2-115 Board Assembly

To assemble the includestands for the DE215 board:

1 Assemble a rubber (silicon) cover, as shown iRigure 1-2, for each of the six copper stands
on the DE2115 board

1 The clearacrylic cover provides extra protection, and is mounted @ the top of the board
by using additional stands and screws

Figure 1-2 The feet for the DE2-115 board
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1.3 Getting Help

Here isinformation of howto get help if you encounter any problem:

Terasic Techrologies

Taiwan Tel: +886-3-575-0880
ChinaTel:  +86-27-87745390
Email: support@terasic.com

= —a —a -9

==

Altera Corporation
Email: university@altera.com

==
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Chapter 2
Introduction of the Altera DE2-115 Board

This chapter presents tfeatures and design characteristics of the RE2 board.

2.1 Layout and Components

A photograph of the DE215 board is shown iRigure 2-1 andFigure 2-2. It depicts the layat of

the board and indicates the location of the connectors and key components.

Audio TV Decoder  28MHz
CODEC (NTSC/PAL) Oscillator

Ethernet Ethernet
usB USB USB Mic Line Line Video VGA 10/100/1000M 10/100/1000M RS-232
Blaster Port Device  Host In In  Out In Out Port 0 Port 1 Port

12V DC Power
Supply Connector

Power ON/OFF Switch

Altera USB Blaster
Controller Chipset

USB Host/Slave
Controller

Altera EPCS64
Configuration Device

LCD 16x2 Module

7-segment Displays

Programming
Mode Switch

18 Red LEDs

18 Slide Switches 64MB

SDRAM x2

2MB 4 Push-button 8MB
SRAM FLASH

8 Green
LEDs

Figure 2-1 The DE2-115 board (top view)
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VGA 24-bit DAC
Gigabit Ethernet PHY

Expansion Header (J15)
(with Protection Diodes)

HSMC Connector

Altera 60-nm Cyclone IV E
FPGA with 115K LEs

50MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In

IR Receiver
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EEPROM

8D Card Socket

® e » el @ 0 @ @fF
"o "o "o "o

ne e ne ne
me me Mo ma

Figure 2-2 The DE2-115 board (bottom view)

The DE2115 board has many features that allosersto implement a wide range of designed
circuits, from simple circuits to various multimedia projects.

The following hardware is provided on the DEP5 board:

1 Altera Cyclone® |V 4CE115 FPGA dvice

1 Altera Serial Configuration devicei EPCS64

USB Blaster (on board) for programming; both JTAG and Active Serial (AS)
programming modes are supported

2MB SRAM

Two 64MB SDRAMs

8MB Flash memory

SD Card socket

4 Push-buttons

18 Slide switches

18 Red user LEDs

9 Green user LEDs

50MHz oscillator for clock sources

24-bit CD-quality audio CODEC with line-in, line-out, and microphonein jacks
VGA DAC (8-bit high-speed triple DACs) with VGA-out connector

TV Decoder (NTSC/PAL/SECAM) and TV-in connector

2 Gigabit Ethernet PHY with RJ45 connectors

USB Host/Slave Catroller with USB type A and type B connectors

RS-232 transceiver and 9in connector

=

=4 =4 4424549495459 -°_-°-22-2-2->-2
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PS/2 mouse/keyboard connector

IR Receiver

2 SMA connectors for external clock input/output
One 40pin expansionheader with diode protection
OneHigh Speed Mezzanine @rd (HSMC) connector
16x2 LCD module

= =4 4 4 48 -

In addition to these hardware features, the DER board has software support for standard 1/0
interfaces and a control panel facility for accessing various coemp®rAlso, the software is
provided for supporting a number of demonstratitira illustrate the advanced capabilities of the
DEZ2-115 board.

In order to use the DE215 board, the user has to be familiar with the Quartus Il software. The
necessary knowtlge can be acquired by reading the tutori@® t t i ng St art edl5wi t h

Boardd (t ut _-ll®.pdf)andiQuarki Il Introduction (which exists in three versions based on the design

entry method used, namely Verilog, VHDL or schematic @nffjpese tutorials are provided in the directory
DE2_115 tutorials on thBE2-115 System CDthat accompanies the DHA5 kit and can also be found on

Terasié& DE2-115 web pages

2.2 Block Diagram of the DE2-115 Board

Figure 2-3 gives the block diagram of the DBAA5 board. To provide maximum flexibility for the
user, all connections are made through the Cyclorte F?GA device. Thus, the user can configure
the FPGAto implement any system design.
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usB USB USB I LINE | LINE TV EXTEND

LCD module X13 '
LCD Module [ ame e !A! ] | E: DHEAS X36
.

c.velone@n’ X7 SD Card
SDRAM X57 X1 Socket
— ‘—l
—

I ISRAM X41 IF'aS" "
X37

7-Seg X56

CLKOUT i
e —
SDRAM1 SDRAMO SRAM Flash CLOCK X3 50 MHz
0OSC

Push-buttons X4
i ol O o
ii—
LED X27

lock Diagram of DE2-115

Thefollowing is more detailed information about the block&imure 2-3:

FPGA device

Cyclone IV EP4CE115F29 device
114,480 LEs

432 M9K memory bloks

3,888 Kbits embedded memory

4 PLLs

= =4 4 4 =

FPGA configuration

1 JTAG and AS mode configuration
1 EPCS64 serial configuration device
1 On-board USB Blaster circuitry

Memory devices

1 128MB (32Mx32bit) SDRAM
1 2MB (1Mx16) SRAM

10
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1 8MB (4Mx16) Flash with 8bit mode
1 32Kb EEPROM

SD Card socket

1 Provides SPI and 4bit SD mode forSD Card access

Connectors

Two Ethernet 10/100/100Mbps ports

High Speed Mezzanine Card (HSMC)

Configurable 1/O standards (voltage levels:3.3/2.5/1.8/1.5V)

USB type Aand B
o Provide host and device coollers compliant with USB 2.0
0 Support data transfer at ftdpeed and lovspeed
o PC driver available

= =4 4

1 40-pin expansion port
o Configurable I/0O standards (voltage levels:3.3/2.5/1.8/1.5V)

T VGA-out connector
0 VGA DAC (high speed triple DACs)

=

DB9 serial connector br RS-232 port with flow control
1 PS/2 mouse/keyboard

Clock

1 Three 50MHz oscillator clock inputs
1 SMA connectors (external clock input/output)

Audio

1 24-bit encoder/decoder (CODEC)
1 Line-in, line-out, and microphonein jacks

11
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Display
M 16x2 LCD module
Switches and indicators

9 18slide switches and 4 pustbuttons
1 18red and 9 green LEDs
1 Eight 7-segment displays

Other features

M Infrared remotecontrol receiver module
1 TV decoder (NTSC/PAL/SECAM) and TV-in connector

Power

1 Desktop DC input
1 Switching and stepdown regulators LM3150MH

2.3 Power-up the DE2-115 Board

The DE2115 board comes with a preloaded configuration bit stream to demonstrate some features
of the board. This bit stream also allows users to see quickly if the board is working properly. To

powerup theboard perform the following steps:

1. Connect the provided USB cable from the host computer to the USB Blaster connector on the
DEZ2-115 board. For communication between the host and thel&doard, it is necessary
to install the Altera USB Blaster drivsoftware. If this driver is not already installed on the
host computer, it can be installed as explained in the tutd@atting Started with Altera's
DE2-115 Boado (tut_initialIDE2115.pdj. This tutorial is available in the directory

DE2_115_tutorial®n theDE2-115 System CD.

