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Chapter 1
DEZ2-115 Package

The DE2-115 package contains all components netdede the DE2-115 board in conjunction
with a computer that runs the Microsoft Windows OS.

1.1 Package Contents

Figure 1-1shows a photograph of the DE2-115 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 DE2-115 package includes:

* The DE2-115 board.

» USB Cable for FPGA programming and control.

» DEZ2-115 System CD containing the DE2-115 documenian and supporting materials,
including the User Manual, the Control Panel, Systa Builder and Altera Monitor
Program utility, reference designs and demonstratins, device datasheets, tutorials, and a
set of laboratory exercises.

» CD-ROMSs containing Altera’s Quartus® Il Web Edition and the Nios® Il Embedded
Design Suit Evaluation Edition software.

Terasic DE2-115 User Manual www.terasic.com
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» Bag of six rubber (silicon) covers for the DE2-115%0ard stands. The bag also contains
some extender pins, which can be used to facilitagasier probing with testing equipment
of the board’s I/0 expansion headers.

» Clear plastic cover for the board.

» 12V DC desktop power supply.

* Remote controller

1.2 The DE2-115 Board Assembly

To assemble the included stands for the DE2-118dboa

» Assemble a rubber (silicon) cover, as shown iRigure 1-2, for each of the six copper stands
on the DE2-115 board

* The clear plastic cover provides extra protectionand is mounted over 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 is information of how to get help if you enoter any problem:

« Terasic Technologies
o Tel: +886-3-575-0880
* Email: support@terasic.com

» Altera Corporation
e Email: university@altera.com

Terasic DE2-115 User Manual www.terasic.com
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Chapter 2
Introduction of the Alfera DE2-115 Board

This chapter presents the features and designatbastics of the DE2-115 board.

2.1 Layout and Components

A photograph of the DE2-115 board is showririgure 2-1 andFigure 2-2. It depicts the layout of

the board and indicates the location of the commme@nd key components.

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

T-segment Displays

Programming
Mode Switch

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

SRR

= LE
dsiaiaisiiiisl i o le el o

18 Slide Switches

18 Red LEDs 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

H0MHz Oscillator

SMA Ext Clock Out

SMA Ext Clock In

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

The DE2-115 board has many features that allowsuseimplement a wide range of designed
circuits, from simple circuits to various multimadirojects.

The following hardware is provided on the DE2-1Daufl:

» Altera Cyclone® IV 4CE115 FPGA device

» Altera Serial Configuration device — EPCS64

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

« 2MB SRAM

 Two 64MB SDRAM

* 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 microphone-in 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 Controller with USB type A and typdB connectors

» RS-232 transceiver and 9-pin connector

Terasic DE2-115 User Manual www.terasic.com
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* PS/2 mouse/keyboard connector

* IR Receiver

» 2 SMA connectors for external clock input/output

* One 40-pin Expansion Header with diode protection

* One High Speed Mezzanine Card (HSMC) connector
* 16x2 LCD module

In addition to these hardware features, the DE24d#&rd has software support for standard 1/0
interfaces and a control panel facility for accegsvarious components. Also, the software is
provided for supporting a number of demonstratittrag illustrate the advanced capabilities of the
DE2-115 board.

In order to use the DE2-115 board, the user hdsetéamiliar with the Quartus Il software. The
necessary knowledge can be acquired by readingutbgals ‘Getting Started with Altera’s DE2-115
Board’ (tut_initialDE2-115.pdf) and Quartus Il Introductiofi (which exists in three versions based on the design
entry method used, namely Verilog, VHDL or schematntry). These tutorials are provided in the dopc
DE2_115 tutorials on thBE2-115 System CDthat accompanies the DE2-115 kit and can alsoobad on
Terasic's DE2-115 web pages

2.2 Block Diagram of the DE2-115 Board

Figure 2-3 gives the block diagram of the DE2-115 board. flmvige maximum flexibility for the
user, all connections are made through the Cyd\grte FPGA device. Thus, the user can configure
the FPGA to implement any system design.

Terasic DE2-115 User Manual www.terasic.com

WWW. terasic.




UsB uss I uss ic Jf LiNE | LINE v EXTEND
DC12VN 5 ASTER DEVICE HOST . DECODER OUTPUT i s . e

T o I 3 x22  |xa4 [
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SDRAM X57 x1 Socket
—_— 4—|

I ISRAM X41 I Flash
X37
SDRAMOJM SRAM

7-Seg X56

SDRAM1

Flash

| EXTOLK .j m
CLKOUT
§ ;
50 MHz|
OSC

Push-buttons X4

— LED X27

lide Switch X18

Tt

EEE
m

iagram of DE2-115

Following is more detailed information about thedis inFigure 2-3;

FPGA device

Cyclone IV EP4CE115F29 device
114,480 LEs

432 M9K memory blocks

3,888 Kbits embedded memory

4 PLLs

FPGA configuration

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

Memory devices

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

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

SD Card socket

* Provides SPI and 4-bit SD mode for SD Card access

Connectors

* Two Ethernet 10/100/1000 Mbps ports

» High Speed Mezzanine Card (HSMC)

» Configurable 1/0 standards (voltage levels:3.3/2.3/8/1.5V)

e USBtypeAandB
o Provide host and device controllers compliant Wi®&B 2.0
0 Support data transfer at full-speed and low-speed
o PC driver available

* 40-pin expansion port
o Configurable I/O standards (voltage levels:3.3R&N1.5V)

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

» DB9 serial connector for RS-232 port with flow conol
* PS/2 mouse/keyboard

Clock

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

Audio

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

11
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Display
e 16x2 LCD module
Switches and indicators

» 18 slide switches and 4 push-buttons switches
 18red and 9 green LEDs
* Eight 7-segment displays

Other features

* Infrared remote-control receiver module
* TV decoder (NTSC/PAL/SECAM) and TV-in connector

Power

» Desktop DC input
» Switching and step-down regulators LM3150MH

2.3 Power-up the DE2-115 Board

The DE2-115 board comes with a preloaded configandiit stream to demonstrate some features
of the board. This bit stream also allows userse® quickly if the board is working properly. To

power-up the board perform the following steps:

1. Connect the provided USB cable from the hostpter to the USB Blaster connector on the
DE2-115 board. For communication between the hodtthe DE2-115 board, it is necessary
to install the Altera USB Blaster driver softwatkthis driver is not already installed on the
host computer, it can be installed as explainethentutorial ‘Getting Started with Altera's
DE2-115 Board” (tut_initialDE2-115.pdf). This tutorial is availabl in the directory

DE2_115_tutorials on thBE2-115 System CD.

2. Turn off the power by pressing the red ON/OFk@wbefore connecting the 12V adapter to

the DE2-115 board.

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

4. Connect your headset to the line-out audio pothe DE2-115 board.

12
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5. Turn the RUN/PROG switch (SW19) on the left edf¢éhe DE2-115 board to RUN position;
the PROG position is used only for the AS Mode paiagming.

L)

6. Recycle the power by turning the red power dwito the DE2-115 board OFF and ON again .
At this point you should observe the following:

* All user LEDs are flashing

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

* The LCD display shows “Welcome to the Altera DE2-13"

* The VGA monitor displays the image shown irF-igure 2-4

» Set the slide switch SW17 to the DOWN position; yoshould hear a 1-kHz sound. Be
careful of the very loud volume for avoiding any dscomfort

» Set the slide switch SW17 to the UP position and oect the output of an audio player to
the line-in connector on the DE2-115 board; on youspeaker or headset you should hear
the music played from the audio player (MP3, PC, iBd, or the like)

* You can also connect a microphone to the microphora connector on the DE2-115 board;
your voice will be mixed with the music playing orthe audio player

Figure 2-4 The default VGA output pattern

13
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Chapter 3
DE2-115 Conftrol Pane/

The DE2-115 board comes with a Control Panel tgcilhat allows users to access various
components on the board from a host computer. Bisé domputer communicates with the board
through a USB connection. The facility can be usederify the functionality of components on the
board or be used as a debug tool while developifigdede.

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

3.1 Control Panel Setup

The Control Panel Software Utility IS located in eth directory
“‘DE2_115 tools/DE2_115 control_parieih the DE2-115 System CD It's free of installation, just
copy the whole folder to your host computer andnédwthe control panel by executing the
“DE2_115_ ControlPanel.exe”. (Windows 7 64-bit Usdfsan error message that shows a missing
jtag_client.dll file (cannot find jtag_client.dNyhile the Control Panel is commencing, users should
re-launch the DE4 ControlPanel.exe from the follayvi directory
(/DE2_115 tools/DE2_115 control_panel/win7_64bits))

Specific control circuit should be downloaded tauy&PGA board before the control panel can
request it to perform required tasks. The prograthcall Quartus Il tools to download the control
circuit to the FPGA board through USB-Blaster[USBzOnnection.

To activate the Control Panel, perform the follogvsteps:

1. Make sure Quartus Il 10.0 or later version sggatled successfully on your PC.
2. Setthe RUN/PROG switch to the RUN position.

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

4. Start the executable DE2_115 ControlPanel.exta®most computer. The Control Panel user
interface shown irigure 3-1will appear.

14
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5. The DE2_115 ControlPanel.sof bit stream is Idadmutomatically as soon as the
DE2_115 control_panel.exe is launched.

6. In case the connection is disconnected, cliclC@NNECT where the .sof will be re-loaded
onto the board.

7. Note, the Control Panel will occupy the USB portiluyou close that port; you cannot use Quartugoll
download a configuration file into the FPGA untietUSB port is closed.

8. The Control Panel is now ready for use; expegeh by setting the ON/OFF status for some
LEDs and observing the result on the DE2-115 board.

A A A

Figure 3-1 The DE2-115 Control Panel

The concept of the DE2-115 Control Panel is illasgd inFigure 3-2. The “Control Circuit” that
performs the control functions is implemented ie thPGA board. It communicates with the
Control Panel window, which is active on the hostnputer, via the USB Blaster link. The
graphical interface is used to issue commands éoctintrol circuit. It handles all requests and
performs data transfers between the computer anDE2-115 board.

15
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7-SEG Display

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

PS/2 Mouse

o —
Control USB Device

SDRAM/EEPROM
Flash/SRAM

—>

Figure 3-2 The DE2-115 Control Panel concept

The DEZ2-115 Control Panel can be used to light D4, change the values displayed on
7-segment and LCD displays, monitor buttons/swichtatus, read/write the SDRAM, SRAM,
EEPROM and Flash Memory, monitor the status of &Bllevice, communicate with the PS/2
mouse, output VGA color pattern to VGA monitor, ifxefunctionality of HSMC connector 1/Os,
communicate with PC via RS-232 interface and re®d Gard specification information. The
feature of reading/writing a word or an entire fitem/to the Flash Memory allows the user to
develop multimedia applications (Flash Audio Playdash Picture Viewer) without worrying about
how to build a Memory Programmer.

3.2 Controlling the LEDs, 7-segment Displays and LCD
Display

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

Choosing the.ED tab leads to the window iRagure 3-3. Here, you can directly turn the LEDs on
or off individually or by clicking “Light All” or “Unlight All”.

16
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Figure 3-3 Controlling LEDs

Choosing the 7-SEG tab leads to the window showndnre 3-4. From the window, directly use
the left-right arrows to control the 7-SEG patteors the DE2-115 board which are updated
immediately. Note that the dots of the 7-SEGs ateenabled on DE2-115 board.

il alle ol ol e als el

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 Settdn.

17
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Control Panel

Figure 3-5 Controlling the LCD display

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

3.3 Switches and Push-buttons

Choosing the Switches tab leads to the windowidure 3-6. The function is designed to monitor
the status of slide switches and push-buttons ahtreme and show the status in a graphical user
interface. It can be used to verify the functiotyadif the slide switches and push-buttons.

18
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Figure 3-6 Monitoring switches and buttons

The ability to check the status of push-button ahde switch is not needed in typical design
activities. However, it provides users a simple nagism for verifying if the buttons and switches
are functioning correctly. Thus, it can be usedtfoubleshooting purposes.

3.4 SDRAM/SRAM/EEPROM/Flash Controller and Program-

mer

The Control Panel can be used to write/read ddfeoto the SDRAM, SRAM, EEPROM, and
Flash chips on the DE2-115 board. As an examplewilledescribe how the SDRAM may be
accessed; the same approach is used to accesKR&M, EEPROM, and Flash. Click on the
Memory tab and select “SDRAM” to reach the windew-igure 3-7.

19
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Figure 3-7 Accessing the SDRAM

A 16-bit word can be written into the SDRAM by enig the address of the desired location,
specifying the data to be written, and pressingWige button. Contents of the location can be read
by pressing the Read buttdrigure 3-7 depicts the result of writing the hexadecimal eaQ6CA
into offset address 200, followed by reading thaes#ocation.

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

1. Specify the starting address in the Address box.

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

3. Toinitiate the writing process, click on theit&ra File to Memory button.

4. When the Control Panel responds with the stah@andows dialog box asking for the source

file, specify the desired file in the usual manner.

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

0123456789ABCDEF

Defines eight 8-bit values: 01, 23, 45, 67, 89, ABD, EF. These values will be loaded
consecutively into the memory.

20
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The Sequential Read function is used to read theents of the SDRAM and fill them into a file as
follows:

1. Specify the starting address in the Address box.

2. Specify the number of bytes to be copied in®file in the Length box. If the entire contents
of the SDRAM are to be copied (which involves @&B1Mbytes), 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 stahd#dmdows dialog box asking for the
destination file, specify the desired file in treual manner.

Users can use the similar way to access the SRAMRPROM and Flash. Please note that users
need to erase the Flash before writing data to it.

3.5 USB Monitoring

The Control Panel provides users a USB monitorow which monitors the status of the USB
devices connected to the USB port on the DE2-1HscodBy plugging in a USB device to the USB
host port of the board, the device type is displaye the control window=igure 3-8 shows a USB
mouse plugged into the host USB port.

{ W@ Monitor USE Port. Ples

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

L)

The Control Panel provides users a PS/2 monitdoog which monitors the real-time status of a

PS/2 mouse connected to the DE2-115 board. The mvieof the mouse and the status of the
three buttons will be shown in the graphical and teterface. The mouse movement is translated
as a position (x,y) with range from (0,0)~(1023)/6This function can be used to verify the

functionality of the PS/2 connection.

Follow the steps below to exercise the PS/2 Mouseaitdring tool:

1. Choosing the PS/2 tab leads to the windowidgnire 3-9.
2. Plug a PS/2 mouse to the PS/2 port on the DEX brd.

3. Press the Start button to start the PS/2 mous@toning process, and the button caption is
changed from Start to Stop. In the monitoring pss¢eéhe status of the PS/2 mouse is updated
and shown in the Control Panel's GUI window in riiade. Press Stop to terminate the
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 identificateord specification information of the SD Card.
The 4-bit SD MODE is used to access the SD Cards Tunction can be used to verify the
functionality of the SD Card Interface. Follow tsteps below to exercise the SD Card:

1. Choosing the SD Card tab leads to the windoidgnire 3-10.

2. Insert an SD Card to the DE2-115 board, and firess the Read button to read the SD Card.
The SD Card’s identification, specification, anié flormat information will be displayed in the
control window.

Figure 3-10 Reading the SD Card Identification and  Specification

3.8 RS-232 Communication

The Control Panel allows users to verify the operadf the RS-232 serial communication interface

on the DE2-115. The setup is established by comgeat RS-232 9-pin male to female cable from

the PC to the RS-232 port where the Control Paorincunicates to the terminal emulator software
on the PC, or vice versa. Alternatively, a RS-28%back cable can also be used if you do not wish
to use the PC to verify the test. The Receive teaimivindow on the Control Panel monitors the

serial communication status. Follow the steps betoimitiate the RS-232 communication:

1. Choosing the RS-232 tab leads to the windowigmire 3-11.
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2. Plug in a RS-232 9-pin male to female cable fild@1to RS-232 port or a RS-232 loopback
cable directly to RS-232 port.

L)

3. The RS-232 settings are provided below in casenaection from the PC is used:

* Baud Rate: 115200

» Parity Check Bit: None

» Data Bits: 8

» Stop Bits: 1

* Flow Control (CTS/RTS): ON

4. To begin the communication, enter specific tsttllowed by clicking Send. During the
communication process, observe the status of theeifRe terminal window to verify its
operation.

Figure 3-11 RS-232 Serial Communication

3.9 VGA

DE2-115 Control Panel provides VGA pattern functibat allows users to output color pattern to
LCD/CRT monitor using the DE2-115 board. Follow 8teps below to generate the VGA pattern
function:

1. Choosing the VGA tab leads to the windowrigure 3-12.
2. Plug a D-sub cable to VGA connector of the DEB-thoard and LCD/CRT monitor.
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3. The LCD/CRT monitor will display the same copattern on the control panel window.

L)

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

Figure 3-12 Controlling VGA display

3.10 HSMC

Select the HSMC tab to reach the window shownigure 3-13 This function is designed to verify
the functionality of the signals located on the HSMonnector. Before running the HSMC
loopback verification test, follow the instructiolwted under the Loopback Installation section and
click on Verify. Please note to turn off the DE21oard before the HSMC loopback adapter is
installed to prevent any damage to the board.

The HSMC loopback adapter is not provided in thepkickage but can be purchased through the
website below:
(http://www.terasic.com.tw/cgi-bin/page/archive.pdPiguage=English&CategoryNo=78&N0=495
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Figure 3-13 HSMC loopback verification test perfor  med under Control Panel

3.11 IR Receiver

From the control panel, we can test the IR recenrethe DE2-115 by sending scan code from a
remote controller-igure 3-14depicts the IR receiver window when the IR tapresssed. When the
scan code is received, the information will be ged on the IR Receiver window represented in
hexadecimal. Also, the pressed button on the remmtéoller will be indicated on the graphic of
remote controller on the IR receiver window. Ndtattthere exists several encoding form among
different brands of remote controllers. Only thenode controller comes with the kit is confirmed to
be compatible with this software.

26
Terasic DE2-115 User Manual www.terasic.com

WWW. terasic. com.




| W8 IR Monitor

Figure 3-14 Testing the IR receiver using remote ¢ ontroller

3.12 Overall Structure of the DE2-115 Control Panel

The DE2-115 Control Panel is based on a Nios Il SGBlstem instantiated in the Cyclone IV E
FPGA with software running on the on-chip memoryeBoftware part is implemented in C code;
the hardware part is implemented in Verilog HDL eadth SOPC builder. The source code is not
available on the DE2_115 System CD.

To run the Control Panel, users should make thdigrmation according to Section 3.Eigure
3-15depicts the structure of the Control Panel. Eaphtiioutput device is controlled by the Nios I
Processor instantiated in the FPGA chip. The comeation with the PC is done via the USB
Blaster link. The Nios Il interprets the commandatsrom the PC and performs the corresponding
actions.
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Chapter 4
Using the DE2-115 Board

This chapter gives instructions for using the DEB-hoard and describes each of its peripherals.

4.1 Configuring the Cyclone IV E FPGA

The procedure for downloading a circuit from a hashputer to the DE2-115 board is described in
the tutorial Quartus Il Introduction. This tutorial found in the DE2_115 tutorials folder on the
DE2-115 System CD. The user is encouraged to teadutorial first, and treat the information
below as a short reference.

The DE2-115 board contains a serial configuratiemiak that stores configuration data for the
Cyclone IV E FPGA. This configuration data is autditally loaded from the configuration device
into the FPGA every time while power is appliedhe board. Using the Quartus Il software, it is
possible to reconfigure the FPGA at any time, ansl also possible to change the non-volatile data
that is stored in the serial configuration deviBeth types of programming methods are described
below.

