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Tutorial 1
Introduction to EDK 10.1 and the Digilent V2Pro Board

-Introduction

This lab will be an introduction to design techniques for EBigthe DigilentV2Pro
board.It will explain the basics of building a project with the wizard and thgranding
the project tanclude a hello world option. It will be necessary to have amolllem
cable to ommunicate between the Hyper Terminal on the PC and2ZReo FPGA

platform.
The project is completeusing EDK 10.1, Windows Vista and th@Pro bard.

-Objective
The objective is to understand the basics of the EDK software. This will be accomplished

through the implementation of a UART in an FPGA. The circuit will be designed in such
a way that the phrase fhelrfTemminakor | do wi | |

-Application
This document isised by students, who are learning FPGA dessyng EDK.

-RS-232 Serial Interface

1. Characteristics

1 Uses a 9 pirconnector DB9 (older PCs use 25 pinB-25 connector&nd newer
laptops do not have serial port anymore, so a USB to serial converter is required

1 Allows bidirectional fultduplex communication (the PC can send and receive
data at the same time).

1 Can communicate at a maximum speed of roughly 10KBytes/s.

2. DB-9 Connector

DB-9 connector (male) appears as shown in Figure 1.
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F|gure 1 DB- 9 Connector

be



The pin numbering on the connector is as follows:

Figure 3: Pin Numbering (female connector)

Pin Description oRS-232male connector:

Pin
No.
1

2
3
4

(62}

Name

DCD
RD
TD
DTR

GND
DSR
RTS

CTS
RI

Dir

IN
IN
ouT
ouT

Notes/Description

Data Carrier Detect. Raised by DCE when modem synchroni:
Receive Data (R, Rx). Arriving data from DCE.
Transmit Data (D, Tx). Sending data from DTE.

Data Terminal Ready. Raised by DTE when powered on. In a
answer mode raised only when RI arrives from DCE.

Ground
Data Set Ready. Raised by DCE to indicate ready.

Request To Send. Raised by DTE when it wishes to send. Ex
CTS from DCE.

Clear To Send. Raised by DCE in response to RTS from DTE

Ring Indicator. Set when incoming ring detecteed for aute
answer application. DTE rais&ilR to answer.

Table 1: Pin Description (male connector)



Thethree important ones among @®@insare
T pin 2: RD (receive data).
1 pin 3: TD (transmit data).
T pin 5: GND (ground).

Using just 3 wires, onean send and receive data.

3. Serial Communication
Data is sent one bit at a time. One wire is used for each direction. Since computers
usually need at least several bits of data, the data is serialized before being sent. Data is

commonly sent by chunkd 8 bits. The LSB (data bit 0) issEfirst, the MSB (bit 7)s
sentlast.

4. Asynchronous Communication
This interface uses an asynchronous protocol which means that nsigioakis
transmitted alongwith data. The receiver has to have a way to tisadfito the incoming
data bits.
In the case of R&32, it is done in the following way:

1. Both side of the cable agree in advance on the communication parameters

(parameters shown in Figure 4). It is done manually before communication starts
(which will be explained later).

Bits per second: | 5600 w

Data bits:

£

Farty: | None w
Stop bits: | 1 L
Flow control: | Mone w

Figure 4: Serial Communication Parameters

The transmittesends a "1" whethe line is idle.

The transmitter sends a "start" (a "0") before eachibytansmittedso that the

receiver can understamigiat data is coming.

4. After the "start", data comes with the agreed speed and format, so the receiver
can interpret it.

5. The transmitter sends a "stop" (a "1") after each data byte.
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For examplea Ox55bytewhen transmittedppears in the following way

i
lime i idle sta’;t \'\ . f'rr stop lime i idle again
bit hit O hit 7 bit

Figure 5: 0x55 Byte Transmission

Byte 0x55 is 01010101 in binary.
But since it is transmitted LSB (bW first, the line toggles like that-@-1-0-1-0-1-0.

Another example:

I | I

L PP h o .

lime iz idle ztart 3 . ztop lime iz idle again
it hit 0 hit 7 bit

Figure 6: 0xC4 Byte Transmission

Here the data is OxCxhich is difficult to interpretlt an illustration to shovimow
important it is for the receiver to know at which speed the data is sent

5. Operation Speed

The speed is specified in baud, i.e. how manyfetssecondsan be sent. For example,
1000 bauds would mean 1000 hisrseconds, or that each bit lasts one millisecond.
Common implementations of the R32 interfacglike the one used in PCs) do not
allow just any speetb be used. One h&s settle to some "stalard” speed.

Common values are:

1200 bauds.
9600 bauds.
38400 bauds.
115200 bauds.