2. Turn off the power by pressing the red ON/OFF swiiefore onnecing the 12V adapter to

the DE2115 board

3. Connect a VGA monitor to the VGA port on the DEP5 board

4. Connect your headset to thee-out audio port othe DE2115 board

12
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5. Turn the RUN/PROG switch (SW19) on the left edge of the-DE2board to RUN position;
the PROG position is used only for the AS Mode programming

6. Recycle the power by turning the red power switch on the-DiE2board OFF and Oabain.
At this point you should observe the following:

All user LEDs are flashing

All 7-segment displays are cycling through the numbers 0 to F

The LCD display shows AWeb@ome to the Altera
The VGA monitor displays the image shown irigure 2-4

Set thedlide switch SW17 to the DOWN position; you should hear a-kHz sound. Be

careful of the very loud volume for avoiding any discomfort

Set the slide switch SW17 to the UP position and connect the output of andio player to

the line-in connector on the DE2115 board; on yourspeaker orheadset you should hear
the music played from the audio player (MP3, PC, iPod, or the like)You can also connect a
microphone to themicrophone-in connector on the DE2115 board;your voice will be

mixed with the music playing on the audio player

= =4 4 A

=

Figure 2-4 The default VGA output pattern

13
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Chapter 3
DEZ2-115 Control Panel

The DE2115 board comes with a Control Panel facility that allovggrs to access various
components on the board from a host computer. The host computer communicates with the board
through a USB connection. The facility can be used to verify the functionality of components on the
board or be used as a debug tool wheeedoping RTL code.

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

3.1 Control Panel Setup

The Control Panel Software Utility is located in the directory
ADE2_115 toolddE2 115 control_panélin the DE2-115 System CD It's free of installation, just

copy the whole folder to your host computer and launch the control panel by executing the
ADE2_115 ControlPanel.e&gThe latest version casupportwWindows Win 7\Win 8 64bitedtions

it also hasupport to work with Quartus 4.

Specific controlcircuit should be downloaded to your FPGA board before the control panel can
request it to perform required tasks. The program will call Quartus Il toolswoload the control
circuit to the FPGA board through USBlaster[USB-0] connection.

To activate the Control Panel, perform the following steps:

1. Make sure Quartus 10.0or laterversionis installed successfully on your PC.
2. Set the RUN/PROG siah to the RUN positian

3. Connect the supplied USB cable to the USB Blaster port, connect the 12V power supply, and
turn the power switch ON

4. Start the executabBE2_ 115 ControlPanel.exan the host computer. The Control Panel user
interface shown ifrigure 3-1 will appear.

5. The DE2_ 115 ControlPanel.sof bit stream is &mhdautomatically as soon as the
DE2_115 control_panel.exe is launched.

14
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6. In case the connection is disconnected, click on CONNECT wheresof will be rdoaded
onto the board.

7. Note, the Control Panel will occupy the USB port until you close that port; you cannot use Quartus Il to
download a configuration file into the FPGA until the USB poclosed

8. The Control Panel is now rew for use; experiase it by setting the ON/OFF status for some
LEDs and observing the result on the DED5 board.

Figure 3-1 The DE2-115 Control Panel

The concept of the DE215 Control Panel is illusttad inFigure 3-2. T h e A CQircuitor otlh at
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 Blagte The
graphical interface is used to issue commands to the cantooiit. It handles all requests and
performs data transfers between the computer and thelD&Board.

15
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7-SEG Display

IR Receiver/
— RS-232
USB Blaster VGA/HSMC

- PS/2 Mouse
Circuit USB Device

Button/
— Switch/

SD Card

SDRAM/EEPROM

—
Flash/SRAM

Figure 3-2 The DE2-115 Control Panel concept

The DE2115 Control Panel can be used to lightthp LEDs, change the values displayed on
7-segment and LCD displays, monittie buttons/switches status, read/write the SDRAM, SRAM
EEPROM and Flash Memory, monitor the status of an U&®ice communicate with the PS/2
mouse output VGA color pattern to VGA monitor, verify functionality of HSM®nnectorl/Os,
communicate with PC vi&RS-232 interface and readSD Card specification information. The
feature of reading/writing a word or amtire file from/to the Flash Memory allows the user to
develop multimedia applications (Flash Audio Player, Flash Picture Viewer) without worrying about
how to build a Memory Programmer.

3.2 Controlling the LEDs, 7-segment Displays and LCD

Display

A simplefunction of the Control Panel is to alcsetting the values displayed on LEDsségment
displays, and the LCD character display.

Choosing the.ED tab leads to the window iRigure 3-3. Here, you can directly ta the LEDs on
or off individually oras a groufpy clickingA Li ght Al I 6 or AUnl i ght Al I ¢

16
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Figure 3-3 Controlling LEDs

Choosing the7-SEG tab leads to the windowhownin Figure 3-4. From the window use the
left-right arrows to control the 7-SEG patterns on the DERA5 board which are updated
immediately Note that the dots of theSEGs are not enabled on DE25 board

i ol ol ol e o ol o

Figure 3-4 Controlling 7-SEG display

Choosing the LCD tab leads to the windowHigure 3-5. Text can be written to the LCD display
by typing it in the LCD box then pressing the Set button.

17
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Figure 3-5 Controlling the LCD display

The ability to set arbitrary values into simple display devices is not needed in typical design
activities. However, it gives the user a simple mechanism for verifying that tlesssesl are
functioning correctly in case wherea malfunction is suspected. Thus, it can be used for
troubleshooting purposes.

3.3 Switches and Push-buttons

Choosing theSwitchestab leads to the window iRigure 3-6. 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 ofshée switches angbushkbuttons.

18
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=~ 000800000
19000

Figure 3-6 Monitoring switches and buttons

The ability to check the status plishbutton andslide switch is not needed in typical design
activities. However, it provides users a simple mechanism for verifying if the buttonsviicites
are functioning correctly. Thus, it can be used for troubleshooting purposes.

3.4 SDRAM/SRAM/EEPROM/Flash Controller and Program

mer

The Control Panel can be used to write/read data to/from the SDRAM, SRAM, EEP&TM

Flash chips on the DEA15 board.As an examplewe will describe how the SDRAM may be
accessed; the same approach is used to access the SRAM, EEPRONgsan€liek on the
Memory tab and select ASDHDRAMO to reach the wi

19
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Figure 3-7 Accessing the SDRAM

A 16-bit word can be written into the SDRAM by entering the address of the desired location,
specifying the data to be written, and pressing the Write button. Contents of tienlceat be read

by pressing the Read buttdagure 3-7 depicts the result of writing the hexadecimal value 06CA
into offset address 2Q®@ollowed by reading the same location.

