Altera DE1 Board

/NOERIA,

DE1 Development and Education Board

User Manual

Version 1.2.1 Copyright © 2012 Altera Corporation



Altera DE1 Board

Chapter 1 DEL PACKAQJE. ... .ccciieeiieieeiistie sttt sttt sttt beestesseesbeentesseesbeentesneesseenee e 1
1.1 PaCKAGE CONTENTS .....uutiuiiiiiiie s oo e ettt eeeettbbb s s s e e e e e e aaaaaaeaeeaeaaaeeeeeeeensnnnnnes 1
1.2  The DEL Board ASSEMDIY.......ccoooiiiiiiimmmmme ettt e e e e eeeeeeeb e mee e 2
1.3 (T To = | o TP SRRPPP 3

Chapter 2 AItera DEL BOAI A.......ccoiiiiiiieieeie ettt s sse et seesbeeneesneesseenee e 4
21 Layout and COMPONENTS ......cooiiiieiiieiei ettt e e e e e e e e e e e e e eeeneeeeseernnnn s 4
2.2 Block Diagram of the DEL BOArd...........ooeeeiiiiiiiiiiiiiiiiiieier e eeeee e 6
2.3 Power-up the DEL BOAId .........oiiiiii et te e e e s 8

Chapter 3DEL CONLrol PANE .......ocoiiieeii ettt s ae e ne s 10
3.1 CONLrol PAnEl SEEUP ....cooiiiiiiiiiiiiit e ettt e e e e e e e e e e e e e e e e e e e eeeeeennnens 10
3.2 Controlling the LEDs and 7-Segment DiSPlayS..........cuuvvviiiiiiiiiiiinieeeeeeeeeeeeeeeeeeee 12
3.3 Switches and PUSh-DULIONS............iiceeammme e 14
3.4 SDRAM/SRAM/Flash Controller and Programmerl . ......ccoooiviieiiiiiiiiiiiiiiinee e 14
3.5 ST A B Yo = PP 16
3.6 ] O o H PP 17
3.7 RS-232 COMMUNICALION. .. ...ceiiiiiiieee ettt e e e e e e e e e e e e et e eeeeeeesbnnnnnessesenn e as 18
G TV €7 TSRO UURPPUUTTTPPRTR 19
3.9 Overall Structure of the DE1 Control Pan@l .....oovvviiiiiiiiiiiiieeeeee e 20

Chapter 4UsSINgthe DEL BOAId ........cccoiiiiiieieeie ettt et 22
4.1 Configuring the Cyclone [ FPGA ... e eeeaeaeees 22
4.2 Using the LEDS and SWItChES.........coo oo 24
4.3 Using the 7-Segment DISPIayS. ... .couii i e e e e e e eeeeeees 28
4.4 (©4 o Tox 1 1 1] 0 11 £ SSSRPPPPP 29
4.5 Using the EXPansion HEAAET ............uueeei i e e 30
4.6 USING VG A ittt ettt e e e e e e e e e et e e ettt ettt bbb e s e e e e e e e e e e e aeeeas 34
4.7 Using the 24-bit AUdIO CODEC ..........ooi e 36
4.8 RS-232 Serial POI ... e e e e e e e e e e e eeeaanaes 37
4.9 PS/2 SEIHAl POt ... eemmmme e ee e e e e e e e e e e e e e e e e e e eeeeeeeennans 38
4.10 Using SDRAM/SRAM/FIASN......cuuuiiii it 38

Chapter 5 Examples of Advanced DemONSIralioNS ..........coeeverierernienieenee e 44
5.1 DEL Factory CoNfIQUIatiON........ccoii ittt e et eeeebbenemneeeenen s 44
5.2 Music Synthesizer DemMONSIIAtiON .........coorreeiii e 45
5.3 A KAraoke MACKNINE ......ccoooiiiiiiiiii e e e e e e e e e e e e e e e e eeeaeraanee 48
5.4 SD Card MUSIC PIAYET........euiiiiiiiiie ettt e e e breenneeeeennsa e as 50




m—m DE1 User Manual

Chapter 1
DE1 Package

The DE1 package contains all components neededdothe DE1 board in conjunction with a
computer that runs the Microsoft Windows software.

1.1 Package Contents
Figure 1.1 shows a photograph of the DE1 package.

UNIVERSITY
[EERR 0 SR A ML/

ign Software Suite
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Development & Education Board

Figure 1.1. The DE1 package contents.

The DE1 package includes:
* DE1 board
» USB Cable for FPGA programming and control
 CD-ROM containing the DE1 documentation and suppgnnaterials, including the User
Manual, the Control Panel utility, reference desigmd demonstrations, device datasheets,
tutorials, and a set of laboratory exercises
1
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« CD-ROMs containing Altera’s Quartlisll Web Edition software and the Nidsll
embedded processor

* Bag of six rubber (silicon) covers for the DE1 lbatands. The bag also contains some
extender pins, which can be used to facilitateezgsiobing with testing equipment of the
board’s I/0O expansion headers

» Clear plastic cover for the board

» 7.5V DC wall-mount power supply

1.2 TheDE1Board Assembly

To assemble the included stands for the DE1 board:
» Assemble a rubber (silicon) cover, as shown in f&du2, for each of the six copper stands
on the DE1 board
» The clear plastic cover provides extra protectamd is mounted over the top of the board
by using additional stands and screws

r

Figure 1.2. The feet for the DE1 board.
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1.3 Getting Help

Here are the addresses where you can get help iéryoounter problems:

» Altera Corporation
101 Innovation Drive
San Jose, California, 95134 USA
Email: university@altera.com

» Terasic Technologies
9F., N0.176, Sec.2, Gongdao 5th Rd, East Dist,dhsirCity, 30070. Taiwan
Email: support@terasic.com
Web: www.del.terasic.com
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Chapter 2
Altera DE1 Board

This chapter presents the features and designatkasdics of the DE1 board.

2.1 Layout and Components

A photograph of the DE1 board is shown in Figurg. 2t depicts the layout of the board and
indicates the location of the connectors and keypmnents.
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Blaster Mic Line Line Video RS-232
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Figure 2.1. The DE1 board.

The DE1 board has many features that allow the tesemplement a wide range of designed
circuits, from simple circuits to various multimadirojects.
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The following hardware is provided on the DE1 board

Altera Cyclon& I 2C20 FPGA device

Altera Serial Configuration device — EPCS4

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

512-Kbyte SRAM

8-Mbyte SDRAM

4-Mbyte Flash memory

SD Card socket

4 pushbutton switches

10 toggle switches

10 red user LEDs

8 green user LEDs

50-MHz oscillator, 27-MHz oscillator and 24-MHz dtator for clock sources
24-bit CD-quality audio CODEC with line-in, line-guand microphone-in jacks
VGA DAC (4-bit resistor network) with VGA-out conair

RS-232 transceiver and 9-pin connector

PS/2 mouse/keyboard connector

Two 40-pin Expansion Headers with resistor protecti

Powered by either a 7.5V DC adapter or a USB cable

In addition to these hardware features, the DElrcbdeas software support for standard I/O
interfaces and a control panel facility for accegsrarious components. Also, software is provided
for a number of demonstrations that illustratealeanced capabilities of the DE1 board.

In order to use the DE1 board, the user has toabaliar with the Quartus Il software. The
necessary knowledge can be acquired by readingutbaals Getting Started with Altera's DE1
Board andQuartus Il Introduction(which exists in three versions based on the desngry method
used, namely Verilog, VHDL or schematic entry). $&e€utorials are provided in the directory
DEL1 _tutorialson theDE1l System CD-ROM that accompanies the DE1 board and can also be
found on Altera’s DE1 web pages.
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2.2 Block Diagram of the DE1 Board

Figure 2.2 gives the block diagram of the DE1 bodalprovide maximum flexibility for the user,
all connections are made through the Cyclone Il KRBvice. Thus, the user can configure the
FPGA to implement any system design.

