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Overview

This tutorial provides instruction for using the Xilinx ISE WebPACK toolset for basic
development on Digilent system boards. This tutorial covers the following steps:

Creating a Xilinx ISE project

Using schematic capture to create logic circuits and symbol elements
Creating a User Constraints File (UCF)

Synthesizing, implementing, and generating a Programming file

More detailed tutorials for the Xilinx ISE tools can be found at
http://www.xilinx.com/support/techsup/tutorials/.

Getting Started

First, install Xilinx ISE WebPACK on your PC or laptop. This tutorial is based on version 11.1.
It is available as a free download from www.xilinx.com.

This tutorial uses settings for the Nexys2 500k board, which can be purchased from
www.digilentinc.com. The settings for other Digilent system boards can be found there as well.

Starting a New Project

To create a new project, open Project Navigator either from the Desktop shortcut icon or by
selecting Start > Programs > Xilinx ISE Design Suite 11 > ISE > Project Navigator. In Project
Navigator, select the New Project option from the Getting Started menu (or by selecting Select
File > New Project).

This brings up a Dialog box where you can enter the desired project name and project location.
You should choose a meaningful name for easy reference. In this tutorial, we call this project
“example1” and save it in a local directory. You can place comments for your project in the
Description text box. We use Schematic for our top-level source type in this tutorial.
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@ Mew Project Wizard

Create New Project
Specify project location and type,

Enter a name, locations, and comment For the project

arme: examplel
Location: C:\Documents and SettingsidmosesMy DocumentsiProjectsi\FPGALexamplel E]
Description:

This is an example project made For Digilent's Kilinx ISE schematic capture tutarial |

Select the type of top-level source For the project
Top-level source tyvpe:

Schematic

]

Mext = H Cancel l
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The next step is to select the proper Family, Device, and Package for your project. This
depends on the chip you are targeting for the project. The appropriate settings for a project
suited for the Nexys2 500k board are as follows:

@ Mew Project Wizard

Device Properties
specify device and project properties,

Select the device and design Flow For the project

Property Mame E\-‘alue
Product Category Al v
Family SparkanzE V
Device %C35500E |~
Package FG320 1w
Speed -4 v
Top-Level Source Tvpe Schematic

Synthesis Tool #9T (WHDLverilog) v
Sirulatar 15im (YHDLjverilog) 1w
Preferred Language WHOL v
rManual Compile Order F

Enable Enhanced Design Summary

Enable Message Filkering F

Display Incremental Messages Fi

[ « Back, ” Mext = H Cancel

Once the appropriate settings have been entered, click Next.

The next two dialog boxes give you the option of adding new or existing source files to your
project. Since we will fulfill these steps later, click Next without adding any source files.
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Before the new project is created, the New Project Wizard gives you a project summary
consisting of the selected specifications you have chosen for the project. Make sure all settings
are correct before clicking Finish to end the New Project Wizard. Any modifications to these
settings can be made by clicking the Back button.

@ New Project Wizard

Project Summary

Froject:
Project HName:
Project Path:

Description:

Device:

Device:
Package:
Speed:

Top Lewel Source Type:

Device Family:

Project Mawvigator will create a new project with the following specifications.

examplel
C:hDocuments and Settingsh dmoseshy My Documents' Projects®

Working Directory:

Thiz iz an example project made for Digilent's Xilinx If
Sochematic

SpartanikE
xo3iss0oe
fg3zo

-4

Synthesis Tool:

ST (VHDL/Verilog)

Jimulator:
Preferred Language:

ISim (WHDL/Verilog)

VHI'L

Manual Cowpile Order:

false

Enhanced Design Sumnary: enabled
Hessage Filtering: disabhled

Display Incremental Messages: disasbled . |
i
< 2]
< Back l [ Finish l [ Cancel
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Project Navigator Overview

Once the new project has been created, ISE opens the project in Project Navigator. Click the
Design tab to show the Design panel and click the Console tab to show the Consol panel.