1. JTAG programming: In this method of programmingmed after the IEEE standards Joint
Test Action Group, the configuration bit streand@vnloaded directly into the Cyclone IV E
FPGA. The FPGA will retain this configuration asidpas power is applied to the board; the
configuration information will be lost when the pemis turned off.

2. AS programming: In this method, called Activeri8leprogramming, the configuration bit
stream is downloaded into the Altera EPCS64 ser@ifiguration device. It provides
non-volatile storage of the bit stream, so thatitifiermation is retained even when the power
supply to the DE2-115 board is turned off. When tiward’s power is turned on, the
configuration data in the EPCS64 device is autaralyi loaded into the Cyclone IV E FPGA.

B JTAG Chain on DE2-115 Board

To use JTAG interface for configuring FPGA devitlee JTAG chain on DE2-115 must form a
close loop that allows Quartus Il programmer toedeFPGA deviceFigure 4-1 illustrates the
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JTAG chain on DE2-115 board. Shorting pinl and pn2JP3 can disable the JTAG signals on
HSMC connector that will form a close JTAG loop ichan DE2-115 board (Seegure 4-2). Thus,
only the on board FPGA device (Cyclone IV E) wil Betected by Quartus Il programmer. If users
want to include another FPGA device or interfacetaming FPGA device in the chain via HSMC
connector, short pin2 and pin3 on JP3 to enabldTA& signal ports on the HSMC connector.

USB Embedded Blaster
Connector
USB TDI
r ‘ Controller |~ EPh24R AEEE{A -
4 TDO — TDI DO

JP3

Figure 4-2 The JTAG chain configuration header

The sections below describe the steps used torpetioth JTAG and AS programming. For both
methods the DE2-115 board is connected to a hospeter via a USB cable. Using this connection,
the board will be identified by the host computeraa Altera USB Blaster device. The process for
installing on the host computer the necessary soéivdevice driver that communicates with the
USB Blaster is described in the tutoriaGétting Started with Altera's DE2-115 Board”
(tut_initialDE2-115.pdf). This tutorial is availabbn the DE2-115 System CD.
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B Configuring the FPGA in JTAG Mode

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

* Ensure that power is applied to the DE2-115 board

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

» Connect the supplied USB cable to the USB Blasteopt on the DE2-115 board (Se&igure
2-1)

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

USB Blaster Circuit

RUN
Quartus |l =
@ Programmer | maxu _ ' JTAG UART /ANO[S RYA\
\. “|  EPM240 "~ JTAG Config Signals | CJ'Chﬂe?IV
QUARTUS"II PROG g I

Figure 4-3 The JTAG configuration scheme

P |

SW19

IHH\“\HHHI\!

Figure 4-4 The RUN/PROG switch (SW19) is setin JT AG mode
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B Configuring the EPCS64 in AS Mode

Figure 4-5 illustrates the AS configuration setup. To downl@configuration bit stream into the
EPCS64 serial configuration device, perform théofeing steps:

» Ensure that power is applied to the DE2-115 board.

» Connect the supplied USB cable to the USB Blasteopt on the DE2-115 board (Seé&igure
4-5)

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

 The EPCS64 chip can now be programmed by using ti@uartus 1l Programmer to select
a configuration bit stream file with the .pof filename extension.

* Once the programming operation is finished, set thRUN/PROG slide switch back to the
RUN position and then reset the board by turning tle power switch off and back on; this
action causes the new configuration data in the EP$54 device to be loaded into the FPGA
chip.

USB Blaster Circuit

RUN
Quartus Il AS Mode Auto Power-on =
\\Q Programmer o maxa K | Config Config /ANO[S RYA\
\9 ¥l EPM 240 » > g ey
i ] lonet=
QUARTUS"II PROG yC

EPCS64
Serial
Configur

Figure 4-5 The AS configuration scheme

4.2 Using Push-buttons and Switches

The DE2-115 board provides four push-button swiche shown irFigure 4-6. Each of these
switches is debounced using a Schmitt Trigger tiras indicated irrigure 4-7. The four outputs
called KEYO, KEY1, KEY2, and KEY3 of the Schmittifger devices are connected directly to the
Cyclone IV E FPGA. Each push-button switch provideigh logic level when it is not pressed,
and provides a low logic level when depressed.e&sihe push-button switches are debounced, they
are appropriate for using as clock or reset inpugscircuit.
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O O KEYO
> M23
KEYO
.
O O

Figure 4-6 Connections between the push-button and Cyclone IV E FPGA

lPushbutton depressed lPushbutton released
Before

Debouncing||||||||| |||||||
Schmitt Trigger

Debounced

v

<
<

Figure 4-7 Switch debouncing

There are also 18 slide switches on the DE2-11%db(eeFigure 4-8). These switches are not
debounced, and are assumed for use as level-senddita inputs to a circuit. Each switch is
connected directly to a pin on the Cyclone IV E PP®/hen the switch is in the DOWN position
(closest to the edge of the board), it providesvalbgic level to the FPGA, and when the switch is
in the UP position it provides a high logic level.
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Y24 AC28

TAAZZ TAAZS AD27 TAC27 \ Logic™"

BN

SW17 SW16 SW15 SWi14 SW3 SWw2 Sw1 SWO Logic"0”

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

4.3 Using LEDs

There are 27 user-controllable LEDs on the DE2{4d&rd. Eighteen red LEDs are situated above
the 18 Slide switches, and eight green LEDs ar@doabove the push-button switches (the 9th
green LED is in the middle of the 7-segment displaifach LED is driven directly by a pin on the
Cyclone IV E FPGA,; driving its associated pin thigh logic level turns the LED on, and driving
the pin low turns it offFigure 4-9 shows the connections between LEDs and Cyclorte FPGA.

N\ g LEDRO LEDRO
PR Wy LEDR1 g B LLEDC0 Wy e e
Wy 5 LEDG1 LEDGH
E22 VWV
| NN\ gLEDR? LEDR2 | _.o
55I 'LEDRs m LEDR3 Amm E25 LEDG2 \/\/\/ LEDGz»l 2/
F = LEDG3 LEDG3
E24 VWV
E & H21 LEDG4 \/V\l LEDG4’| a
L N LEDGS5 LEDGS5
LEDR14 \/\‘/\lLEDR14 F15 Cycloneg.lv G20 e ‘f\/\/ LEDGS»}ZZ
N |LEDR15\/WLEDR15 - i M oz
SN LEDRT® Ie16 621 L A
LEDR17 Wy LEDR17 LEDGS ——
N4 WV H15 F17 VW N

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

A list of the pin names on the Cyclone IV E FPGAtthre connected to the slide switches is given
in Table 4-1 Similarly, the pins used to connect to the pustidm switches and LEDs are
displayed inTable 4-2andTable 4-3 respectively.
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Signal Name
SWI[0]
SWI[1]
SW[2]
SWI[3]
SWI[4]
SWI[5]
SWI[6]
SWI[7]
SWI[8]
SWI[9]
SWI[10]
SWI[11]
SWI[12]
SWI[13]
SW[14]
SWI[15]
SWI[16]
SWI[17]

Signal Name
KEYIO0]
KEY[1]
KEYI[2]
KEYI[3]

Table 4-3 Pin Assignments for LEDs

Signal Name
LEDRIO]
LEDR[1]
LEDR[2]
LEDR[3]
LEDR[4]
LEDR[5]
LEDR[6]
LEDR[7]
LEDR[8]
LEDRJ9]
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 Push-buttons

FPGA Pin No.
PIN_M23
PIN_M21
PIN_N21
PIN_R24

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

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

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

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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L

LEDR[14] PIN_F15 LED Red[14] 2.5V
LEDRI[15] PIN_G15 LED Red[15] 2.5V
LEDRI[16] PIN_G16 LED Red[16] 2.5V
LEDRI[17] PIN_H15 LED Red[17] 2.5V
LEDG[O] PIN_E21 LED Green|[0] 2.5V
LEDG[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
LEDG[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
LEDG[8] PIN_F17 LED Green[8] 2.5V

4.4 Using the 7-segment Displays

The DE2-115 Board has eight 7-segment displayssd desplays are arranged into two pairs and a
group of four, behaving the intent of displayingmhers of various sizes. As indicated in the
schematic inFigure 4-10, the seven segments (common anode) are connecadst on Cyclone

IV E FPGA. Applying a low logic level to a segmenitl light it up and applying a high logic level
turns it off.

Each segment in a display is identified by an inffern 0 to 6, with the positions given kgure
4-10. Table 4-4shows the assignments of FPGA pins to the 7-segdigpiays.

HEXO0[0]
HEXO[1]

TERA
®

HEXO[3]

HEOl] Cyclone=1vV

HEXO[5]

HEX0[6]

$33333

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

Table 4-4 Pin Assignments for 7-segment Displays

Signal Name FPGA Pin No. Description I/O Standard
HEXO[O] PIN_G18 Seven Segment Digit 0[0] 2\5V
HEXO[1] PIN_F22 Seven Segment Digit O[1] 215V
HEXO0[2] PIN_E17 Seven Segment Digit 0[2] 215V
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HEXO[3]
HEXO0[4]
HEXO[5]
HEXO0[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]
HEX4[0]
HEX4[1]
HEX4[2]
HEX4[3]
HEX4[4]
HEX4[5]
HEX4[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
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending
Depending

on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP7
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
on JP6
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HEX6[6] PIN_AC17 Seven Segment Digit 6[6] Depending on JP6
HEX7[0] PIN_AD17 Seven Segment Digit 7[0] Depending on JP6
HEX7[1] PIN_AE17 Seven Segment Digit 7[1] Depending on JP6
HEX7[2] PIN_AG17 Seven Segment Digit 7[2] Depending on JP6
HEX7[3] PIN_AH17 Seven Segment Digit 7[3] Depending on JP6
HEX7[4] PIN_AF17 Seven Segment Digit 7[4] Depending on JP6
HEXT7[5] PIN_AG18 Seven Segment Digit 7[5] Depending on JP6
HEX7[6] PIN_AA14 Seven Segment Digit 7[6] 3.3V

4.5 Clock Circuitry

The DE2-115 board includes one oscillator that peed 50 MHz clock signal. A clock buffer is
used to distribute 50 MHz clock signal with lowtgit to FPGA. The distributing clock signals are
connected to the FPGA that are used for clockieguder logic. The board also includes two SMA
connectors which can be used to connect an extelme source to the board or to drive a clock
signal out through the SMA connector. In additiaththese clock inputs are connected to the phase
locked loops (PLL) clock input pins of the FPGAdtow users to use these clocks as a source
clock for the PLL circuit.

The clock distribution on the DEZ2-115 board is shom Figure 4-11. The associated pin
assignments for clock inputs to FPGA I/O pins &t inTable 4-5

CLOCK 50  v2 AE23 PLL4_CLKOUTP SMA_CLKOUT
a CLK2 I = J
PI49FCT3803: CLOCK? 50
50MHz > _5 AG14 J15
CLOCK3 50  AG15 ®
CLK13
Cyclone?IV

SMA_CLKIN AH14
————>
§ 9 CLK14

J16

Figure 4-11 Block diagram of the clock distributio n

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 3.8V
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4.6 Using the LCD Module

The LCD module has built-in fonts and can be usedlisplay text by sending appropriate
commands to the display controller called HD44786tailed information for using the display is
available in its datasheet, which can be found loa mhanufacturer’'s website, and from the
DE2_115 datasheets\LCidlder on the DE2-115 System CD. A schematic diagof the LCD
module showing connections to the Cyclone IV E FRS&@iven inFigure 4-12 The associated pin
assignments appear Table 4-6

A B DJA
Cyclone??IV

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

NO1d aol
NO Qo1
ovLlva anl
LYlva aol

¢vlva aol

€viva aol

yviva aol

Svlvad aol

9vivd 4ol

¥1va aol
N3 aol

sy @ol
MY a0l

u11

16X2 LCD Module

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

*(1): Note the current LCD modules used on DE2-Hifards do not have backlight. Therefore the

LCD_BLON signal should not be used in users’ degigiects.

Table 4-6 Pin Assignments for LCD Module

Signal Name FPGA Pin No. Description o
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 ILCD Data[5] 3.3V
LCD_DATA[4] PIN_K1 IL.CD 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_DATA[(O] 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 DE2-115 development board contains a HSMCfaterto provide a mechanism for extending
the peripheral-set of a FPGA host board by mearaddfon cards. This can address today’s high
speed signaling requirement as well as low-speetiteenterface support. The HSMC interface
support JTAG, clock outputs and inputs, high spaddS and single-ended signaling. The HSMC
connector connects directly to the Cyclone IV E BPP@th 82 pins.Signals HSMC_SDA and
HSMC_SCLK share the same bus with the respectedalsigi2C_SDA and [2C_SCL of the
WMB8731 audio ship and ADV7180 TV decoder chi@ble 4-7 shows the maximum power
consumption of the daughter card that connectsIbl€& port.

Table 4-7 Power Supply of the HSMC

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

(1).Note the current levels indicatedliable 4-7 are based on 50% resource consumption. If the HSMC

interface is utilized with design resources excegi0%, please notify our suppagtipport@terasic.com).
(2).If the HSMC Jloopback adapter is mounted, the 12C SCL will be directly routed back to 12C_SDA.
Because audio chip, TV decoder chip and HSMC share one [2C bus, therefore audio and video chip won't
function correctly.

The voltage level of the 1/0 pins on the HSMC cartae can be adjusted to 3.3V, 2.5V, 1.8V, or
1.5V using JP7 (The default setting is 2.5V, segure 4-13. Because the HSMC I/Os are
connected to Bank 5 & 6 of the FPGA and the VCCliiltage (VCCIO5 & VCCIO®6) of these
banks are controlled by the header JP7, users sarayumper to select the input voltage of
VCCIO5 & VCCIO6 to 3.3V, 2.5V, 1.8V, and 1.5V to mmol the voltage level of the 1/O pins.
Table 4-8lists the jumper settings of the JP7.
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Figure 4-13 HSMC VCCIO supply voltage setting head er

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

JP7 Jumper Settings  |Supplied Voltage to VCCIO5 & VCCIO6 IO 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

l/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 3.3V l/O standard may not
work properly on DE2-115 board due to I/0 standard mismatch.

Additionally, when LVDS is used as the I/O standafdhe HSMC connector, the LVDS receivers
need to assemble a 100 Ohm resistor between twi @ignals for each pairs as showrtinure
4-14. Table 4-9shows all the pin assignments of the HSMC conmecto
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Transmitting

Device

| txout +

txout -

¢t

FPGA

HSMC RX D P

X
%1000

4 X
HSMC_RX_D_N

-
—— 500
— 50Q

Input Buffer

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

Signal Name

HSMC_CLKINO

HSMC_CLKIN_N1

HSMC_CLKIN_N2

HSMC_CLKIN_P1

HSMC_CLKIN_P2

HSMC_CLKOUTO

HSMC_CLKOUT_N1

HSMC_CLKOUT_N2

HSMC_CLKOUT_P1

HSMC_CLKOUT_P2

HSMC_D[0]

HSMC_DI[1]

HSMC_D[2]

HSMC_D[3]
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Table 4-9 Pin Assignments for HSMC connector

FPGA Pin
No.
PIN_AH15

PIN_J28

PIN_Y28

PIN_J27

PIN_Y27

PIN_AD28

PIN_G24

PIN_V24

PIN_G23

PIN_V23

PIN_AE26

PIN_AE28

PIN_AE27

PIN_AF27

Description

Dedicated clock input

LVDS RX or CMOS input or differential clock input
LVDS RX or CMOS input or differential clock input
LVDS RX or CMOS input or differential clock input
LVDS RX or CMOS input or differential clock input
Dedicated clock output

LVDS TX or CMOS I/O or differential clock output
LVDS TX or CMOS I/O or differential clock output
LVDS TX or CMOS I/O or differential clock output

LVDS TX or CMOS I/O or differential clock output

LVDS TX or CMOS /O
LVDS RX or CMOS 1/O
LVDS TX or CMOS 1/O

LVDS RX or CMOS /O
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Depending
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Depending
on JP7
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on JP7
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Depending
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Depending
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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_PI[0]

HSMC_RX_D_PJ[1]

HSMC_RX_D_PI[2]

HSMC_RX_D_PI[3]

HSMC_RX_D_P[4]

HSMC_RX_D_PI5]

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

PIN_H25

PIN_K25

LVDS RX bit On or CMOS I/O

LVDS RX bit 1n or CMOS 1/O

LVDS RX bit 2n or CMOS I/O

LVDS RX bit 3n or CMOS I/O

LVDS RX bit 4n or CMOS I/O

LVDS RX bit 5n or CMOS 1/O

LVDS RX bit 6n or CMOS I/O

LVDS RX bit 7n or CMOS I/O

LVDS RX bit 8n or CMOS I/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 1/O

LVDS RX bit 1 or CMOS 1/O

LVDS RX bit 2 or CMOS I/O

LVDS RX bit 3 or CMOS I/O

LVDS RX bit 4 or CMOS 1/O

LVDS RX bit 5 or CMOS 1/O
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HSMC_RX_D_PI6]
HSMC_RX_D_P[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]
HSMC_TX_D_N[10]

HSMC_TX_D_N[11]

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

PIN_J26

PIN_L28

LVDS RX bit 6 or CMOS I/O

LVDS RX bit 7 or CMOS 1/O

LVDS RX bit 8 or CMOS 1/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 1/O

LVDS TX bit 3n or CMOS 1/O

LVDS TX bit 4n or CMOS /O

LVDS TX bit 5n or CMOS /O

LVDS TX bit 6n or CMOS 1/O

LVDS TX bit 7n or CMOS I/O

LVDS TX bit 8n or CMOS /O

LVDS TX bit 9n or CMOS /O

LVDS TX bit 10n or CMOS I/O

LVDS TX bit 11n or CMOS I/O
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HSMC_TX_D_N[12] |PIN_V26 LVDS TX bit 12n or CMOS 1/0 Depending
on JP7
HSMC_TX_D_N[13] |PIN_R28 LVDS TX bit 13n or CMOS 1/0 Depending
on JP7
HSMC_TX_D_NJ[14] |PIN_U28 D di
—TX_D_N[14] PIN_ LVDS TX bit 14n or CMOS 1/O epending
on JP7
HSMC_TX_D_N[15] |PIN_V28 LVDS TX bit 15n or CMOS /O Depending
on JP7
HSMC_TX_D_N[16] |PIN_V22 LVDS TX bit 16n or CMOS 1/0 Depending
on JP7
HSMC_TX_D_P[0] |PIN_D27 LVDS TX bit 0 or CMOS 1/O Depending
on JP7
HSMC_TX_D_P[1] |PIN_E27 D di
~TX_D_P[] - LVDS TX bit 1 or CMOS 1/0 epending
on JP7
HSMC_TX_D_P[2] |PIN_F27 LVDS TX bit 2 or CMOS 1/0 Depending
on JP7
HSMC_TX D P[3] |PIN_G27 LVDS TX bit 3 or CMOS 1/O Depending
on JP7
HSMC_TX D _P[4] |PIN_K27 LVDS TX bit 4 or CMOS 1/O Depending
on JP7
HSMC_TX_D_P[5] |PIN_M27 D di
—TX_D_PB] - LVDS TX bit 5 or CMOS 1/0 epending
on JP7
HSMC_TX_D _P[6] |PIN_K21 LVDS TX bit 6 or CMOS 1/0 Depending
on JP7
HSMC_TX D _P[7] |PIN_H23 LVDS TX bit 7 or CMOS 1/O Depending
on JP7
HSMC_TX D _P[8] |PIN_J23 LVDS TX bit 8 or CMOS 1/O Depending
on JP7
HSMC_TX_D_P[9] |PIN_P27 D di
_TX_D_PEl - PIN_ LVDS TX bit 9 or CMOS 1/0 epending
on JP7
HSMC_TX_D_P[10] |[PIN_J25 LVDS TX bit 10 or CMOS 1/O Depending
on JP7
HSMC_TX_D_P[11] |PIN_L27 LVDS TX bit 11 or CMOS /O Depending
on JP7
HSMC_TX_D_P[12] |PIN_V25 LVDS TX bit 12 or CMOS 1/0 Depending
on JP7
HSMC_TX_D_P[13] |PIN_R27 D di
—TX_D_P[13] |PIN_ LVDS TX bit 13 or CMOS 1/0 epending
on JP7
HSMC_TX_D_P[14] |PIN_U27 LVDS TX bit 14 or CMOS 1/O Depending
on JP7
HSMC_TX_D_P[15] |PIN_V27 LVDS TX bit 15 or CMOS 1/0 Depending
on JP7
HSMC_TX D_P[16] PIN_U22 ", \/ng x bit 16 or CMOS 110 Er?'ji”?d'ng
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4.8 Using the Expansion Header