50,27,24Mhz | Extin | —| 24-bit Audio CODEC
SD Card Socket > >| Triple 4-bit VGA DAC |
Cyclone ll
NOR Flash (4 Mbyte) — FPGA User Green LEDs (8)
SDRAM (8 Mbytes) —P 2C20 ———p| User Red LEDs (10)
SRAM (512 Kbytes) —P| PS/2&RS-232Ports
| 7-Segment Display (4) I{—} 4—' Toggle Switches (10) |
Expansion Headers (2) | —— Pushbutton Switches(4)
EPCS4 USB
ontig Blaster

Device

Figure 2.2. Block diagram of the DE1 board.
Following is more detailed information about thedKs in Figure 2.2:

Cyclonell 2C20 FPGA
e 18,752 LEs
52 M4K RAM blocks
» 240K total RAM bits
* 26 embedded multipliers
 4PLLs
* 315 user I/O pins
* FineLine BGA 484-pin package

Serial Configuration device and USB Blaster circuit
» Altera’s EPCS4 Serial Configuration device
* On-board USB Blaster for programming and user ARitiol
» JTAG and AS programming modes are supported
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SRAM
» 512-Kbyte Static RAM memory chip
* Organized as 256K x 16 bits
* Accessible as memory for the Nios Il processorlanthe DE1 Control Panel

SDRAM
» 8-Mbyte Single Data Rate Synchronous Dynamic RAMoky chip

» Organized as 1M x 16 bits x 4 banks
* Accessible as memory for the Nios Il processorlanthe DE1 Control Panel

Flash memory
* 4-Mbyte NOR Flash memory.
» 8-bit data bus
* Accessible as memory for the Nios Il processorlanthe DE1 Control Panel

SD card socket
* Provides SPI mode for SD Card access
» Accessible as memory for the Nios Il processor withDE1 SD Card Driver

Pushbutton switches
* 4 pushbutton switches
* Debounced by a Schmitt trigger circuit
* Normally high; generates one active-low pulse wtinenswitch is pressed

Toggle switches
» 10 toggle switches for user inputs
» A switch causes logic 0 when in the DOWN (closedhe edge of the DE1 board) position
and logic 1 when in the UP position

Clock inputs
* 50-MHz oscillator
e 27-MHz oscillator
e 24-MHz oscillator
* SMA external clock input

Audio CODEC
* Wolfson WM8731 24-bit sigma-delta audio CODEC
* Line-level input, line-level output, and microphaneut jacks

7
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Sampling frequency: 8 to 96 KHz
Applications for MP3 players and recorders, PDAsag phones, voice recorders, etc.

VGA output

Uses a 4-bit resistor-network DAC

With 15-pin high-density D-sub connector

Supports up t&40x480 at 60-Hz refresh rate

Can be used with the Cyclone Il FPGA to implemehigh-performance TV Encoder

Serial ports

One RS-232 port

One PS/2 port

DB-9 serial connector for the RS-232 port

PS/2 connector for connecting a PS2 mouse or keglioahe DE1 board

Two 40-pin expansion headers

2.3

72 Cyclone 11 I/O pins, as well as 8 power and giblines, are brought out to two 40-pin
expansion connectors

40-pin header is designed to accept a standardrdfspon cable used for IDE hard drives
Resistor protection is provided

Power-up the DE1 Board

The DE1 board comes with a preloaded configuratibrstream to demonstrate some features of
the board. This bit stream also allows users togeekly if the board is working properly. To
power-up the board perform the following steps:

a hrwbd

Connect the provided USB cable from the host coerpuat the USB Blaster connector on
the DE1 board. For communication between the husttlke DE1 board, it is necessary to
install the Altera USB Blaster driver softwarethis driver is not already installed on the
host computer, it can be installed as explainethéntutorialGetting Started with Altera’s
DE1 Board This tutorial is available on thBE1 System CD-ROM and from the Altera
DE1 web pages.

Connect the 7.5V adapter to the DE1 board

Connect a VGA monitor to the VGA port on the DEXtb

Connect your headset to the Line-out audio potherDE1 board

Turn the RUN/PROG switch on the left edge of thelD#oard to RUN position; the
PROG position is used only for the AS Mode prograngm

Turn the power on by pressing the ON/OFF switchhenDE1 board
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At this point you should observe the following:

* All user LEDs are flashing

* All 7-segment displays are cycling through the nerstd to F

* The VGA monitor displays the image shown in FigRr& and Figure2.4 according to SWO.

» Set the toggle switcBW9to the DOWN position; you should hear a 1-kHz gbun

» Set the toggle switcB\W9 to the UP position and connect the output of atiaplayer to
the Line-in connector on the DE1 board; on yourdseayou should hear the music played
from the audio player (MP3, PC, iPod, or the like)

* You can also connect a microphone to the Micropfinrennector on the DE1 board; your
voice will be mixed with the music played from thedio player

AITERA

DE1 Board

Cyclone Il FPGA Starter Board

www.terasic.com

Figure 2.3. The default VGA output pattern when®i/set to DOWN position.

e

Figure 2.4. The default VGA output pattern when®M/set to UP position.
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Chapter 3
DE1 Control Pand

The DE1 board comes with a Control Panel faciligttallows users to access various components
on the board from a host computer. The host compot@municates with the board through a USB
connection. The facility can be used to verify thactionality of components on the board or be
used as a debug tool while developing RTL code.

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 iretdirectory “DE1_control_panel” in the DE1
System CD. It's free of installation, just copy thieole folder to your host computer and launch the
control panel by executing the “DE1_ControlPaned’ex

Specific control circuit should be downloaded tauy®PGA board before the control panel can
request it to perform required tasks. The prograthcall Quartus 1l 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 12.0 or later version is itetiassuccessfully on your PC.

2. Set the RUN/PROG switch to the RUN position

3. Connect the supplied USB cable to the USB Blastet, gonnect the 7.5V power supply,
and turn the power switch ON.

4. Start the executable DE1_ControlPanel.exe on tlsé ¢cmmputer. The Control Panel user
interface shown in Figure 3.1 will appear.

5. The DE1_ControlPanel.sof bit stream is loaded aatmally as soon as the
DE1_control_panel.exe is launched.

6. In case the connection is disconnected, click orNRBCT where the .sof will be
re-loaded onto the board.

7. Note, the Control Panel will occupy the USB portilou close that port; you cannot use
Quartus Il to download a configuration file intoetlfFPGA until the USB port is closed.

8. The Control Panel is now ready for use; experiehd®y setting the ON/OFF status for
some LEDs and observing the result on the DE1 board

10
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Figure 3.1. The DE1 Control Panel.

The concept of the DE1 Control Panel is illustratedFigure 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 @octntrol circuit. It handles all requests and
performs data transfers between the computer anBE1 board.

11
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7-SEG Display

b e 4 RS-232/VGA

e PS/2 Mouse

USB Blaster

Button/
Switch/
SD Card

a4 SDRAM/Flash

| ¢—————>

Figure 3.2. The DE1 Control Panel concept.

The DE1 Control Panel can be used to light up LEibsnge the values displayed on 7-segment
and monitor buttons/switches status, read/write 8BRAM, SRAM and Flash Memory,
communicate with the PS/2 mouse, output VGA coklttgyn to VGA monitor, communicate with
PC via RS-232 interface and read SD Card speddicanformation. The feature of reading/writing

a word or an entire file from/to the Flash Memorjows the user to develop multimedia
applications (Flash Audio Player, Flash Picturewég without worrying about how to build a
Memory Programmer.

3.2 Controllingthe LEDsand 7-Segment Displays

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

Choosing the LED tab leads to the window in FigBu® Here, you can directly turn the LEDs on
or off individually or by clicking “Light All” or “Unlight All”.

12
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INEENNEE
EEEEE
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(nls:-:unscr ) “ToReAT TR A

Figure 3.3. Controlling LEDs.
Choosing the 7-SEG tab leads to the window showrignre 3.4. From the window, directly use

the left-right arrows to control the 7-SEG patteonsthe DE1 board which are updated immediately.
Note that the dots of the 7-SEGs are not enablddEhboard.

HEX1 HEX0

el alle e ale sl ol sl

W VGA

CIECUHEEET}

Figure 3.4. Controlling 7-SEG display.

13
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The ability to set arbitrary values into simple pligs/ devices is not needed in typical design
activities. However, it gives the user a simple haism for verifying that these devices are
functioning correctly in case a malfunction is spd. Thus, it can be used for troubleshooting
purposes.

3.3 Switches and Push-buttons

Choosing the Switches tab leads to the window guifé 3.5. The function is designed to monitor
the status of slide switches and push-buttons ah treme and show the status in a graphical user
interface. It can be used to verify the functiotyadif the slide switches and push-buttons.

SW9 SWE SWF7 SWE SW5 S

W VGA
ﬁ\sCQNNECT)

i W@ Monitor Switches and Pushbuttons...

Figure 3.5. 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 nagesm for verifying if the buttons and switches
are functioning correctly. Thus, it can be usedtfoubleshooting purposes.

3.4 SDRAM/SRAM/Flash Controller and Programmer

The Control Panel can be used to write/read ddfeoto the SDRAM, SRAM, EEPROM, and
Flash chips on the DE1 board. As an example, wiedegcribe how the SDRAM may be accessed;

the same approach is used to access the SRAM assti. RClick on the Memory tab and select
14
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“SDRAM” to reach the window in Figure 3.6.

