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Goal

In this tutorial, we will go through the creation of a simple FPGA design using the Xilinx
Spartan 3E on the Digilent NEXYS2 Board. By no means will all features of the board
or software be covered, as this is intended to provide a starting point to those unfamiliar
with the Xilinx tools and/or FPGA design in general. This tutorial will presume the
reader has already installed Xilinx ISE, a free version of which is available at
http://www.xilinx.com/webpack.

The Project

For this lesson, we will tackle the most basic of devices on the NEXSYS board, the slider
switches and 7-segment LED Displays. Our goal is simple enough : use the 4 slider
switches SW3 downto SWO to represent a 4-bit binary number whose value can
obviously be hex 0-F. We would like to place that value on the rightmost 7-segment
display, and leave the rest blank.

To start the design, first start Xilinx ISE, and create a new Project with File > New
Project. When specifying the project name and directory, pick a location without any
spaces in the path (i.e. not the desktop) You will often find the Xilinx tools behaving
very strangely with difficult to diagnose errors if you have spaces in the project path.

E New Project Wizard - Create New Project

Enter a Mame and Location for the Praoject

Project Mame: Project Location

ne:-:_l,lsdemd C:A\projectshnexpsdemo E]

Select the Type of Top-Level Source for the Project
Top-Level Source Type:

HOL 3
< Back I Mewt » ] ’ Cancel l

The next step will be to specify the FPGA you are targeting. This is obviously the one
that is on the NEXYS2 board.
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ES New Project Wizard - Device Properties |Z||E|[z|

Select the Device and Dezign Flow for the Project

Property M ame W alue

Product Category Al w
Farnily Spartan3E w
Device #C35500E v
Package FG320 "
Speed

Top-Level Source Type HOL

Synthesis Tool =5T MWHDLA A ernilog) w
Sirnulatar M odelzim-+E YHOL v
Preferred Language WHDL w

Enable Enhanced Dezign Summary
Enable Mezzage Filtering F

Dizplay Incremental Mezsages F

[ ¢ Back ” Mewut » l [ Cancel ]

Skip over the next two pages, and click Finish to complete the project creation and begin
the design process.

Entering VHDL

To describe the design, we will add one simple VHDL file to our project. Though this
can be done with any text editor, it is convenient to allow the ISE tools to create the
framework for us since we are starting the file from scratch. Adding an existing file is
similarly easy, and can be done with “Project > Add Copy of Source”.

Select “Project - New Source”, and fill out the dialog telling the tools to create a new
VHDL module with the name “toplevel.vhd”
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EE New Source Wizard - Select Source Type le:b__(l

’{] |F [Coregen & Architecture YWizard)
[£+] Schematic

' State Diagram

Test Bench WaveFam

=] User Document

YWerlog Module Eile name:

4] Werilog Test Fisture

™% HOL Module ‘tuplevel.vhd |
rr. WHOL Library Locatian:

ﬂ WHOL Package .

el VHDL Test Bench ‘E:'xpru:u|ects'me:-:ysdemu | E]
| Embedded Processor

Add ta project

< Back [ Hest » l [ Cancel ]

On the next page, you will be prompted to enter the ports of your new module. This is
strictly optional, and saves you the typing of creating the VHDL entity manually.
Whether you fill this out or not, the resultant text file will be totally under your control
for later editing.

ES New Source Wizard - Define Module ._||_,r>__(|
Eritity M ame |tu:uplevel |
Architecture Mame |Behaviu:ura| |
Paort Hame Direction Bus | MSE LSB ~
switches i v 3
TEVENZE] oLt w B
anodes out w I 31
in ]
in ]
if ]
if ]
i +[] LS
in ~ ]
it [ w
[ ¢ Back ] [ Mest » l [ Cancel
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We have entered the ports which will be placed into our entity in the VHDL file : the
switches as our inputs, and the seven segments to drive on the display as our outputs.
Furthermore, we have included the port “anodes” which will be used to enable / disable
each of the 4 displays individually. The resultant VHDL file looks essentially like this :

library I1EEE;

use IEEE.STD_LOGIC_1164_ALL;

use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;

-—-- Uncomment the following library declaration if instantiating
--—— any Xilinx primitives in this code.

——library UNISIM;

--use UNISIM.VComponents.all;

entity toplevel is
Port ( switches : in STD _LOGIC VECTOR (3 downto 0);
sevenseg : out STD LOGIC VECTOR (6 downto 0);
anodes : out STD _LOGIC VECTOR (3 downto 0));
end toplevel;

architecture Behavioral of toplevel is

begin
end Behavioral;

Xilinx has conveniently left a place for us to insert the architecture of our design, which
will be two very simple statements :

with switches select
sevenseg <=
'*1000000" when x'0" ,
'"1111001" when x'1'
'"0100100" when x'2'
''0110000" when
"'0011001" when
"*0010010" when
"*0000010" when
'"1111000" when
''0000000" when
"'0010000" when
'*0001000" when
0000011 when
'"1000110" when
''0100001" when
''0000110" when
''0001110" when

X
03

XX X X X X X X X X X X

Wy 4 4 v v u uw 4w w w v u u 4

= R PR R RN

(@]
~+
)
=

anodes <= "1110";
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After entering the VHDL, save the file, and Check the Syntax for errors by clicking on
“Check Syntax” under “Synthesize” in the Processes Pane.

