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Preface

About This Tutorial

The ISE Quick Start Tutorial is a hands-on learning tool for new users of the ISE software
and for users who wish to refresh their knowledge of the software. The tutorial
demonstrates basic set-up and design methods available in the PC version of the ISE
software. By the end of the tutorial, you will have a greater understanding of how to
implement your own design flow using the ISE software. This tutorial is current for ISE 7.x.

Additional Resources

For additional information, go to http://www.xilinx.com/support. The following table
lists some of the resources you can access from this website. You can also directly access
these resources using the provided URLSs.

Resource Description/URL

Tutorials Tutorials covering Xilinx design flows, from design entry to
verification and debugging

http://www.xilinx.com/support/techsup/tutorials/

Answer Browser Database of Xilinx solution records
http://www.xilinx.com/xInx/xil ans_browser.jsp

Application Notes | Descriptions of device-specific design techniques and approaches

http://www.xilinx.com/xInx/xweb/xil publications index.jsp?c
ategory=Application+Notes

Data Sheets Device-specific information on Xilinx device characteristics,
including readback, boundary scan, configuration, length count,
and debugging

http://www.xilinx.com/xInx/xweb/xil publications_index.jsp

Problem Solvers Interactive tools that allow you to troubleshoot your design issues
http://www.xilinx.com/support/troubleshoot/psolvers.htm

Tech Tips Latest news, design tips, and patch information for the Xilinx
design environment

http://www.xilinx.com/xInx/xweb/xil tx _home.jsp
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Preface: About This Tutorial

Conventions

This document uses the following conventions. An example illustrates each convention.

Typographical

The following typographical conventions are used in this document:
Convention Meaning or Use Example
Messages, prompts, and
Courier font program files that the system | speed grade: - 100
displays
Courier bold Literal commands that you ngdbui | d desi gn_nane

enter in a syntactical statement

Helvetica bold

Commands that you select
from a menu

File - Open

Keyboard shortcuts

Ctrl+C

Italic font

Variables in a syntax
statement for which you must
supply values

ngdbui | d desi gn_nane

References to other manuals

See the Development System
Reference Guide for more
information.

Emphasis in text

If a wire is drawn so that it
overlaps the pin of a symbol,
the two nets are not connected.

Square brackets [ ]

An optional entry or
parameter. However, in bus
specifications, such as

bus[ 7: 0] , they are required.

ngdbui | d [ opti on_nane]
desi gn_nane

A list of items from which you

Repetitive material that has
been omitted

Braces { } must choose one or more lowpwr ={on] of 1}

. Separates items in a list of _
Vertical bar | choices | owpw ={on|of f}

. . OB #1: Nanme = QOUT
Vertical ellipsis | OB #2° Name = CLKI N

Horizontal ellipsis ...

Repetitive material that has
been omitted

al I owbl ock bl ock_nane
locl loc2 ... locn;

www.xilinx.com
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Online Document

The following conventions are used in this document:

Convention Meaning or Use Example
Cross-reference link to a See the section “Additional
location in the current file or | Resources” for details.

Blue text . L ) )
in another file in the current Refer to “Title Formats” in
document Chapter 1 for details.
Cross-reference link to a See Figure 2-5 in the Virtex-lI
Red text

location in another document

Handbook.

Blue, underlined text

Hyperlink to a website (URL)

Go to http://www.xilinx.com
for the latest speed files.
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ISE Quick Start Tutorial

In this tutorial, you will create a new project in which you will design a 4-bit counter
module, add constraints, simulate and implement the design, and view the results. Finally,
you will generate a bitstream and configure the device.

Note: This tutorial is designed for ISE 7.x, Windows version.

This tutorial contains the following sections:

“Tutorial Overview”

e “Getting Started”

e “Creating a New Project in ISE”

e “Creating an HDL Source”

e “Checking the Syntax of the New Counter Module”
e “Design Simulation”

e “Creating and Editing Timing and Area Constraints”
e “Design Synthesis and Implementation”

o “Verification of the Implemented Design”

“Creating Configuration Data”

For an in-depth explanation of the ISE design tools, see the ISE In-Depth Tutorial on the
Xilinx® web site at: http://www.xilinx.com/support/techsup/tutorials/

Tutorial Overview

When you complete the tutorial you will know how to:

e Create an ISE project for a Spartan-3 FPGA device.

e Create a top-level HDL design and verify that your HDL code uses the correct syntax.
e Create a test bench waveform to be used in simulation of the design.

e Create a User Constraints File.

e Apply timing and pin location constraints to the design.

o Perform behavioral and post-place and route simulations on the design.
e Synthesize and implement your design.

o Verify that constraints were applied to your design and timing is met.

e View the placed and routed design in FPGA Editor.

e View the area groups of the design in Floorplanner.

e Create a configuration bitstream.