VGA

ad
nooonoo Length: | [ Entire Memory

- v ®  VGA
G\ECDNNECT}

Figure 3.6. 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 button. Figure 3.6 depictgdhelt of writing the hexadecimal value 06CA

into address 0, followed by reading the same looati

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 thendgtl box. If the entire file is to be
loaded, then a checkmark may be placed in the lelegth box instead of giving the
number of bytes.

3. To initiate the writing process, click on the Wréd-ile to Memory button

4. When the Control Panel responds with the standairttldws dialog box asking for the
15
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source file, specify the desired file in the usumanner.

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.

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 into tke ih the Length box. If the entire
contents of the SDRAM are to be copied (which imeslall 128 Mbytes), then place a
checkmark in the Entire Memory box.

3. Press Load Memory Content to a File button

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

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

3.5 PS/2Device

The Control Panel provides users a PS/2 monitdoog which monitors the real-time status of a
PS/2 mouse connected to the DE1 board. The moveofiehe mouse and the status of the three
buttons will be shown in the graphical and texeiface. The mouse movement is translated as a
position (x,y) with range from (0,0)~(1023,767). iFhfunction 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 window in Fi@ure

16
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2. Plug a PS/2 mouse to the PS/2 port on the DE1 board

3. Press the Start button to start the PS/2 mousetonimg process, and the button caption is
changed from Start to Stop. In the monitoring psscehe status of the PS/2 mouse is
updated and shown in the Control Panel's GUI windowreal-time. Press Stop to
terminate the monitoring process.

| Wl PSi2-Mouse Monitor...

Figure 3.7. PS/2 Mouse Monitoring Tool.

3.6 SD Card

The function is designed to read the identificateord specification information of the SD Card.
The 1-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 window inifei¢g.8.

2. Insert an SD Card to the DE1 board, and then ghes®ead button to read the SD Card.
The SD Card’s identification, specification, anié fiormat information will be displayed in
the control window.

17
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G\ECDNNEC T)

Figure 3.8. Reading the SD Card Identification &pécification.

3.7 RS-232 Communication

The Control Panel allows users to verify the operadf the RS-232 serial communication interface
on the DEL. The setup is established by conneciR$-232 9-pin male to female cable from the
PC to the RS-232 port where the Control Panel concates to the terminal emulator software on
the PC, or vice versa. Alternatively, a RS-232 lamagk cable can also be used if you do not wish to
use the PC to verify the test. The Receive terminiatiow on the Control Panel monitors the serial
communication status. Follow the steps below ttata the RS-232 communication:

1. Choosing the RS-232 tab leads to the window infei@uo.

2. Plug in a RS-232 9-pin male to female cable fromt®8S-232 port or a RS-232 loopback
cable directly to RS-232 port.

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

® Baud Rate: 115200
® Parity Check Bit: None
® Data Bits: 8
18
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® Stop Bits: 1
® Flow Control (CTS/RTS): ON

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

& LED

W 7-SEG @ PSR
® Switches
® Memory ™ VGA

ﬁIECDNNECT)

Figure 3.9. RS-232 Serial Communication.

3.8 VGA

DE1 Control Panel provides VGA pattern functionttialows users to output color pattern to

LCD/CRT monitor using the DE1 board. Follow thepstebelow to generate the VGA pattern
function:

1. Choosing the VGA tab leads to the window in Fig8uE0.
2. Plug a D-sub cable to VGA connector of the DE1 daard LCD/CRT monitor.

3. The LCD/CRT monitor will display the same colorfeah on the control panel window.

19
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4. Click the drop down menu shown in Figure 3.10 whgye can output the selected color
individually.

il

Figure 3.10. Controlling VGA display.

3.9 Oveall Sructure of the DE1 Control Panel

The DE1 Control Panel is based on a Nios || SOPgesy instantiated in the Cyclone Il FPGA
with software running on the on-chip memory. Thévgare part is implemented in C code; the
hardware part is implemented in Verilog HDL codehw&OPC builder. The source code is not
available on theDE1 System CD.

To run the Control Panel, users should make th&gumation according to Section 3.1. Figure 3.11
depicts the structure of the Control Panel. Eagutioutput 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 commandats§rom the PC and performs the corresponding
actions.

20
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JTAG
Blaster Ki——>
Hardware

FPGA/SOPC

Figure 3.11.

<> VGA

= RS-232
pees]  PS/2 Mouse
Ry 7-SEG Display

LED/Button/

Switch/
SDCard

> SDRAM
=
.

uqed ;oauuoﬁjem weIsAs

The block diagram of the DE1 conpraxhel.

21
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Chapter 4
Using the DE1 Board

This chapter gives instructions for using the DB4rd and describes each of its I/O devices.

4.1 Configuringthe Cyclonell FPGA

The procedure for downloading a circuit from a hashputer to the DE1 board is described in the
tutorial Quartus Il Introduction This tutorial is found in théE1_tutorials folder on theDE1
System CD-ROM, and it is also available on the Altera DE1 web gaddne user is encouraged to
read the tutorial first, and to treat the inforroatbelow as a short reference.

The DE1 board contains a serial EEPROM chip thatest configuration data for the Cyclone I
FPGA. This configuration data is automatically leddrom the EEPROM chip into the FPGA each
time power is applied to the board. Using the Qusit software, it is possible to reprogram the
FPGA at any time, and it is also possible to chahgenon-volatile data that is stored in the serial
EEPROM chip. Both types of programming methodsdaseribed below.
1. JTAGprogramming: In this method of programming, naratidr the IEEE standardeint
Test Action Groupthe configuration bit stream is downloaded disettto the Cyclone I
FPGA. The FPGA will retain this configuration andpas power is applied to the board;
the configuration is lost when the power is turoéd
2. ASprogramming: In this method, callédttive Serialprogramming, the configuration bit
stream is downloaded into the Altera EPCS4 selt@EOM chip. It provides non-volatile
storage of the bit stream, so that the informaioretained even when the power supply to
the DEL1 board is turned off. When the board's pasv&urned on, the configuration data in
the EPCSA4 device is automatically loaded into thel@e Il FPGA.

The sections below describe the steps used torpetioth JTAG and AS programming. For both
methods the DE1 board is connected to a host canpia a USB cable. Using this connection, the
board will be identified by the host computer asAdtera USB Blasterdevice. The process for
installing on the host computer the necessary swéwlevice driver that communicates with the
USB Blaster is described in the tutor@etting Started with Altera’'s DE1 Boardhis tutorial is
available on th®E1 System CD-ROM and from the Altera DE1 web pages.

Configuring the FPGA in JTAG Mode
22
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Figure 4.1 illustrates the JTAG configuration seflip download a configuration bit stream into the
Cyclone Il FPGA, perform the following steps:
* Ensure that power is applied to the DE1 board
» Connect the supplied USB cable to the USB Blastergn the DE1 board (see Figure 2.1)
» Configure the JTAG programming circuit by setting RUN/PROG switch (on the left side
of the board) to the RUN position.
* The FPGA can now be programmed by using the Quérirmgrammer module to select a
configuration bit stream file with theoffilename extension

USB Blaster Circuit

USB PROG/RUN JTAG Confia Si |
Quartusll =95, onfig Signals
Programmer _m JTAG UART A )
"RUN" Py JTAG Config Port

Power-on Config

FPGA

EPCS4

Serial

Configuration
Device

Figure 4.1. The JTAG configuration scheme.

Configuringthe EPC3 in ASMode

Figure 4.2 illustrates the AS configuration set Tip.download a configuration bit stream into the
EPCS4 serial EEPROM device, perform the followiteps:
* Ensure that power is applied to the DE1 board
» Connect the supplied USB cable to the USB Blastergn the DE1 board (see Figure 2.1)
» Configure the JTAG programming circuit by setting RUN/PROG switch (on the left side
of the board) to the PROG position.
» The EPCS4 chip can now be programmed by using thet@ I Programmer module to
select a configuration bit stream file with tipef flename extension
* Once the programming operation is finished, setRUN/PROG switch back to the RUN
position and then reset the board by turning thegpaswitch off and back on; this action
causes the new configuration data in the EPCS4édewibe loaded into the FPGA chip.
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USB Blaster Circuit
RUN/PROG AS

Quartus Il _{ USB N

Programmer

AS Mode

EPCS4
Serial

JTAG Config Port

Power-on Config

FPGA

Configuration
Device

Figure 4.2. The AS configuration scheme.

In addition to its use for JTAG and AS programmitigg USB Blaster port on the DE1 board can
also be used to control some of the board's feattemotely from a host computer. Details that
describe this method of using the USB Blaster patgiven in Chapter 3.