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

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 checkmark may Ipdaced 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, specily the desired file in 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, dile 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.

20
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The Sequential Read function is used to read the contents of the SDRANM e 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 the SDRAM are to be copied (which involves all 128 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 similar way to @ess the SRAMEEPROMand Flash. Please mothat users
need to erase thiidashbefore writing data to it.

3.5 USB Monitoring

The Control Panel provides users a USB monitoring tool which monitors the status of the USB
devices connected to théSB port on the DE-115 board By plugging in a USB device the USB
hostport of the board, the device type is displayed on the control wirfeigwte 3-8 shows a USB
mouse plugged into tHeostUSB port.

hS
Wasic = i MR Monitor USB Port. Please Pl -Device

Figure 3-8 USB Mouse Monitoring Tool
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3.6 PS/2 Device

The Control Panel provides users aZP®onitoring tool which monitors the retine status of a

PS2 mouse connected to the DEP5 board. The movement of the mouse and the stéittise

three buttons will be shown in the graphical and text interface. The mouse movement is translated
as position (x,y) with range from (0,0)~(1023,767). This function can be used to verify the
functionality of the P& connection.

Follow the steps bel to exercise the P&EMouse Monitoring tool:

1. Choosing the P tab leads to the window igure 3-9.
2. Plug a P& mouse to the 3 port on the DEA15 board.

3. Press the Start button to start theZPBiause monitoring process, aitide button caption is
changed from Start to Stop. In the monitoring process, the status of/thenB&se is updated
and shown in the Cont r o-lime.PPaesseStop $0 te@Grihhte thei n d c
monitoring process.

Figure 3-9 PS/2 Mouse Monitoring Tool
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3.7 SD Card

The function is designed to read the identification and fpaton information of the SD Card
The 4bit SD MODE is used to access t&® Card This function @an be used to verify the
functionality of theSD Cardinterface Follow thesteps below to exercise the SD Card

1. Choosing the&sD Cardtab leads to the window iRigure 3-10.

2. Insert aa SD Cardto the DE2115 lpard,and then press the Rehdtton to read the SD Card.
TheSDCards i dentification, specification, and
control window.

Figure 3-10 Reading the SD Card Identification and Specification

3.8 RS-232 Communication

The Control Panel allows usersverify the operation of the R332 serial communication interface

on the DE2115. The setup is established by connecting 2853 pin male to female cable from

the PC to the R&32 port where the Control Panel communicates to the terminal emulator software
on the PC, or vice versa. AlternativedRS-232loopback cable can also be used if you do not wish
to use the PC to verify the test. ThiReceiv® columnwindowon the Control Panel monitors the

serial communication status. Follow the steps below to initiatR 232 communication:

1. Choosing thRS-232tab leads to the window iRigure 3-11.
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2. Plug in aRS232 9-pin male to female cable from PC R5-232 port or aRS232 loopback
cable directly tdRS-232port.

3. TheRS-232settingsareprovided below in case a connection from the PC is used:

Baud Rate: 115200

Parity Check Bit: None

Data Bits: 8

Stop Bits: 1

Flow Control (CTS/RTS): ON

A A=22A

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

Figure 3-11 RS-232 Serial Communication

3.9 VGA

DE2-115 Control Panel provides VGA pattern function that allows users to dagcolor pattern
to the LCD/CRT monitor using the DE215 board. Follow the steps below to generate the VGA
pattern function:

1. Choosing the VGA tab leads to the window-igure 3-12.
2. Plug a Dsub cable to VGA connector of the DE25 board and LCD/CRT monitor.
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3. The LCD/CRT monitor will display the same color pattern on the cop&oél window.

4. Click the drop down menu shown Fgure 3-12 where you can output the selected color
individually.

Figure 3-12 Controlling VGA display

3.10 HSMC

Sekct the HSMC tab to reach the window showimure 3-13. This function is designed to verify
the functionality of the signals located on the HSMC connector. Before runningiSMC
loopback verification test, fliw the instruction noted under the Loopback Installation section and
click on Verify. Please note to turn off the DE25 board before the HSMC loopback adapter is
installed to prevent any damage to the board.

The HSMC loopback adapter is not providedhe kit packagéut can be purchased through the
websitebelow.

(http://www.terasic.com.tw/cepin/page/archive.pl?Lanquage=English&CateqgoryNo=78&N¥sr4
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Figure 3-13 HSMC loopback verification test performed under Control Panel

3.11 IR Receiver

From the control panel, we can test theréReiver on the DE215 by sendin@ scan code from a
remote controlle Figure 3-14 depicts the IReceiver window when the IR tab is pressathen the
scan code is received, the information Wil displayed on the IR Receiver window represented in
hexadecimalAlso, the pressed liion on the remote controller will be indicated on the graphic of
remote contriber on the IR receiver windoviNote thatthereexists several encoding fosramong
different bands of remote controller©Only the remote controllethat comes with the kit is
confirmed to be compatible with this software
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Figure 3-14 Testing the IR receiver using remote controller

3.12 Overall Structure of the DE2-115 Control Panel

The DE2115 Control Panel is based on a Nios IIF8Dsystem instantiated in the Cyclone BV
FPGA with software running on the -@hip memory.The software part is implemented in C code;
the hardware part is implemented in Verild®L code with SOPC builder. The source cagl@ot
available on the DE2_11System CD.

To run the Control Panel, useshould make theonfiguration according tdsection 3.1.Figure
3-15depicts the structure of the Control Panel. Each input/output device is controlled bgglie N
Processor instantiated in the FPGA chip. The communication with the PC is done via the USB
Blaster link. The Nbs Il interprets the commands sent from the PC and performs the corresponding
actions.
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Figure 3-15 The block diagram of the DE2-115 control panel
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Chapter 4
Using the DE2-115 Board

This chapter gives instructions for using the BES boardand describes each of its peripherals

4.1 Configuring the Cyclone IV E FPGA

The procedure for downloading a circuitt@a host computer to the DBEA5 board is described in

the tutorial Quartus Il Introduction. This tutorial is found in the DE2_115 tutorials folder on the
DE2-115 System CD. The user is encouraged to read the tutorial first, and treat the information
belowas a short reference.

The DE2115 board contains a serial configuration device that stores configuration data for the
Cyclone IV E FPGA. This configuration data is automatically loaded from the configuration device
into the FPGA every timahile power isapplied to the board. Using the Quartus Il softwdres,
possible to reconfigure the FRGt any time, and it is also possible to change thevadatile data

that is stored in the serial configuration device. Both types of programming methods afgedescri
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 Cyclone IV E
FPGA. The FPGA will retain this configuration as long as powepplied to 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 Altera EPCS64 serial configuratimmcedelt provides
nonvolatile storage of the bit stream, so that the information is retained even when the power
supply to the DEAZ 15 board is turned off. When the
configuration data in the EPCS64 device is automaticadigléd into the Cyclone IV E FPGA.