The DE2-115 Board provides one 40-pin expansiomdéred he header connects directly to 36 pins
of the Cyclone IV E FPGA, and also provides DC {8AMCC5), DC +3.3V (VCC3P3), and two
GND pins.Figure 4-15 shows the I/O distribution of the GPIO conneclidie maximum power
consumption of the daughter card that connectsRtOGort is shown iffable 4-10

(GPIO)
JP5

AB22 GPIOj0)]— I W NI GPIO[1] AC15
AB21 GPIo[2] — i Y M| GPIO[3] Y17

Ac21 GPIOM] — i YK .} GPIO[5] Y16

AD21 GPIOS]—i Y. B GPIO[7] AE16
AD15 GPIos]— i I | GPIO[9] AE15

sv—Ii I N GND
AC19 GPIO[10] — i I ) GPIO[11] AF16
AD19 GPIO[12] — i Y N | GPIO[13] AF15
AF24 GPIO[14] — i I B GPIO[15] AE21
AF25 GPIO[16] — i I ) GPIO[17] AC22
AE22 GPIO[18] — i JK ) GPIO[19] AF21
AF22 GPIO[20] — i I ) GPIO[21] AD22
AG25 GPIo[22] —lC IR GPIO[23] AD25
AH25 GPIO[24] — I I | GPIO[25] AE25
3.3v—»{©N I GND

AG22 GPIO[26] — i I ) GPIO[27] AE24
AH22 GPIO[28] — it I} GPIO[29] AF26
AE20 GPIO[30] — i I ) GPIO[31] AG23
AF20 GPIO[32] — i N ] GPIO[33] AH26
AH23 GPIO[34] — il ] Q;J GPIO[35] AG26

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 connectedbtdibdes and a resistor that provides protection
against high and low voltagesigure 4-16shows the protection circuitry for only one of {hia on
the header, but this circuitry is included for28l data pins.
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Figure 4-16 Connections between the GPIO connector  and Cyclone IV E FPGA

The voltage level of the 1/0O pins on the expandieaders can be adjusted to 3.3V, 2.5V, 1.8V, or
1.5V using JP6 (The default value is 3.3V, segure 4-17). Because the expansion I/Os are
connected to Bank 4 of the FPGA and the VCCIO galt@/CClO4) of this bank is controlled by
the header JP6, users can use a jumper to setesipht voltage of VCCIO4 to 3.3V, 2.5V, 1.8V,
and 1.5V to control the voltage level of the I/@giTable 4-11lists the jumper settings of the JP6.
The pin-outs of the JP6 appeaiFigure 4-17.

i =
@ wesl ot sl ) sl ol il ol b ] b o et S u\;w’—]

Figure 4-17 GPIO VCCIO supply voltage setting head er
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Table 4-11 Voltage Level Setting of the Expansiodeaders Using JP6

JP6 Jumper Settings Supplied Voltage to VCCIO4 IO Voltage of Expansion Headers (JP5)
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

Short Pins 7 and 8 3.3V 3.3V (Default)

Note : Users who want to use daughter card on GPIO connector need to pay close attention to the

l/0 standard between DE2-115 GPIO connector pins and daughter card system. For example, if the I/O
standard of GPIO pins on 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 cotwrefor using these 1/0s as LVDS
transmitters. Due to the reason that the columis BOthe FPGA the expansion pins connecting
with can only support emulated LVDS transmittevgo tsingle-ended output buffers and external
resistors must be used as showrtigure 4-19 The associated I/O standard of these differential
FPGA I/O pins on Quartus Il project should set¥blS _E_3R.

(GPIO)
JPS
GPIO_TX_PO——¢ W ‘ Single-ended I/0
GPIO_TX_NO——¢ W Single-ended I/0
GPIO_TX P1—— W Single-ended 1/O
GPIO_TX_N1——¢ W } Single-ended I/O
Single-ended /O —— i W ] Single-ended /O
5V—— W ] GND
GPIO_TX P2 —— W | Single-ended I/O
GPIO_TX_N2—— W ) Single-ended I/O
GPIO_TX_P3—— I Single-ended I/O
GPIO_TX_N3 ——t W ] Single-ended I/O
GPIO_TX_P4 —— i I ] Single-ended I/0
GPIO_TX_N4 —— W ] Single-ended I/O
GPIO_TX_P5—— I ] Single-ended 1/0
GPIO_TX_N5 ——i( W ] Single-ended /O
33V—mN W GND
GPIO_TX_P6 ——i TN | Single-ended /O
GPIO_TX_N6 —— N ] Single-ended 1/0
GPIO_TX P7—— N ] Single-ended I/O
GPIO_TX_ N7 —— N ] Single-ended /O
Single-ended /0 —— i BN ] Single-ended I/O

=

Figure 4-18 Pin defined when using LVDS interface  on GPIO FPGA pins
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The factory default setting on Rs resistor will4&ohm and Rp resistor will not be assembled for
single-ended I/O standard application. For LVDSw$raitter application, please assemble 120 and
170 ohm resistor on Rs and Rp position, respegtivel

Finally, Table 4-12shows all the pin assignments of the GPIO conmecto

GPIO

e e

e e

e e

e e

FPGA Resistor Network L)
Rs e e LVDS Receiver

e e

Wy LN © ©

e e

— Rp e e

e e

e e

Wy SEN © o

Rs eoe

e e

Emulated LVDS Transmitter e e

e e

e e

e e

e e

—

Pl

I

®

Figure 4-19 Using Emulated LVDS on

Table 4-12 Pin Assignments for Expansion Headers

Signal Name FPGA Pin No. Description I/O Standard

GPIO[0] PIN_AB22 GPIO Connection DATA[O] Depending on JP6
GPIO[1] PIN_AC15 GPIO Connection DATA[1] Depending on JP6
GPIO[2] PIN_AB21 GPIO Connection DATA[2] Depending on JP6
GPIO[3] PIN_Y17 GPIO Connection DATA[3] Dependingo n JP6
GPIO[4] PIN_AC21 GPIO Connection DATA[4] Depending on JP6
GPIO[5] PIN_Y16 GPIO Connection DATA[5] Dependingo n JP6
GPIO[6] PIN_AD21 GPIO Connection DATA[6] Depending on JP6
GPIO[7] PIN_AE16 GPIO Connection DATA[7] Depending on JP6
GPIO[8] PIN_AD15 GPIO Connection DATA[8] Depending on JP6
GPIO[9] PIN_AE15 GPIO Connection DATA[9] Depending on JP6
GPIO[10] PIN_AC19 GPIO Connection DATA[10] Dependin g on JP6
GPIO[11] PIN_AF16 GPIO Connection DATA[11] Dependin g on JP6
GPIO[12] PIN_AD19 GPIO Connection DATA[12] Dependin g on JP6
GPIO[13] PIN_AF15 GPIO Connection DATA[13] Dependin g on JP6
GPIO[14] PIN_AF24 GPIO Connection DATA[14] Dependin g on JP6
GPIO[15] PIN_AE21 GPIO Connection DATA[15] Dependin g on JP6
GPIO[16] PIN_AF25 GPIO Connection DATA[16] Dependin g on JP6
GPIO[17] PIN_AC22 GPIO Connection DATA[17] Dependin g on JP6
GPIO[18] PIN_AE22 GPIO Connection DATA[18] Dependin g on JP6
GPIO[19] PIN_AF21 GPIO Connection DATA[19] Dependin g on JP6
GPIO[20] PIN_AF22 GPIO Connection DATA[20] Dependin g on JP6
GPIO[21] PIN_AD22 GPIO Connection DATA[21] Dependin g on JP6
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GPIO[22] PIN_AG25 GPIO Connection DATA[22] Dependin g on JP6
GPIO[23] PIN_AD25 GPIO Connection DATA[23] Dependin g on JP6
GPIO[24] PIN_AH25 GPIO Connection DATA[24] Dependin g on JP6
GPIO[25] PIN_AE25 GPIO Connection DATA[25] Dependin g on JP6
GPIO[26] PIN_AG22 GPIO Connection DATA[26] Dependin g on JP6
GPIO[27] PIN_AE24 GPIO Connection DATA[27] Dependin g on JP6
GPIO[28] PIN_AH22 GPIO Connection DATA[28] Dependin g on JP6
GPIO[29] PIN_AF26 GPIO Connection DATA[29] Dependin g on JP6
GPIO[30] PIN_AE20 GPIO Connection DATA[30] Dependin g on JP6
GPIO[31] PIN_AG23 GPIO Connection DATA[31] Dependin g on JP6
GPIO[32] PIN_AF20 GPIO Connection DATA[32] Dependin g on JP6
GPIO[33] PIN_AH26 GPIO Connection DATA[33] Dependin g on JP6
GPIO[34] PIN_AH23 GPIO Connection DATA[34] Dependin g on JP6
GPIO[35] PIN_AG26 GPIO Connection DATA[35] Dependin g on JP6

4.9 Using 14-pin General Purpose 1/0 Connector

The DE2-115 Board provides 14-pin expansion hedder.header connects directly to 7 pins of the
Cyclone IV E FPGA, and also provides DC +3.3V (VE&33 and six GND pins as shown in
Figure 4-20 The voltage level of the I/O pins on the 14-pkpansion header is 3.3V. Finally,
Table 4-13shows the pin assignments for I/O connections.

VCC3P3

EX_IO[6]

EX_IO[5]

r—

EX_IO[4]

/AO[SRYA,

Cyclone‘??IV EX_IO[2]

_——

EX_10[3]

—|

I

EX_IO[1]

00000

EX_IO[0]

o
©
©
e
o]
(1)
®

~

:

Figure 4-20 Connections between FPGA and 14-pin ge  neral purpose I/O

Table 4-13 Pin Assignments for General Purpose 1/

Signal Name FPGA Pin No. Description I/O Standard
EX_10[0] PIN_J10 Extended 10[0] 3.3V
EX_IO[1] PIN_J14 Extended I0[1] 3.3V
EX_10[2] PIN_H13 Extended 10[2] 3.3V
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EX_IO[3] PIN_H14 Extended 10[3] 3.3V
EX_IO[4] PIN_F14 Extended 10[4] 3.3V
EX_IO[5] PIN_E10 Extended 10[5] 3.3V
EX_IO[6] PIN_D9 Extended 10[6] 3.3V

4.10 Using VGA

The DE2-115 board includes a 15-pin D-SUB conneftio GA output. The VGA synchronization
signals are provided directly from the Cyclone IVFPGA, and the Analog Devices ADV7123
triple 10-bit high-speed video DAC (only the higt&bits are used) is used to produce the analog
data signals (red, green, and blue). It could stpge SXGA standard (1280*1024) with a
bandwidth of 100MHzEigure 4-21 gives the associated schematic.

u7

VGA R[7..0]
VGA_GI[7..0]

NOERA. | vorsro

® VGA _CLK
Cycionet=1V VGA_SYNC N

VGA_BLANK_N

VGA DAC
ADV7123

V.V V. V. VY

VGA_VS
VGA_HS

Figure 4-21 Connections between FPGA and VGA

The timing specification for VGA synchronizationdaRGB (red, green, blue) data can be found on
various educational website (for example, searciMGA signal timing”). Figure 4-22 illustrates
the basic timing requirements for each row (horiahnthat is displayed on a VGA monitor. An
active-low pulse of specific duration (time (a) the figure) is applied to the horizontal
synchronization (hsync) input of the monitor, whsilgnifies the end of one row of data and the
start of the next. The data (RGB) output to the moomust be off (driven to 0 V) for a time period
called the back porch (b) after the hsync pulseiscavhich is followed by the display interval (c).
During the data display interval the RGB data dsiveach pixel in turn across the row being
displayed. Finally, there is a time period calleé front porch (d) where the RGB signals must
again be off before the next hsync pulse can octie timing of the vertical synchronization
(vsync) is the similar as shown kngure 4-22, except that a vsync pulse signifies the end @& on
frame and the start of the next, and the datagefethe set of rows in the frame (horizontal tig)in
Table 4-14andTable 4-15show different resolutions and durations of timequs a, b, ¢, and d
for both horizontal and vertical timing.

51
Terasic DE2-115 User Manual www.terasic.com

WWW. terasic.




(AYOTS RYA\

Detailed information for using the ADV7123 video BAs available in its datasheet, which can be
found on the manufacturer’s website, or in the DB%_ datasheets\VIDEO-DAC folder on the

DE2-115 System CD. The pin assignments betweeCyktone IV E FPGA and the ADV7123 are

listed inTable 4-16 An example of code that drives a VGA displayeésctibed in Sections 6.2 and

6.3.

@

Note: The RGB data bus on DE2-115 board is 8 bit instead of 10 bit on DE2/DE2-70 board.

Back porch (b) Front porch (d)
|

<4 Display interval (c) 4

DATA ! RGB '
I
i i
HSYNC '
< »| Sync (a)
Figure 4-22 VGA horizontal timing specification
Table 4-14 VGA Horizontal Timing Specification
VGA mode Horizontal Timing Spec
Configuration Resolution(HxV) a(us) b(us) c(us) d(us) Pixel clock(MHz)
VGA(60HZz) 640x480 3.8 1.9 25.4 0.6 25
VGA(85Hz) 640x480 1.6 2.2 17.8 1.6 36
SVGA(60Hz) 800x600 3.2 2.2 20 1 40
SVGA(75Hz) 800x600 1.6 3.2 16.2 0.3 49
SVGA(85Hz) 800x600 1.1 2.7 14.2 0.6 56
XGA(60Hz) 1024x768 2.1 25 15.8 0.4 65
XGA(70Hz) 1024x768 1.8 1.9 13.7 0.3 75
XGA(85Hz) 1024x768 1.0 2.2 10.8 0.5 95
1280x1024(60Hz) 1280x1024 1.0 2.3 11.9 0.4 108
Table 4-15 VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Configuration Resolution(HxV) a(lines) b(lines) | c(lines) | d(lines) | Pixel clock(MHz)
VGA(60HZz) 640x480 2 33 480 10 25
VGA(85Hz) 640x480 3 25 480 1 36
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SVGA(60Hz) 800x600 4 23 600 1 40
SVGA(75Hz) 800x600 3 21 600 1 49
SVGA(85Hz) 800x600 3 27 600 1 56
XGA(60Hz) 1024x768 6 29 768 3 65
XGA(70Hz) 1024x768 6 29 768 3 75
XGA(85Hz) 1024x768 3 36 768 1 95
1280x1024(60Hz) 1280x1024 3 38 1024 1 108
Table 4-16 Pin Assignments for ADV7123
Signal Name FPGA Pin No. Description I/O Standard
VGA_RI[0] PIN_E12 VGA Red|[0] 3.3V
VGA R[1] PIN_E11 VGA Red[1] 3.3V
VGA_R[2] PIN_D10 VGA Red[2] 3.3V
VGA_RI[3] PIN_F12 VGA Red[3] 3.3V
VGA_R[4] PIN_G10 VGA Red[4] 3.3V
VGA_RI[5] PIN_J12 VGA Red[5] 3.3V
VGA_R[6] PIN_H8 VGA Red][6] 3.3V
VGA_RI[7] PIN_H10 VGA Red[7] 3.3V
VGA_G[0] PIN_G8 VGA Green[0] 3.3V
VGA G[1] PIN_G11 VGA Green[1] 3.3V
VGA GJ[2] PIN_F8 VGA Green[2] 3.3V
VGA _G[3] PIN_H12 VGA Green[3] 3.3V
VGA_G[4] PIN_C8 VGA Green[4] 3.3V
VGA_G[5] PIN_B8 VGA Green[5] 3.3V
VGA_G[6] PIN_F10 VGA Green[6] 3.3V
VGA_G[7] PIN_C9 VGA Green[7] 3.3V
VGA_BI0] PIN_B10 VGA Blue[0] 3.3v
VGA_BJ[1] PIN_A10 VGA Blue[1] 3.3V
VGA_BJ[2] PIN_C11 VGA Blue[2] 3.3V
VGA_B[3] PIN_B11 VGA Blue[3] 3.3V
VGA_ B[4] PIN_Al1 VGA Blue[4] 3.3V
VGA_BJ[5] PIN_C12 VGA Bluel[5] 3.3V
VGA_B[6] PIN_D11 VGA Bluel6] 3.3V
VGA_BJ[7] PIN_D12 VGA Blue[7] 3.3V
VGA_CLK PIN_A12 VGA Clock 3.3V
VGA BLANK N PIN_F11 VGA BLANK 3.3V
VGA_HS PIN_G13 VGAH_SYNC 3.3V
VGA_VS PIN_C13 VGAV_SYNC 3.3V
VGA_SYNC_N PIN_C10 VGA SYNC 3.3V

4.11 Using the 24-bit Audio CODEC

The DEZ2-115 board provides high-quality 24-bit audia the Wolfson WM8731 audio CODEC
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(Encoder/Decoder). This chip supports microphondisie-in, and line-out ports, with a sample rate
adjustable from 8 kHz to 96 kHz. The WM8731 is colted via serial 12C bus interface*, which is
connected to pins on the Cyclone IV E FPGA. A scisndiagram of the audio circuitry is shown
in Figure 4-23 and the FPGA pin assignments are listeddhle 4-17 Detailed information for
using the WM8731 codec is available in its datash&kich can be found on the manufacturer’s
website, or in th®E2_115 datasheets\Audio CODEdgIder on the DE2-115 System CD.

us
WM8731

XTIMCLK %

< AUD_BCLK BOLK )
/ANO[S RYA\ A A | DACDAT Lt Ji .l )
_ AUD_DACLRCK L i

Cycione®™Iv  *
AUD_ADCDAT
< ADCDAT Line Out 3
AUD_ADCLRCK p J3
—= ADCLRCK

AUD_XCK

v

v

A

A 4

L 4

Figure 4-23 Connections between FPGA and Audio COD EC

Table 4-17 Audio CODEC Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
AUD_ADCLRCK PIN_C2 Audio CODEC ADC LR Clock 3.3V
AUD_ADCDAT PIN_D2 Audio CODEC ADC Data 3.3V
AUD_DACLRCK PIN_E3 Audio CODEC DAC LR Clock 3.3V
AUD_DACDAT PIN_D1 Audio CODEC DAC Data 3.3V
AUD_XCK PIN_E1 Audio CODEC Chip Clock 3.3V
AUD_BCLK PIN_F2 Audio CODEC Bit-Stream Clock 3.3V
[2C_SCLK PIN_B7 12C Clock 3.3V
I2C_SDAT PIN_A8 I2C Data 3.3V

Note: If the HSMC loopback adapter is mounted,I#@ SCL will be directly routed back to 12C_SDA.