4.2 Using the LEDsand Switches

The DE1 board provides four pushbutton switcheshEat these switches is debounced using a
Schmitt Trigger circuit, as indicated in Figure 4T®e four outputs calleHEYQ ..., KEY3of the
Schmitt Trigger device are connected directly @ @yclone [l FPGA. Each switch provides a high
logic level (3.3 volts) when it is not pressed, gmvides a low logic level (0 volts) when
depressed. Since the pushbutton switches are dedduthey are appropriate for use as clock or
reset inputs in a circuit.

l Pushbutton depressed l Pushbutton released

Before

Debouncing

Schmitt Trigger
Debounced

< >
< >

Figure 4.3. Switch debouncing.

There are alsd0 toggle switches (sliders) on the DE1 board. The@é&kes are not debounced,
and are intended for use as level-sensitive dgiatsnto a circuit. Each switch is connected diyectl
to a pin on the Cyclone Il FPGA. When a switchnghe DOWN position (closest to the edge of
the board) it provides a low logic level (0 volts)the FPGA, and when the switch is in the UP
position it provides a high logic level (3.3 volts)
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There are 27 user-controllable LEDs on the DE1 dhoighteen red LEDs are situated above the
18 toggle switches, and eight green LEDs are faalmive the pushbutton switches (tHed¥een
LED is in the middle of the 7-segment displays)clE&ED is driven directly by a pin on the
Cyclone Il FPGA; driving its associated pin to ghhlogic level turns the LED on, and driving the
pin low turns it off. A schematic diagram that sisothie pushbutton and toggle switches is given in
Figure 4.4. A schematic diagram that shows the cEQuitry appears in Figure 4.5.

A list of the pin names on the Cyclone Il FPGA thet connected to the toggle switches is given in
Table 4.1. Similarly, the pins used to connechi pushbutton switches and LEDs are displayed in
Tables 4.2 and 4.3, respectively.

RN21

g:v VCCa3

;
3
5
AN
100K us
GND | 10 enp vee OVCE33 RN22

AB B8
AT B7

4 KEYO
Pl KEY1
g 5 KEVZ
KEY3

0
11
1
14
18
A3 B3 Jj—xz 120
19

T4HC245
TSSOP-20

SW6

5 GND _ 5 GND_
1 veess i Ve
2 _SWs i 2 SWT
3 GND 3 GND
4 GHD A GND

w DPDT SW DPDT SW

Figure 4.4. Schematic diagram of the pushbutt@htaggle switches.
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Figure 4.5.

RN15
LEDD 1 2 ”f)"
- AN
LED1 3 4
1ED2 5 A | LEDROLEDR
LED3 F N I A
330 LEDR} )I;EDR
LEDR;/I;EDR
LEDR3LEDR |
GND
RN16
LED4 1 2 H/)’
[ED5 2 1
LED6 s 6 LEDR4LEDR
LED7V 7 g H/’
330 LEDR%'EDR
LEDR})I;EDR
LEDR7LEDR |
RN17 GND
LEDS 1 5 A
= EANE LE!IRBLEDR
EAAATE
AN el .
330 LEDRILEDR |
GND
H/f
RN18 LEDGOLEDG
LED10 1 2 H/)’
LED11 1 4
E012 & LT LEDG1LEDG
LEDT3 7 2 1 H//
330 LEDG}}EDG
LEDG3LEDG |
GND
”/)'
RN19 LEDG})L'EDG
LED14 1 5
AN
LED15 3 4 [
1ED16 5 5 LEDG5LEDG
LED17 Tl NN | Pl
330 LEDG;)I?EDG
LEDG7LEDG |
GND

Schematic diagram of the LEDs.

SWIO0] PIN_L22 Toggle Switch[0]
SWI1] PIN_L21 Toggle Switch[1]
SWI[2] PIN_M22 Toggle Switch[2]
SWI3] PIN_V12 Toggle Switch[3]
SWI[4] PIN_W12 Toggle Switch[4]
SWI5] PIN_U12 Toggle Switch[5]
SWI6] PIN_U11 Toggle Switch[6]
SWI[7] PIN_M2 Toggle Switch[7]
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SWI8]

PIN_M1

Toggle Switch[8]

SWI9]

PIN_L2

Toggle Switch[9]

Table 4.1. Pin assignments for the toggle switches

KEY[0] PIN_R22 Pushbutton[0]
KEY[1] PIN_R21 Pushbutton[1]
KEY[2] PIN_T22 Pushbutton[2]
KEY[3] PIN_T21 Pushbutton[3]

Table 4.2. Pin assignments for the pushbuttornches.

LEDR[O0] PIN_R20 LED Red[0]
LEDR[1] PIN_R19 LED Red[1]
LEDR[2] PIN_U19 LED Red[2]
LEDR[3] PIN_Y19 LED Red[3]
LEDR[4] PIN_T18 LED Red[4]
LEDR([5] PIN_V19 LED Red[5]
LEDRI[6] PIN_Y18 LED Red[6]
LEDR([7] PIN_U18 LED Red[7]
LEDRI[8] PIN_R18 LED Red[8]
LEDR[9] PIN_R17 LED Red[9]
LEDG[0] PIN_U22 LED Green[0]
LEDG[1] PIN_U21 LED Green[1]
LEDGI2] PIN_V22 LED Green[2]
LEDG[3] PIN_V21 LED Green[3]
LEDG[4] PIN_W22 LED Green[4]
LEDG[5] PIN_W21 LED Green[5]
LEDGI6] PIN_Y22 LED Green[6]
LEDG[7] PIN_Y21 LED Green[7]

Table 4.3. Pin assignments for the LEDs.
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4.3 Using the 7-segment Displays

The DE1 Board has four 7-segment displays. Thesgadis are arranged into a group of four, with
the intent of displaying numbers of various siz&s.indicated in the schematic in Figure 4.6, the
seven segments are connected to pins on the CytldfleRGA. Applying a low logic level to a
segment causes it to light up, and applying a laghe level turns it off.

Each segment in a display is identified by an infitern O to 6, with the positions given in Figure
4.7. Note that the dot in each display is unconnectetl @nnot be used. Table 4.4 shows the
assignments of FPGA pins to the 7-segment displays.

RN7
AD
4 50
s CO
= HEXD HEX1
330 0P . 0P -
L] .
ik # 8Py a1 e Fig
HEXO D4 4 ED ED il
FEXD D5 4 ___Fa 1] sk VCC23 (=5l 2 I 1 VCC33
REXD_D& 5 GO [55) ¢ o 8] . o
HE®1 D0 g Al 5 P L — D
L | T i
330 s F 2 [ L
T & T a
RNG ED 9 F E1 g
1 =E S ™ S = R ™
4 c1 G0 E ol G1 2.
5 s Dl Ll Ll
8 E1 i E . D5 o
330 TSegment Display TSegment Display
RN10
1 F1
4 G1
5 5 A2 HEX2 HEX3
B2 0k g 10 P
T T
= A2 2 F g L3 o Fig
EZ T 5] T
RN11 [+ '™ sluxt] == 2 [ L VCC33
HEX2 D2 4 C [5H] Ll = 3] L
FErz 0F 4 O — P | D .
HEX2 D4 A E2 T T 1
HEX2 D5 E. 4 F o 4 E g
e | & ™ a
330 E2 2 F - E3 F el
= (] = (]
RN12 Z G La G3 1.
HEX2 D8 4 G2 Ll Ll
X3 D¢ A3 CF, 7 o
e ; EE * il * <
FEis D2 7 5 o2 7Segment Display TSegment Display
330
RN13
i o3 o oo 8
4 E = 1
£ A F3 =
G — -
330

Figure 4.6. Schematic diagram of the 7-segmeiplais.

