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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

Writing Verilog to create logic circuits and structural logic components
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 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-Verilog” and save it in a local directory. You can place comments for your project in
the Description text box. We use HDL for our top-level source type in this tutorial.
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r=5| New Project Wizard

Create Mew Project
Specify project location and kvpe.

Enter a name, locations, and comment For the project

Mame: examplel-verilog
Location: C\Documents and Settingsidmosesi My Documents|ProjectsiFPGEAYexample-Yerilog E]
Descripkion:

This is an example project made for Digilent's ¥ilinz: ISE Verilog butorial.|

Select the tvpe of top-level source For the project

Top-level source bvpe:

HOL

||

Mext = H Cancel ]
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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 this project. The appropriate settings for a project
suited for the Nexys2 500k board are as follows:

r55 New Project Wizard

Device Properties
Specify device and project properties,

Select the device and design Flow For the project

Property hame Yalue

Product Category all V
Farnily Spartan3E v
Device RC3S500E v
Package FG320 ™
Speed -4 V
Top-Level Source Tvpe HOL

Synthesis Tool #ST (WHDL Yerilog) v
Simulakor I5im (WHDL verilog) ™
Preferred Language |\.-'erilog v
Manual Compile Crder .|

Enable Enhanced Design Summary

Enable Message Filkering F

Display Incremental Messages .|

[ < Back. H 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.

@ Mew Project Wizard

Project Summary
Project Mavigator will create a new project with the Following specifications.,

Froject: ||
Project Name: exawmplel-Verilog
Project Path: C:%Documents and Settings) dmosesh My Documents) Projects
Working Directory:
Description: This is an example project made for Digilent's Xilinx I
Top Lewel Source Type: HDL

Device:
Dewice Famnily: SpartaniE

Dewvice: xo3ss00e
Package: fog3iz0
Speed: ]

Synthesizs Tool: 3T (VHDL/Verilod)
Simmlator: ISim (VHDL/Verilog)
Preferred Language: Verilog
Manual Compile Order: false

Enhanced Design Sunary: enabled
Meszsage Filtering: disabled
Display Incremental Messages: dissbled

< | 2]
< Back ] [ Finish ] [ Zancel
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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.

HDEX|wa | AEEXAPR|(ABTE O FIRIGBTL:Q

D2 E@

Design

Sources for: |Implementat\on

Hierarchy

L EE xc3s500e-4Fg320

= BEN AN A Y =

Mo single design module is selected.
w S Design Utiliies

= R-Cap-ce)

Design Files | Libraries

Consale

2

Console Errars 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 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.

J‘ Sources fory | Implementation v

LEEJ Hierarchy

\[E;J ?_:]Eexamplel-'-.-'erilag 1
- €79 xcasSOle-4Fg320 9

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.

:J Sources Fory | Implementation !

E Hierarchy
fj'zj '-L‘ﬂ .examplel-'u'erilu:ug

o -
- B e [ MewsSource... 1 e

...... E Add Source... 2

= fjgj Add Copy of Source... 3
Manual Compile Order

ﬁ v File Names

— v Display Full Paths

Diesign 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 Verilog

Module and give it a meaningful name (we name it circuit1).

@ New Source Wizard

Select Source Type
Select source bvpe, file name and its lacation.

- IP (CORE Generator & Architecture Wizard)

Schematic

User Document

| werilog Module

‘erilog Test Fixture

WHOL Maodule

YHOL Library

YHDL Package cireuitl
% YHOL Test Berch )
| Embedded Processor ezl

File: name:

Add to project

asesiMy Documents\ProjectsiFPGALexample 1 -Yerilog E

[ wees ][ concel |

When you click Next, you have the option of defining top-level ports for the new Verilog module.

We chose A, B, and C as input ports and Y as an output port.

E Hew Source Wizard

MSE

LSB

Define Module
Specify ports For module.,
Module name | circuitl
Part hame Direckion Bus

4 input VD

B input v|:|

[ inpuk v|:|

Y oukput v|:|
input v|:|
inpuk VD
input v|:|
inpuk v|:|
input v|:|
input v|:|
inpuk VD
inpuk VD

[ < Back l I MNext = ] l Cancel ]

Click Next and then Finish to complete the Verilog source file creation.
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HDL Editor Window

Once you have created the new Verilog file, the HDL Editor Window displays the circuit1.v
source code.