ISE Quick Start Tutorial
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Getting Started

Software Requirements

To use this tutorial, you must install the following software:

e ISE7.X.

For more information about installing Xilinx® software, see the ISE Release Notes and
Installation Guide at: http://www.xilinx.com/support/software_manuals.htm.

e If you are running the WebPack configuration, you need a licensed ModelSim™
simulator that supports either VHDL or Verilog HDL simulation. You may wish to
install the Starter Version of MXE (ModelSim Xilinx Edition).

For more information about ModelSim simulators, please refer to the Answer Browser,
and see Answer 9859.

Starting the ISE Software

For Windows users, start ISE from the Start menu by selecting:
Start - Programs — Xilinx ISE 7 — Project Navigator

The ISE Project Navigator opens. The Project Navigator lets you manage the sources and
processes in your ISE project. All of the tasks in the Quick Start Tutorial are managed from
within Project Navigator.

Note: Your start-up path is set during the installation process and may differ from the one above.

Stopping and Restarting a Session

At any point during this tutorial you can stop your session and continue at a later time.
To stop the session:

e Save all source files you have opened in other applications.
o Exit the software (ISE and other applications).

The current status of the ISE project is maintained when exiting the software.

To restart your session, start the ISE software again. ISE displays the contents and state of
your project with the last saved changes.

Accessing Help

At any time during the tutorial, you can access online help for additional information
about a variety of topics and procedures in the ISE software as well as related tools.

To open Help you may do either of the following:

e Press F1 to view Help for the specific tool or function that you have selected or
highlighted.

10
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e Launch the ISE Help Contents from the Help menu. It contains information about
creating and maintaining your complete design flow in ISE.

n Xilinx - Project Navigator

Fle Edit View Project Source Process Simulation Window | Help

NEETETEETE SN ET e T R isc b contercs, __
=l

Online Documentation

Sources in Project: Xiinx on the Web 3
(No Project Open) Tutorials 5
Software Updates...
Tip of the Day
About Project Navigator
Figure 1: Launching ISE Help Contents

Creating a New Project in ISE

In this section, you will create a new ISE project. A project is a collection of all files
necessary to create and to download a design to a selected FPGA or CPLD device.

To create a new project for this tutorial:

1. Select File > New Project. The New Project Wizard appears.
2.
3.

When you type tutorial in the Project Name field, a tutorial subdirectory is created
automatically in the directory path you selected.

First, enter a location (directory path) for the new project.
Type tutorial in the Project Name field.

4. Select HDL from the Top-Level Module Type list, indicating that the top-level file in
your project will be HDL, rather than Schematic or EDIF.

Click Next to move to the project properties page.
Fill in the properties in the table as shown below
Device Family: Spartan3

Device: xc3s200

Package: ft256

Speed Grade: -4

Top-Level Module Type: HDL

Synthesis Tool: XST

Simulator: ISE Simulator (or ModelSim)

Generated Simulation Language: VHDL or Verilog, depending on the language you
want to use when running behavioral simulation.

ISE Quick Start Tutorial
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When the table is complete, your project properties should look like the following:

—Selectthe Device and Design Flow for the Project
Property Name Value
Device Family Spartan3
Device xc3s200
Package ft256
Speed Grade -4
Top-Level Module Type HDL
Synthesis Tool X3T (VHDL/Verilog)
Simulator ISE Simulator
Generated Simulation Language WHDL

Figure 2: Project Properties

7. Click Next to proceed to the Create New Source window in the New Project Wizard. At
the end of the next section, your new project will be created.

Creating an HDL Source

In this section, you will create a top-level HDL file for your design. Determine the
language that you wish to use for the tutorial. Then, continue either to the “Creating a
VHDL Source” section below, or skip to the “Creating a Verilog Source” section.

Note: When you create a new project using the New Project Wizard, you can only create one new
source. Additional HDL or schematic sources can be created from within ISE, after your new project
has been created. For an in-depth explanation of schematics, see the ISE In-Depth Tutorial at
http://www.xilinx.com/support/techsup/tutorials.

Creating a VHDL Source

This simple counter design has two inputs: CLOCK and DIRECTION. The direction of the
up-down counter is indicated by the DIRECTION input. This design has one 4-bit bus
output called COUNT_OUT.

Click New Source in the New Project Wizard to add one new source to your project.
Select VHDL Module as the source type in the New Source dialog box.

Type in the file name counter.

Verify that the Add to project checkbox is selected.

Click Next.

Define the ports for your VHDL source.

o g~ w bk

In the Port Name column, type the port names on three separate rows: CLOCK,
DIRECTION, and COUNT_OUT.

12
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In the Direction column, indicate whether each port is an input, output, or inout. For
CLOCK and DIRECTION, selectin from the list. For COUNT_OUT, select out from the
list.