Figure 4.7. Position and index of each segmeatimsegment display.
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HEXO0[0] PIN_J2 Seven Segment Digit 0[0]
HEXO0[1] PIN_J1 Seven Segment Digit 0[1]
HEXO0[2] PIN_H2 Seven Segment Digit 0[2]
HEXO[3] PIN_H1 Seven Segment Digit O[3]
HEXO0[4] PIN_F2 Seven Segment Digit 0[4]
HEXO[5] PIN_F1 Seven Segment Digit O[5]
HEXO0[6] PIN_E2 Seven Segment Digit 0[6]
HEX1[0] PIN_E1 Seven Segment Digit 1[0]
HEX1[1] PIN_H6 Seven Segment Digit 1[1]
HEX1[2] PIN_H5 Seven Segment Digit 1[2]
HEX1[3] PIN_H4 Seven Segment Digit 1[3]
HEX1[4] PIN_G3 Seven Segment Digit 1[4]
HEX1[5] PIN_D2 Seven Segment Digit 1[5]
HEX1[6] PIN_D1 Seven Segment Digit 1[6]
HEX2[0] PIN_G5 Seven Segment Digit 2[0]
HEX2[1] PIN_G6 Seven Segment Digit 2[1]
HEX2[2] PIN_C2 Seven Segment Digit 2[2]
HEX2[3] PIN_C1 Seven Segment Digit 2[3]
HEX2[4] PIN_E3 Seven Segment Digit 2[4]
HEX2[5] PIN_E4 Seven Segment Digit 2[5]
HEX2[6] PIN_D3 Seven Segment Digit 2[6]
HEX3[0] PIN_F4 Seven Segment Digit 3[0]
HEX3[1] PIN_D5 Seven Segment Digit 3[1]
HEX3[2] PIN_D6 Seven Segment Digit 3[2]
HEX3[3] PIN_J4 Seven Segment Digit 3[3]
HEX3[4] PIN_L8 Seven Segment Digit 3[4]
HEX3[5] PIN_F3 Seven Segment Digit 3[5]
HEX3[6] PIN_D4 Seven Segment Digit 3[6]

Table 4.4. Pin assignments for the 7-segmentaiyspl

4.4 Clock Inputs

The DEL1 board include$ree oscillators that produce 27 MHz, 24Mhz, a@dva1z clock signals
The board also includes an SMA connector whichlmamised to connect an external clock source
to the board. The schematic of the clock circuitryshown in Figure 4.8, and the associated pin
assignments appear in Table 4.5.
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Figure 4.8. Schematic diagram of the clock circuit

CLOCK_27 PIN_D12, PIN_E12 27 MHz clock input
CLOCK_50 PIN_L1 50 MHz clock input
CLOCK_24 PIN_A12, PIN_B12 24 MHz clock input from USB Blaster
EXT_CLOCK PIN_M21 External (SMA) clock input

Table 4.5. Pin assignments for the clock inputs.

45 Usingthe Expansion Header

The DE1 Board provides two 40-pin expansion headsash header connects directly to 36 pins on
the Cyclone Il FPGA, and also provides DC +5V (VGa3C +3.3V (VCC33), and two GND pins.
Figure 4.10 shows the related schematics. Eaclopithe expansion headers is connected to a
resistor that provide protection from high and lewitages. The figure shows the protection

circuitry for only four of the pins on each headauf this circuitry is included for all 72 data pin
Table 4.7 gives the pin assignments.
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Figure 4.10. Schematic diagram of the expansiawléies.

GPIO_0[0]

PIN_A13

GPIO Connection 0[0]
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GPIO_0[1] PIN_B13 GPIO Connection 0[1]
GPIO_0[2] PIN_A14 GPIO Connection 0[2]
GPIO_0[3] PIN_B14 GPIO Connection 0[3]
GPIO_0[4] PIN_A15 GPIO Connection 0[4]
GPIO_0[5] PIN_B15 GPIO Connection 0[5]
GPIO_0[6] PIN_A16 GPIO Connection 0[6]
GPIO_0[7] PIN_B16 GPIO Connection 0[7]
GPIO_0[8] PIN_A17 GPIO Connection 0[8]
GPIO_0[9] PIN_B17 GPIO Connection 0[9]
GPIO_0[10] PIN_A18 GPIO Connection 0[10]
GPIO_0[11] PIN_B18 GPIO Connection 0[11]
GPIO_0[12] PIN_A19 GPIO Connection 0[12]
GPIO_0[13] PIN_B19 GPIO Connection 0[13]
GPIO_0[14] PIN_A20 GPIO Connection 0[14]
GPIO_0[15] PIN_B20 GPIO Connection 0[15]
GPIO_0[16] PIN_C21 GPIO Connection 0[16]
GPIO_0[17] PIN_C22 GPIO Connection 0[17]
GPIO_0[18] PIN_D21 GPIO Connection 0[18]
GPIO_0[19] PIN_D22 GPIO Connection 0[19]
GPIO_0[20] PIN_E21 GPIO Connection 0[20]
GPIO_0[21] PIN_E22 GPIO Connection 0[21]
GPIO_0[22] PIN_F21 GPIO Connection 0[22]
GPIO_0[23] PIN_F22 GPIO Connection 0[23]
GPIO_0[24] PIN_G21 GPIO Connection 0[24]
GPIO_0[25] PIN_G22 GPIO Connection 0[25]
GPIO_0[26] PIN_J21 GPIO Connection 0[26]
GPIO_0[27] PIN_J22 GPIO Connection 0[27]
GPIO_0[28] PIN_K21 GPIO Connection 0[28]
GPIO_0[29] PIN_K22 GPIO Connection 0[29]
GPIO_0[30] PIN_J19 GPIO Connection 0[30]
GPIO_0[31] PIN_J20 GPIO Connection 0[31]
GPIO_0[32] PIN_J18 GPIO Connection 0[32]
GPIO_0[33] PIN_K20 GPIO Connection 0[33]
GPIO_0[34] PIN_L19 GPIO Connection 0[34]
GPIO_0[35] PIN_L18 GPIO Connection 0[35]
GPIO_1[0] PIN_H12 GPIO Connection 1[0]
GPIO_1[1] PIN_H13 GPIO Connection 1[1]
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GPIO_1[2] PIN_H14 GPIO Connection 1[2]
GPIO_1[3] PIN_G15 GPIO Connection 1[3]
GPIO_1[4] PIN_E14 GPIO Connection 1[4]
GPIO_1[5] PIN_E15 GPIO Connection 1[5]
GPIO_1[6] PIN_F15 GPIO Connection 1[6]
GPIO_1[7] PIN_G16 GPIO Connection 1[7]
GPIO_1[8] PIN_F12 GPIO Connection 1[8]
GPIO_1[9] PIN_F13 GPIO Connection 1[9]
GPIO_1[10] PIN_C14 GPIO Connection 1[10]
GPIO_1[11] PIN_D14 GPIO Connection 1[11]
GPIO_1[12] PIN_D15 GPIO Connection 1[12]
GPIO_1[13] PIN_D16 GPIO Connection 1[13]
GPIO_1[14] PIN_C17 GPIO Connection 1[14]
GPIO_1[15] PIN_C18 GPIO Connection 1[15]
GPIO_1[16] PIN_C19 GPIO Connection 1[16]
GPIO_1[17] PIN_C20 GPIO Connection 1[17]
GPIO_1[18] PIN_D19 GPIO Connection 1[18]
GPIO_1[19] PIN_D20 GPIO Connection 1[19]
GPIO_1[20] PIN_E20 GPIO Connection 1[20]
GPIO_1[21] PIN_F20 GPIO Connection 1[21]
GPIO_1[22] PIN_E19 GPIO Connection 1[22]
GPIO_1[23] PIN_E18 GPIO Connection 1[23]
GPIO_1[24] PIN_G20 GPIO Connection 1[24]
GPIO_1[25] PIN_G18 GPIO Connection 1[25]
GPIO_1[26] PIN_G17 GPIO Connection 1[26]
GPIO_1[27] PIN_H17 GPIO Connection 1[27]
GPIO_1[28] PIN_J15 GPIO Connection 1[28]
GPIO_1[29] PIN_H18 GPIO Connection 1[29]
GPIO_1[30] PIN_N22 GPIO Connection 1[30]
GPIO_1[31] PIN_N21 GPIO Connection 1[31]
GPIO_1[32] PIN_P15 GPIO Connection 1[32]
GPIO_1[33] PIN_N15 GPIO Connection 1[33]
GPIO_1[34] PIN_P17 GPIO Connection 1[34]
GPIO_1[35] PIN_P18 GPIO Connection 1[35]

Table 4.7. Pin assignments for the expansion lisade
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46 UsingVGA

The DEL1 board includes a 16-pin D-SUB connectorM@A output. The VGA synchronization
signals are provided directly from the Cyclone RGA, and a 4-bit DAC using resistor network is
used to produce the analog data signals (red, gamehblue). The associated schematic is given in
Figure 4.11 and can support standard VGA resol(6d0x480 pixels, at 25 MHz).
I_Lmiﬂ s
| g

DE15-RA-F2 PHl Ay
2 VEA R2
REENGE

no:x-h)ku

100000
*0C000
Q0000

R13 120
H oA WGA HEYNC
N WEA MIVING

Figure 4.11. VGA circuit schematic.

The timing specification for VGA synchronizationdaRGB (red, green, blue) data can be found on
various educational web sites (for example, semciVGA signal timing”). Figure 4.12 illustrates
the basic timing requirements for each row (horiahnthat is displayed on a VGA monitor. An
active-low pulse of specific duration (tima in the figure) is applied to the horizontal
synchronization{syn¢ input of the monitor, which signifies the end arfe row of data and the
start of the next. The data (RGB) inputs on the itbomust be off (driven to 0 V) for a time period
called theback porch(b) after thehsyncpulse occurs, which is followed by the displayemal ).