= =4 =4 =4

At 115200 bauds, each leists (1/115200) = 8.7us. If ot@nsmis 8bit data, itlastsfor
8 x 8.7us = 69us. But each byte requiregatma start and stop bit, so oaetually need
10 x 8.7us = 87ps. That translates to a maximum speed oKBYtes per second.

At 115200 bauds, some PCs with faudtyips require a "lorgy” stop bit (1.5 or 2 bits
long) which make the maximum speed drop to around 10.5KByt&ssecond

6. Physical Layer
The signals on the wires use a positive/negative voltage scheme.

T "1"is sent usingl0V (or between5V and-15V).
T "0"is sent using +10V (or between 5V and 15V).

So an idle line carries something [iKEOV.



-Initial Setup

Figure 7: USB-to_Serial Converter

1. Connect the serial port available on the FPGA board to the USB port available on the
laptop/PC using a USB>-Serial converter as shown.
Note: Download thdJSB-to-Serial converter driver from the maracturers website

Figure 8: USB Connection



Connect theXUP V2Pro Development Systeta alaptgp/PC as showrBwitch on the
board

. Broadcom -
. Brother

. Creative Srikanth
, Dell
. Dell QuickSet Documents
. Dell Support Center
. Dell Webcam Pictures
. Dell Wireless ;
J Extras and Upgrades e

. Fingerprint Reader Suite 1
Games

. Games

. Google Chrome

. Google Talk

. HyperTerminal Private Editicn

Recent Iterns

L Computer
&) HyperTerminal Help
42 HyperTerminal Private Edition | Metwork
|&] Read Me (Web) [
5_,]:‘_% Uninstall H}rper{ Location: HyperTrm (C:\Program Files\Windows
W] WordPad ReadMe

. HyperTerminal Connections Control Panel

. Maintenance |
| Mchfee B Default Programs

1 Back Help and Support

Figure 9: Hyper Terminal Path

Open he hyper terminal as showRresLCancel thenYesandOK for the following
three windows.

Note: WindowsVista does not come with hypearminal by defaultHyperterminal
Private Editon can be downloaded from the Interfogtfree (for academic usmnly).
You can also go for othedternatives available online (like putty).
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%NewConnecllun—HypErTEnmnal - A A S R - ' =1=1 = J
[} PO S - poma e oy 4 o
File Edit View Call Transfer Help
-
Connection Description m
Enter a name and choose an icon for the connection:
Name:
lcon:
Disconnected Auto detect  Auto detect |5=:R=CLL |=:—F"3 |I-l'.‘|.l ‘Capture |F'rint echo i

Figure 10: Hyper Terminal

Once this window shows upvg an appropriate name and pré€ds. Again press
Cancel thenYesandOK for the following three windows.

'Qm.uypeﬂerminal 3 ﬁ lol&] =

File Edit View Call Transfer Help

[ Connect To m

Enter details for the phone number that you wart to dial:

Country/region: I LI

Area code: I

Phone number: I

Connect using:
0K | Cancd |

Disconnected Auto detect | Auto detect |'3=: ROLL

|=:—F"3 |I-l'.||.l |=:a|:tl.||'e |F'|'inte-:hc:

Figure 11: Com Port Selection

Then the following window will showp. Select the appropriate ComrPand pres©K.
If you are unsure about which COM Port you are using, you can see by going to the

Device Manager under the hardware tab. To get tlgeréo control panel and then
system.



COM3 Properties

_ﬁo_nnge_ttings ‘
Bits per second: |EETUNENEG v |
Data bits: iS v
Parity: ‘None VE
Stop bits: ‘ 1 v :
Flow control: ‘Haldware v%
Restore Defaults
[ 0K ] [ Cancel ] [ Apply ]

|
IDisconnected Auto detect Auto detect

Figure 12 Hyper Terminal Settings

The following window will show up. Mke the port settings as shoamset thebaud rate
to a desired rate depending on the design parameters. Baitiatein the present
design is configured for 9600 baud, the following settings are been chosen.

[ % rs - HyperTerminal r g - N E@g]
File Edit View Call Transfer Help
IIConnectedU:UU:U? Auto detect |Autodetect |.7-::'C.. |-:—:.7 | IUM |-:.=."..-'E |:"".E:‘: /A‘

Figure 13: New Hyper Terminal Window

Once the port sehgs are made pre€3K and theterminal will show up



-Implementation

1. Open Xilinx Platform Studio by selecting it from the start menu.

[ @ Xilinx Platform Studio ==

Create new or open existing project

f'S\B i { Base System Builder wizard {recommended) |

i@ ) Blank XPS project
E (71 Open a recent project

Browse for More Projects... |E|

Browse installed EDK examples (projects) here

Ok || Cancel || Heb

Figure 14: XPS Project Selection

2. The Xilinx Platform Studio, or XPS, Base System Builder will launch. For the
purposes of this tutorial, it is important to ke Wizard. Select the top option.