¥DOX | wa|MiPEAXLRINZEOIARGBE L:Q

iD2Ed|

Design

Sources For: |Implementat\on

Hierarchy

Ead xc3s500e-4fg3z0

= MeN - ECI Y =

Mo single design module is selected.
% Design Utiliies

a8 8A

Design Files | Libraries

Consale

+0&F X

£ 11
Console Errors | Warnings

The Design panel (1) contains two windows: a Sources window that displays all source files
associated with the current design and a Process window that displays all available processes
that can be run on a selected source file.

The Console panel (2) displays status messages including error and warning messages.

The HDL editor window (3) displays source code or the schematic from files selected in the
Design panel.
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Adding New Source Files

Once the new project is created, two sources are listed under sources in the Design panel: the

Project file name and the Device targeted for design.

[ Sources For; |Implementation

L] Hierarchy
HEJ h] examplel 1
£ xc3sS00e-4fg3z0 2

------

=
3

You can add a new or existing source file to the project. To do this, right-click the target device

and select one of the three options for adding source files.

:_‘I Saurces Fary | Implementation

_EJ Hierarchy

H'EJ '-'5'_'] .examplel
2B - w—
ffffff £=| AddSource...2
[z] Add Copy of Source... 3

rManual Compile Order
v File Mames

v Display Full Paths
11 | Mo single des

=HE % o Cesign Properties, ..,
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In this tutorial, we create a new source file, so select New Source from the list. This starts the
New Source Wizard, which prompts you for the Source type and file name. Select Schematic
and give it a meaningful name (we name it circuit1).

#==| New Source Wizard

Select Source Type
Select saurce type, file name and its location.

JIP {CORE Generator & Architecture Wizard)
Schematic

User Docurnent

Yerilog Module

‘erilog Test Fixture

YHDL Module

WHOL Library

YHOL Package circuit 1]
WHDL Test Bench
Embedded Processar

File: narne:

Location:

ngsidmoses|My DocumentsiProjects\FPGALexamplel E

Add to project

> ] [cons
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Schematic Editor Window

Once you have created the new schematic file you can see it in the Sources panel. Double-
click it to open the file in the schematic capture window as follows:

Symbals +0O8 X k |
Categories =
=--All Symbols--= ~ U
Arithmetic e
Buffer -
Carry_Logic -
Comparator P“
Counter -
DOR. Flio Flon & =
L4
Symbals a
accls -~
accd = =
accd
addis b @]
Symbol Name Filker 0O
Crientation A
Rotate 0 » @
Symbal Info ] L
Design Files Libraties Symbiols
options +0& X o
A
Select Options
A
e =
twhen you click on & branch: ( -~
(%) Select the entire branch
() Select the line segment @
- -
@ circuitl . sch | = Dresign Surnmary I

You can add symbols and shapes representing logic gates or logic circuits and then add lines
representing wires to connect those shapes.

On the screen, there are two list boxes labeled Symbols and Categories.

The Symbols list shows all of the symbols in selected category in the Categories list. For
example, the “<--All symbols-->" category displays all symbols in the current library in the
Symbols list.

In this tutorial, we use a simple combinational logic example, and then show how it can be used
as a macro symbol in another schematic module. We start with the basic logic equation: Y<=
(A-B) + C.

To add a simple logic gate to the circuit, left-click to select a symbol from the Symbols list, drag
the cursor to the pallet where you want the symbol to be placed, and left-click again to drop the
gate in the schematic. You can also find a symbol by typing a name into the symbol name filter.
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Symbols +0@ X k|-

Categories Ll S
T — e T
Latch B N I I IR I
sl ) s
Memnry ™ =

S

Symbals (that begin with or) —
oz - e
o6 E
oz e
i ol f& |

-

Symbal Mame Filker
o L
Qrientation ) I EEEREE R
Rotate D ~» (O] I
Symbol Info ] Al
m Lo
Design | Files | Libraries | Symbols gl o

The following figure contains descriptions for the tools necessary for creating a basic digital
circuit using schematic capture:

é/i'/-'x}{f'-'a M'_'_"—:_'-_'Iﬁ!‘?@zft':’l
1 2

Y,QI%EEFCJE

=9
iy

g

1. The Magnifying Glass icon indiscriminately zooms to the center of the schematic.

2. The Zoom box icon is used to draw a box using the mouse to magnify a specific area of
the schematic.

3. The Wire-Add tool icon places cursor in wire-add mode.
4. The Add I/O marker tool icon places cursor into add /O marker mode.