34



N.'TE%A DE1 User Manual

During the data display interval the RGB data dsiveach pixel in turn across the row being
displayed. Finally, there is a time period callee front porch (d) where the RGB signals must
again be off before the nelx§yncpulse can occur. The timing of the vertical syocization ¢syng

is the same as shown in Figure 4.12, except thayacpulse signifies the end of one frame and the
start of the next, and the data refers to the fseives in the frame (horizontal timing). Figured3.
and 4.14 show, for different resolutions, the doret of time periods, b, ¢, andd for both
horizontal and vertical timing.

The pin assignments between the Cyclone || FPGAthad/GA connector are listed in Table 4.8.
An example of code that drives a VGA display isadé®d in Sections 5.2 and 5.3.

Back porch b Front porch d
i—| Display interval ¢ }—

DATA 1

HSYNC I:—I Sync ; I_J

Figure 4.12. VGA horizontal timing specification.

Configuration Resolution(HxV) | a(us) b(us) | c(us) | d(us) Pixel clock(Mhz)

VGA(60Hz) 640x480 3.8 19 | 254 | 06 25  (640/c)

Figure 4.13. VGA horizontal timing specification.

Configuration Resolution (HxV) a(lines) b(lines) c(lines) d(lines)

VGA(60Hz) 640x480 2 33 480 10

Figure 4.14. VGA vertical timing specification.

VGA_R[0] PIN_D9 VGA Red[0]
VGA_R[1] PIN_C9 VGA Red[1]
VGA_R[2] PIN_A7 VGA Red[2]
VGA_R[3] PIN_B7 VGA Red[3]
VGA_G[0] PIN_BS VGA Green[0]
VGA_G[1] PIN_C10 VGA Green[1]
VGA_G[2] PIN_B9 VGA Green[2]
VGA_G[3] PIN_AS VGA Green[3]
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VGA_B[0] PIN_A9 VGA Blug[0]
VGA_B[1] PIN_D11 VGA Blue[1]
VGA_B[2] PIN_A10 VGA Blue[2]
VGA_B[3] PIN_B10 VGA Blue[3]
VGA_HS PIN_A11 VGA H_SYNC
VGA_VS PIN_B11 VGA V_SYNC

Table 4.8. ADV7123 pin assignments.

4.7 Using the 24-bit Audio CODEC

The DE1 board provides high-quality 24-bit audi@ \the Wolfson WM8731 audio CODEC
(enCOder/DECoder). This chip supports microphondtie-in, and line-out ports, with a sample
rate adjustable from 8 kHz to 96 kHz. The WM873Xkamtrolled by a serial 12C bus interface,
which is connected to pins on the Cyclone Il FP@Achematic diagram of the audio circuitry is
shown in Figure 4.15, and the FPGA pin assignmargdisted in Table 4.9. Detailed information
for using the WM8731 codec is available in its daget, which can be found on the manufacturer's

web site, and from thBatasheefolder on theDE1 System CD-ROM.
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Figure 4.15. Audio CODEC schematic.
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AUD_ADCLRCK PIN_A6 Audio CODEC ADC LR Clock
AUD_ADCDAT PIN_B6 Audio CODEC ADC Data
AUD_DACLRCK PIN_A5 Audio CODEC DAC LR Clock
AUD_DACDAT PIN_B5 Audio CODEC DAC Data
AUD_XCK PIN_B4 Audio CODEC Chip Clock
AUD_BCLK PIN_A4 Audio CODEC Bit-Stream Clock
12C_SCLK PIN_A3 I2C Data
12C_SDAT PIN_B3 12C Clock

Table 4.9. Audio CODEC pin assignments.

4.8 RS-232 Serial Port

The DE1 board uses the MAX232 transceiver chip an@pin D-SUB connector for RS-232
communications. For detailed information on howute the transceiver refer to the datasheet,

which is available on the manufacturer's web sied from theDatasheetfolder on theDE1
System CD-ROM. Figure 4.16 shows the related schematics, ante kO lists the Cyclone Il

FPGA pin assignments.

UART_RXD

<} | .
: 1 RXD
ro AT A, 1
5 B
RXD LEDR | % laomoncl &
a RNZO 320 U4 J.ﬁ-n.,,,
veeas o———Ppf— 13 ran riouT L *~407)
XD LEDG 2 rain rzouT % o
T T10UT
UART TXO T2IN T20UT —Ir—o
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41 cos voe 8 —aovceas 21— o
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U A
v 1 RE232 GND
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U U
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Figure 4.16. MAX232 (RS-232) chip schematic.

UART_RXD

PIN_F14

UART Receiver

UART_TXD

PIN_G12

UART Transmitter

Table 4.10. RS-232 pin assignments.
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49 PS/2 Serial Port

The DE1 board includes a standard PS/2 interfadeaatonnector for a PS/2 keyboard or mouse.
Figure 4.17 shows the schematic of the PS/2 cirdodtructions for using a PS/2 mouse or
keyboard can be found by performing an appropsatach on various educational web sites. The
pin assignments for the associated interface arersin Table 4.11.

VCC5
ks

R385
2K

VCCs

RI7
2K

FS2_DAT
8 o2 CIK

R3 120
R

D1
BATS4S, |

02
BATH4S, |

1111

GND VCC33 GND  vCCa3

PS2_CLK

J7

1 nen B
DAT
5 31 vee e O
GND 4 GND
"_aL NC1 o) O

—ow 7SR
—OGND 8 lshEDn 10 02

GND g

SHIELD2
P52

Figure 4.17. PS/2 schemaitic.

PIN_H15

PS/2 Clock

PS2_DAT

PIN_J14

PS/2 Data

Table 4.11. PS/2 pin assignments.

4.10 Using SDRAM/SRAM/Flash

The DE1 board provides an 8-Mbyte SDRAM, 512-Kb$iRAM, and 4-Mbyte (1-Mbyte on some
boards) Flash memory. Figures 4.23, 4.24, and ¢h®W the schematics of the memory chips. The
pin assignments for each device are listed in Fablé6, 4.17, and 4.18. The datasheets for the
memory chips are provided in tbatasheetolder on theDE1 System CD-ROM.
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DRAM_A3 26 | 3 o [29 DRAM_A4
R VCC33 oy VDD vss 28 GND
SDRAM 1Mx16x4
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Figure 4.23. SDRAM schematic.
u7
SRAM_AD 1 a4 SRAM_A1T
SRAM_A1 5 i? i}g 43 SRAM_ATE
SRAM_AZ N nis [42 SRAM_ATS
SRAM_AZ Pl oF |4t SRAM_OE
SRAM_A4 5 1 “UB A0 SRAM_UB
SRAM_CE N ’:“_B g SRAM_LB
SRAM DO 7|00 D |28 SRAM D15
SRAM_D1 2 | o b1 2 SRAM_D14
SRAM 07 a | oy D13 28 SRAM D13
SRAM_D3 10| o3 Do |28 SRAM D12
R_VCC33 11| veen anD1 34 GHND
GND R VCC33
= 121 GNDo Voo a3
SRAM_D4 13| 5y i1 22 SRAM_D11
SRA I-J‘I_D:: 14 | os 010 31 SRAM_D10
SRAM D6 15 | pe 2o 20 SRAM D9
SRAM D7 16 | o7 na | 22 SRAM_DS
SRAM_WE 17 |27 28
SRAM AG 18 EE A"ﬁ 57 SRAM_A14
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SRAM_AT 20 | as wis [28 SRAM_A12
SRAM_AS 21| g 3 [24 SRAM_AT1
SRAM_AD 22 | 'na o 2 SRAM_A10
IS61LV25616
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Figure 4.24. SRAM schematic.
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Figure 4.25. Flash schematic.