Because audio chip, TV decoder chip and HSMC sbae I12C bus, therefore audio and video chip won't
function correctly.

4.12 RS-232 Serial Port

The DEZ2-115 board uses the ZT3232 transceiver ahgh a 9-pin DB9 connector for RS-232
communications. For detailed information on how use the transceiver, please refer to the
datasheet, which is available on the manufactureelssite, or in th®E2 115 datasheets\RS-232
folder on the DE2-115 System CBigure 4-24 shows the related schematics, datle 4-18lists

the Cyclone IV E FPGA pin assignments.
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G12 « YART RXD 2 R10UT R1IN
m e J13 < YARI RIS S R20UT R2IN
UART_TXD 11
9 = » T1IN T10UT
Cyclone®™1v °© - 1
G14 Y _CTS 0 »( T2IN T20UT

ZT3232LEEY

Figure 4-24 Connections between FPGA and ZT3232 (R S-232) chip

Table 4-18 RS-232 Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
UART_RXD PIN_G12 UART Receiver 3.3V
UART_TXD PIN_G9 UART Transmitter 3.3V
UART_CTS PIN_G14 UART Clear to Send 3.3V
UART_RTS PIN_J13 UART Request to Send 3.3V

4.13 PS/2 Serial Port

The DE2-115 board includes a standard PS/2 interéad a connector for a PS/2 keyboard or
mouse.Figure 4-25shows the schematic of the PS/2 circuit. In addjtiusers can use the PS/2
keyboard and mouse on the DE2-115 board simultateby plugging an extension PS/2 Y-Cable
(SeeFigure 4-26). Instructions for using a PS/2 mouse or keybaaird be found by performing an
appropriate search on various educational webdites pin assignments for the associated interface
are shown imable 4-19

Note: If users connect only one PS/2 equipment, the PS/2 interface between FPGA I/O should be

“PS2_CLK”and "P52_DAT".

P PS2_CLK ‘A/\l
PS2_CLK2
63 < Wy
[ANOTS YA\ ¢
Cyclone??IV ﬂ ‘
J7
bl PS2_DAT2 ‘A/\l _
PS2_DAT
S h—Y

Figure 4-25 Connection between FPGA and PS/2
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Signal Name
PS2 _CLK
PS2_DAT
PS2_CLK2
PS2_DAT2

&

WY

Y %

@

Figure 4-26 Y-Cable use for both Keyboard and Mous e

Table 4-19 PS/2 Pin Assignments

FPGA Pin No. Description I/O Standard
PIN_G6 PS/2 Clock 3.3V
PIN_H5 PS/2 Data 3.3V
PIN_G5 PS/2 Clock (reserved for second PS/ 2 device) 3.3V
PIN_F5 PS/2 Data (reserved for second PS/2 device) 3.3V

4.14 Gigabit Ethernet Transceiver

The DE2-115 board provides Ethernet support via Meovell 88E1111 Ethernet PHY chips. The

88E1111 chip with integrated 10/100/1000 Mbps Gigakthernet transceiver support

GMI/MII/RGMII/TBI MAC interfaces. Table 4-20 describes the default settings for both chips.
Figure 4-27shows the connection setup between the Gigabar¢th PHY (ENETO) and FPGA.

Configuration
PHYADDR[4:0]
ENA_PAUSE

ANEG[3:0]

ENA_XC
DIS_125
HWCFG[3:0]
DIS_FC
DIS_SLEEP
SEL_TWSI
INT_POL
75/500HM

Table 4-20 Default Configuration for Gigabit Ethemet

Description Default Value

PHY Address in MDIO/MDC Mode {10000 for Enet0;10001 for Enetl

Enable Pause 1-Default Register 4.11:10t o 11

Auto negotiation configuration 1110-Auto-neg, advertise all capabilities, prefer
for copper modes master

Enable Crossover 0-Disable

Disable 125MHz clock 1-Disable 125CLK

Hardware Configuration Mode 1011/1111 RG  MIl to copper/GMII to copper
Disable fiber/copper interface 1-Disable

Energy detect 1-Disable energy detect

Interface select 0-Select MDC/MDIO interfa ce

Interrupt polarity 1-INTn signal is active ~ LOW

Termination resistance 0:50 ohm terminatio  n for fiber

Here only RGMII and MIl modes are supported onlibard (The factory default mode is RGMII).
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There is one jumper for each chip for switching kwarodes from RGMII to MII (Se&igure 4-29).
You will need to perform a hardware reset after ehgnge for enabling new settingsible 4-21
and Table 4-22describe the working mode settings for ENETO PH8)(and ENET1 PHY (U9)
respectively.

In addition, it is dynamically configurable to supp 10Mbps, 100Mbps (Fast Ethernet) or
1000Mbps (Gigabit Ethernet) operation using stathdaat 5e UTP cabling. The associated pin
assignments are listed imble 4-23 For detailed information on how to use the 88H1iEfers to

its datasheet and application notes, which ardabtaion the manufacturer’s website.

ENETO U8
Ja
ENETO_TX_DATA[3.0]
> TXD[3..0] &
ENETO_GTX_CLK D—
» GTX_CLK
ENETO_TX_CLK
= TX_CLK Ri45
ENETO_TX_EN
> TX_EN
ENETO_TX_ER ENETO_VCC2P5
I > TX_ER
. ENETO_RX_DATA[3..0] ENETO_LED_TX
— = I RXD[3..0] LED_TX
ENETO_RX_CLK ENETO_LED_RX
= RX_CLK LED_RX |« S AR\
ENETO_RX_DV ENETO_DUPLEX
‘. ENETO_RX_ER ENETO_LINK 1000% X,
RX_ER  LED_LINK1000 [« I¢
ENETO_RX_CRS ENETO_LINK 100
c,vclone?IV - CRS LED_LINK100 [« = A\l¢
ENETO_RX_COL ENETO_LINK 10
— = coL LED_LINK10 | = A\e
ENETO_MDIO
= MDIO
- - " ENETO_MDC
» MDC
ENETO_INT_N JP1
INT_n 5
ENETO_RST_N MIl MODE
»| RESET_n CONFIG4 2
; RGMII MODE
25 MHz OSC > XTAL1

88E1111

Figure 4-27 Connections between FPGA and Ethernet

. AAAAAA

Figure 4-28 Working mode setup header for Ethernet
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Table 4-21

JP1 Jumper Settings
Short Pins 1 and 2
Short Pins 2 and 3

Table 4-22

JP2 Jumper Settings
Short Pins 1 and 2
Short Pins 2 and 3

Signal Name
ENETO_GTX_CLK
ENETO_INT_N
ENETO_LINK100
ENETO_MDC
ENETO_MDIO
ENETO_RST_N
ENETO_RX_CLK
ENETO_RX_COL
ENETO_RX_CRS
ENETO_RX_DATA[O]
ENETO_RX_DATA[1]
ENETO_RX_DATA[2]
ENETO_RX_DATA[3]
ENETO_RX_DV
ENETO_RX_ER
ENETO_TX_CLK
ENETO_TX_DATA[O]
ENETO_TX_DATA[1]
ENETO_TX_DATA[2]
ENETO_TX_DATA[3]
ENETO_TX_EN
ENETO_TX_ER
ENET1_GTX_CLK
ENET1_INT_N
ENET1_LINK100
ENET1_MDC
ENET1_MDIO
ENET1_RST_N
ENET1_RX_CLK
ENET1_RX_COL
ENET1_RX_CRS
ENET1_RX_DATA[O]

ENETO PHY Working Mode
RGMII Mode
MIl Mode

ENET1 PHY Working Mode
RGMII Mode
MIl Mode

Table 4-23 Pin Assignments for Fast Ethernet

FPGA Pin No.
PIN_A17
PIN_A21
PIN_C14
PIN_C20
PIN_B21
PIN_C19
PIN_A15
PIN_E15
PIN_D15
PIN_C16
PIN_D16
PIN_D17
PIN_C15
PIN_C17
PIN_D18
PIN_B17
PIN_C18
PIN_D19
PIN_A19
PIN_B19
PIN_A18
PIN_B18
PIN_C23
PIN_D24
PIN_D13
PIN_D23
PIN_D25
PIN_D22
PIN_B15
PIN_B22
PIN_D20
PIN_B23

Description

GMII Transmit Clock 1

Interrupt open drain output 1
Parallel LED output of 100BAS E-TX link 1
Management data clock reference 1
Management data 1

Hardware reset signal 1

GMIl and MII receive clock 1

GMII and Ml collision 1

GMII and Ml carrier sense 1

GMII and Ml receive data] 0] 1
GMII and Mll receive data] 1] 1
GMII and MIl receive data] 2] 1
GMII and MIl receive data] 3] 1
GMIl and MII receive data valid 1
GMIl and MII receive error 1

MII transmit clock 1

MII transmit data[0] 1

MII transmit data[1] 1

MII transmit data[2] 1

MII transmit data[3] 1

GMIl and MII transmit enable 1
GMII and MII transmit error 1

GMII Transmit Clock 2

Interrupt open drain output 2
Parallel LED output of 100BAS E-TX link 2
Management data clock reference 2
Management data 2

Hardware reset signal 2

GMIl and MII receive clock 2

GMIl and MII collision 2

GMIl and MII carrier sense 2

GMII and MiII receive data] 0] 2
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Jumper Settings for Working Mode of ENHO (U8)

Jumper Settings for Working Mode of ENH'1 (U9)

I/0O Standard
2.5V
2| 5V
3.3V

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
25 V
25 V
25 V
25 V

2.5V
2| .5V
2.5V
2 .5V

3.3V
2.5V
2.5V
2.5V
2| .5V
2.5V

2 .5V

2.5V
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ENET1_RX_DATA[1l] PIN_C21 GMIl and Ml receive data] 1] 2 2.5V
ENET1 _RX_DATA[2] PIN_A23 GMII and MIl receive data] 2] 2 2.5V
ENET1_RX_DATA[3] PIN_D21 GMIl and Mll receive data] 3] 2 2.5V
ENET1 RX DV PIN_A22 GMII and Ml receive data valid 2 2.5V
ENET1_RX_ER PIN_C24 GMII and MII receive error 2 2. 5V
ENET1 TX CLK PIN_C22 MII transmit clock 2 2.5V

ENET1 _TX_DATA[0] PIN_C25 MII transmit data[0] 2 25 V
ENET1_TX_DATA[1] PIN_A26 MII transmit data[1] 2 25 V
ENET1 _TX DATA[2] PIN_B26 MII transmit data[2] 2 25 V
ENET1_TX_DATA[3] PIN_C26 MII transmit data[3] 2 25 V
ENET1 TX _EN PIN_B25 GMII and MII transmit enable 2 2.5V
ENET1 _TX_ER PIN_A25 GMII and MII transmit error 2 2/ .5V
ENETCLK_25 PIN_A14 Ethernet clock source 3.3V

4.15 TV Decoder

The DE2-115 board is equipped with an Analog Deibd/7180 TV decoder chip. The ADV7180

is an integrated video decoder that automaticatgcts and converts a standard analog baseband
television signals (NTSC, PAL, and SECAM) into £2omponent video data compatible with the
8-bit ITU-R BT.656 interface standard. The ADV7180compatible with a broad range of video
devices, including DVD players, tape-based sourbesadcast sources, and security/surveillance
cameras.

The registers in the TV decoder can be programmyeal serial 12C bus, which is connected to the
Cyclone IV E FPGA as indicated igure 4-29 Note that the 12C address W/R of the TV decoder
(UB) is 0x40/0x41. The pin assignments are listedidble 4-24 Detailed information of the
ADV7180 is available on the manufacturer’s websitejn theDE2 115 datasheets\TV Decoder
folder on the DE2-115 System CD.
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ADV7180
TD_DATA[7..0]
l P[7..0]
| TD_VS
| < VS
| TD_HS J12
4 HS )
AIEIE%A TD_CLK27 [ =
c = LLC AIN{ |[¢———— 3
TD_RESET N s '/
Cyclone,@IV »| RESET RCA JACK
[2C_SCLK
= »| SCLK
I2C_SDAT
4 »| SDAT
OSC 28MHz | XTAL

Y1

Figure 4-29 Connections between FPGA and TV Decode r

Note: If the HSMC loopback adapter is mounted,I#@ SCL will be directly routed back to 12C_SDA.

Because audio chip, TV decoder chip and HSMC sbaee 12C bus, therefore audio and video chip won't
function correctly.

Table 4-24 TV Decoder Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
TD_ DATA[O] PIN_ES8 TV Decoder Data[0] 3.3V
TD_ DATA[1] PIN_A7 TV Decoder Data[l] 3.3V
TD_ DATA[2] PIN_D8 TV Decoder Data[2] 3.3V
TD_ DATA[3] PIN_C7 TV Decoder Data[3] 3.3V
TD_ DATA[4] PIN_D7 TV Decoder Data[4] 3.3V
TD_ DATA[5] PIN_D6 TV Decoder Data[5] 3.3V
TD_ DATA[6] PIN_E7 TV Decoder Data[6] 3.3V
TD_ DATA[7] PIN_F7 TV Decoder Data[7] 3.3V
TD_HS PIN_E5 TV Decoder H_SYNC 3.3V
TD_VS PIN_E4 TV Decoder V_SYNC 3.3V
TD_CLK27 PIN_B14 TV Decoder Clock Input. 3.3V
TD_RESET_N PIN_G7 TV Decoder Reset 3.3V
I2C_SCLK PIN_B7 I2C Clock 3.3V
I2C_SDAT PIN_AS8 I2C Data 3.3V
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4.16 Implementing a TV Encoder

Although the DE2-115 board does not include a Tvoeler chip, the ADV7123 (10-bit high-speed
triple ADCs) can be used to implement a profesdigoality TV encoder with the digital
processing part implemented in the Cyclone IV E RPGgure 4-30shows a block diagram of a
TV encoder implemented in this manner.

FPGA 10-bit VGA DAC

O(Composite)=Y+U.cos+V.sin

Clock ~ :

Timing zy:: iy (Calc:lﬁast: glooni;osite) g; ;(CSA\A\? =)
C=U.cos+V.sin(S-Video)
or RCA_Pb

E—’ SIN DSP Block S-Video
— >

Figure 4-30 ATV Encoder that uses the Cyclone IV E FPGA and the ADV7123

4.17 Using the USB Interface

The DE2-115 board provides both USB host and dewiterfaces using the Cypress EZ-OTG
(CY7C67200) On-The-Go (OTG) host/peripheral cotgrolThe host and device controllers are
compliant with the Universal Serial Bus SpecifioatiRev. 2.0, supporting data transfer at
full-speed (12 Mbit/s) and low-speed (1.5 Mbitfs)gure 4-31shows the schematic diagram of the
USB circuitry. The interface between CY7C67200 &RIGA is set to Host Port Interface (HPI)
which can provide DMA access to the CY7C67200 maememory by FPGA, plus a bidirectional
mailbox register for supporting high-level commuation protocols. Also the pin assignments for
the associated interface are listedamle 4-25

Detailed information for using the CY7C67200 device available in its datasheet and
programming guide; both documents can be found hen rmhanufacturer’s website, or in the
DE2_115 datasheets\US8Ider on the DE2-115 System CD. The most challemgart of a USB
application is in the design of the software drireeded. Two complete examples of USB drivers,
for both host and device applications, can be foun8ections 6.4 and 6.5. These demonstrations
provide examples of software drivers for the Nilogrbcessor.
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CY67200 USB A-TYPE
;  OTG_DATA[15..0 |
< = o) » D[15..0] DM1A [¢——» ST 7
OTG_ADDR[1..0
= o, A[1..0] DP1A q—pﬁb
AEIEE{A OTG CS N s
. OTG_WR_N e
Cyclone,g_n/ OTG_RD_N ES USB B-TYPE
_ OTG_INT
“ OTG RST N L DNEA >r
B » RESET DP2A |¢—————p = !
MAXII 12MHz RTALIN Device
EPM240 5

Figure 4-31 Connections between FPGA and USB (CY7C 67200)

Table 4-25 USB (CY7C67200) Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
OTG_ADDR][0] PIN_H7 CY7C67200 Address[0] 3.3V
OTG_ADDRJ[1] PIN_C3 CY7C67200 Address[1] 3.3V
OTG_DATA[0] PIN_J6 CY7C67200 Data[0] 3.3V
OTG_DATA[1] PIN_K4 CY7C67200 Data[1] 3.3V
OTG_DATA[2] PIN_J5 CY7C67200 Data[2] 3.3V
OTG_DATA[3] PIN_K3 CY7C67200 Data[3] 3.3V
OTG_DATA[4] PIN_J4 CY7C67200 Data[4] 3.3V
OTG_DATA[5] PIN_J3 CY7C67200 Data[5] 3.3V
OTG_DATA[6] PIN_J7 CY7C67200 Data[6] 3.3V
OTG_DATA[7] PIN_H6 CY7C67200 Data[7] 3.3V
OTG_DATA[8] PIN_H3 CY7C67200 Data[8] 3.3V
OTG_DATA[9] PIN_H4 CY7C67200 Data[9] 3.3V
OTG_DATA[10] PIN_G1 CY7C67200 Data[10] 3.3V
OTG_DATA[11] PIN_G2 CY7C67200 Data[11] 3.3V
OTG_DATA[12] PIN_G3 CY7C67200 Data[12] 3.3V
OTG_DATA[13] PIN_F1 CY7C67200 Data[13] 3.3V
OTG_DATA[14] PIN_F3 CY7C67200 Data[14] 3.3V
OTG_DATA[15] PIN_G4 CY7C67200 Data[15] 3.3V
OTG_CS_N PIN_A3 CY7C67200 Chip Select 3.3V
OTG_RD_N PIN_B3 CY7C67200 Read 3.3V
OTG_WR_N PIN_A4 CY7C67200 Write 3.3V
OTG_RST_N PIN_C5 CY7C67200 Reset 3.3V
OTG_INT PIN_D5 CY7C67200 Interrupt 3.3V

4.18 Using IR

The DE2-115 provides an infrared remote-controenezr Module (model: IRM-V538N7/TR1),

62

Terasic DE2-115 User Manual www.terasic.com

WWW. terasic. com.