Now we connect the gates with wires. To do this, left-click on the wire-add tool button to
change to wire-add mode. Drag the cursor to a component pin where four red boxes appear
(they indicate that a left-click will add one end of the wire to the pin). Using this method you can
add wires between pins of gates.

To move a gate, you must go back to select mode by either selecting the cursor in the tool bar
or pressing the Esc button on the keyboard.
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To terminate one end of a wire without connecting it to a gate, double-click where you want the
wire to end in space. This is used for general circuit inputs and outputs.

Adding top-level I/O markers to your circuit tells the synthesizer and simulator tools which ports
to regard as overall inputs and outputs. To add these to your circuit, left-click on the Add 1/O
marker tool icon to place the cursor into add I/O marker mode. Left-click on the end of a wire to
add an I/O marker and then repeat until a marker is placed on all inputs and outputs.

Go back to regular cursor mode and double left-click on an I/O marker. When the I/O marker’s
object properties dialog box appears, select the Nets category and enter a meaningful value for
the Name field of the I/0O marker. The finished dialog box should look similar to the following:

[l Object Properties - Met Attributes
Cateqgory Wieww and edit the attributes of the selected nets
=t LJi0 Markers
WLEN_3 =
S Nets Marne Walue Yisible Mew
HLEM_3 Mame & [ add ]
PortPolarity | Input v [ #add ]
Delete
[ a4 l [ Zancel l [ apply l [ Help l

Repeat this process for all /0. The finished circuit should look similar to the following:

Now we create a macro symbol for future use of this completed circuit. To create a macro
circuit, select Tools > Symbol Wizard from the main menu toolbar. The Symbol Wizard dialog
box appears. Under “Pin name source”, select “Using schematic” which defaults to the circuit
you just created, circuit1.
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’@ Symbol Wizard - Source Page “

Pin name source

() Specify manually

() Using schematic circuit [adl
Using symbal

Impart symbal attributes

Shape
(%) Do nok use reference symbal

(%) Rectangle
O Square

) Use reference symbol

Browse...

< Back [ Next = H Cancel ]

The next two dialog boxes present general pin placement and symbol size options that you can
modify depending on how you want the schematic symbol to appear. The final dialog box gives
you a preview of the symbol, given the settings you've selected. Click Finish to finalize the
symbol or Back to modify the symbol settings.

Save changes to the current schematic editor session before closing the schematic file and
return to the Project Navigator main window. Right-click on the device to add a new schematic
source file; we call ours circuit2. In the new schematic editor session you can now find the
newly created symbol for circuit1 in the symbols window and add it to your overall design.
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The following figure shows our completed example of using a macro symbol to build the overall
circuit Y<= (A - B) + (C - D):
Symbols +O&F % k TR Lo e S D e SR e S B e e e T e e e SR e R e e |

Categories

<--All Symbols-- = A

Arithmetic
Buffer
Carry_Logic
Cormparatar
Counter

Symbals

circuitl

Symbal Mame Filker

Crientation )

Rotate 0 hd
Symbal Info

Design Files Libraries Symbols
Options +OA&A X

Mo Options

B[R [ [ <

9]

- .
= Design Summary {out of date) @ circuit?, sch ]

Using this method, you can create complex circuits by adding any components from the Xilinx
library or by building your own components and adding them to an even larger design.

UCF File Creation

The Xilinx tools use a User Constraints File (.ucf file) to define user constraints like physical pin
to circuit net mappings. This is sometimes referred to as an Implementation Constraints File.
The .ucf file can be modified inside ISE using a text editor.

To add a .ucf file to your design, go to the Sources window and right-click the source file that
requires user constraints. Select the Add New Source option in the drop-down menu. The New
Source Wizard prompts you for the Source type and file name. Select Implementation
Constraints File and give it a meaningful name (we name it circuit2).