DRAM_ADDRI0] PIN_W4 SDRAM Address[0]
DRAM_ADDR][1] PIN_W5 SDRAM Address[1]
DRAM_ADDRI[2] PIN_Y3 SDRAM Address[2]
DRAM_ADDRI[3] PIN_Y4 SDRAM Address[3]
DRAM_ADDRI[4] PIN_R6 SDRAM Address[4]
DRAM_ADDRI5] PIN_R5 SDRAM Address[5]
DRAM_ADDRI6] PIN_P6 SDRAM Address[6]
DRAM_ADDR([7] PIN_P5 SDRAM Address[7]
DRAM_ADDRI8] PIN_P3 SDRAM Address[8]
DRAM_ADDRI9] PIN_N4 SDRAM Address[9]
DRAM_ADDRI[10] PIN_W3 SDRAM Address[10]
DRAM_ADDR([11] PIN_N6 SDRAM Address[11]
DRAM_DQI0] PIN_U1 SDRAM Data[0]
DRAM_DQ[1] PIN_U2 SDRAM Data[1]
DRAM_DQJ[2] PIN_V1 SDRAM Data[2]
DRAM_DQI[3] PIN_V2 SDRAM Data[3]
DRAM_DQ[4] PIN_W1 SDRAM Data[4]
DRAM_DQI[5] PIN_W2 SDRAM Data[s]
DRAM_DQI6] PIN_Y1 SDRAM Data[6]
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DRAM_DQJ[7] PIN_Y2 SDRAM Data[7]
DRAM_DQI8] PIN_N1 SDRAM Data[8]
DRAM_DQI[9] PIN_N2 SDRAM Data[9]
DRAM_DQ[10] PIN_P1 SDRAM Data[10]
DRAM_DQ[11] PIN_P2 SDRAM Data[11]
DRAM_DQJ[12] PIN_R1 SDRAM Data[12]
DRAM_DQI[13] PIN_R2 SDRAM Data[13]
DRAM_DQJ[14] PIN_T1 SDRAM Data[14]
DRAM_DQI15] PIN_T2 SDRAM Data[15]
DRAM_BA 0 PIN_U3 SDRAM Bank Address[0]
DRAM_BA 1 PIN_V4 SDRAM Bank Address[1]
DRAM_LDQM PIN_R7 SDRAM Low-byte Data Mask
DRAM_UDQM PIN_M5 SDRAM High-byte Data Mask
DRAM_RAS_N PIN_T5 SDRAM Row Address Strobe
DRAM_CAS_N PIN_T3 SDRAM Column Address Strobe
DRAM_CKE PIN_N3 SDRAM Clock Enable
DRAM_CLK PIN_U4 SDRAM Clock
DRAM_WE_N PIN_RS8 SDRAM Write Enable
DRAM_CS_N PIN_T6 SDRAM Chip Select

Table 4.16. SDRAM pin assignments.

SRAM_ADDRI[0] PIN_AA3 SRAM Address[0]
SRAM_ADDR([1] PIN_AB3 SRAM Address[1]
SRAM_ADDR([2] PIN_AA4 SRAM Address[2]
SRAM_ADDR([3] PIN_AB4 SRAM Address[3]
SRAM_ADDRI[4] PIN_AA5 SRAM Address[4]
SRAM_ADDR(5] PIN_AB10 SRAM Address[5]
SRAM_ADDRI6] PIN_AA11 SRAM Address[6]
SRAM_ADDR([7] PIN_AB11 SRAM Address[7]
SRAM_ADDR(8] PIN_V11 SRAM Address[8]
SRAM_ADDRI[9] PIN_W11 SRAM Address[9]
SRAM_ADDRI[10] PIN_R11 SRAM Address[10]
SRAM_ADDR([11] PIN_T11 SRAM Address[11]
SRAM_ADDR([12] PIN_Y10 SRAM Address[12]
SRAM_ADDR([13] PIN_U10 SRAM Address[13]
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SRAM_ADDR[14] PIN_R10 SRAM Address[14]
SRAM_ADDR[15] PIN_T7 SRAM Address[15]
SRAM_ADDR[16] PIN_Y6 SRAM Address[16]
SRAM_ADDRJ[17] PIN_Y5 SRAM Address[17]
SRAM_DQI0] PIN_AAG SRAM Data[0]
SRAM_DQI1] PIN_AB6 SRAM Data[1]
SRAM_DQJ[2] PIN_AA7 SRAM Data[2]
SRAM_DQJ[3] PIN_AB7 SRAM Data[3]
SRAM_DQI[4] PIN_AA8 SRAM Data[4]
SRAM_DQI[5] PIN_AB8 SRAM Data[5]
SRAM_DQI6] PIN_AA9 SRAM Data[6]
SRAM_DQI7] PIN_AB9 SRAM Data[7]
SRAM_DQI8] PIN_Y9 SRAM Data[8]
SRAM_DQI9] PIN_W9 SRAM Data[9]
SRAM_DQJ[10] PIN_V9 SRAM Data[10]
SRAM_DQJ11] PIN_U9 SRAM Data[11]
SRAM_DQJ12] PIN_R9 SRAM Data[12]
SRAM_DQI13] PIN_W8 SRAM Data[13]
SRAM_DQJ14] PIN_V8 SRAM Data[14]
SRAM_DQI15] PIN_U8 SRAM Data[15]
SRAM_WE_N PIN_AA1O SRAM Write Enable
SRAM_OE_N PIN_T8 SRAM Output Enable
SRAM_UB_N PIN_W7 SRAM High-byte Data Mask
SRAM_LB_N PIN_Y7 SRAM Low-byte Data Mask
SRAM_CE_N PIN_AB5 SRAM Chip Enable

Table 4.17. SRAM pin assignments.

FL_ADDRI0] PIN_AB20 FLASH Address|0]
FL_ADDR[1] PIN_AA14 FLASH Address[1]
FL_ADDR[2] PIN_Y16 FLASH Address|[2]
FL_ADDR[3] PIN_R15 FLASH Address|[3]
FL_ADDR[4] PIN_T15 FLASH Address([4]
FL_ADDR[5] PIN_U15 FLASH Address|5]
FL_ADDR[6] PIN_V15 FLASH Address|6]
FL_ADDR(7] PIN_W15 FLASH Address|[7]
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FL_ADDR[8] PIN_R14 FLASH Address|8]
FL_ADDR[9] PIN_Y13 FLASH Address|[9]
FL_ADDR[10] PIN_R12 FLASH Address[10]
FL_ADDR[11] PIN_T12 FLASH Address[11]
FL_ADDR[12] PIN_AB14 FLASH Address[12]
FL_ADDR[13] PIN_AA13 FLASH Address[13]
FL_ADDR[14] PIN_AB13 FLASH Address[14]
FL_ADDR[15] PIN_AA12 FLASH Address[15]
FL_ADDR[16] PIN_AB12 FLASH Address[16]
FL_ADDR[17] PIN_AA20 FLASH Address[17]
FL_ADDR[18] PIN_U14 FLASH Address[18]
FL_ADDR[19] PIN_V14 FLASH Address[19]
FL_ADDR[20] PIN_U13 FLASH Address[20]
FL_ADDR[21] PIN_R13 FLASH Address[21]
FL_DQ[0] PIN_AB16 FLASH Data0]
FL_DQ[1] PIN_AA16 FLASH Data[1]
FL_DQ[2] PIN_AB17 FLASH Data[2]
FL_DQ[3] PIN_AA17 FLASH Data[3]
FL_DQ[4] PIN_AB18 FLASH Data[4]
FL_DQ[5] PIN_AA18 FLASH Data[5]
FL_DQ[6] PIN_AB19 FLASH Data[6]
FL_DQ[7] PIN_AA19 FLASH Data[7]
FL_OE_N PIN_AA15 FLASH Output Enable

FL_RST_N PIN_W14 FLASH Reset
FL_WE_N PIN_Y14 FLASH Write Enable

Table 4.18. Flash pin assignments.
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Chapter 5
Examples of Advanced Demonstrations

This chapter provides a number of examples of azk@mircuits implemented on the DE1 board.
These circuits provide demonstrations of the mé&atures on the board, such as its audio and
video capabilities. For each demonstration the @lll FPGA (or EPCS4 serial EEPROM)
configuration file is provided, as well as the fslburce code in Verilog HDL code. All of the
associated files can be found in bDE1_demonstrationfolder from theDE1 System CD-ROM.

For each of demonstrations described in the folowsections, we give the name of the project
directory for its files, which are subdirectoridgive DE1_demonstrationfolder.

Installing the Demonstrations

To install the demonstrations on your computerfquer the following

1. Copy the directoryDE1_demonstrationsnto a local directory of your choice. It is
important to ensure that the path to your locaaory contains no spaces — otherwise, the
Nios Il software will not work.

2. Inthe directoryDE1_demonstrationgyo to the subdirectofixpaths

3. Run theDE1_fixpaths.babatch file. In the dialog box that pops up, selbet directory
DE1_demonstrations your local directory where you copied the fites Click OK.

4. Whenfixpathsis finished, press any key to complete the process

5.1 DEI1 Factory Configuration

The DEL1 board is shipped from the factory with &dk configuration that demonstrates some of
the basic features of the board. The setup reqdimethis demonstration, and the locations of its
files are shown below.