# Create New XPS Project Using BSE Wizard 55

MNew project
Project file

C./ECE595_SPRING_2009/Tutorial_1/system xmp

Advanced options (optional: F1 for help)
Set Project Perpheral Repositories

C-/ECE595_SPRING_2009/lb

OK || Cancel |

Figure 15: Project Directory and Repository Selection

3. Choose a directory for the sample project. Avoid directory names with spdleesiin
Since V2Pro board is not a default developnimard available in the base system
builder we need to@nt the User Peripheral Repository Directory to the EQKP-V2P
support filedoy selectingSet Project Peripheral Repositorieandbrowse to the

location where you saved the support files.

Note: Thesefiles will be providedo you along with this tutorial or can be downloaded at
http://digilentinc.com/Data/Products/XUPV2P/EPXUP-V2ProPack.zip



Base System Builder - Welcome | —"—
e ys

Embedded Deve

Welcome to the Base Systermn Builder!

This tool will lead you through the steps necessary to create an embedded system.

Flease begin by selecting one of the following options:

@ |would like to create a new design
) lwould like to load an existing bsb settings file (saved from a previous session)

Browse ...

More Irfo < Back [ Neod = ] [ Cancel ]

Figure 16: BSB Screen
4. Choose to create a new design. The BSB (Base SystedeBuaillows the user to be

able to open a new design or to import the BSB settings from a previous petifgct.
Nextand it will show the Base System Builder window.

1C



#% Base System Builder - Select Board -

Select a target development boand:

Select board
@ |would like to create a system for the following development board

Board vendor: | |

Board name: #UP Virntex-ll Pro Development System E
Board revision: | C IE'
Mote: Visit the vendor website for additional board support materials.

Wendar's Website Contact Info
Download Third Party Board Defintion Files

) 'would like to create a system for a custom board

Board description

The ¥UP Vitex-1l Pro Development System provides an advanced hardware platform that
consists of a high performance Vitex-l Pro Platform FPGA sumounded by a comprehensive
collection of peripherals that can be used to create a complex system and to demonstrate the
capability of the Vitex-1l Pro Flatform FPGA.

[ <Back |[ Ned> | [ Cancel |

Figure 17: Board Selection

5. The board selection will bbe Xilinx V2Pro . There is only one revision of this

board so this selection is easy. CIN&xt.
Note: The reason you are able to view this board in dropnd@tis because you added

thesupport filegrelated to this boarth step 3

11



#% Base System Builder - Select Processor (-

The board you selected has the following FPGA device:
Architecture: Device: Package: Speed grade:

an OGO

xc2vp 3l ff

Select the processor you would like to use in this design:

Processors

MicroBlaze

@ PowerPC

Processor description

The PowerPC{R) 405 processor core is a 32-bit implementation of a RISC PowerPC processor
embedded-environment architecture. | is integrated into the Virtex-ll Pro and Virtex-4 FX
device using the |P-Immersion technology and supported by CoreConnect bus infrastructure
and extensive |P cores for peripherals and wtilities.

| <Back || Net> | [ Cancel |

Figure 18 Processor type

6. SelecNext, saving the PowerPC as th@gpessor to use in this desigrne EDK
software allows the user to create a project for one of two types of processdisstifie
a virtual processor called the Mitrlaze This processor is created within tiadric of
the FPGA. The second type (and the one selected) is the PowerPC. thaikBis!
PPC405 which is actually embat into the fabric of the FPGA

12



#% Base System Builder - Configure PowerPC Processsor

PowerPC

System wide settings

Reference clock Processor clock .
' . Bus clack frequency:
frequency: frequency:

100.00 MHz 10000  [w| MHz |100.00 [=] MHz

Feset polarty: Active LOW

Processor corfiguration

Debug I/F

qF

“1 CPU debug user pins anby

CPU debug and trace pins

“1 Mo debug
On-chip memary (OCM)
| (Use BRAM)
Data:
NONE
PowerPC L]
Instruction:
| NONE [=]
L Cache setup
i [T] Enable

For optimal peformance, enable burst
and/or cacheline on memory

T

Figure 19: Basic Selections

| | conca |

7. SlectNext, saving the default settingBhis is a menu specifically designed to
configure the PowerPC. If there were a desire to change the clock frequencikeyhen

could be done here. By <clicking otee the @AMore
changeable values can be obtained.