(AYOTS RYA\

whose datasheet is offered in BE2_115 datasheets\IR_Receif@der on DE2-115 system CD.
Note that for this all-in-one receiver module sitanly compatible with the 38KHz carrier Standard,
with a maximum data rate of about 4kbps for itsdpid information. The accompanied remote
controller with an encoding chip of uPD6121G isywsuitable of generating expected infrared
signals.Figure 4-32shows the related schematic of the IR receivet,tha pin assignments of the
associated interface are listedlable 4-26

VCC3P3

u21

/RDA_RXD o
vcesp3 Q————————VCe

GND

AITERAY

Cyclone?wIV

CHASSIS

Figure 4-32 Connection between FPGA and IR

Table 4-26 IR Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
IRDA_RXD PIN_Y15 IR Receiver 3.3v

4.19 Using SRAM/SDRAM/FLASH/EEPROM/SD Card
B SRAM

The DE2-115 board has 2MB SRAM memory with 16-hdttad width. Being featured with a
maximum performance frequency of about 125MHz uritdercondition of standard 3.3V single
power supply makes it suitable of dealing with hggleed media processing applications that need
ultra data throughput. The related schematic isveha Figure 4-33
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SRAM_ADDR([19..0] AM9.0]
~ SRAM_DQI[15.0] | 10[15..0]
/ANOTS RYA\
° SRAM_CE_N S e n
SRAM_OE_N N
g — » OE_n
Cyclone*= 1V SRAM_WE N e
SRAM_UB_N - UB n
SRAM_LB_N e n
SRAM

Figure 4-33 Connections between FPGA and SRAM

B SDRAM

The board features 128MB of SDRAM, implemented gswo 64MB SDRAM devices. Each
device consists of separate 16-bit data lines adeddo the FPGA, and shared control and address
lines. These chips use the 3.3V LVCMOS signalirangard. Connections between FPGA and
SDRAM are shown irrigure 4-34

u1s
DRAM_DQ[15..0] o|Dit5.01
DRAM_DQMO 5
»|LDQM
DRAM_DQM1 .| UDaM
DRAM Other Control Signals:
DRAM_CKE
DRAM_CLK P
DRAM_WE_N ———
DRAM CAS N SDRAM 0
DRAM_RAS N
= DRAM CS N
AITERA . DRAM_BA[1..0]
DRAM_ADDR[12..0]
Cycloneg’IV uU13
32MX16
»  SDRAM 1
I DRAM_DQ[31..16] o|Di15.01
DRAM_DQM2 [y
DRAM_DQM3 “|upam

Figure 4-34 Connections between FPGA and SDRAM
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B FLASH

The board is assembled with 8MB of flash memorygsin 8-bit data bus. The device uses 3.3V
CMOS signaling standard. Because of its non-veagifoperty, it is usually used for storing
software binaries, images, sounds or other median€ctions between FPGA and Flash are shown
in Figure 4-35

u18
FL_ADDR[22..1]
p| A[21..0]
FL_DQ[7..0]
I* FL_ADDRI[0 ¥ DAl
FL—WE N[ ] »| DQ15/A-1
w FL-RS'F N o
WL »| RESET#
Cyclone;@IV — p| WP#ACC
< Pl Y RY/BY#
FL CE_N )| ces
FL_ OE_N
»| OE#
[ BYTE#
=i FLASH
(BYTE Mode)

Figure 4-35 Connections between FPGA and Flash

B EEPROM

The board has 32Kb EEPROM. With the benefit of (G, users could use it as residence of user
data like version information, MAC address or ottescription substanc€igure 4-36 gives the
schematic view of the EEPROM. The configured aceelsbess of EEPROM is 0xAOQ for writing
and OxA1 for reading.

VCC3P3

U24

vce —) veesps

EEP_I2C_SCLK
® SCL A0
[ANO[S YA\ A1

Cyclone@IV EEP_[2C_SDAT o VY '

SDA V8S

A

Figure 4-36 Connections between FPGA and EEPROM

A 4

v

24LC32A
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m SD Card

Many applications use a large external storagecgeguch as SD Card or CF card, for storing data.
The DE2-115 board provides the hardware neededSkdrCard access. Users can implement
custom controllers to access the SD Card in SPlemavdl SD Card 4-bit or 1-bit modeigure
4-37shows the related signals.

Finally, Table 4-27~Table 4-30ists all the associated pins for interfacing FP@spectively.

VCC3P3

SSSSSS

SD_DAT[2]
SD_DAT[3]
SD_CMD

SD_CLK

A} 1} r'
vy VvY

v

SD_DATIO0]
SD_DAT[1]
SD_WP_N

o0 N o s |wN = |©o

A A
v Vv

A
[ 2

Figure 4-37 Connections between FPGA and SD Card S  ocket

Table 4-27 SRAM Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
SRAM_ADDR[0] PIN_AB7 SRAM Address|[0] 313V
SRAM_ADDR[1] PIN_AD7 SRAM Address[1] 3.3V
SRAM_ADDR[2] PIN_AE7 SRAM Address|[2] 3.3V
SRAM_ADDR[3] PIN_AC7 SRAM Address|[3] 3.3V
SRAM_ADDR[4] PIN_AB6 SRAM Address[4] 313V
SRAM_ADDR[5] PIN_AE6 SRAM Address|[5] 3.3V
SRAM_ADDR[6] PIN_AB5 SRAM Address[6] 313V
SRAM_ADDR][7] PIN_AC5 SRAM Address[7] 3.3V
SRAM_ADDR[8] PIN_AF5 SRAM Address|[8] 3.3V
SRAM_ADDR[9] PIN_T7 SRAM Address[9] 3.3V
SRAM_ADDR[10] PIN_AF2 SRAM Address[10] 3.3V
SRAM_ADDR][11] PIN_AD3 SRAM Address[11] 3.3V
SRAM_ADDR[12] PIN_AB4 SRAM Address[12] 313V
SRAM_ADDR[13] PIN_AC3 SRAM Address[13] 3.3V
SRAM_ADDR[14] PIN_AA4 SRAM Address[14] 313V
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SRAM_ADDRJ[15] PIN_AB11 SRAM Address[15]
SRAM_ADDR][16] PIN_AC11 SRAM Address[16]
SRAM_ADDR|[17] PIN_AB9 SRAM Address[17]
SRAM_ADDR][18] PIN_ABS8 SRAM Address[18]
SRAM_ADDR[19] PIN_T8 SRAM Address[19]
SRAM_DQIO0] PIN_AH3 SRAM Data[0]
SRAM_DQJ1] PIN_AF4 SRAM Data[1]
SRAM_DQI[2] PIN_AG4 SRAM Data[2]
SRAM_DQJ3] PIN_AH4 SRAM Data[3]
SRAM_DQI[4] PIN_AF6 SRAM Data[4]
SRAM_DQJ[5] PIN_AG6 SRAM Data[5]
SRAM_DQI6] PIN_AH6 SRAM Data[6]
SRAM_DQJ[7] PIN_AF7 SRAM Data[7]
SRAM_DQI8] PIN_AD1 SRAM Data[8]
SRAM_DQI[9] PIN_AD?2 SRAM Data[9]
SRAM_DQ[10] PIN_AE2 SRAM Data[10]
SRAM_DQ[11] PIN_AE1 SRAM Data[11]
SRAM_DQ[12] PIN_AE3 SRAM Data[12]
SRAM_DQ[13] PIN_AE4 SRAM Data[13]
SRAM_DQ[14] PIN_AF3 SRAM Data[14]
SRAM_DQ[15] PIN_AG3 SRAM Data[15]
SRAM_OE_N PIN_AD5 SRAM Output Enable
SRAM_WE_N PIN_AES8 SRAM Write Enable
SRAM_CE_N PIN_AF8 SRAM Chip Select
SRAM_LB_N PIN_AD4 SRAM Lower Byte Strobe
SRAM_UB_N PIN_AC4 SRAM Higher Byte Strobe

Table 4-28 SDRAM Pin Assignments

Signal Name FPGA Pin No. Description
DRAM_ADDRJ0] PIN_R6 SDRAM Address[0]
DRAM_ADDRJ1] PIN_V8 SDRAM Address[1]
DRAM_ADDRJ2] PIN_U8 SDRAM Address[2]
DRAM_ADDRJ3] PIN_P1 SDRAM Address[3]
DRAM_ADDRI[4] PIN_V5 SDRAM Address[4]
DRAM_ADDRJ5] PIN_W8 SDRAM Address[5]
DRAM_ADDR]6] PIN_W7 SDRAM Address[6]
DRAM_ADDRJ[7] PIN_AA7 SDRAM Address[7]
DRAM_ADDRI8] PIN_Y5 SDRAM Address[8]
DRAM_ADDRJ9] PIN_Y6 SDRAM Address[9]
DRAM_ADDRJ[10] PIN_R5 SDRAM Address[10]
DRAM_ADDRJ[11] PIN_AA5 SDRAM Address[11]
DRAM_ADDR[12] PIN_Y7 SDRAM Address[12]
DRAM_DQI0] PIN_W3 SDRAM Data[0]
DRAM_DQ[1] PIN_W2 SDRAM Data[1]
DRAM_DQ|2] PIN_V4 SDRAM Data[2]
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DRAM_DQ[3] PIN_W1 SDRAM Data[3] 3.3V
DRAM_DQ[4] PIN_V3 SDRAM Data[4] 3.3V
DRAM_DQ[5] PIN_V2 SDRAM Data[5] 3.3V
DRAM_DQ[6] PIN_V1 SDRAM Data[6] 3.3V
DRAM_DQ[7] PIN_U3 SDRAM Data[7] 3.3V
DRAM_DQ[8] PIN_Y3 SDRAM Data[8] 3.3V
DRAM_DQ[9] PIN_Y4 SDRAM Data[9] 3.3V
DRAM_DQ[10] PIN_AB1 SDRAM Data[10] 3.3V
DRAM_DQJ11] PIN_AA3 SDRAM Data[11] 3.3V
DRAM_DQ[12] PIN_AB2 SDRAM Data[12] 3.3V
DRAM_DQ[13] PIN_AC1 SDRAM Data[13] 3.3V
DRAM_DQ[14] PIN_AB3 SDRAM Data[14] 3.3V
DRAM_DQ[15] PIN_AC2 SDRAM Data[15] 3.3V
DRAM_DQ[16] PIN_M8 SDRAM Data[16] 3.3V
DRAM_DQI17] PIN_L8 SDRAM Data[17] 3.3V
DRAM_DQ[18] PIN_P2 SDRAM Data[18] 3.3V
DRAM_DQ[19] PIN_N3 SDRAM Data[19] 3.3V
DRAM_DQ[20] PIN_N4 SDRAM Data[20] 3.3V
DRAM_DQJ21] PIN_M4 SDRAM Data[21] 3.3V
DRAM_DQJ22] PIN_M7 SDRAM Data[22] 3.3V
DRAM_DQ|23] PIN_L7 SDRAM Data[23] 3.3V
DRAM_DQ[24] PIN_US5S SDRAM Data[24] 3.3V
DRAM_DQ|25] PIN_R7 SDRAM Data[25] 3.3V
DRAM_DQ[26] PIN_R1 SDRAM Data[26] 3.3V
DRAM_DQ[27] PIN_R2 SDRAM Data[27] 3.3V
DRAM_DQ|28] PIN_R3 SDRAM Data[28] 3.3V
DRAM_DQ[29] PIN_T3 SDRAM Data[29] 3.3V
DRAM_DQ[30] PIN_U4 SDRAM Data[30] 3.3V
DRAM_DQ[31] PIN_U1 SDRAM Data[31] 3.3V
DRAM_BAJ[O] PIN_U7 SDRAM Bank Address|[0] 3.3V

DRAM_BA[1] PIN_R4 SDRAM Bank Address|[1] 3.3V

DRAM_DQM[0] PIN_U2 SDRAM byte Data Mask[0] 3.3V
DRAM_DQM[1] PIN_W4 SDRAM byte Data Mask[1] 3.3V
DRAM_DQM[2] PIN_K8 SDRAM byte Data Mask[2] 3.3V
DRAM_DQM[3] PIN_N8 SDRAM byte Data Mask[3] 3.3V
DRAM_RAS N PIN_U6 SDRAM Row Address Strobe 33V

DRAM_CAS N PIN_V7 SDRAM Column Address Strobe 3.3V

DRAM_CKE PIN_AAG6 SDRAM Clock Enable 3.3V
DRAM_CLK PIN_AE5 SDRAM Clock 3.3V
DRAM_WE_N PIN_V6 SDRAM Write Enable 3.3V
DRAM_CS_N PIN_T4 SDRAM Chip Select 3.3V

Table 4-29 Flash Pin Assignments

Signal Name  FPGA Pin No. | Description I/O Standard
FL_ADDR[0] PIN_AG12 FLASH Address[0] 3.3v
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FL_ADDR[1]
FL_ADDR[2]
FL_ADDR[3]
FL_ADDR[4]
FL_ADDR[5]
FL_ADDR[6]
FL_ADDR[7]
FL_ADDR[8]
FL_ADDR[9]

FL_ADDR[10]
FL_ADDRJ11]
FL_ADDR[12]
FL_ADDR[13]
FL_ADDRI[14]
FL_ADDR[15]
FL_ADDRJ[16]
FL_ADDR[17]
FL_ADDRI[18]
FL_ADDRJ[19]
FL_ADDR[20]
FL_ADDRI[21]
FL_ADDR[22]
FL_DQIO]
FL_DQI[1]
FL_DQI[2]
FL_DQI3]
FL_DQ[4]
FL_DQI5]
FL_DQI[6]
FL_DQI7]

FL_CE_N
FL_OE_N
FL_RST_N
FL_RY
FL_WE_N
FL_WP_N

Signal Name

EEP_|2C_SCLK
EEP_I2C_SDAT

Signal Name
SD_CLK
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PIN_AH7 FLASH Address[1] 3.3V
PIN_Y13 FLASH Address[2] 3.3V
PIN_Y14 FLASH Address[3] 3.3V
PIN_Y12 FLASH Address[4] 3.3V
PIN_AA13 FLASH Address[5] 3.3V
PIN_AA12 FLASH Address[6] 3.3V
PIN_AB13 FLASH Address[7] 3.3V
PIN_AB12 FLASH Address[8] 3.3V
PIN_AB10 FLASH Address[9] 3.3V
PIN_AE9 FLASH Address[10] 3.3V
PIN_AF9 FLASH Address[11] 3.3V
PIN_AA10 FLASH Address[12] 3.3V
PIN_ADS8 FLASH Address[13] 3.3V
PIN_ACS8 FLASH Address[14] 3.3V
PIN_Y10 FLASH Address[15] 3.3V
PIN_AA8 FLASH Address[16] 3.3V
PIN_AH12 FLASH Address[17] 3.3V
PIN_AC12 FLASH Address[18] 3.3V
PIN_AD12 FLASH Address[19] 3.3V
PIN_AE10 FLASH Address[20] 3.3V
PIN_AD10 FLASH Address[21] 3.3V
PIN_AD11 FLASH Address[22] 3.3V
PIN_AH8 FLASH Data[0] 3.3V
PIN_AF10 FLASH Data[1] 3.3V
PIN_AG10 FLASH Data[2] 3.3V
PIN_AH10 FLASH Data[3] 3.3V
PIN_AF11 FLASH Data[4] 3.3V
PIN_AG11 FLASH Data[5] 3.3V
PIN_AH11 FLASH Data[6] 3.3V
PIN_AF12 FLASH Data[7] 3.3V
PIN_AG7 FLASH Chip Enable 3.3V
PIN_AGS8 FLASH Output Enable 3.3V
PIN_AE11 FLASH Reset 3.3V
PIN_Y1 FLASH Ready/Busy output 3.3V
PIN_AC10 FLASH Write Enable 3.3V
PIN_AE12 FLASH Write Protect /Programming A  cceleration 3.3V
Table 4-30 EEPROM Pin Assignments

FPGA Pin No. Description I/O Standard

PIN_D14 EEPROM clock 3.3V

PIN_E14 EEPROM data 3.3V

Table 4-31 SD Card Socket Pin Assignments
FPGA Pin No. Description I/O Standard
PIN_AE13 SD Clock 3.3V
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SD_CMD PIN_AD14 SD Command Line 3.3V
SD_DATI[0] PIN_AE14 SD Data[0] 3.3V
SD_DAT[1] PIN_AF13 SD Data[1] 3.3V
SD_DAT[2] PIN_AB14 SD Data[2] 3.3V
SD_DATI[3] PIN_AC14 SD Data[3] 3.3V
SD_WP_N PIN_AF14 SD Write Protect 3.3V

ter
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Chapter 5
DEZ2-115 System Builder

This chapter describes how users can create answisign project on the DE2-115 board by using
DE2-115 Software Tool — DE2-115 System Builder.

5.1 Introduction

The DE2-115 System Builder is a Windows based softwutility, designed to assist users to create
a Quartus Il project for the DE2-115 board withiinates. The generated Quartus Il project files
include:

* Quartus Il Project File (.qpf)

* Quartus Il Setting File (.qsf)

» Top-Level Design File (.v)

» Synopsis Design Constraints file (.sdc)
* Pin Assignment Document (.htm)

By providing the above files, DE2-115 System Builgeevents occurrence of situations that are
prone to errors when users manually edit the toptdesign file or place pin assignments. The
common mistakes that users encounter are the fiolipw

1. Board damaged for wrong pin/bank voltage assegim

2. Board malfunction caused by wrong device conaestor missing pin counts for connected
ends.

3. Performance degeneration because of impropeaagsignments.

5.2 General Design Flow

This section will introduce the general design flmabuild a project for the DE2-115 board via the
DE2-115 System Builder. The general design flovlustrated inFigure 5-1.

Users should launch DE2-115 System Builder andteraanew project according to their design
requirements. When users complete the settingsPE®2 115 System Builder will generate two
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major files which include top-level design file X and Quartus Il setting file (.gsf).

L

The top-level design file contains top-level vegiléiDL wrapper for users to add their own
design/logic. The Quartus Il setting file containformation such as FPGA device type, top-level
pin assignment, and I/O standard for each usene@fi/O pin.

Finally, Quartus Il programmer must be used to doath SOF file to DE2-115 board using JTAG

interface.
v

Launch Launch Quartus Il and

DE2-115 System Builder Open Project
Create New

DE2-115 System Builder Add User Design/Logic

Project

i '
Generate Compile to generate
Quartus Il Project SOF
and Document i

A 4

Configure FPGA

End

Figure 5-1 The general design flow of buildingad  esign

5.3 Using DE2-115 System Builder

This section provides the detailed procedures anthe DE2-115 System Builder is used.

B |Install and launch the DE2-115 System Builder

The DE2-115 System Builder is located in the doect
“DE2_115 tools\DE2_115 system_buildesh the DE2-115 System CD. Users can copy the whole
folder to a host computer without installing thélityt Launch the DE2-115 System Builder by
executing the DE2_115 SystemBuilder.exe on the tmsiputer and the GUI window will appear
as shown irrigure 5-2.
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Terasic DE2-115 System Builder ¥ 1.0.1

= ~System Configuration
JAITERAN e
UNIVERSITY [l Project Marme:
RO E A dwterETETom
DE2_115 |
DE2-115 FPGA Board FCLOCK RS232
e e e ki = 2 MLEDx 27 ¥ 7-Segement x
" Button x4 ¥ Switchx 18
PS2 SDCARD
HvGA Lco
FSDRAM, 128ME [ FLASH, 8MB
SRAM. 2MB SMA
[ Audio USE
Ethernet 1 Ethernet 2
TV Decodsr EITAG
IR Recerer EEPROM, 32Kb
GPIO Header
10 Voltage: |33V (Defautt) v|
Prefix Mame: | |
None V|
N HSHG
- 125 [(Default])  +
I Load Setiing... l [ Generate I [Cevoltoce:: ! !
Prefix Mame:
I Save Sefting... l E Exit ; None V|

Figure 5-2 The DE2-115 System Builder window

B |nput Project Name

Input project name as showfingure 5-3.