Demonstration Setup, File Locations, and I nstructions

* Project directory: DE1_Default
» Bit stream usedDE1_Default.sobr DE1_Default.pof
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 Power on the DE1 board, with the USB cable conmettethe USB Blaster port. If
necessary (that is, if the default factory confagion of the DE1 board is not currently
stored in EPCS4 device), download the bit streamhédooard 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 flashing
» Optionally connect a VGA display to the VGA D-SUBrmector. When connected, the
VGA display should show a pattern of colors.
» Optionally connect a powered speaker to the stawea-out jack
* Place toggle switch SW9 in the UP position to heat kHz humming sound from the
audio-out port. Alternatively, if switch SW9 is DAV the microphone-in port can be
connected to a microphone to hear voice soundbedme-in port can be used to play audio
from an appropriate sound source.
The Verilog source code for this demonstrationrsvigled in theDE1_Defaultfolder, which also
includes the necessary files for the correspon@ugrtus Il project. The top-level Verilog file,
called DE1_Default.y can be used as a template for other projectgusecit defines ports that
correspond to all of the user-accessible pins erCyclone 1l FPGA.

5.2 Music Synthesizer Demonstration

This demonstration shows how to implement a Multie Electronic Keyboard using DE1 board
with a PS/2 Keyboard and a speaker. Figure 5.1 shiogsetup of the demonstration.

PS/2 Keyboard is used as the piano keyboard fartinfhe Cyclone Il FPGA on the DE1 board
serves as the Music Synthesizer SOC to generati md tones. The VGA connected to the DE1
board is used to show which key is pressed duhagtaying of the music.

Figure 5.2 shows the block diagram of the desigthefMusic Synthesizer. There are four major
blocks in the circuit: DEMO_SOUND, PS2_KEYBOARD, &iF, and TONE_GENERATOR. The
DEMO_SOUND block stores a demo sound for user &y;dS2_KEYBOARD handles the users’
input from PS/2 keyboard; The STAFF block draws ¢dberesponding keyboard diagram on VGA
monitor when key(s) are pressed. The TONE_GENERAISRe core of music synthesizer SOC.

User can switch the music source either from PS2/B®AD or the DEMO_SOUND block using
SWO. To repeat the demo sound, users can press KEY1

The TONE_GENERATOR has two tones: (1) String. (2ad3, which can be controlled by SWO.
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The audio codec used on the DE1 board has two elgmwhich can be turned ON/OFF using SW1
and SW2.

Speaker

Line Out

VGA Out

CDEFGABCDEFGABCDEFGAB

VGA(LcD/CRT) Monitor

| Music Synthesizer |—— Algorithms for Audio Processing

Figure 5.1. The Setup of the Music Synthesizer &estration.

CYCLONE Il 2C20
VGAHS
DEMO1 CODE :izfom
KEYT1 DEMO >
[1] ND VGA
*| SOUND | pepo2 cope VGAR[3] DAC
VGA G[3] -
VGAB[3] .
SOUND1_CODE i
MUX STAFF
SOUND2_CODE
SOUND1
KEY1_CODE _ SOUND2
PSZKB Ps2 TONE_ AUDIO
» KEYBOARD| ey, cope SOUND! OFF | GENERATOR > CODEC
SOUND2_OFF
A A ¥
SW(9] SWI0]
SW[2:1]

Figure 5.2. Block diagram of the Music Synthesidesign
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Demonstration Setup, File Locations, and I nstructions

Project directoryDE1_Synthesizer

Bit stream usedDE1_Synthesizer.sof DE1_Synthesizer.pof

Connect a PS/2 Keyboard to the DE1 board.

Connect the VGA output of the DE1 board to a VGAnmar (both LCD and CRT type of
monitors should work)

Connect the Lineout of the DE1 board to a speaker.

Load the bit stream into FPGA.

Make sure all the switches (SW[9:0]) are set t&Ov{n Position)

Press KEY1 on the DE1 board to start the music demo

Press KEYO on the DE1 board to reset the circuit

Figure 5.3 illustrates the usage of the switchashputtons (KEYs), PS/2 Keyboard.

Switches and Pushbuttons

KEY[O] Reset Circuit

KEY[1] Repeat the Demo Music

SWIO] OFF: BRASS, ON: STRING

SWI9] OFF: DEMO, ON: PS2 KEYBOARD
SWI1] Channel-1 ON / OFF

SW[2] Channel-2 ON / OFF

PS/2 Keyboard

Q -#4
A 5
w #5
s -6
E #6
D 7
F 1
T #1
G 2
Y #2
H 3
J 4
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K 5
O #5
L 6
P #6

+1

Figure 5.3. Usage of the Key

5.3 A Karaoke Machine

This demonstration uses the microphone-in, lineaimg line-out ports on the DE1 board to create a
Karaoke Machine application. The Wolfson WM8731 iau@ODEC is configured in the master
mode, where the audio CODEC generates AD/DA sbiiadlock (BCK) and the left/right channel
clock (LRCK) automatically. As indicated in Figuse7, the 12C interface is used to configure the
Audio CODEC. The sample rate and gain of the CORIECset in this manner, and the data input
from the line-in port is then mixed with the michagne-in port and the result is sent to the line-out
port.

For this demonstration the sample rate is set tkHiB Pressing the pushbutt&iY Oreconfigures
the gain of the audio CODEC via the 12C bus, cylihrough one of the ten predefined gains
(volume levels) provided by the device.

12C Audio | . Line-out
Configuration
Audio Fifasi
Push Button coDec [f i
Bypass " i
ADC to DAC m

Figure 5.7. Block diagram of the Karaoke Machieendnstration.
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Demonstration Setup, File Locations, and I nstructions

Project directoryDE1 _i2sound

Bit stream useddE1_i2sound.sofr DE1_i2sound.pof

Connect a microphone to the microphone-in portl(jgimior) on the DE1 board

Connect the audio output of a music-player, suctaradviP3 player or computer, to the
line-in port (blue color) on the DE1 board

Connect a headset/speaker to the line-out poréfigeelor) on the DE1 board

Load the bit stream into the FPGA

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

PresKEYOto adjust the volume; it cycles between volumele® to 9

Figure 5.8 illustrates the setup for this demotisina

> MP3/Any Audio Output
."\‘-

with Music File (WAV)

Clock/Data Frequency Generator

Figure 5.8. The setup for the Karaoke Machine.
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54 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 is produced. The DE1 bgaovides the hardware and software needed for
SD card access and professional audio performaocthat it is possible to design advanced
multimedia products using the DE1 board.

In this demonstration we show how to implement @&nCard Music Player on the DE1 board, in
which the music files are stored in an SD card #rel board can play the music files via its
CD-quality audio DAC circuits. We use the Nios fbpessor to read the music data stored in the
SD Card and use the Wolfson WM8731 audio CODEQay {he music.

The audio CODEC is configured in the slave modeger&hexternal circuitry must provide the
ADC/DAC serial bit clock BCK) and left/right channel clock.RCK) to the audio CODEC. As
shown in Figure 5.11, we provide Andio DAC Controllerto achieve the clock generation and the
data flow control. Théudio DAC Controllers integrated into the Avalon bus architecturethsd
the Nios Il processor can control the application.

During operation the Nios Il processor will chetkhe FIFO memory of thAudio DAC Controller
becomes full. If the FIFO is not full, the processadll read a 512-byte sector and send the data to
the FIFO of theAudio DAC Controllervia the Avalon bus. ThAudio DAC Controlleruses a 48
kHz sample rate to send the data and clock sidadlse audio CODEC. The design also mixes the
data from microphone-in with line-in for the Karaogtyle effects.

2C Audio | 1 friatons
Configuration | | :
Nios Il | Audio DAC . Audio i Cirecin
CPU | | Controller | CODEC |
Bypass e - |
ADC to DAC | i

Figure 5.11. Block diagram of the SD music plajemonstration.
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Demonstration Setup, File Locations, and I nstructions

Project directoryDE1_SD_Card_Audio

Bit stream useddE1_SD_Card_Audio.sgbr .poi

Nios Il WorkspaceDE1_SD_Card_Audio

Format your SD card intBAT16format

To play a music file with this demonstration, tile must use the 48 KHz sample rate WAV
format. Copy one or more such WAV files onto theTEB-formatted SD Card. Due to a

limitation in the software used for this demonstmat it is necessary to reformat the whole
SD Card if any WAV file that has been copied orite tard needs to be later removed from
the SD Card

Load the bit stream into the FPGA

Run the Nios Il IDE under the workspao&l SD_ Card_Audio

Connect a headset or speaker to the DE1 board @andhould be able to hear the music
played from the SD Card

Figure 5.12 illustrates the setup for this dematigin.

Speaker

<= SD Card
& with Music File (WAV)

Audio DAC Controller | | NIOSII SD Driver

Figure 5.12. The setup for the SD music playeratestration.
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