13



% Base System Builder - Conhgure 1O Intertaces (1 of Z]

The following estemal memory and 10 devices were found on your board:
Hiliree XUIP Virtex-1l Pro Development System Revision C

Flease select the 10 devices which you would like to use:

[0 devices

R5232_Uart_1

Perpheral: | XP5 UARTLITE |z|
" Baudrate ibits

per seconds): 5600 |E|

Data bits: ] |E|

Parity: NONE ||

[ Use intemupt

[ Bthemet_MAC Data Sheet

Mote

[] SysACE_CompactFash Dota Shoet
lata Shee

[ LEDs a6t Data Sheet

o e ) [ s

l

Figure 20: Screen 1 of 2 for Interfaces

8. This is the first of twscreens for choosing input and output interfacesh®svn in

the screen above, select iKieS UARTLITE . Deselect all othesptions, and then click
Next. This project will only have two items associateth the Processor Local Bus or
PLB. The two items used will be the UART ath BRAM (Block Ram)

14



#% Base System Builder - Configure IO Interfaces (2 of 2 (-

The following extemal memory and 10 devices were found an your board:
Hiliroe XUP Vitex-ll Pro Development System Revision C

Please select the 10 devices which you would like to use:

IO devices
[] DIPSWs_4Bit Data Sheet
PushButt hBit
O Pus ons- Data Shest
Ll L]

[ <Back |[ Net> | [ Cancel |

Figure 21: Screen 2 of 2 for Interfaces

9. This B the lasscreen for adding interfaces. For this tutorial, deselect atigtiens,
and then clickNext.

15



#% Base System Builder - Add Internal Peripherals (1 of 1)

Add ather peripherals that do not interact with off-chip components. Use the
"Add Peripheral" button to select from the list of available peripherals.

ff you do not wish to add any non-I0 peripherals, click the "Next" button.

Peripherals

xps_bram_if_cntir_1
Peripheral: XPS BRAM IF CNTLR

Memory size: |[ECH + |

Add Peripheral....

OVE

ﬁ

e |

| | cance

Figure 22 Internal Peripherals

10.Choose54KB of BRAM, and then seledtext.

1€



4% Base System Builder - Software Setup (—c—

Devices to use as standard input, standard output, and boot memarny

STOIN: R5232_Uart_1
STDOUT: R5232 Uart_1

[ [« [

Boot Memory: |xps_bram_if_cntlr_1

Sample application selection

Select the sample C application that you would like to have generated. Each application will
include a linker script.

llustrate system aliveness and perform a basic read./write test to each memony in your system

[] Peripheral sefftest
Perform a simple self4est for each peripheral in your system.

e ) e ) (o]

Figure 23: Software Setup

11.This is the Software Setup screen. It is where choices are made as to which items will
be used by STDIN and STDOUT. In the case of this tutorial, HyperTerminal wilhese
RS232_Uartfor both sets of communications. Since the prdgasing only ongype of
memory, the section is easy. For the purposes of this tutorial, dddeleciry test and
Peripheral selftest Click Next.

17



Base System Builder - System Created ||
e ys ¥

Below iz @ summary of the system you have created. Please review the information below . ff it is
comect, hit <Generate:> to enter the information into the XPS data base and generate the system files.

Otherwise retum to the previous page to make comections.

Processaor: ppcd05_0

Processor clock frequency: 100.00 MHz
Bus clock frequency: 100.00 MHz

On Chip Memory : 64 KB

The address maps below have been automatically assigned. You can modify them using the

editing features of XPS.

FLB Bus - PLB_V46 Inst. name: plb0 Attached Components:-

Core Name Instance Name: Base Addr High Addr
xps_bram_if_cntlr xps_bram_if_cntlr_1 (<FFFFOO00 (<FFFFFFFF
xps_uartlte R5232_Uar_1 (24000000 (cB400FFFF

| <Back || Genemte | | Cancel |

Figure 24: Address Maps

12.The address maps displayed above show that thetevaritems assigned to the PLB:
BRAM and UART. The BRAM has FFFF or 64K of memory assigned. SElecerate

18



% Base System Builder - Finish .

The Base System Builder has successfully generated your
embedded system!

Click the Finish button to retum to XP5 to compile your
hardware system and software
application.

AECERSS_SPRING_2009\Titoral_1\system mhs
NECESS5_SPRING_2005\Tutorial _1\data"system ucf
SECESS5_SPRING_2005\Tutorial_1\etc'fast_rurtime opt
MECERS5_SPRING_2005Tutonal _1%etc download.cmd
MECESS5_SPRING_2005\Tutorial_1'system mss
MECESS5_SPRING_2005\Tutorial_1\system xmp

oo OO oo

Save settings file:
CAECESSS_SPRING_2009%\Tutorial _1'system bsb

The settings file contains all the user's selections and inputs in the wizard session. It can be
loaded in a future wizard session.

. | <Back |[ Fmsh | [ Cancel |

Figure 25: BSB Completion

13. SelectFinish and the BSB will generate the embedded system and return the user to
XPS.

Figure 26: PLB Connections
19