A JTAG Chain on DE2-115 Board

To use JTAG interface for configuring FPGA device, the JTAG chain onIdE2must form a
closel loop that allove Quartus Il programmer to detdbie FPGA deviceFigure 4-1 illustrates the
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JTAG chain on DE2A15 board. Shartg pinl and pin2 o JP3 can disable the JTAG signals on
HSMC connector that will form a close JTAG loop chain on £183 board (Sekigure 4-2). Thus,
only the on board FPGA device (Cyclone IV E) will be detected by Quartus Il prograthossrs
want to includeamother FPGAdevice or interface containingn FPGA device in the chain via

HSMC connector, short pin2 and pin® dF3 to enable theITAG signal ports on the HSMC
connector.

USB Embedded Blaster
Connector

USB P
r 4 ‘ Controller |

TDI
EPM240

v

TDO

Figure 4-2 The JTAG chain configuration header

The sections below desbe the steps used to perform both JTAG and AS programming. For both
methods the DE215 board is connected to a host computer via a USB cable. Using this connection,
the board will be identified by the host computer as an Altera USB Blaster devicprotess for
installation on the host computethe necessary software device driver that communicates with the
USB Bl aster IS desGeitbéedg i Bt arhtee dtliaw Rdadd a A tA
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(tut_initialDE2-115.pdj. This tutorial is available on¢hDE2115 System CD.

A Configuring the FPGA in JTAG Mode

Figure 4-3 illustrates the JTAG configuration setup. To download a configuration bit stream into
the Cyclone IV E FPGA, perform the following steps:

1 Ensure that power is applied to the DE2115 board

1 Configure the JTAG programming circuit by setting the RUN/PROG slide switch (SW19)
to the RUN position (Seé-igure4-4)

1 Connect the supplied USB cable to the USB Blaster pioon the DE2115 board SeeFigure
2-1)

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

USB Blaster Circuit
Quartus Il RUN
\Q Programmer i MAX Il . ' JTAG UART
T|  EPM240 i JTAG Config Signals
UAR l US“I1
Q PROG

Figure 4-3 The JTAG configuration scheme

Figure 4-4 The RUN/PROG switch (SW19) is set in JTAG mode
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A Configuring the EPCS64 in AS Mode

Figure 4-5 illustrates the AS configuration setup. To download a configuration bit stream into the
EPCS64 serial configuration device, perform the following steps:

1 Ensure that power is applied to the DE2115 board.

1 Connect the supplied USB cable to the USB Blasteopt on the DE2-115 board SeeFigure
4-5).

1 Configure the JTAG programming circuit by setting the RUN/PROG slide switch (SW19)
to the PROG position.

1 The EPCS64 chip can now be programmed by using the Quartus Il Progmmer 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 the EPCS64 device to be loaded into the FPGA
chip.

USB Blaster Circuit
Quartus Il e AS Mode Auto Power-on
u - =
@ Programmer | MAXII K | Config Config /ANO[S RYA\ .
\Q ”|  EPM 240 » » - -
QUARTUS"II PROG ycilonet

Figure 4-5 The AS configuration scheme

4.2 Using Push-buttons and Switches

The DE2115 board provides four pudtutton switches as shown Figure 4-6. Each of these
switches isdebouncedising a Schmitt Trigger circuit, as indicatedrigjure 4-7. The four outputs
called KEYO, KEY1KEY2, and KEY3 of the Schmitt Trigger devices are connected directly to the
Cyclone IV E FPGA. Eacpushbutton switch provides a high logic level when it is not pressed,
and provides a low logic level when depressed. Since thelpugin switchesire ddouncedthey

are appropriate for gy as clock or reset inputs in a circuit.
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Figure 4-6 Connections between the push-button and Cyclone IV E FPGA

lPushbuﬂondepmssed lPushbuHonrdeased

Uy

Before
Debouncing

Schmitt Trigger
Debounced

d
<

v

Figure 4-7 Switch debouncing

There are also 18 slide switches on the 012 board (Seé&igure 4-8). These switches are not
debounced, and are assumed for use as-$eveitive data inputs to a circuit. Each switch is
connected directly to a pin on the Cyclone IV E FPGA. When the switch is in the DOWN position
(closest to the edge of the boaitiprovides a low logic level to the FPGA, and when the switch is
in the UP position it provides a high logic level.
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Cyclone@IV
AC28

F w b Jo p\ﬂ
AR

SW17 SW16 SW15 SW14 SW3 Sw2 Sw1 SWO0 Logic"0”

Y23 AB28

Figure 4-8 Connections between the slide switches and Cyclone IV E FPGA

4.3 Using LEDs

There are 27 usaontrollable LEDs on the DE215 board. Eighteen red LEDs are situated above
the 18 Slide switches, and eight greleEDs are found above the pudstitton switches (the 9th
green LED is in the middle of theségment displays). Each LED is driven directly by a pin on the
Cyclone IV E FPGA,; driving its associated pin to a high logic level turns the LED on, and driving
the pin low turns it off Figure 4-9 shows the connectisietween LEDs and Cyclone IV E FPGA.

'_\'_\l {LEDRO Wy LEDRO | o B oo oo
55| (LEDR1 LEDR1 e
\fV\/ F19 LEDG1 LEDG1
'_\'_\I {LEDR? LEDR2 .o E22 VW NZL
VWV g5 _LEDG2 W LEDG2, 27
'_\'_\I (LEORS WV LEDR3 |, Alﬂ-;m Cos LEDG3 M LEDG3
o ® ’I
» LEDG4 LEDG4 I;_';_'
LEDR14 . LEDR14 @ 1 LEDG5 Wy LEDG5»
O NEEE AN rs  CycloneT IV ¢
55| (LEDR15 LEDR15 = LEDGS6 LEDGS6
5'_\| ILEDR16 W\, LEDR16 a5 z: LEDG7 \j\\//\lv LEDG7N£}_’
VWV Sis LEDGS LEDGS
LEDR17 LEDR17
L\ g WV H15 F17 WV pL

Figure 4-9 Connections between the LEDs and Cyclone IV E FPGA

A list of the pin names on the Cyclone IV E FPGA that are connected stideswitches is given
in Table 4-1. Similarly, the pins used to connect to the pbstion switches and LEDs are
displayed inTable 4-2 andTable 4-3, respectively.
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Signal Name
SWI0]
SW[1]
SW[2]
SWI[3]
SW[4]
SWI[5]
SWI[6]
SWI[7]
SWI[8]
SWI[9]
SW[10]
SW[11]
SW[12]
SW[13]
SW[14]
SW[15]
SW[16]
SWI[17]

Signal Name
KEYI[O]
KEY[1]
KEY[2]
KEY[3]

Signal Name
LEDRJ[O]
LEDRJ[1]
LEDRJ[2]
LEDRJ[3]
LEDR[4]
LEDRJ[5]
LEDR[6]
LEDRJ[7]
LEDR][8]
LEDR[9]
LEDRJ[10]
LEDR[11]
LEDR[12]
LEDRJ[13]

Terasic DE2-115 User Manual
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Table 4-1