Assigning Pins

The next task is to assign our input and output ports to the correct locations. 1f we
neglected this step, the pins would be assigned by the Xilinx software to random
locations, which would not be good. To do this, we must first create one more new file,

the “Universal Constraints File” (.ucf). This will be done with Project - New Source as
before:

E= New Source Wizard - Select Source Type

BhM File

‘:] |F [Coregen & Architecture YWizard)

"t MEM File

£+| Schematic

"r.] Implemeritation Constraints File

State Diagram File name:

= | User Document taplevel.uch
Y | Werilog Module Lz
Werlog Test Fisture
g '\-"HDLQM odule C:prajectshnesysdem [:]

| P]wHDL Package
U] WHOL Test Bench
| Ermbedded Processor

Add to project

< Back [ Mest » l [ Cancel ]

Now that we have a constraints file for the project, we can easily assign pins graphically
using “Assign Package Pins” under the “User Constraints” section in the Process Pane.
This can also be entered by double clicking on the .ucf file that you just created from
within Project Navigator. For this exercise though, we are going to edit the .ucf file in
text, to get a good feel for how simple it is.

Single Click on your ucf file from within Project Navigator, and then Select “Edit
Constraints (Text)” from the Process Pane as below. Then you can edit the constraints as
shown below. To figure out the correct pin locations, consult the NEXYS2 manual.
Even simpler, you may notice that most pins of interest are printed on the board surface.

NET "anodes<0>" LOC
NET "anodes<1>" LOC

IIF17II;
H17";
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NET "anodes<2>" LOC = ''C18";

NET "anodes<3>" LOC = "F15";

NET ''sevenseg<0>" LOC = "'L18";
NET ''sevenseg<l>" LOC = "F18";
NET *'sevenseg<2>" LOC = "'D17";
NET *sevenseg<3>" LOC = "'D16";
NET ''sevenseg<4>" LOC = "'G14";
NET ''sevenseg<5>" LOC = "'J17";
NET ''sevenseg<6>" LOC = "H14";
NET "switches<0>" LOC = "'G18";
NET "'switches<1>" LOC = "H18";
NET "switches<2>" LOC = "K18";
NET "switches<3>" LOC = "K17";

Save the file, now we are ready to try the design on the FPGA.
Synthesis, Place+Route, Programming File

The next step in the process is to have the Xilinx ISE create a programming file for you.
The whole process can be completed by clicking once on your top-level design in the
Sources Pane, followed by a double-click on “Generate Programming File”. This will
run the whole process, and should complete as in the screenshot below.

(1) (]
SEMHE B A BE MO SN R (D eV e BUAAL QD r  _ T 5T ARBREN
HERVAOEND Puuject Status
Progeet Fdo: remydere e Camienl Slale: P arverang Fie Gererdled
Hodue Mame: naplevel * Emear: N Enses
Taget Davice: e NG RN = Wamings: Ha'warags
Product Vassion SE 93 = Updatad: Wed Fab G 1544 53 2008
NEXYSDEMIO Patilion Suseay
K prtiticn indormaation s fournd
Device nficatmn Summay
Lugic Unikcaton. Ueed Avadablo Uniation Matefs]
Numbet of & reut LUTY L am2
Logic Dustribution
Hurbes of occupes Ther 4 455 1w
Musrbest of St canbiming soly alibad loge L] ‘ s
Murrbes of Sices conlaring urseksisd g o 4 [
Total Humbse ol 4 mpul LUTs ! an: %
Humber of borded 1[1H1 1% s L=
Tokal equvalent gale count for dexign &
Ackfficrd ITALL gate court foe 100 ™
Padoamance &ummary
Finsd Timeg Scom a Fnuul Data Prnnd Revent
Rmiting R Al S ok Aol Clock Data Do, P
Tumanny Comrelramnts. e ]
Detaled Reports
Neport Hame Status Genersbed Looin Wanings I
Caard “whed Feb € 17: 4420 2000 o o o
Comart whad Fab 61744 34 2000 o o o
Cosomnd Fi o o Rl
E e Comrd. /ol F o o Lok
Sighe Vv Bigenl Cumard. Whed Fels £17. 8447 X000 o o rdury
Degen Flepos Cumert “whed Feb 5174452 2000 o o )
L) * i
[ taplevelvid | T Dosmn Summsey
5 F— P
ea
™
»
 Wminge @ Teishel | gy FrdinFie:
Ln 17 S 29

www.echelonembedded.com




Getting Started with the NEXYS2 Spartan 3E Kit and Xilinx ISE Webpack

Configuration

Now that the programming file has been generated, it is time to load your design into the
FPGA, and test it out. This can be done in many different ways depending on your
available equipment and preferences. In this tutorial, we will discuss a few of the most
likely used.

Configuration Using a Xilinx Parallel (or other) Cable via. the JTAG port.