To edit the .ucf file, select it in the Sources window, expand the User Constraints option in the
Processes window below, and double-click the Edit Constraints (Text) option. A blank text
editor appears.
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Processes: circuit?,ucf

= y‘ User Conskraints

{Edit Constraints (Text)

To associate a physical pin with a given net name, type: NET “netname” LOC ="XXX”; on a line
in the .ucf file. In the statement, “netname” (quotes included) is the name of the net to attach to

pin number XXX (quotes included).

For our example project, the four inputs are assigned to switches 0 through 3 and the output is
assigned to LEDO on the Nexys2 board. The finished .ucf file is as follows:

< 1 NET
S 2 NET
— 3 NET
= 4 NET
o 5

- & MNET

"AT"
"BT"
"CT"
"DT"

L YT L

Lo
Lo
Lo
Lo

Lo

"Gla ".:
"Hla ".:
"Kla ";
"Kl'? ";

"J 14 ";
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Programming File Generation

Now we are ready to create a programming file (.bit) for the Nexys2 FPGA.

Go to the Sources window and select the top-level module (indicated by the three blocks shown
with the source name.)

Desian =+ 7 X
._| Sources For; | Implementation W
EJ Higrarchy

a[jI:J '."é’._'] examplel
- £ wrc3sS00e-4Fg320
S = @ﬁﬁﬁ circuitZ {circuitZ, sch)
LRI 1 - cirewik] {circuitl.sch)
e

circuit2 . uck {circuitZ, uck)

3
-]: Processes: circuit

= _]:: = Design Surmmary/Feports

Design Ukilities

-]: % Iser Constraints
P2 Synthesize - ¥5T 1
P2 Implement Design 2
)  Generate Programming File J |

' Configure Target Device
Ilpdate Bitstream with Processor Data

||

T

Desian Files Libraries Symbals

Now go to the Processes window where there are three particular processes in a row:

1. Synthesize — XST
2. Implement Design

3. Generate Programming file

Run the synthesis process by either double-clicking on Synthesize or left-clicking and selecting
the run option. This process analyzes the circuit you have created, checking for valid
connections, syntax, and structure, to verify that the circuit is valid and synthesizable.

If the Synthesize process does not return any errors, you can move on and run the Implement
Design process. This process uses various algorithms to map out the digital circuit and then
creates place and route information so that it can be placed on the physical FPGA.
www.digilentinc.com
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Startup Clock Options

If the Implement Design process does not return any errors, you can run the Generate
Programming File process. Before we do this, right-click on the Generate Programming File
process and select Process Properties. In the category pane of the Process Properties window,
select Startup Options.

The first item in the right panel is the FPGA Start-Up Clock property. This option allows a
configuration file to either configure a board straight from the PC, or load a configuration from
platform flash memory on the board. To configure the board from the PC, the start-up clock
value should be JTAG Clock. To configure the board from platform flash, the start-up clock
value should be CCLK.

i=5 Process Properties - Startup Options
Categary Swikch Mame Property Mame Value

eneral Options -g StartUpclk: | FPGA Start-Up Clack ITaa Clack "

Configuration Options - - :

Startup Options -g DonePipe: Enable Internal Done Pipe F

Readback Options -g DONE_cycle: | Done (Qubput Events) Default (4) v
-g GT5_cycle: Enable Outputs {Cutput Events) Default (53 hd
-g GWE_cycle: | Release Wrike Enable {Output Events) | Default (5) hd
-g LCK_cycle: Wait For DLL Lock (Output Events) Diefault (Mo ait) hd
-g DriveDone: Dirive Done PFin High |:|

Property display level: | Standard || Display switch names Default

[ o4 l [ Zancel l [ Apply ] [ Help l

After selecting the appropriate start-up clock value, click OK and run the Generate Programming
File process. After this process completes, a configuration .bit file should appear in the directory
where your project is located.

Board Configuration

The configuration .bit file that has been generated can now be used by Digilent’s Adept software
to configure a Digilent system board. See the Adept Software Basic Tutorial for more
information.
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