FPGA Pin No.
PIN_AB28
PIN_AC28
PIN_AC27
PIN_AD27
PIN_AB27
PIN_AC26
PIN_AD26
PIN_AB26
PIN_AC25
PIN_AB25
PIN_AC24
PIN_AB24
PIN_AB23
PIN_AA24
PIN_AA23
PIN_AA22
PIN_Y24
PIN_Y23

Description
Slide Switch[0]
Slide Switch[1]
Slide Switch[2]
Slide Switch([3]
Slide Switch[4]
Slide Switch[5]
Slide Switch[6]
Slide Switch[7]
Slide Switch[8]
Slide Switch[9]
Slide Switch[10]
Slide Switch[11]
Slide Switch[12]
Slide Switch[13]
Slide Switch[14]
Slide Switch[15]
Slide Switch[16]
Slide Switch[17]

Pin Assignments for Slide Switches

I/O Standard

Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7

Table 4-2 Pin Assignments for Puskbuttons

FPGA Pin No.
PIN_M23
PIN_M21
PIN_N21
PIN_R24

Description

Push-button[0]
Push-button[1]
Push-button[2]
Push-button[3]

I/O Standard

Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7

Table 4-3 Pin Assignments for LEDs

FPGA Pin No.
PIN_G19
PIN_F19
PIN_E19
PIN_F21
PIN_F18
PIN_E18
PIN_J19
PIN_H19
PIN_J17
PIN_G17
PIN_J15
PIN_H16
PIN_J16
PIN_H17

Description
LED Red[0]
LED Red[1]
LED Red[2]
LED Red[3]
LED Red[4]
LED Red[5]
LED Red[6]
LED Red[7]
LED Red[8]
LED Red[9]
LED Red[10]
LED Red[11]
LED Red[12]
LED Red[13]
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I/O Standard
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
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LEDR[14] PIN_F15 LED Red[14] 2.5V
LEDR[15] PIN_G15 LED Red[15] 2.5V
LEDR[16] PIN_G16 LED Red[16] 2.5V
LEDR[17] PIN_H15 LED Red[17] 2.5V
LEDG[0] PIN_E21 LED Green[0] 2.5V
LEDGI[1] PIN_E22 LED Green[1] 2.5V
LEDG[2] PIN_E25 LED Green[2] 2.5V
LEDG[3] PIN_E24 LED Green[3] 2.5V
LEDG[4] PIN_H21 LED Green[4] 2.5V
LEDGI[5] PIN_G20 LED Green[5] 2.5V
LEDG[6] PIN_G22 LED Green[6] 2.5V
LEDG[7] PIN_G21 LED Green[7] 2.5V
LEDGI[8] PIN_F17 LED Green[8] 2.5V

4.4 Using the 7-segment Displays

The DE2115 Board has eight3egment displays. These displays are arranged into twoaoaira

group of four, behaving the intent of displaying numbers of various sizes. As indicated in the
schematic inFigure 4-10, the seven segments (common anode) are connected to pins on Cyclone
IV E FPGA. Applying a low logic leveo a segment will light it upnd applying a high logic level

turns it off.

Each segment in a display is identified by an index f@ota 6, with the positions given ifagure
4-10. Table 4-4 shows the assignments of FPGA pins to ttse@ment displays.

HEXO0[0]

\/W HEXO[1]

WV HEXO0[3] ®
HEX0[4] C gIV

VWV yclone¥t

W\' HEXO[5]

W\/ HEX0[6]

Figure 4-10 Connections between the 7-segment display HEXO and Cyclone IV E FPGA

Table 4-4 Pin Assignments for Zsegment Displays

Signal Name FPGA Pin No. Description I/O Standard
HEXO[0] PIN_G18 Seven Segment Digit 0[0O] 2.5V
HEXO[1] PIN_F22 Seven Segment Digit 0[1] 2.5V
HEXO0[2] PIN_E17 Seven Segment Digit 0[2] 2.5V
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HEXO[3]
HEXO[4]
HEXO[5]
HEXO[6]
HEX1[0]
HEX1[1]
HEX1[2]
HEX1[3]
HEX1[4]
HEX1[5]
HEX1[6]
HEX2[0]
HEX2[1]
HEX2[2]
HEX2[3]
HEX2[4]
HEX2[5]
HEX2[6]
HEX3[0]
HEX3[1]
HEX3[2]
HEX3[3]
HEX3[4]
HEX3[5]
HEX3[6]
HEXA4[0]
HEXA4[1]
HEXA4[2]
HEXA4[3]
HEXA4[4]
HEXA4[5]
HEXA4[6]
HEX5[0]
HEX5[1]
HEX5[2]
HEX5[3]
HEX5[4]
HEX5[5]
HEX5[6]
HEX6[0]
HEX6[1]
HEX6[2]
HEX6[3]
HEX6[4]
HEX6[5]

PIN_L26
PIN_L25
PIN_J22
PIN_H22
PIN_M24
PIN_Y22
PIN_W21
PIN_W22
PIN_W25
PIN_U23
PIN_U24
PIN_AA25
PIN_AA26
PIN_Y25
PIN_W26
PIN_Y26
PIN_W27
PIN_W28
PIN_V21
PIN_U21
PIN_AB20
PIN_AA21
PIN_AD24
PIN_AF23
PIN_Y19
PIN_AB19
PIN_AA19
PIN_AG21
PIN_AH21
PIN_AE19
PIN_AF19
PIN_AE18
PIN_AD18
PIN_AC18
PIN_AB18
PIN_AH19
PIN_AG19
PIN_AF18
PIN_AH18
PIN_AA17
PIN_AB16
PIN_AA16
PIN_AB17
PIN_AB15
PIN_AA15

Seven Segment Digit 0[3]
Seven Segment Digit 0[4]
Seven Segment Digit 0[5]
Seven Segment Digit 0[6]
Seven Segment Digit 1[0]
Seven Segment Digit 1[1]
Seven Segment Digit 1[2]
Seven Segment Digit 1[3]
Seven Segment Digit 1[4]
Seven Segment Digit 1[5]
Seven Segment Digit 1[6]
Seven Segment Digit 2[0]
Seven Segment Digit 2[1]
Seven Segment Digit 2[2]
Seven Segment Digit 2[3]
Seven Segment Digit 2[4]
Seven Segment Digit 2[5]
Seven Segment Digit 2[6]
Seven Segment Digit 3[0]
Seven Segment Digit 3[1]
Seven Segment Digit 3[2]
Seven Segment Digit 3[3]
Seven Segment Digit 3[4]
Seven Segment Digit 3[5]
Seven Segment Digit 3[6]
Seven Segment Digit 4[0]
Seven Segment Digit 4[1]
Seven Segment Digit 4[2]
Seven Segment Digit 4[3]
Seven Segment Digit 4[4]
Seven Segment Digit 4[5]
Seven Segment Digit 4[6]
Seven Segment Digit 5[0]
Seven Segment Digit 5[1]
Seven Segment Digit 5[2]
Seven Segment Digit 5[3]
Seven Segment Digit 5[4]
Seven Segment Digit 5[5]
Seven Segment Digit 5[6]
Seven Segment Digit 6[0]
Seven Segment Digit 6[1]
Seven Segment Digit 6[2]
Seven Segment Digit 6[3]
Seven Segment Digit 6[4]
Seven Segment Digit 6[5]
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Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP7
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
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HEX6[6]
HEX7[0]
HEX7[1]
HEX7[2]
HEX7[3]
HEX7[4]
HEX7[5]
HEX7[6]