Project Name: Type in an appropriate name hemgillitautomatically be assigned as the name of
your top-level design entity.
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Terasic DE2-115 System Builder ¥ 1.0.1

. System Configuration
UNIVERSITY Mw_mmrm — Eroject Mame:
PROGRAM N
GDEQ_] 15 )
DE2-115 FPGA Board CLOCK R5232
- — 3 Sop M LEDx 27 [l 7-Segement x 8
s Button x 4 Switchx 18
pPs2 SDCARD
WG A M LCD
FISDRAM, 128MB M FLASH, 8MEB
M SRAM. 2MB M SMA
[ Audio LUSE
Ethermet 1 Ethernet 2
T Decoder EJTAG
IR Receiver EEPROM, 32Kh
GPIO Header

Prefix Name: |

|None V|

: ——— HsMc B

[ Load Setting... J [ Generate } o erade; l%
Prefix Name: |

[ Save Setting... ] |§ Exit ‘ |Nome V|

Figure 5-3 The DE2-115 Board Type and Project Name

B System Configuration

Under System Configuration users are given theildigty of enabling their choice of included
components on the DE2-115 as showrfigure 5-4. Each component of the DE2-115 is listed
where users can enable or disable a componentdaegdo their design by simply marking a check
or removing the check in the field provided. If tbemponent is enabled, the DE2-115 System
Builder will automatically generate the associapad assignments including the pin name, pin
location, pin direction, and 1/O standard.
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Terasic DE2-115 System Builder ¥ 1.0.1 DE] X
~System Configuration T
JATERAN > .
UMIVERSITY Project Name:
PROGRAM : I BRI
DE2_116 |
DE2-115 FPGA Board (@cLock RS282 )
—— — e HLEDx 27 7-Segermentx 8
s [ Button x 4 Switchx 18
ps2 SDCARD
VGEA LCD
[ SDRAM, 128MB  [¥] FLASH, 8MB
[ SRAM, 2MB [ S,
Audio use
Ethernet 1 Ethernet 2
F TV Decoder EJTAG
\ [ IR Receiver EEPROM, 82kb )
GPIO Header
10 Voltage: |33V (Dsfaut) v
Prefix Name: | |
None .V|
HSMC
2BV (Default) |v
l Load Setting.., J [ Generate J cions |¥|
Prefix Name: |
[ Save Setting.., J E Exit ; None 4|

Figure 5-4 System Configuration Group

B GPIO Expansion

Users can connect GPIO expansion card onto GPI@ehéacated on the DE2-115 board as shown
in Figure 5-5. Select the appropriate daughter card you wisimd¢tude in your design from the
drop-down menu. The system builder will automaljcgenerate the associated pin assignments
including the pin name, pin location, pin directiamd IO standard.

If a customized daughter board is used, users @ants'GPIO Default” followed by changing the
pin name, pin direction, and 10 standard accordmnthe specification of the customized daughter
board.
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JAITERAN
UNIVERSITY er -

P RO GR A M WWWeraIC co

DE2-115 FPGA Board

| Loadsetting.

Generate

)

l Save Setting...

Exit

|

System Configuration

10 Voltage: 3.3V (Default) v

Prefix Name:

D&M - BM Pixel Camera

Project Name:

|DE2_115 |
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[ Button x 4 [ Switchx 18
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FTV Decoder FEJTAG

IR Receiver EEPROM, 32Kb
{ GPIO Header

e

HSMC
10 Voltage: 25V (Default)
Prefix Name:

<

|N0ne

Figure 5-5 GPIO Expansion Group

The “Prefix Name” is an optional feature which disothe prefix pin name of the daughter card

assigned in your design. Users may leave this &éeigty.

B HSMC Expansion

Users can connect HSMC-interfaced daughter cartis HSMC located on the DE2-115 board
shown inFigure 5-6. Select the daughter card you wish to add to gesrgn under the appropriate
HSMC connector where the daughter card is conndotefihe System Builder will automatically
generate the associated pin assignment includingngme, pin location, pin direction, and 10

standard.
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Terasic DE2-11% System Builder ¥ 1.0.1 D@ @

L)

= System Configuration
JARTERAY ; 2
UNIVERSITY “ Froject Name:
PIYERSITY e terarom
|DE2_115
DE2-115 FPGA Board CLOCK RS282
— - — v it e er MLEDx 27 [ F-Segement x 8
% Button x 4 [ Switch x 18
RS2 SDCARD
#vGEA LCD
F1SDRAM, 128MB ] FLASH. 8MB
1 SRAM, 2MB FSMA
¥ Audio UsB
Ethernet 1 Ethernet 2
M TV Decoder EJTAG
IR Receiver EEPROM, 32Kb
GPIO Header }
10 Viottage: 33V (Defaut) ¥ 4
Prafix Name: | g
|DBM - 5M Pixel Camera v
i (" HSMC
2bV (Default) v
| Load Setting. ] l Generate ] Gl “:] r
Prefix Name: | ;
I Save Setling... l [ Exit } W - FUllH D

Figure 5-6 HSMC Expansion Group

The “Prefix Name” is an optional feature that dessathe pin name of the daughter card assigned in
your design. Users may leave this field empty.

B Project Setting Management

The DE2-115 System Builder also provides functitmsestore default setting, loading a setting,
and saving users’ board configuration file showr-igure 5-7. Users can save the current board
configuration information into a .cfg file and loddo the DE2-115 System Builder.
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Terasic DE2-115 System Builder ¥ 1.0.1
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B Project Generation

When users press the Generate button, the DE24jstBr Builder will generate the corresponding

Figure 5-7 Project Settings

Quartus Il files and documents as listed inThkele 5-1:

Table 5-1 The files generated by DE2-115 System iRier

No. | Filename Description

1 <Project name>.v Top level verilog HDL file for  Quartus Il

2 <Project name>.qpf Quartus Il Project File

3 <Project name>.qsf Quartus Il Setting File

4 <Project name>.sdc Synopsis Design Constraints fi le for Quartus Il
5 <Project name>.htm Pin Assignment Document

Users can use Quartus Il software to add custome iatp the project and compile the project to

generate the SRAM Object File (.sof).

ter
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Chapter 6

Examples of Advanced Demonsirations

This chapter provides a number of examples of azk@rtircuits implemented on the DE2-115
board. These circuits provide demonstrations ofntlagor features on the board, such as its audio
and video capabilities, USB, and Ethernet connggtif?for each demonstration the Cyclone IV E
FPGA (or EPCS64 serial EEPROM) configuration fdgrovided, as well as the full source code in
Verilog HDL. All of the associated files can be fwlin theDE2_115 demonstratiorfslder on the
DE2-115 System CD. For each demonstrations desciibthe following sections, the name of the
project directory for its files is given, which aseibdirectories of th®E2 115 demonstrations
folder.

B |Installing the Demonstrations

To install the demonstrations on your computer:

Copy the directorypE2_ 115 demonstrationsto a local directory of your choice. It is impent to
ensure that the path to your local directory carstaio spaces — otherwise, the Nios Il software will
not work.Note Quartus Il v9.1 SP2 is required for all DEZHemonstrations to support Cyclone
IV E device. Quartus Il v10.0 can be installed frohe Altera Complete Design Suite DVD
provided.

6.1 DE2-115 Factory Configuration

The DE2-115 board is shipped from the factory wathdefault configuration bit-stream that
demonstrates some of the basic features of thelb®he setup required for this demonstration, and
the locations of its files are shown below.

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115 Default
» Bit stream used: DE2_115 Default.sof or DE2_115 aDkfpof
» Power on the DE2-115 board, with the USB cable eoted to the USB Blaster port. If
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necessary (that is, if the default factory confegiom of the DE2-115 board is not currently
stored in EPCS64 device), download the bit streathd board by using either JTAG or AS
programming

* You should now be able to observe that the 7-segdisplays are displaying a sequence of
characters, and the red and green LEDs are flashiag, “Welcome to the Altera DE2-115" is
shown on the LCD display

» Optionally connect a VGA display to the VGA D-SUBmmector. When connected, the VGA
display should show a color picture

* Optionally connect a powered speaker to the stauelm-out jack

» Place slide switch SW17 in the DOWN position torreed kHz humming sound from the
audio-out port. Alternatively, if slide switch SWi¥in the UP position, and optionally connects
the microphone in port with a microphone and/omaats the line-in port with an audio
player’s output, you will hear the sound from thienophone or audio player or mixed sound
from both.

The Verilog HDL source code for this demonstratisrprovided in theDE2_115 Default folder
which also includes the necessary files for theresponding Quartus Il project. The top-level
Verilog HDL file, called DE2_115 Default.v, can bsed as a template for other projects, because it
defines ports that correspond to all of the useessible pins on the Cyclone IV E FPGA.

6.2 TV Box Demonstration

This demonstration plays video and audio input fla@VD player using the VGA output, audio
CODEC, and one TV decoder (U6) on the DE2-115 hdarpire 6-1 shows the block diagram of
the design. There are two major blocks in the diycalled 12C_AV_Config and TV_to_VGA. The
TV_to_VGA block consists of the ITU-R 656 Decod&DRAM Frame Buffer, YUV422 to
YUV444, YcrCb to RGB, and VGA Controller. The figualso shows the TV Decoder (ADV7180)
and the VGA DAC (ADV7123) chips used.

As soon as the bit stream is downloaded into th@A;Rhe register values of the TV Decoder chip
are used to configure the TV decoder via the 12C_@unfig block, which uses the 12C protocol to
communicate with the TV Decoder chip. Following th@wver-on sequence, the TV Decoder chip
will be unstable for a time period; the Lock Det#ds responsible for detecting this instability.

The ITU-R 656 Decoder block extracts YcrCb 4:2:2J{¢4:2:2) video signals from the ITU-R 656
data stream sent from the TV Decoder. It also gdgasra data valid control signal indicating the
valid period of data output. Because the videoaifpom the TV Decoder is interlaced, we need to
perform de-interlacing on the data source. We tisedSDRAM Frame Buffer and a field selection
multiplexer (MUX) which is controlled by the VGA aotroller to perform the de-interlacing
operation. Internally, the VGA Controller generatizga request and odd/even selection signals to
the SDRAM Frame Buffer and filed selection multye (MUX). The YUV422 to YUV444 block
converts the selected YcrChb 4:2:2 (YUV 4:2:2) vidida to the YcrCb 4:4:4 (YUV 4:4:4) video

80

Terasic DE2-115 User Manual www.terasic.com

WWW. terasic.




/AYO[S RYA)

@

data format.
Finally, the YcrCb_to RGB block converts the Ycr@hata into RGB data output. The VGA

Controller block generates standard VGA synchrorsigeals VGA_HS and VGA_VS to enable
the display on a VGA monitor.

FPGA

YUV 4:2:2

TD_DATA ’
Data Valid
pmac,

Ty uang
TTY PPO

TD_HS
TD_VS

[k 2
To Control the é
Initial <
| equence g
N
|

12C_SCLK

804198 -

—/ o
o

Figure 6-1 Block diagram of the TV box demonstrati  on

12C_SDAT

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115_ TV
* Bit stream used: DE2_115 TV.sof or DE2_115 TV.pof
» Connect a DVD player’s composite video output @lblug) to the Video-In RCA jack (J12)
of the DE2-115 board. The DVD player has to be igoméd to provide:
0 NTSC output
0 60Hz refresh rate
0 4:3 aspect ratio
o Non-progressive video

» Connect the VGA output of the DE2-115 board to adf@onitor (both LCD and CRT type of
monitors should work)

» Connect the audio output of the DVD player to the-in port of the DE2-115 board and
connect a speaker to the line-out port. If the awditput jacks from the DVD player are RCA
type, then an adaptor will be needed to convetiéamini-stereo plug supported on the
DE2-115 board,; this is the same type of plug sujggloon most computers

* Load the bit stream into FPGA by execute the békehde2 115 tv.bat’ under
DE2_115_TV\demo_batch\ folder
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* Press KEYO on the DE2-115 board to reset the circui

Note: If the HSMC loopback adapter is mounted,I#@ SCL will be directly routed back to 12C_SDA.

Because audio chip, TV decoder chip and HSMC sbae I12C bus, therefore audio and video chip won't
function correctly.

Figure 6-2illustrates the setup for this demonstration.

Line Out \
o= VGA(LClD/CRT}
Monitor

Speaker

Line In

Video In |
Audio Output CVBS Output ‘

il
C—==23

DVD Player

L. O O

SlxlklalE IR R
€ vl v bt b 1

ITU-R 656
YUV 422
Decoder

De-Interlace

Figure 6-2 The setup for the TV box demonstration

6.3 USB Paintbrush

USB port is widely used in many multimedia produdike DE2-115 board provides a complete
USB solution for both host and device applicatioirs.this demonstration, we implement a
Paintbrush application by using a USB mouse agiing device.

This demonstration uses the device port of the €8€CY7C67200 chip and the Nios Il processor
to implement a USB mouse movement detector. Weialptemented a video frame buffer with a
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VGA controller to perform the real-time image sggaand displayigure 6-3 shows the block
diagram of the circuit, which allows the user t@awrlines on the VGA display screen using the
USB mouse. The VGA Controller block is integratatbithe Altera Avalon bus so that it can be
controlled by the Nios Il processor.

L)

Once the program runs, the Nios Il processor idestaas it will detect the existence of the USB
mouse connected to DE2-115 board. When the mouseanthe Nios Il processor is able to keep
track of the movement and record it in a frame daufiemory. The VGA Controller will overlap the
data stored in the frame buffer with a default isnagttern and display the overlapped image on the
VGA display.

Cypress
Lo d CY7C67200 [ o 2
Host Port(SIE1)

USB
Mouse

Altera
System
terconnect

Fabrit VGA
Controller
Frame
Buffer

Figure 6-3 Block diagram of the USB paintbrush dem  onstration

CPU ¢ d n

B Demonstration Setup, File Locations, and Instructios

Project directory: DE2_115 NIOS_HOST_MOUSE_VGA
Bit stream used: DE2_115 NIOS HOST MOUSE_VGA.sof
Nios Il Workspace: DE2_115 NIOS_HOST_MOUSE_VGA\S8aite

* Connect a USB Mouse to the USB Host Connector (&)pef the DE2-115 board

» Connect the VGA output of the DE2-115 board to ad@onitor (both LCD and CRT type of
monitors should work)

» Load the bit stream into FPGA(note*)

* Run the Nios Il and choose DE2_115 NIOS HOST_ MOUBEA\Software as the workspace.
Click on the Run button(note*)

* You should now be able to observe a blue backgreutidan Altera logo on the VGA display

» Move the USB mouse and observe the correspondirmgments of the cursor on the screen

» Left-click mouse to draw white dots/lines and rightk the mouse to erase white dots/lines on
the screen.
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Note: execute DE2 115 NIOS_HOST MOUSE _VGAldemo_batchlnios_host_mouse_vga.bat will

download .sof and .elf files.

Figure 6-4illustrates the setup for this demonstration.

USB Mouse

"8 TER iR A

TE TR T T ITYTL R LI |
ililslElEGEEEEEEE R E N e a e
@ =) v v e il I |

VGA
Controller IP

On-Chip Video
Frame Buffer

Figure 6-4 The setup for the USB paintbrush demons tration

6.4 USB Device

Most USB applications and products operate as U8W#cds, rather than USB hosts. In this
demonstration, we show how the DE2-115 board camnabe as a USB device that can be connected
to a host computer. As indicated in the block daaginFigure 6-5, the Nios Il processor is used to
communicate with the host computer via host porthlen DE2-115 board’s Cypress CY7C67200
device.

After connecting the DE2-115 board to a USB portlmhost computer, a software program has to
be executed on the Nios Il processor to initiathze Cypress CY7C67200 chip. Once the software
program is successfully executed, the host computkeidentify the new device in its USB device
list and asks for the associated driver; the dewiidebe identified as a Terasic EZO USB. After
completion of the driver installation on the hosimputer, the next step is to run a software program
on the host computer called USB Controller.exes gniogram communicates with the DE2-115
board.

Once a USB connection is established between POEBRZd115 board, it is able to control and read
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the status of specific components by using the @$Btroller program, such as apply the “LED”
Page to illumine the leds or go it out, or selbet tButton_Switch” page to monitor the status of
the Button & Switch.

Link to Host PC

v
v

Cypress e Setup Package
CY7C67200 Enumeration

hip Information

v

Host PC

< Communication >

FPGA
Peripherals

Figure 6-5 Block diagram of the USB device demonst  ration

B Demonstration Setup, File Locations, and Instructios

» Project directory: DE2_115_NIOS_DEVICE
* Bitstreamused: DE2_115 NIOS_DEVICE_LED.sof
* Quartus project: DE2_115 NIOS_DEVICE\HW
* Nios Il Workspace: DE2_115 NIOS_DEVICE\HW\Software
* PC Software : DE2_115 NIOS_DEVICE\SW
» Connect the USB Device connector of the DE2-115dtmthe host computer using a USB
cable.
* Execute DE2_115 NIOS_DEVICE\demo_batch\ FPGA _l=ithiat
* Anew USB hardware device will be detected. Spettié/location of the driver as
DE2_115 NIOS DEVICE\ demo_batch\PC\driver\...\cyusk{Terasic EZO USB). (Note: If
failed to install the driver due to digital signegwerification. You can reboot PC, press F8 to
enter the advanced options, and then disable bgigmature verification.)
» The host computer should report that a Terasic BAB is now installed
» Execute the software located in DE2_115 NIOS DEVI@Emo_batch\PC\ USB_Control.exe
on the host computer. Then, experiment with the@nm:
0 LCD_7SEG Control: Setting LCD and 7SEG
0 LED Control: Light or unlight LEDs
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o Button_Switch Control: display the status of button switches
0 Hot-plug: Reconnect

Figure 6-6illustrates the setup for this demonstration.

S LW} L
;FF?FﬁQHHﬁF%%FﬁﬁrﬁL"~

USB

Driver

Nios I1 Peripheral Driver

(LCD,7SEG,LED,BUTTON,SW)

Figure 6-6 Setup for the USB device demonstration

6.5 A Karaoke Machine

This demonstration uses the microphone-in, lineaimg line-out ports on the DE2-115 board to
create a Karaoke Machine application. The Wolfsom8¥31 audio CODEC is configured in the
master mode, with which the audio CODEC generatB¢DA serial bit clock (BCK) and the
left/right channel clock (LRCK) automatically. Asdicated in~igure 6-7, the 12C interface is used
to configure the Audio CODEC. The sample rate aaid gf the CODEC are set in this manner, and
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the data input from the line-in port is then mixeith the microphone-in port and the result is sent
to the line-out port.

L)

For this demonstration the sample rate is set kbH48Pressing the pushbutton KEYO reconfigures
the gain of the audio CODEC via 12C bus, cyclinghi ten predefined gain values (volume levels)

provided by the device.
.—’

Push Button

_

Figure 6-7 Block diagram of the Karaoke Machine de  monstration

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115 i2sound

* Bit stream used: DE2_115 i2sound.sof or DE2_11%u@d.pof

» Connect a microphone to the microphone-in portigmlor) on the DE2-115 board

» Connect the audio output of a music-player, sucinaslP3 player or computer, to the line-in
port (blue color) on the DE2-115 board

» Connect a headset/speaker to the line-out poreiigeelor) on the DE2-115 board

* Load the bit stream into the FPGA by execute thietble ‘DE2_115 i2sound’ under the
DE2 115 i2sound\demo_batch folder

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

* Press KEYO to adjust the volume; it cycles betwedome levels 0 to 9

Note: If the HSMC loopback adapter is mounted,I#@ SCL will be directly routed back to 12C_SDA.

Because audio chip, TV decoder chip and HSMC sbaee 12C bus, therefore audio and video chip won't
function correctly.