To indicate that COUNT_OUT is a 4-bit bus, use the arrows to select 3 in the MSB
(Most Significant Bit) field, and select O in the LSB (Least Significant Bit) field.

Click Next in the Define VHDL Source dialog box.

Click Finish in the New Source Information dialog box to complete the new source file
template.

9. Click Next in the New Project Wizard.
10. Click Next again.
11. Click Finish in the New Project Information dialog box.

ISE creates and displays the new project in the Sources in Project window and adds the
counter.vhd file to the project.

n Xilinx - Project Navigator - C:\Data\Xilinx\tutorial\tutorial.ise -
& Fle Edit View Project Source Process Simulation Window
D|e|E|@ 2| =25 2EEE|[m L8] %]=]s
1=
Sources in Project: |

N B Module Viewl (o | SnapshotViewJ [y Library View]

Figure 3: Sources in Project

12. Double-click on the counter.vhd file in the Sources in Project window to open the
VHDL file in the ISE Text Editor.

The counter.vhd file contains:
e Header information.
e Library declaration and use statements.
e Entity declaration for the counter and an empty architecture statement.
13. In the header section, fill in the following fields:
Design Name: counter.vhd
Project Name: counter
Target Device: xc3s200-4ft256
Description: This is the top level HDL file for an up/down counter.
Dependencies: None

Note: It is good design practice to fill in the header section in all source files.

ISE Quick Start Tutorial www.xilinx.com 13
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Using Language Templates (VHDL)

ISE provides numerous Language Templates to simplify writing HDL code. In this tutorial
you will use an “inference” template for an Up/Down Simple Counter.

1.

To open the templates, select Edit - Language Templates.

The Language Templates enable you to access many different types and styles of HDL for
use in your projects.

2.

Using the “+” symbol, browse to the following folder:

VHDL — Synthesis Constructs — Coding Examples — Counters — Binary —
Up/Down Counters — Simple Counter

Cut and paste this code snippet from the Language Template to the counter.vhd file.
Place it between the begi n and end statements of the ar chi t ect ur e section.

Replace the names shown within the angle brackets <> with the port names that you
defined during creation of the VHDL code. Although VHDL is a case insensitive
language, it is good design practice to maintain the correct case. The following
replacements should be made:

replace <cl ock> with CLOCK
replace <count _di recti on>with DI RECTI ON
replace <count > with COUNT_QOUT

Close the Language Templates.

Final Editing of the VHDL Source

1.

In VHDL, the output port cannot be read from within the design, therefore a new
temporary signal must be made. Type the following line below the architecture
declaration and above the first begi n statement:

signal count_int : std_|logic_vector(0 to 3) := "0000";
In the pr ocess statement, change the code to use count _i nt in the following places:

if DIRECTION =" 1' then
count _int <= count_int + 1;
el se
count _int <= count_int - 1;
end if;

Below the end pr ocess statement, enter the following line:
COUNT_QUT <= count _int;

4. Save the file by selecting File —» Save.

When you are finished, the code for the counter should look like the following:

archi tecture Behavioral of counter is

signal count_int : std_|logic_vector(0 to 3) := "0000";
begi n

process (CLOCK)

begi n

if CLOCK="1 and CLOCK event then
if DIRECTION="1" then
count _int <= count_int + 1;
el se

14
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count _int <= count_int - 1;
end if;
end if;
end process;
COUNT_QUT <= count _int;
end Behavi oral ;

You have now created the VHDL source for the tutorial project. Skip past the Verilog
sections below, and proceed to the “Checking the Syntax of the New Counter
Module”section.

Creating a Verilog Source

This simple counter design has two inputs: CLOCK and DIRECTION. The direction of the
up-down counter is indicated by the DIRECTION input. This design has one 4-bit bus
output called COUNT_OUT.

1. Click New Source in the New Project dialog box to add one new source to your
project.

Select Verilog Module as the source type in the New Source dialog box.
Type in the file name counter.

Verify that the Add to Project checkbox is selected.

Click Next.

Define the ports for your Verilog HDL source:

o gk~ w b

In the Port Name column, type the port names on three separate rows: CLOCK,
DIRECTION, and COUNT_OUT.

In the Direction column, indicate whether each port is an input, output, or inout. For
CLOCK and DIRECTION, select input from the list. For COUNT_OUT, select output
from the list.

To indicate that COUNT _OUT is a 4-bit bus, use the arrows to select 3 in the MSB
(Most Significant Bit) field, and select 0 in the LSB (Least Significant Bit) field.

Click Next in the Define Verilog Source dialog box.

Click Finish in the New Source Information dialog box to complete the new source file
template.

9. Click Next in the New Project Wizard.
10. Click Next again.
11. Click Finish in the New Project Information dialog box.