E 2 f’h’f’a’a’a’fﬁ’h’fﬁh’fﬁfﬁfﬁff’h’ffff’fh’h’a’ffh’fff’h’a’ffffh’ff’a’a’ffff’h’h’a’a’ffffh’h’h’_A:
[~ 3 // Company:
_— 4 // Engineer:
= 5 fY
“ & [/ Create Date: 13:36:15 0772772009
- 7 // Design Name:
g // Module Name: circuitl
] a // Project Name:
10 // Target Devices:
A 11 // Tool wersions:
% 12 // Description:
13 /S
'r" 14 // Dependencies:
*% s //
16 /7 Revision:
17 // Revision 0.01 - File Created
18 // Ldditional Conments:
19 /S
20 SAESSSSSSEE A S S SR ES SRS SSRGS RS S SRR SRS
21 module circuicl|
22 input &,
28 input B,
z4 input C,
25 output ¥
26 1:
27
28 |
28  endmodule ..v.
circuitl,w | = Design Summary ]

The Xilinx tools automatically generate lines of code in the file to get you started with circuit
development. This generated code includes:

e a module statement
e acomment block template for documentation

The actual behavioral or structural description of the given circuit is to be placed between the
“module” and “endmodule” statements in the file. Between these statements, you can define
any Verilog circuit you wish. In this tutorial, we use a simple combinational logic example, and
then show how it can be used as a structural component in another Verilog module. We start
with the basic logic equation: Y<= (A-B) + C.
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The following figure shows the implementation:

= 4 /) Engineer: ry
b= 5 // |
_— & [/ Create Date: 13:36:15 07/27/2009
= 7 // Design Name:
o g // Module Name: circuitl
- o // Project Name:
10 /) Target Devices:
7 11  // Tool wersions:
1z // Description:
A 13/
% 14 // Dependencies:
15 //
A 16 // Revision:
o 1 17 // Rewision 0.01 - File Created
18 // Additionsal Comments:
=T
B0 SSSEEEEITEEEEE T FEEFF R T i i iidddddii i iidiiiiiiiiiiddddidiiiiriidiiiiiiiiiii
21 mwodule circuitil |
Z2 input &,
23 input B,
4 input C,
Z5 output ¥
26 1:
27
28 assign ¥ = (L £ B) | C:
9
30 endmodule .
31 i
circuitl v | = Design Summary (3ynthesized)
If there are any syntax errors in the source file, ISE can help you find them. For example, the
parentheses around the A and B inputs are crucial to this implementation; without them, ISE
would return an error during synthesis info.
This Verilog module can now also be used as an instantiation statement in a separate project
module. To illustrate this, we add another source file called “circuit2.v” and give it four input
ports and one output port as follows:
module circuiti |
input AT,
input ET,
input CT,
input DT,
output ¥T
):
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Instantiation statements often require the use of wires, which is a data type in Verilog that allows
two points to be connected, like a real wire. A wire definition in Verilog must follow this format:

wire <wire name>;
The definition of the wire that we will use for this example is as follows:
wire sig:
The instantiation statement must follow the following format:

<name of module being instantiated> <arbitrary name>(.<instantiated component I/O>(<top-
level 1/0 or wire>));

The instantiation of the structural component circuit1 is as follows:

cireuitl €1 (. L(AT),

.E(ET),
LCi=2ig),
LTIYT))

To finish defining the simple circuit we will add the statement:

assign sig = CT & DT;

The finished definition of the circuit Y<= (A-B) + (C-D) is as follows:

module circuitl |
input AT,
input BT,
input CT,
input DT,
output YT
1

wire sig:

cireuitl C1 (.AL(AT),

.BIBT),
(21,
LELYTY )

azzign =2ig = CT & DT

endmodule
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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.

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 MNET "iLT" LOC = "GIE";
= 2 NET "ET" LOC = "HIE"™;
_ 3 NET "CT" LOC = "EI1S";
4 NET "DT" LOC = "E17";
w3 5
g MNET "¥T" LOC = "J14";
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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.)

Cresign =+ [0 &8 x
;I Sources Fory | Implementation |
EJ Hier archy

'\[EI:J '.'E:'._'] excamplel-Yerilog
- £ wc3sS00e-4Fg3z0
S = ﬁﬂﬂ circuit2 {circuit2, v
€1 - circuit] {circuitl )

% E circuit2  uck {oircuitZ, uck)
4]
.{ . = } .

I?t Processes: circuit2
= _]: =, Design Summary/Reparks

+ Design Ukilities
A | User Conskrainks
_|[#- P2 Synthesize- 5T 1

S|=- B2 Implement Design 2
2  Generate Programming File 3 |
H- Configure Target Device
IIpdate Bitstream with Processor Data

Cresign Files Libraries

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
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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.

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.

ilif] Process Properties - Startup Options
ategary Switch MNamne Property Name Yalue

General Gptions -g StartUpCle: | FPGA Start-Up Clack ITAG Clack w

Configuration Options

Startup Options -g DonePipe: Enable Internal Done Pipe F

Readback Options -g DOME_cycle: | Done (Oukput Events) Default (4 hd
-g GTS_cvcles Enable Outputs (Oukput Events) Default {57 b
-g GWE_cycle:  Release ‘Write Enable (Oukput Events)  Default (8) v
-g LCK_cycle: Wait For DLL Lock (Oukput Events) Default (Mowait) v
-g DriveDone: Dirive Done PFin High |:|

Property display lewel: |Standard | w Display switch names Default

[ oc [ coneed | [ cody |[ ven |

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.
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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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