Figure 6-8illustrates the setup for this demonstration.
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Figure 6-8 The setup for the Karaoke Machine

6.6 SD Card Demonstration

Many applications use a large external storagecéeguch as an SD Card or CF card to store data.
The DE2-115 board provides the hardware and softweeded for SD Card access. In this
demonstration we will show how to browse files stbin the root directory of an SD Card and how
to read the file contents of a specific file. ThB Sard is required to be formatted as FAT File
System in advance. Long file name is supportetlismxdemonstration.

Figure 6-9 shows the hardware system block diagram of thisashestration. The system requires a
50MHz clock provided by the board. The PLL genesatel OOMHz clock for the Nios Il processor
and other controllers. Four PIO pins are connetddtle SD Card socket. SD 4-bit Mode is used to
access the SD Card hardware. The SD 4-bit protacdl FAT File System function are all
implemented by Nios Il software. The software @atl in the on-chip memory.
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Figure 6-9 Block Diagram of the SD Card Demonstrat  ion

Figure 6-10shows the software stack of this demonstratiom Nltos PIO block provides basic 10
functions to access hardware directly. The funatiane provided from Nios Il system and the
function prototype is defined in the header fil®.k>. The SD Card block implements SD 4-bit
mode protocol for communication with SD Cards. FAG File System block implements reading
function for FAT16 and FAT 32 file system. Longefilame is supported. By calling the public FAT
functions, users can browse files under the roactiry of the SD Card. Furthermore, users can
open a specified file and read the contents ofikbe

The main block implements main control of this desteation. When the program is executed, it
detects whether an SD Card is inserted. If an Sid G&ound, it will check whether the SD Card is
formatted as FAT file system. If so, it searchédilas in the root directory of the FAT file syste
and displays their names in the nios2-terminah téxt file named “test.txt” is found, it will dump
the file contents. If it successfully recognizes BAT file system, it will turn on the green LEDNnO
the other hand, it will turn on the red LED if &ils to parse the FAT file system or if there isSid
Card found in the SD Card socket of the DE2-115dhd&users press KEY3 of the DE2-115 board,
the program will perform above process again.
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Main

FAT File System

Figure 6-10 Software Stack of the SD Card Demonstr  ation

Demonstration Source Code

* Project directory: DE2_115 SD_CARD
» Bit stream used: DE2_115 SD_CARD.sof
* Nios Il Workspace: DE2_115 SD_CARD\Software

Demonstration Batch File

Demo Batch File Folder: DE2_115 SD_CARD \demo_batch
The demo batch file includes the following files:

* Batch File: DE2_115_SD_Card.bat, DE2_115 SD_CARBhim
 FPGA Configure File : DE2_115 SD_CARD.sof
* Nios Il Program: DE2_115 SD_CARD.elf

Demonstration Setup

* Make sure Quartus Il and Nios Il are installed oan/PC.

* Power on the DE2-115 board.

» Connect USB Blaster to the DE2-115 board and instaB Blaster driver if necessary.

» Execute the demo batch file “DE2_115 SD_Card.batfen the batch file folder,
DE2_115 SD_CARD\demo_batch.

» After Nios Il program is downloaded and executectessfully, a prompt message will be
displayed in nios2-terminal.

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

* Insert the SD Card into the SD Card socket of DE2;&as shown ifrigure 6-11

* Press KEY3 of the DE2-115 board to start readingCaitu.

* The program will display SD Card information, agwh inFigure 6-12
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SD Card Socket

Figure 6-11 Insert SD Card for the SD Card Demonst ration

v Nios IT EDS 9.1 !En

nios2-terminal: connected to hardware target using JIAG UART on cable
nios2-terminal: "USB-Blaster [USB-B1", device 1. instance @
nios2—-terminal: (Use the IDE stop bhutton or Ctrl-C to terminate

=== DE2-115 SDCARD Demo

lsdcard mount success?
Root Directory Item Count:1

Test Done
KEY3 to test again.

Figure 6-12 Running results of the SD Card demonst  ration

6.7 SD Card Music Player

Many commercial media/audio players use a largereat storage device, such as an SD Card or
CF card, to store music or video files. Such playeay also include high-quality DAC devices so
that good audio quality can be produced. The DE2{dard provides the hardware and software
needed for SD Card access and professional audforp@nce so that it is possible to design
advanced multimedia products using the DE2-115doar

In this demonstration we show how to implement BnCard Music Player on the DE2-115 board,
in which the music files are stored in an SD Cand #the board can play the music files via its
CD-quality audio DAC circuits. We use the Nios tbpessor to read the music data stored in the
SD Card and use the Wolfson WM8731 audio CODEQayp {he music.
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Figure 6-13 shows the hardware block diagram of this demotigiraThe system requires a 50
MHz clock provided from the board. The PLL genesaa€l00MHz clock for Nios Il processor and
the other controllers except for the audio congrollThe audio chip is controlled by the Audio
Controller which is a user-defined SOPC componéhis audio controller needs an input clock of
18.432 MHz. In this design, the clock is providedtbe PLL block. The audio controller requires
the audio chip working in master mode, so the b&ita(BCK) and the left/right channel clock
(LRCK) are provided by the audio chip. The 7-segmeéisplay is controlled by the SEG7
Controller which also is a user-defined SOPC comepbnTwo PIO pins are connected to the 12C
bus. The 12C protocol is implemented by softwareurFPIO pins are connected to the SD Card
socket. The IR receiver is controlled by the IR @olfer which also is a user-defined SOPC
component. SD 4-Bit Mode is used to access the 8id @nd is implemented by software. All of
the other SOPC components in the block diagrans@®C Builder built-in components.

L)

100MHz
Phase-65deg.

SOPC
= _ SRAM
—. ) - Chip
(AL — I(D:ﬁAM
|p Audio Socket
o— Audio | -MIC In
%’ hir -Line-In
50MHz -
e | LCD -Line-Out
W Module
| 7-SEG
%_{ Display
ﬁl l ’t SD Card Socket
A J 12C Bus LED

Button

| —— IR
v

Figure 6-13 Block diagram of the SD music playerd  emonstration

Figure 6-14 shows the software stack of this demonstration4SEit Mode block implements the
SD 4-Bit mode protocol for reading raw data frone t8D Card. The FAT block implements
FAT16/FAT32 file system for reading wave files thatstored in the SD Card. In this block, only
read function is implemented. The WAVE Lib blockplaments WAVE file decoding function for
extracting audio data from wave files. The 12C klamplements 12C protocol for configuring
audio chip. The SEG7 block implements displayingction to display elapsed playing time. The
Audio block implements audio FIFO checking functaomd audio signal sending/receiving function.
The IR block acts as a control interface of the impkayer system.
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Main

Figure 6-14 Software Stack of the SD music player = demonstration

The audio chip should be configured before sendindio signal to the audio chip. The main
program uses [12C protocol to configure the audip evorking in master mode; the audio output
interface working in 12S 16-bits per channel andhwsampling rate according to the wave file
contents. In audio playing loop, the main prograawds 512-byte audio data from the SD Card, and
then writes the data to DAC FIFO in the Audio Coliar. Before writing the data to the FIFO, the
program will verify if the FIFO is full. The desigalso mixes the audio signal from the
microphone-in and line-in for the Karaoke-styleeets by enabling the BYPASS and SITETONE
functions in the audio chip.

Finally, users can obtain the status of the SD empsayer from the 16x2 LCD module, the
7-segment display, and the LEDs. The top and bottanof the LCD module will display the file
name of the music that is played on the DE2-11%dand the value of music volume, respectively.
The 7-segment displays will show the elapsed tifrtbe playing music file. The LED will indicate
the audio signal strength.

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115 SD_Card_Audio_Player

» Bitstream used: DE2_115 SD_ Card_Audio_Player.sof

* Nios Il Workspace: DE2_115 SD_Card_Audio_Player\Stiare

e Format your SD Card into FAT16/FAT32 format

» Place the wave files to the root directory of the 3 Card. The provided wave files must
have a sample rate of either 96K, 48K, 44.1K, 32Ky 8K. In addition, the wave files must
be stereo and 16 bits per channel.

* Load the bitstream into the FPGA on the DE2-115 baa(note*1)

* Run the Nios Il Software under the workspace
DE2_ 115 SD_Card_Audio_Player\Software(note*1)
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» Connect a headset or speaker to the DE2-115 boarddyou should be able to hear the
music played from the SD Card

* Press KEY3 on the DE2-115 board to play the next nsic file stored in the SD Card.

* Press KEYZ2 and KEY1 to increase and decrease the tpuit music volume respectively.

» Users can also use the remote control to play/pauiee music, select the last/next music file
to play and control volume. The detailed informatian about each function of remote
controller is shown inTable 6-1

Table 6-1 Detailed information of the button on tle remote controller

Button Name Function Description

PLAY Play music or pause music
CHANNEL Select last/next music file to play
VOLUME Turn up/down volume

MUTE Mute/un-mute

Note:

Figure 7- Execute the batch file DE2_115_SD_Card_Audio_Pldgeno_batch
\DE2_115_SD_Card_Audio_Player.bat to download Ihaitdware and software bit stream

2. If the capacity of your SD Memory Card is mdnart or equal 8GB, please make sure it has therpsafae
more than or equal to Class 4

3. If the HSMC loopback adapter is mounted, the I2CL will be directly routed back to 12C_SDA. Besau
audio chip, TV decoder chip and HSMC share one 26, therefore audio and video chip won’t function
correctly.

Figure 6-15illustrates the setup for this demonstration.
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Figure 6-15 The setup for the SD music player demo  nstration

6.8 PS/2 Mouse Demonstration

We offer this simple PS/2 controller coded in Megil HDL to demonstrate bidirectional
communication between PS/2 controller and the dguice PS/2 mouse. You can treat it as a
how-to basis and develop your own controller tlmatld accomplish more sophisticated instructions,
like setting the sampling rate or resolution, whnged to transfer two data bytes.

For detailed information about the PS/2 protoctdape perform an appropriate search on various
educational web sites. Here we give a brief intobidun:

B Outline

PS/2 protocol use two wires for bidirectional conmeation, one clock line and one data line. The
PS/2 controller always has total control over ttagmission line, but the PS/2 device generates
clock signal during data transmission.
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B Data transmit from the device to controller

After sending an enabling instruction to the PSuse at stream mode, the device starts to send
displacement data out, which consists of 33 bite ffame data is cut into three similar slicesheac
of them containing a start bit (always zero) arghtdata bits (with LSB first), one parity check bi
(odd check), and one stop bit (always one).

PS/2 controller samples the data line at the falédge of the PS/2 clock signal. This could easily
be implemented using a shift register of 33 bit#, lle cautious with the clock domain crossing
problem.

B Data transmit from the controller to device

Whenever the controller wants to transmit dataewiak, it first pulls the clock line low for more
than one clock cycle to inhibit the current transpmocess or to indicate the start of a new transmi
process, which usually be called as inhibit stafeer that, it pulls low the data line then reledise
clock line, and this is called the request statee Tising edge on the clock line formed by the
release action can also be used to indicate thelsamme point as for a ‘start bit. The device will
detect this succession and generates a clock segjuerless than 10ms time. The transmit data
consists of 12bits, one start bit (as explainedt®df eight data bits, one parity check bit (odd
check), one stop bit (always one), and one ackrdiyelebit (always zero). After sending out the
parity check bit, the controller should release da¢a line, and the device will detect any state
change on the data line in the next clock cycléhdire’s no change on the data line for one clock
cycle, the device will pull low the data line agai: an acknowledgement which means that the data
is correctly received.

After the power on cycle of the PS/2 mouse, it enieto stream mode automatically and disable
data transmit unless an enabling instruction i®ived. Figure 6-16 shows the waveform while
communication happening on two lines.
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Figure 6-16 Waveforms on two lines while communica  tion taking place

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115 PS2_DEMO
* Bitstream used : DE2_115 PS2_DEMO.sof
* Load the bit stream into FPGA by executing
DE2_115 PS2_DEMO\demo_batch\DE2_115 PS2_ DEMO.bat
* Plug in the PS/2 mouse
* Press KEY[O] for enabling data transfer
* Press KEY[1] to clear the display data cache

You should see digital changes on 7-segment displagn the PS/2 mouse moves, and the
LEDGJ2:0] will blink respectively when the left-bton, right-button or middle-button is pressed.

Table 6-2gives the detailed information.

Table 6-2 Detailed information of the indicators

Indicator Name Description
LEDG[O0] Left button press indicator
LEDG[1] Right button press indicator
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L)

LEDG[2] Middle button press indicator
HEXO Low byte of X displacement
HEX1 High byte of X displacement
HEX2 Low byte of Y displacement
HEXS3 High byte of Y displacement

Figure 6-17illustrates the setup of this demonstration.

PS/2 Mouse

Y axis X axis Middle Right Left
Displacement  Displacement Click Click Click

Figure 6-17 The setup of the PS/2 Mouse demonstrat ion

6.9 IR Receiver Demonstration

In this demonstration, the key-related informatithvat the user has pressed on the remote
controllerfigure 6-18: Table 6-3 will be displayed on the DE2-115 board. Usersyamded to

point the remote controller to the IR receiver dBZ5115 board and press the key. After the signal
being decoded and processed through FPGA, thesdelatormation will be displayed on the
7-segment displays in hexadecimal format, whichtaios Custom Code, Key Code and Inversed
Key Code. The Custom Code and Key Code are usielgmtify a remote controller and key on the
remote controller, respectively.

Next we will introduce how this information beingabded and then displayed in this demo.

When a key on the remote controller is pressedyahete controller will emit a standard frame,
shown inFigure 6-19 The beginning of the frame is the lead code ts the start bit, and then
is the key-related information, and the last lelid code represents the end of the frame.
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Figure 6-18 Remote controller

Table 6-3 Key code information for each Key on remte controller

Key | Key Code | Key | Key Code | Key | Key Code | Key | Key Code

@ Ox0F 0x13 @ 0x10 @ 0x12
TN

a 0x01 e 0x02 e 0x03 A oxaa

o 0x04 o 0x05 e 0X06 v OX1E
TN

° 0x07 e 0x08 0 0x09 A oxiB

0x11 Q 0X00 @ 0x17 V/ OX1F

@ 0x16 @ 0x14 @ 0x18 2 oxoc

End
Inv Key Code | Code
Lead Code 1bit Custom Code 16bits | Key Code 8bits 8bits 1bit

Lad »

Lad Lad r|

Figure 6-19 The transmitting frame of the IR remot e controller
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After the IR receiver on DE2-115 board receives thame, it will directly transmit that to FPGA.
In this demo, the IP of IR receiver controllerngplemented in the FPGA. ASgure 6-20shows, it
includes Code Detector, State Machine, and Shifjigker. First, the IR receiver demodulates the
signal inputs to Code Detector block .The Code @eteblock will check the Lead Code and
feedback the examination result to State Machinekol

The State Machine block will change the state fi@hE to GUIDANCE once the Lead code is
detected. Once the Code Detector has detecteduster@ Code status, the current state will change
from GUIDANCE to DATAREAD state. At this state, tiiode Detector will save the Custom Code
and Key/Inv Key Code and output to Shift Registemt displays it on 7-segment displaysyure
6-21 shows the state shift diagram of State Machinekil®ote that the input clock should be

50MHz.
IR Si |
AL LN Code Detector T EE— Shift Register &P

Figure 6-20 The IR Receiver controller

P

End Code Lead Code

Custom Code

Figure 6-21 State shift diagram of State Machine
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We can apply the IR receiver to many applicaticugh as integrating to the SD Card Demo, and
you can also develop other related interestingiegibdns with it.

L)

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115 IR
» Bitstream used: DE2_115 IR.sof
* Load the bit stream into the FPGA by executing
DE2_115 IR\demo_batch\DE2_115_ IR.bat file
* Point the IR receiver with the remote-controller ard press any button

Table 6-4shows how the received code and key data displaight 7-segment displays.

Table 6-4 Detailed information of the indicators

Indicator Name Description

HEXO Inversed low byte of Key Code
HEX1 Inversed high byte of Key Code
HEX2 Low byte of Key Code

HEXS3 High byte of Key Code

HEX4 Low byte of Custom Code

HEX5 High byte of Custom Code

HEX6 Repeated low byte of Custom Code
HEX7 Repeated high byte of Custom Code

Figure 6-22illustrates the setup for this demonstration.

Remote
Controller

| - | = - = il i & i =
U SR i -\ff)

kil st (s (alal s als n I lala
(&l I (=E=0 =]

Custom Code Key Code IR
Receiver

Figure 6-22 The Setup of the IR receiver demonstra tion
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6.10 Music Synthesizer Demonstration

This demonstration shows how to implement a Muwltie Electronic Keyboard using DE2-115
board with a PS/2 Keyboard and a speaker.

PS/2 Keyboard is used as the piano keyboard fartinfhe Cyclone IV E FPGA on the DE2-115
board serves as the Music Synthesizer SOC to genmissic and tones. The VGA connected to the
DE2-115 board is used to show which key is preslsethg the playing of the music.

Figure 6-23shows the block diagram of the design of the M&sinthesizer. There are four major
blocks in the circuit: DEMO_SOUND, PS2_KEYBOARD, AAF, and TONE_GENERATOR. The
DEMO_SOUND block stores a demo sound for userday; ?S2_KEYBOARD handles the users’
input from PS/2 keyboard; The STAFF block draws ¢beresponding keyboard diagram on VGA
monitor when key(s) are pressed. The TONE_GENERAISRe core of music synthesizer SOC.

Users can switch the music source either from PEXYBOAD or the DEMO_SOUND block
using SW9. To repeat the demo sound, users cas KEEE1.

The TONE_GENERATOR has two tones: (1) String. (2a€3, which is controlled by SWO0. The
audio codec used on the DE2-115 board has two efgmwhich can be turned ON/OFF using SW1
and SW2.

Figure 6-24illustrates the setup for this demonstration.
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Figure 6-23 Block diagram of the Music Synthesizer design

B Demonstration Setup, File Locations, and Instructios

* Project directory: DE2_115_Synthesizer

* Bit stream used: DE2_115 Synthesizer.sof or DE2-11Synthesizer.pof

» Connect a PS/2 Keyboard to the DE2-115 board.

» Connect the VGA output of the DE2-115 board to a V@ monitor (both LCD and CRT
type of monitors should work)

* Connect the lineout of the DE2-115 board to a speeak

* Load the bit stream into FPGA by executing
DE2_115 Synthesizer\demo_batch\DE2_115 Synthesibet file

* Make sure all the switches (SW[9:0]) are set to @Pwn Position)

* Press KEY1 on the DE2-115 board to start the musidemo

* Press KEYO on the DE2-115 board to reset the circui

Note: If the HSMC loopback adapter is mounted, thd2C_SCL will be directly

routed back to 12C_SDA. Because audio chip, TV deder chip and HSMC share one 12C
bus, therefore audio and video chip won't functiorcorrectly.
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Table 6-5andTable 6-6illustrate the usage of the slide switches, pusteh switches (KEYS),
PS/2 Keyboard.