PIN_AC17
PIN_AD17
PIN_AE17
PIN_AG17
PIN_AH17
PIN_AF17
PIN_AG18
PIN_AA14

Seven Segment Digit 6[6]
Seven Segment Digit 7[0]
Seven Segment Digit 7[1]
Seven Segment Digit 7[2]
Seven Segment Digit 7[3]
Seven Segment Digit 7[4]
Seven Segment Digit 7[5]
Seven Segment Digit 7[6]

Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
Depending on JP6
3.3V

4.5 Clock Circuitry

The DE2115 board includes one oscillator thabguces 50 MHz clock signal. A clock buffer is

used to distribute 50 MHz clock signal with low jitter to FPGA. The distributing clock signals are
connected to the FPGA that are used for clocking the user logic. The board also includes two SMA
connectors wich can be used to connect an external clock source to the board or to drive a clock
signal out through the SMA connector. In addition, all these clock inputs are connected to the phase
locked loops (PLL) clock input pis of the FPGAto allow usersto use these clocks as a source
clock for the PLL circuit.

The clock distribution on the DEP15 board is shown irFigure 4-11. The associated pin
assignments fatheclock inputs to FPGA 1/O pins are listedliable 4-5.

CLOCK 50  y2 AE23 PLLA_CLKOUTp SMA_CLKOUT
CLK2 . J
PI49FCT3803.
50MHz CLOCK2_50 _ AG14 J15
CLOCK3_50 AG15 ®
CLK13
Cyclone?..IV
SMA_CLKIN | AH14
——>
p CLK14

J16

Figure 4-11 Block diagram of the clock distribution

Table 4-5 Pin Assignments for Clock Inputs

Signal Name FPGA Pin No. Description I/O Standard
CLOCK_50 PIN_Y2 50 MHz clock input 3.3V

CLOCK2_50 PIN_AG14 50 MHz clock input 3.3V

CLOCK3_50 PIN_AG15 50 MHz clock input Depending on JP6
SMA_CLKOUT PIN_AE23 External (SMA) clock output Depending on JP6
SMA_CLKIN PIN_AH14 External (SMA) clock input 3.3V
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4.6 Using the LCD Module

The LCD module has builh fonts and can be used to display text by sending appropriate
commands to the display controller called HD44780. Detailed information for using the display is
availablei n i ts datasheet|, which can be found on
DE2_115 datasheat<CD folder on the DE2115 System CD. A schematic diagram of the LCD
module showing connections to the Cyclone IV E FPGA is givéndnre 4-12. The associated pin
assignments appear Table 4-6.

A[SRYA
Cyclone,@IV

L6 L5 L3 L1 L2 K7 K1 K2 M3 M5 L4 M2 M1

NO18 a0l
NO @01
ovLlva aol
LVLvVa aol
Zv.Lva aol
eviva aol
yVLva aol
Svlva aol
9v.Lva aol
LV1va aol
N3 a0l

Sy aol

MY a0l

Ui

16X2 LCD Module

Figure 4-12 Connections between the LCD module and Cyclone IV E FPGA

2\ (@
O *(1): Note the current LCD modules used on DEX% boardgare not backlitdo not havea backlight.
Therefore the LCD_BLON signal should not be wused in

Table 4-6 Pin Assignments for LCD Module

Signal Name FPGA Pin No. Description -
Standard
LCD_DATA[7] PIN_M5 LCD Data[7] 3.3V
LCD_DATA][6] PIN_M3 LCD Data[6] 3.3V
LCD_DATA[5] PIN_K2 LCD Data[5] 3.3V
LCD_DATA[4] PIN_K1 LCD Data[4] 3.3V
LCD_DATA[3] PIN_K7 LCD Data[3] 3.3V
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LCD_DATA[2] PIN_L2 LCD Data[2] 3.3V
LCD_DATA[1] PIN L1 LCD Data[1] 3.3V
LCD_DATAJ[(] PIN_L3 LCD Data[0] 3.3V
LCD_EN PIN_L4 LCD Enable 3.3V
LCD_RW PIN_M1 LCD Read/Write Select, 0 = Write, 1 = Read 3.3V
LCD_RS PIN_M2 LCD Command/Data Select, 0 = Command, 1 = Data 3.3V
LCD_ON PIN_L5 LCD Power ON/OFF 3.3V
LCD_BLON PIN_L6 LCD Back Light ON/OFF 3.3V

4.7 High Speed Mezzanine Card

The DE2115 development board contains a HSMC interface to provide a mechanism for extending
the peripheraket ofa FPGA host board by meansofaold car ds. Thi s can ad
speed signaling requirement as well as-kEpeed device interface support. The HSMC interface
support JTAG, clock outputs and inputs, hggeed LVDSand singleended signaling. The HSMC
connector connects directly tbe Cyclone IV E FPGA with 82 pinSignals HSMC_SDA and
HSMC_SCLK share the same bus with the respected signals 12C_SDA and 12C_SCL of the
WMB8731 audio ship and ADV7180 TV decoder chifable 4-7 shows the maxinm power
consumption of the daughter card that connects to HSMC port.

Table 4-7 Power Supply of the HSMC

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

@
\J (1).Note the current levels indicated Table 4-7 are based on 50% resource consumption. If the HSMC

interface is utilized with design resources exceeding 50%, please notify our sgp@o(t@terasic.coim

(2).If the HSMC loopback adapter is mounted, the /12C_SCL will be directly routed back to I12C_SDA.
Because audio chip, TV decoder chip and HSMC share one 12C bus, therefore the audio and video chip

won t function correctly.

The voltage level of the 1/0 pins dhe HSMC connector can be adjusted to 3.3V, 2.5V, 1.8V, or
1.5V using JP7 The default setting is 2.5V, ee Figure 4-13). Because the HSMC I/Os are
connected to Bnk5 & 6 of the FPGA and the VCCIO voltage (VCCI@5VCCIOB6) of these
banks are controlled by the header dPusers can use a jumper to select the input voltage of
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VCCIO5 & VCCIO6 to 3.3V, 2.5V, 1.8V, and 1.5V to control the voltage level of the I/O pins.
Table 4-8 lists the jumper settings of thedP

(ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl‘lﬂ

vl poll] sl bl el bl ] Bl Bl Vil D D] Bid fmd

Figure 4-13 HSMC VCCIO supply voltage setting header

Table 4-8 Jumper Settings for different I/O Standards

JP7 Jumper Settings |Supplied Voltage to VCCIO5 & VCCIO6 |10 Voltage of HSMC Connector (JP8)
Short Pins 1 and 2 1.5V 1.5V

Short Pins 3 and 4 1.8V 1.8V

Short Pins 5 and 6 2.5V 2.5V (Default)

Short Pins 7 and 8 3.3V 3.3V

@ Note: Users that connect a daughter card on the HSMC connector need to pay close attention on
the I/O standard between DE2-115 HSMC connector pins and daughter card system. For example, if the
/O standard of HSMC pins on DE2-115 board is set to 1.8V, a daughter card with a 3.3V I/O standard

may not work properly on DE2-115 board due to I/O standard mismatch.
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Additionally, whenLVDS is used as th#O standard bthe HSMC connector, the LVDS receivers
need to assemble a 100 Ohm resistor betwestwo input signaldor each of the pairas shavn in
Figure 4-14. Table 4-9 shows all the pin assignments of the HSMC connector.