If you have a Xilinx compliant programming cable (such as the one used with the Xilinx
S3 Starter Kit), this is an appropriate method. If you would like to program via. the USB
port, skip this section.

First, connect your programming cable to both your PC and to the NEXYS2 board JTAG
header (J5). Make sure when connecting to use the correct orientation. The labels on the
cable and board will assist in connecting VCC to 3V3 and GND to GND.

Next, move the blue jumper on JP9 to the left position, going between the “JTAG” and
middle pin. Make sure that the NEXYS board is powered, either via. USB, or AD/DC
adapter. The power LED should be lit.

The software that we will use for configuring the FPGA is named IMPACT, and is built
into ISE. You can link directly to IMPACT from the Project Navigator by clicking on
“Configure Device (IMPACT)” in the process pane. One can also start IMPACT
directly, which we will do here to gain some insight into the various steps.

From the Windows Start Bar :

Start = Programs - Xilinx ISE > Accessories 2 IMPACT

Cancel the first prompt that comes up, as we will do everything manually.

Double Click on “Boundary Scan” to put IMPACT into JTAG mode
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£ iMPACT - [Boundary Scan]
% File Edit ¥iew Operations Options Output Debug Window Help =& [

PH YBEX EEXEn O (2 50 5K

Flows

- EalBoundary Scan
BalSlaveSerial
BalSelectaP

- EalDesktop Configuration

- alDirect SPI Configuration
[=] 5ustemacE
@ FPROM File Formatter

Fight click to & dd Device of Initialize JTAG chain

Modes i

Lvailable Operations are:

Operations | ‘ 'EB Boundary Scan

! Welcome to iMPACT

| 4/ ®%% BATCH CMD : setMode -hs
| /¢ *f%* BATCH CHD : setMaode -hbs

l Output | Eror | aming |

Mo Cable Connection | Ma File Open

Right Click in the White Center Area and Select “Initialize Chain”. Pictures of your
FPGA and a XCF04S configuration ROM should appear, and the tools should start
asking for files to associate with each.

Browse to your project directory, and select “toplevel.bit” for the FPGA, you may click
“Bypass” when it asks for files for the configuration ROM (XCF04s).

Next, click, then Right Click on the FPGA (xc3s500e) and select Program. Be sure that
“Verify” is not selected in the box below.
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Ep rogramming Properties

Lategary

E F'n:ngr-aﬁ'uﬁ'uir‘ug Froperties
- Advanced PROM Programming Properties
‘-~ Revision Properties

[ Werify
General CFLD And PROM Properties

Eraze Before Programming Fead Frotect
FROM/CoolRunner-l Uzercode (8 Hex Digits]

CPLD Specific Froperties

“winite Protect Functional Test On-The-Fly Program

#PLA UES Enter up to 13 characters

FRIOM Specific Properties
Load FPGA Parallel Maods Uze D4 for CF

FPGA Device Specific Programming Properties
[] Pulse PROG Program Fey

Agzert Cable INIT during programming

Spartaniat Programming Properties

[ ata Protect Drata Lockdown

[ ok [ cCoacel |[ ook ][ Hep |

Click on “Ok”

After the process completes, the FPGA should be configured as your simple design, and
should be operational.

Configuration Using the USB port and Digilent ADEPT Software Suite

For students without a Parallel port or Xilinx Cable, configuration of the FPGA is done
via Digilent’s own tool : ADEPT. This can be downloaded from the Digilent website.

While the USB is attached, click on “Initialize Chain” to identify the devices on the
board.
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= Digilent ExPort
File Edit Control Help

arifid

i~ Connection 1
TDI
| ] ; 1 :
; Soi N 5
v Auto-Detect USE
e III *C35500E
i~ Configuration Files |
= iROME J &l
®CFO45
00 4—I

Initialize Chain | ‘ Prograr

Initializing scan chain...
Found Device. IDCODE: f5846093
Found Device. IDCODE: 41c22893
Initialization complete.

Device 1: XC3S50BE

Device 2: XCFous

|Rea&iy

To program the FPGA, browse to the configuration file and select your toplevel.bit.
Similarly, if you would like to program the board to start on power-up program the
PROM (XCF04S) with the file as well..
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= Digilent ExPort
File Edit Control Help

. =

-4 =2

i~ Connection

| [ton _l
| = . |
I3 inGnE |t0plevel.blt LJ

v futc-Detect USE
tieees :I xCiSEDDE

— Configuration Files

taplevel bit L 3rom [taplevel it -
®CF045
00 4—I
Initialize Chain | ‘ Program Chain
Programming Scan Chain... A
Parsing file: C:\projectsinexysdemo\toplevel.bit
Programming Device: XC3S508E
Parsing file: C:\projectsinexysdemo\toplevel.bit
Programming Device: XNCFO4as

Scan Chain programmed. 2 devices programmed successfully.

(] [, .

|Ready

Click “Program Chain” and wait. When configuration is complete, your FPGA should be
operating as your VHDL specified. If you would like the board to run with this
configuration on power-up, just make sure that the Mode Jumper (JP9) is set in the
“ROM” position.
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