» Slide Switches and Push-buttons switches
Table 6-5 Usage of the slide switches and push-barts switches (KEYs)

Signal Name Description

KEY[O] Reset Circuit

KEY[1] Repeat the Demo Music

SWI[0] OFF: BRASS, ON: STRING

SWI9] OFF: DEMO, ON: PS/2 KEYBOARD
SWI1] Channel-1 ON / OFF

SW[2] Channel-2 ON / OFF

* PS/2 Keyboard
Table 6-6 Usage of the PS/2 Keyboard Keys

Signal Name Description

mrlo[RTlez/<o[AmMomns[> 0
+
[AAN
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Figure 6-24 The Setup of the Music Synthesizer Dem  onstration

6.11 Audio Recording and Playing

This demonstration shows how to implement an atetiorder and player using the DE2-115 board
with the built-in Audio CODEC chip. This demonstoat is developed based on SOPC Builder and
Nios Il IDE. Figure 6-25 shows the man-machine interface of this demonstratTwo
push-buttons and six slide switches are used fersu® configure this audio system: SWO is used
to specify recording source to be Line-in or MIC-BW1 is used to enable/disable MIC Boost
when the recording source is MIC-In. SW2 is usedrtable/disable Zero-Cross Detection for audio
playing. SW3, SW4, and SW5 are used to specifyrdieg sample rate as 96K, 48K, 44.1K, 32K,
or 8K. The 16x2 LCD is used to indicate the ReaugdPlaying status. The 7-SEG is used to
display Recording/Playing duration with time umtl/100 second. The LED is used to indicate the
audio signal strengthTable 6-7 and Table 6-8 summarize the usage of Slide switches for
configuring the audio recorder and player.
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Figure 6-25 Man-Machine Interface of Audio Recorde r and Player

Figure 6-26shows the block diagram of the Audio Recorder Rlayer design. There are hardware
and software parts in the block diagram. The saoftwaart stores the Nios Il program in SRAM.
The software part is built by Nios Il IDE in C pragnming language. The hardware part is built by
SOPC Builder under Quartus Il. The hardware pastutches all the other blocks. The “AUDIO
Controller” is a user-defined SOPC component. diesigned to send audio data to the audio chip
or receive audio data from the audio chip.

The audio chip is programmed through 12C protocoicl is implemented in C code. The 12C pins
from audio chip are connected to SOPC System lowerect Fabric through PI1O controllers. In this
example, the audio chip is configured in Master Blothe audio interface is configured as 12S and
16-bit mode. 18.432MHz clock generated by the Pdiconnected to the XTI/MCLK pin of the
audio chip through the AUDIO Controller.
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Figure 6-26 Block diagram of the audio recorder an  d player

B Demonstration Setup, File Locations, and Instructios

* Hardware Project directory: DE2_115 AUDIO

* Bit stream used: DE2_115_ AUDIO.sof

» Software Project directory: DE2_115 AUDIO\software\

» Connect an Audio Source to the LINE-IN port of theDE2-115 board.

* Connect a Microphone to MIC-IN port on the DE2-115board.

» Connect a speaker or headset to LINE-OUT port on t DE2-115 board.
* Load the bit stream into FPGA. (note *1)

* Load the Software Execution File into FPGA. (note )

» Configure audio with the Slide switches.

* Press KEY3 on the DE2-115 board to start/stop audicecoding (note *2)
* Press KEY2 on the DE2-115 board to start/stop audiplaying (note *3)

Note:

(1). Execute DE2_115_AUDIO\demo_batchlaudio.bat will download .sof and .elf files.

(2). Recording process will stop if audio buffer is full.

(3). Playing process will stop if audio data is played completely.

(4).If the HSMC loopback adapter is mounted, the [2C SCL will be directly routed back to 12C_SDA.
Because audio chip, TV decoder chip and HSMC share one I12C bus, therefore audio and video chip won't
function correctly.
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Table 6-7 Slide switches usage for audio sourcedsignal processing setting

Slide Switches 0 — DOWN Position 1 — UP Position

SWO0 Audio is from MIC Audio is from LINE-IN

Swi1l Disable MIC Boost Enable MIC Boost

SW2 Disable Zero-cross Detection Enable Zero-cross Detection

Table 6-8 Slide switch setting for sample rate s¥ahing for audio recorder and player
SW5 Sw4 Sw3

(0 — DOWN; (0 — DOWN; (0 — DOWN; Sample Rate
1- UP) 1-UP) 1-UP)

0 0 0 96K

0 0 1 48K

0 1 0 44.1K

0 1 1 32K

1 0 0 8K

Unlisted combination 96K

6.12 Web Server Demonstration

This design example shows a HTTP server usingdbkess interface of the NicheStack™ TCP/IP
Stack Nios Il Edition on MicroC/OS-Il to serve webntent from the DE2-115 board. The server
can process basic requests to serve HTML, JPEG, RN, JS, CSS, SWF, ICO files from the
Altera read-only .zip file system. Additionally,atlows users to control various board components
from the web page.

As Part of the Nios Il EDS, NicheStack™ TCP/IP Netk Stack is a complete networking
software suite designed to provide an optimal smhutor network related applications accompany
Nios II.

Using this demo, we assume that you already hdasia knowledge of TCP/IP protocols.

The following describes the related SOPC systene $OPC system used in this demo contains
Nios Il processor, On-Chip memory, JTAG UART, timériple-Speed Ethernet, Scatter-Gather
DMA controller and other peripherals etc. In thenfoguration page of the Altera Triple-Speed
Ethernet Controller, users can either set the MA&rface as MIl or RGMII as shown kigure
6-27 andFigure 6-28respectively.
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"™ Triple Speed Ethernet — tse mac lg[

Triple-Speed Ethernet

= e By N
MAC Options » FIFO Options

Core vaniation: | 10/100Mb Small MAC i

~10/100/1000Mb Ethernet MAC
Interface: | v I

Use intermnal FIFO

Number of ports: | |

~1000BASE-}X/SGMII PCS

Use transceiver block

Figure 6-27 Ml interface MAC Configuration
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"™ Triple—Speed Ethernet — tse_mac

‘;ﬁ Triple-Speed Ethernet .
egocrs (about ] (pocumentation
Settings

Core Configuration FIFO Options PCS/SGMII Options

Core variation: | 10/100/1000Mb Ethernet MAC |

Parameter

10/100/1000Mb Ethernet MAC

Interface: | RGMI P

Use internal FIFO
Number of ports:

1000BASE-X/ISGMII PCS

Figure 6-28 RGMII interface MAC Configuration

In the MAC Options tab (Sekigure 6-29, users should set up proper values for the PHJg ch

88E1111. The MDIO Module should be included, as itsed to generate a 2.5MHz MDC clock for
the PHY chip from the controller’s source clock@ear100MHz clock source is expected) to divide
the MAC control register interface clock to prodube MDC clock output on the MDIO interface.

The MAC control register interface clock frequenisy 100MHz and the desired MDC clock

frequency is 2.5MHz, so a host clock divisor ofsh@uld be used.
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"™ Triple Speed Ethernet — tse mac @

“ Triple-Speed Ethernet .
Megecare (Docunentation

Parameter
Settings

™ [MACOptions| > FIFO Options PCS/SGMII Options >

 Ethernet MAC Oplions

Core Configuration

Enable MAC 10/100 half duplex support
Enable local loopback on MIVGMIURGHI
[] Enable supplemental MAC unicast addresses
Include statistics counters
[] Enable 64-bit statistics byte counters
[] Include multicast hashtable
[+] Align packet headers to 32-bit boundary
[[] Enable full-duplex flow controi
[] Enable VLAN detection

[] Enable magic packet detection

MDIO Module

Include MDIO module (MDC/MDIO)

Host clock divisor: |40

[Can:el ][( Eack”ﬂaxt )J[Einish]

Figure 6-29 MAC Options Configuration
Once the Triple-Speed Ethernet IP configurationldesn set and necessary hardware connections

have been made as showri-igure 6-30 click on generate.

111

Terasic DE2-115 User Manual www.terasic.com

WWW. terasic. com.




Use = Connections Module Name Des=cription Clock Basze End Tags RQ
B ush ISP1362_IF
%: he Avalon Memory Mapped Slave  |altpll_sys 0x1344244d8 |0x1344244F
de Avalon Memory Mapped Slave _sys 0x13442420 (0x134424e7
B sdram SDRAM Controller
a1 Avalon Memory Mapped Slave  |altpll_sys 0x 08000000 |0xOfffffff
B tse_mac Triple-Speed Ethernet
i transmit Avalon Streaming Sink |_sys
receive Avalon Streaming Source |_sys
I control_port Avalon Memory Mapped Slave |_sys 0x13442000 |[0xi34423ff
I: :[:I:I: EH sgdma_tx Scatter-Gather DMA Controller
Car Avalon Memory Mapped Slave  |altpll_sys 0x13442400 |0x1344243F >—ﬂ
L. dezcriptor_read  |Awvalon Memory Mapped Master
descriptor_write  |Avalon Memory Mapped Master
m_read Avalon Memory Mapped Master
out Avalon Streaming Source
B sgdma_rx Scatter-Gather DMA Controller
———O——O—O—0—] ¥ CEr Avalon Memory Mapped Slave |_sys 0x 13442440 [0x1344247F >—H
H%% descriptor_read |Awvalon Memory Mapped Master
— descriptor_write  |Avalon Memory Mapped Master
— m_write Avalon Memory Mapped Master
in Avalon Streaming Sink
B descriptor_me... |On-Chip Memory (RAM or ROM)
o — a1 Avalon Memory Mapped Slave  |altpll_sys 0x13440000 |0x13440ffF

Figure 6-30 SOPC Builder

Figure 6-31shows the connections for programmable 10/100NEtpsrnet operation via Mil.

tx_clk e oy mii_tx_clk
tx ¢ mii_tx_en
mii_tx_err
mii_tx_d[3..0]
< - NotUsed eth_mode
G- en_10

----------------- Py set 1000

_________________ e d set 100
10/100/1000
Small MAC

Tie to GND
2.5/25MHz

v

mii_rx_clk

mii_rx_en

vy

mii_rx_col

mii_rx_crs

mii_rx_err
mii_rx_d[3..0]

vy vy

Figure 6-31 PHY connected to the MAC via Ml

Figure 6-32 shows the connections for programmable 10/100/MBR3 Ethernet operation via
RGMIL.
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2.5/25/125MHz

d rgmii_tx_clk
rgmii_tx_ctl
rgmii_tx_d[3..0]

A A

€ --NotUsed _ ETRee

] en_10

10/100/1000
Ethernet
MAC

Optional tie to logic 0 if not used _ SRR

................. B set 100

2.5/25/125MHz

rgmii_rx_clk

rgmii_rx_ctl

vy vYyyvy

rgmii_rx_d[3..0]

Figure 6-32 PHY connected to the MAC via RGMII

After the SOPC hardware project has been builtelbgvthe SOPC software project, whose basic
architecture is shown ifrigure 6-33 The top block contains the Nios Il processor &he
necessary hardware to be implemented into the OB2kbst board. The software device drivers
contain the necessary device drivers needed folEthernet and other hardware components to
work. The HAL API block provides the interface fitre software device drivers, while the Micro
C/OS-II provides communication services to the MBtack™ and Web Server. The NicheStack™
TCP/IP Stack software block provides networkingvees to the application block where it
contains the tasks for Web Server.
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Figure 6-33 Nios Il Program Software Architecture

Finally, the detail descriptions for Software flahart of the Web Server program are listed in
below:

Firstly, the Web Server program initiates the MAQIanet device then calls the get_mac_addr()
function to set the MAC addresses for the PHY. 8dbyo it initiates the auto-negotiation process to
check the link between PHY and gateway devicehdflink exists, the PHY and gateway devices
will broadcast their transmission parameters, spaad duplex mode. After the auto-negotiation
process has finished, it will establish the linkirdly, the Web Server program will prepare the
transmitting and receiving path for the link. Ifetlpath is created successfully, it will call the
get_ip_addr() function to set up the IP addressttier network interface. After the IP address is
successfully distributed, the NicheStack™ TCP/I&ckwill start to run for Web Server application.

Figure 6-34 describes this demo setup and connections on DE2-The Nios Il processor is
running NicheStack™ on the MicroC/OS-II RTOS.

0Note: your gateway should support DHCP becausses DHCP protocol to request a valid IP from the

Gateway, or else you would need to reconfigurestrstem library to use static IP assignment. Funtoee, the
web server demonstration uses the RGMII or Ml riee to access the TCP/IP. You can switch the MAC
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Interface via JP1 and JP2 for Ethernet 0 and E¢termespectivelylable 6-9shows the project name of web
server demonstration for each Ethernet Port andtinggmode.

Table 6-9 Demo Directory Paths

PHY
project
directory
ENETO ENET1
Interface
DE2_ 115 Web_Server\ DE2_ 115 Web_Serven

RGMII interf
TN | DE2_115_WEB_SERVER_RGMII_ENETO = DE2_115_WEB_SERVER_RGMII_ENET1

DE2_ 115 Web_Server\ DE2_ 115 Web_Serven\

MII interface
DE2 115 WEB_SERVER_MII_ENETO DE2 115 WEB_SERVER_MII_ENET1

B Demonstration Setup, File Locations, and Instructios

The Following steps describe how to setup a WebieBelemonstration on the ENETO in RGMII
mode. Before running the demonstration, please tupgemonstration file to your host PC from
“DE2_115 demonstrations” folder on the DE2-115 8ysCD.

Demonstration Source Code

* Project directory: DE2_115 Web_Server\ DE2_115 WEBSERVER_RGMII_ENETO
e Bitstream used: DE2_ 115 WEB_SERVER.sof
* Nios Il Workspace: DE2_115 WEB_SERVER_RGMII_ENETO Software

Demonstration Batch File

Demo batch file Folder for this demonstration:
DE2_115 Web_Server\ DE2_115 WEB_SERVER_RGMII_EMNIEm®_batch
The demo batch file includes the following files:

» Batch File: DE2_115 WEB_SERVER.bat, DE2_115 WEB_SBRER_bashrc
* FPGA Configure File : DE2_115 WEB_SERVER.sof
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* Nios Il Program: web_server.elf

Demo batch file folder for writing web site conteaip file into flash:
DE2_ 115 Web_Server\ WEB_SERVER_FLASH
The demo batch file includes the following files:

» Batch File: WEB_SERVER_FLASH.bat , WEB_SERVER_FLASH bashrc
* FPGA Configure File : WEB_SERVER_FLASH.sof

Demonstration Setup

* Make sure the PHY device is working on RGMII mo8édrt pin 1 and pin 2 of JP1)

* Plug a CAT 5e cable into the Ethernet port (J4)h@nDE2-115 board (Make sure the Ethernet
cable is connected to router and the DHCP fung@upported)

* Power on DE2-115 board

e Execute the demo batch file “WEB_SERVER_FLASH.hativrite web site content into flash
on DE2-115 board

» Execute the demo batch file “DE2_115 WEB_SERVER:Bat downloading .sof and .elf file
for this demonstration.

» SeefFigure 6-35 when the message “Web Server Starting up” is shmwnios2-terminal. The
LCD on DE2-115 board will show the valid IP addré$snay take a while to get IP address
from Gateway)

* Once the LCD on DE2-115 board shows the valid Bress got from Gateway, then launch
your web browser

* Input the IP into your browser. (IP is shown on @D display)

* You will see the brand new DE2-115 webpage on younputer

* On the web page, you could access the DE2-115 Bgaedpherals from the left sidebar or link
to external pages from the right sidebar. Try chemke LEDs on the left sidebar and then press
send will light up the specified LEDs on board. Yaso could send text to the LCD or set the
value for 7-segment displays on DE2-115 bo&rdure 6-36gives a snapshot of the web server
page

» To perform the demonstrations of other mode or itteport, please refer f@ble 4-21and
Table 4-22for mode setting and running the associate prgedhe
“DE2_115_demonstrations\ DE2_115 Web_Server” foidéhe DE2-115 System CD
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10/100/1000Mbps
CAT 5e Cable

10/100/1000Mbps
CAT 5e Cable

Web
Server
G—— Nios IT

Figure 6-34 System Principle Diagram

Bl Altera MiosTEDS 12.1 [geed]

PHY Marvell 88E1111 found
PHY[B.81
PHY[B.B1
PHYI[B.81
PHY[B.81
PHY[B.B81
PHY[B.81
PHYI[B.81
PHY[B.81 Speed =
0K, x=8. CHMD_CONFIG=8x8iB800800

MAC post—initialization:
[tse_sgdma_read_init] RE descriptor
mctest init called
IP address of etl :
Created “Inet main" task (Prio: 22

Created "clock tick" task {(Prio: 3>
ficquired IP address via DHCP client
IP address :@ 192.168.21.213

Subnet Mask: 255.25L5.255.8
Gateway : 192 168.21 .1

Created "web server' task

192.168.21.171

(Prio: 4>

Weh Server starting up

CMD_CONFIG=

at PHY addwess Bx1B of HAC Groupl@l

— Automatically mapped to tse_mac_devicelB]
Restart Auto-Megotiation, checking PHY link...
Auto—Megotiation PASSED
Restart Auto—MNegotiation, checking PHY link...
Auto—Hegotiation PASSED
Checking link...

Link established
188, Duplex =

Full

BxB5 088283
chain desc ¢1 depth) created

for interface: etl

Figure 6-35 Web Server Starting Success
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~
Board Status/Control Design Resource:
LEDG Control
jasiC
LEDO MLED1 EILED2 + Www.LeraEIE.Eom
LED3 MILED4 MILEDS
JARTERA
M LeDs EILED7 MILEDS 5
UNIVERSITY
*PROGRAM
7-SEG Control
Daughter Board:
SEG Num
o + 4.3"LCD Touch Panel
Hex to 7-SEGs
above num 4
LCD Control « 5Mega Pixel Camera
This page is being served from a web server running on a configurable Nios Il
LCD Text processor
Heloword |
E textto LCD The DE2 series has consistently been at the forefrant of educational development
above text boards by distinguishing itself with an abundance of interfaces to accommodate « DVI Card
various applications needs. Extending its leadership and success, Terasic
announces the latest DE2-115 that features the Cyclone IV E device. Responding
to increased versatile low-cost spectrum needs driven by the demand for mobile
vides, voice. data access. and the hunger for high-quality images. the new DE2-
115 offers an optimal balance of low cost, low power and a rich supply of logic
memory and DSP capabilities « High-Speed AD/DA
Card ™
€ Internet é3 - Rusy -
Figure 6-36 Served web page for DE2-115
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Chapter 7

Appendix

7.1 EPCS Programming via nios-2-flash-programmer

Before programming the EPCS via nios-2-flash-progrer, users must add an EPCS patch file
nios-flash-override.txt into the Nios [l EDS folderThe patch file is available in the folder
DE2_115 demonstrations\EPCS_Patch of DEZ2-115 Sys@mm Please copy this file to the folder
[QuartusinstalledFolder]\nios2eds\bin (e.g. C:YaltEl.1\nios2eds\bin)

If the patch file is not included into the NiosHDS folder, an error will occur as shown in thgure 7-1.

llzing cahle "USB-Blastewr [USBE-B1". device 1. instance BxB8

o ar ol wmees oo Fassoees v

Figure 7-1 EPCS Message

7.2 Revision History

Version Change Log
V1.0 Initial Version (Preliminary)
V1.01 VGA Vertical Timing table correction
SDRAM Table reference modification
V1.02 Modify Table4-15 Header info.
V1.03 Modify section 6.3 demo description
V1.04 Added EPCS information
V2.0 Replace USB Chip from ISP1362 to CY67200
v2.1 Modify Table 4-9, change pin description of HSMC_C  LKIN_N,

HSMC_CLKIN_P , HSMC_CLKOUT_N and HSMC_CLKOUT_P
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7.3 Copyright Statement

Copyright © 2012 Terasic Technologies. All rights reserved.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated
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