151z 8
-
Transmitting Device g
HSMC_RX_D_P
(——| —— 500 4 X
%1000 =
¥ —] 500 g X
HSMC_RX_D_N
|

Input Buffer

Figure 4-14 LVDS interface on HSMC connector and Cyclone IV E FPGA

<]

Table 4-9 Pin Assignments for HSMC connector
FPGA Pin

Signal Name N Description I/O Standard
0.
HSMC_CLKINO PIN_AH15 . . D di
- - Dedicated clock input epending
on JP6
HSMC_CLKIN_N1 |PIN_J28 D di
- - - LVDS RX or CMOS input or differential clock input epending
on JP7
HSMC_CLKIN_N2 |PIN_Y28 D di
- - - LVDS RX or CMOS input or differential clock input epending
on JP7
HSM LKIN_P1 |PIN_J27 D i
SMc_c - - LVDS RX or CMOS input or differential clock input epending
on JP7
HSM LKIN_P2 |PIN_Y27 D i
SMc_c - - LVDS RX or CMOS input or differential clock input epending
on JP7
HSMC_CLKOUTO |PIN_AD28 D di
- - Dedicated clock output epending
on JP7
HSMC_CLKOUT_N1|PIN_G24 D di
- - - LVDS TX or CMOS 1/O or differential clock output OEF‘J]T; 'ng
HSMC_CLKOUT_N2 PIN_V24 . . D di
- - - LVDS TX or CMOS I/O or differential clock output epending
on JP7
HSMC_CLKOUT_P1 PIN_G23 . . D di
- - - LVDS TX or CMOS I/O or differential clock output Os%epr; ‘N9
HSMC_CLKOUT_P2 PIN_V23 D di
- - - LVDS TX or CMOS 1/O or differential clock output OEF\J]T; 'ng
HSMC_D[0] PIN_AE26 LVDS TX or CMOS /O Depending
on JP7
HSMC_D[1] PIN_AE28 LVDS RX or CMOS I/O Depending
on JP7
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HSMC_DJ[2]

HSMC_DI[3]

HSMC_RX_D_N[0]

HSMC_RX_D_N[1]

HSMC_RX_D_N[2]

HSMC_RX_D_N[3]

HSMC_RX_D_N[4]

HSMC_RX_D_N[5]

HSMC_RX_D_N[6]

HSMC_RX_D_N[7]

HSMC_RX_D_N[8]

HSMC_RX_D_N[9]

HSMC_RX_D_N[10]

HSMC_RX_D_N[11]

HSMC_RX_D_N[12]

HSMC_RX_D_N[13]

HSMC_RX_D_N[14]

HSMC_RX_D_N[15]

HSMC_RX_D_N[16]

HSMC_RX_D_P[0]

HSMC_RX_D_PI[1]

HSMC_RX_D_PJ[2]

HSMC_RX_D_P[3]

PIN_AE27

PIN_AF27

PIN_F25

PIN_C27

PIN_E26

PIN_G26

PIN_H26

PIN_K26

PIN_L24

PIN_M26

PIN_R26

PIN_T26

PIN_U26

PIN_L22

PIN_N26

PIN_P26

PIN_R21

PIN_R23

PIN_T22

PIN_F24

PIN_D26

PIN_F26

PIN_G25

LVDS TX or CMOS I/O

LVDS RX or CMOS I/0

LVDS RX bit On or CMOS I/O

LVDS RX bit 1n or CMOS I/O

LVDS RX bit 2n or CMOS I/O

LVDS RX bit 3n or CMOS I/0

LVDS RX bit 4n or CMOS 1/O

LVDS RX bit 5n or CMOS |/O

LVDS RX bit 6n or CMOS |/O

LVDS RX bit 7n or CMOS 1/O

LVDS RX bit 8n or CMOS 1/O

LVDS RX bit 9n or CMOS I/O

LVDS RX bit 10n or CMOS I/O

LVDS RX bit 11n or CMOS I/O

LVDS RX bit 12n or CMOS 1/O

LVDS RX bit 13n or CMOS I/O

LVDS RX bit 14n or CMOS I/O

LVDS RX bit 15n or CMOS 1/O

LVDS RX bit 16n or CMOS 1/O

LVDS RX bit 0 or CMOS I/O

LVDS RX bit 1 or CMOS I/O

LVDS RX bit 2 or CMOS I/O

LVDS RX bit 3 or CMOS /O
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HSMC_RX_D_P[4]

HSMC_RX_D_PI[5]

HSMC_RX_D_P[6]

HSMC_RX_D_PI[7]

HSMC_RX_D_PI[8]

HSMC_RX_D_PI[9]

HSMC_RX_D_P[10]

HSMC_RX_D_P[11]

HSMC_RX_D_P[12]

HSMC_RX_D_P[13]

HSMC_RX_D_P[14]

HSMC_RX_D_P[15]

HSMC_RX_D_P[16]

HSMC_TX_D_N[0]

HSMC_TX_D_N[1]

HSMC_TX_D_N[2]

HSMC_TX_D_N[3]

HSMC_TX_D_N[4]

HSMC_TX_D_N[5]

HSMC_TX_D_N[6]

HSMC_TX_D_N[7]

HSMC_TX_D_N[8]

HSMC_TX_D_N[9]

PIN_H25

PIN_K25

PIN_L23

PIN_M25

PIN_R25

PIN_T25

PIN_U25

PIN_L21

PIN_N25

PIN_P25

PIN_P21

PIN_R22

PIN_T21

PIN_D28

PIN_E28

PIN_F28

PIN_G28

PIN_K28

PIN_M28

PIN_K22

PIN_H24

PIN_J24

PIN_P28

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 I/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/O

LVDS RX bit 12 or CMOS 1/O

LVDS RX bit 13 or CMOS I/O

LVDS RX bit 14 or CMOS I/O

LVDS RX bit 15 or CMOS 1/O

LVDS RX bit 16 or CMOS 1/O

LVDS TX bit On or CMOS /O

LVDS TX bit 1n or CMOS /O

LVDS TX bit 2n or CMOS I/O

LVDS TX bit 3n or CMOS I/O

LVDS TX bit 4n or CMOS /O

LVDS TX bit 5n or CMOS /O

LVDS TX bit 6n or CMOS I/O

LVDS TX bit 7n or CMOS I/O

LVDS TX bit 8n or CMOS /O

LVDS TX bit 9n or CMOS /O
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HSMC_TX_D_N[10]

HSMC_TX_D_N[11]

HSMC_TX_D_N[12]

HSMC_TX_D_N[13]

HSMC_TX_D_N[14]

HSMC_TX_D_N[15]

HSMC_TX_D_N[16]

HSMC_TX_D_PJ[0]

HSMC_TX_D_P[1]

HSMC_TX_D_P[2]

HSMC_TX_D_P[3]

HSMC_TX_D_P[4]

HSMC_TX_D_P[5]

HSMC_TX_D_P[6]

HSMC_TX_D_PJ[7]

HSMC_TX_D_PJ[8]

HSMC_TX_D_P[9]

HSMC_TX_D_P[10]

HSMC_TX_D_P[11]

HSMC_TX_D_P[12]

HSMC_TX_D_P[13]

HSMC_TX_D_P[14]

HSMC_TX_D_P[15]

PIN_J26

PIN_L28

PIN_V26

PIN_R28

PIN_U28

PIN_V28

PIN_V22

PIN_D27

PIN_E27

PIN_F27

PIN_G27

PIN_K27

PIN_M27

PIN_K21

PIN_H23

PIN_J23

PIN_P27

PIN_J25

PIN_L27

PIN_V25

PIN_R27

PIN_U27

PIN_V27

LVDS TX bit 10n or CMOS I/O

LVDS TX bit 11n or CMOS I/O

LVDS TX bit 12n or CMOS 1/O

LVDS TX bit 13n or CMOS I/O

LVDS TX bit 14n or CMOS I/O

LVDS TX bit 15n or CMOS 1/O

LVDS TX bit 16n or CMOS 1/O

LVDS TX bit 0 or CMOS I/O

LVDS TX bit 1 or CMOS I/O

LVDS TX bit 2 or CMOS I/O

LVDS TX bit 3 or CMOS I/O

LVDS TX bit 4 or CMOS I/O

LVDS TX bit 5 or CMOS I/O

LVDS TX bit 6 or CMOS I/O

LVDS TX bit 7 or CMOS I/O

LVDS TX bit 8 or CMOS I/O

LVDS TX bit 9 or CMOS I/O

LVDS TX bit 10 or CMOS 1/0

LVDS TX bit 11 or CMOS /O

LVDS TX bit 12 or CMOS /O

LVDS TX bit 13 or CMOS 1/O

LVDS TX bit 14 or CMOS 1/0

LVDS TX bit 15 or CMOS 1/0
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HSMC_TX_D_P[16] |PIN_U22 LVDS TX bit 16 or CMOS 1/O

4.8 Using the Expansion Header

The DE2115 Board provides one 4fin expansion header. The header connects directly to 36 pins
of the Cyclone IV E FPGA, and also provides DC +5V (VCC5), DC +3.3V (M&},3and two
GND pins.Figure 4-15 shows the 1/O distribution of the GPIO connector. The maximum power

Depending
on JP7

consumption of the daughter card that connects to GPIO port is sihhGwile 4-10.

(GPIO)
JP5
AB22 GPIO[0] —— GPIO[1]
AB21 GPIO[2] —— GPIO[3]
AC21 GPIO[4] —— GPIO[5]
AD21 GPIO[B] —— GPIO[7]
AD15 GPIO[8] —— GPIO[9]
iy — GND
AC19 GPIO[10] —— GPIO[11]
AD19 GPIO[12] —— GPIO[13]
AF24 GPIO[14] —— GPIO[15]
AF25 GPIO[16] —— GPIO[17]
AE22 GPIO[18] —— GPIO[19]
AF22 GPIO[20] — GPIO[21]
AG25 GPIO[22] —— GPIO[23]
AH25 GPIO[24] —— GPIO[25]
3.3V —— GND
AG22 GPIO[26] —— GPIO[27]
AH22 GPIO[28] —— GPIO[29]
AE20 GPIO[30] —— GPIO[31]
AF20 GPIO[32] —— GPIO[33]
AH23 GPIO[34] —— GPIO[35]

Figure 4-15 GPIO Pin Arrangement

Table 4-10 Power Supply of the Expansion Header

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

Each pin on the expansion headers is connected to two diodesesist@r that provides protection
against high and low voltagesigure 4-16 shows the protection circuitry for only one of thegin
on the header, but this circuitry is included for all 36 data pins.
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GPIO_VCCIO _

_T_
ALTERAR l: GPIO[35..0] \/\/\( ¥/ .
I Cyclonef 1V

JPS

Figure 4-16 Connections between the GPIO connector and Cyclone IV E FPGA

The voltage level of the 1/0O pins on the expansion headers can be adjusted to 3.3V, 2.5V, 1.8V, or
1.5V using JP6The default value is 3.3V,ee Figure 4-17). Because the expansion 1/Os are
connected to Bnk4 of the FPGA and the VCCIO voltage (VCCIO4) of this bank is controlled by

the header JP6, users can use a jumper to select the input voltage IGIMGG.3V, 2.5V, 1.8V,

and 1.5V to control the voltage level of the I/O pinsble 4-11 lists the jumper settings of the JP6
The pinouts of the JP6 appearfhimgure 4-17,

;;g BE - &aea T

ﬂnmmmmmmmmmﬂmm“ =¥

1ol bl bl |

Tl Bl Bl B

Figure 4-17 GPIO VCCIO supply voltage setting header

Www, tes
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Table 4-11 Voltage Level Setting of the Expansion Headers Using JP6

JP6 Jumper Settings
Short Pins 1 and 2
Short Pins 3 and 4
Short Pins 5 and 6
Short Pins 7 and 8

Supplied Voltage to VCCIO4

1.5V
1.8V
2.5V
3.3V

IO Voltage of Expansion Headers (JP5)
1.5V

1.8V

2.5V

3.3V (Default)

C
\J Note. Users who want to use a daughter card on the GPIO connector need to pay close attention

to the I/O standard between DE2-115 GPIO connector pins and the daughter card system. For example,

If the I/O standard of GPIO pins on the DE2-115 board is set to 1.8V, a daughter card with 3.3V I/O

standard may not work properly on the DE2-115 board due to I/O standard mismatch.

Figure 4-18 depicts the pin definition on the expansion connectousing these I/Os as LVDS
transmitters Due to the reason that the column 1/Os of the FRI@Pexpansion pins connecting
with can only support emulated LVDS transm#fawo singleended output buffers and external
resistors must be used as showri-inure 4-19. The associated I/O standard of these difftaé
FPGA I/O pins on Quartus Il project should set to LVDS_E_3R.
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Figure 4-18 Pin defined when using LVDS interface on GPIO FPGA pins
The factory default setting onsResistor will be 47 ohm andResigor will not be assembled for
singleended 1/O standard application. For LVDS transmitter application, please assemble 120 and

170 ohm resistor on &and Rp position, respectively.

Finally, Table 4-12 shows all tle pin assignments of the GPIO connector.

Figure 4-19 Using Emulated LVDS on GPIO
Table 4-12 Pin Assignments for Expansion Headers

49
Terasic DE2-115 User Manual www.terasic.com

www.terasic.com




























































































































































































