ISE Quick Start Tutorial
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ISE creates and displays the new project in the Sources in Project window and adds the
counter.v file to the project.

n}('lﬁnx - Project Navigator - C:\Data\Xilinx\tutorial\tutorialise

File Edit View Project Source Process Simulation Window He

D] 2| FZIE RBEE = £k &EE

==

Sources in Project: |

=€ xc3s200-4256

...... counter (counter.v)

B Module View l [ | Snapshot\z’iew‘ Iy Library‘v'iewl

12

Figure 4: Sources in Project

. Double-click on the counter.v file in the Sources in Project window to open the Verilog

file in the ISE Text Editor.

The counter.v file contains:

13.

Header information.

Library declaration and use statements.

Entity declaration for the counter and an empty architecture statement.
In the header section, fill in the following fields:

Design Name: counter.v

Project Name: counter

Target Device: xc3s200-4ft256

Description: This is the top level HDL file for an up/down counter.

Dependencies: None

Note: It is good design practice to fill in the header section in all source files.

Using Language Templates (Verilog)

ISE provides Language Templates to simplify writing HDL code. In this tutorial you will
use an “inference” template for an Up/Down Simple Counter.

1.

To open the templates, select Edit - Language Templates.

The Language Templates enable you to browse to many different types and styles of HDL
for use in your projects.

2.

For this tutorial, browse to

Verilog — Synthesis Constructs —» Coding Examples — Counter — Binary —
Up/Down Counters — Simple Counter

Cut and paste this code snippet from the Language Template to the counter.v file. Place
it between the last port declaration and the endnodul e statement.

Replace the names shown within the angle brackets <> with the port names that you
defined during creation of the Verilog code. Verilog is a case sensitive language, so the

16
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proper case must be maintained as you edit the code. The following replacements
should be made:

replace <cl ock> with CLOCK
replace <r eg_nane> with count _i nt
replace <up_down> with DI RECTI ON

5. Close the Language Templates.

Final Editing of the Verilog Source

1. Thecount _i nt register must be initialized. To do this, replace the following line:
reg [ <upper>:0] count_int;
with:reg [3:0] count_int = O;

2. The main output must be assigned with the value from the internal reg. To do this, add
the following line just above the endnodul e statement:
assign COUNT_OUT = count _int;

3. Save the file by selecting File — Save.

When you are finished, the code for the counter should look like the following:

nodul e count er (CLOCK, DI RECTI ON, COUNT_QUT) ;
i nput CLOCK;

i nput DI RECTI ON;

out put [3:0] COUNT_CQUT;

reg [3:0] count_int = O;
al ways @ posedge CLOCK)
i f (DI RECTI ON)
count _int <= count_int + 1;
el se
count _int <= count_int - 1;

assign COUNT_QUT = count _int;
endnodul e

You have now created the Verilog source for the tutorial project.

Checking the Syntax of the New Counter Module

When the source files are complete, the next step is to check the syntax of the design.
Syntax errors and typos can be found using this step.

1. Select the counter design source in the ISE Sources window to display the related
processes in the Processes for Source window.

2. Click the “+” next to the Synthesize-XST process to expand the hierarchy.

ISE Quick Start Tutorial www.xilinx.com 17
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3. Double-click the Check Syntax process.

n Xilinx - Project Navigator - C:\Data\Xilinx \ tutorial\tutorialise
Fle Edit \View Project Source Process Simulation Window He

MEEENEREEENE B E T
=
Sources in Project: |
. B tutorialise
E-£3 xc3s200-4ft256
e counter (counter.v)
N B Module Viewl o SnapshotViewJ g Library\."iew]
=]

Processes for Source: "counter”

------- O  AddExisting Source

------- O Create Mew Source

------- Z  ViewDesign Summary

=--&#  Design Utilities

[ W User Constraints

ERLER Synthesize - XS T4

] View Synthesis Report
View RTL Schematic

View Technology Schematic
Check Syntax

Generate Pos%ynthesis Simulation Model
H-aa  Implement Design

‘A Generate Programming File

Gooom

~ B¢ Process View I

Figure 5: Processed for Selected Source

When an ISE process completes, you will see a status indicator next to the process name.

o If the process completed successfully, a green check mark appears.
o If there were errors and the process failed, a red X appears.
o Avyellow exclamation point means that the process completed successfully, but some

warnings occurred.

e An orange question mark means the process is out of date and should be run again.
4. Look in the Console tab of the Transcript window and read the output and status

messages produced by any process that you run.

Caution! You must correct any errors found in your source files. If you continue without valid

syntax, you will not be able to simulate or synthesize your design.

18

www.xilinx.com ISE Quick Start Tutorial
1-800-255-7778


http://www.xilinx.com

Design Simulation

SUXILINX®

Design Simulation

Creating a Test Bench for Simulation

In this section, you will create a test bench waveform containing input stimulus you can
use to simulate the counter module. This test bench waveform is a graphical view of a test
bench. It is used with a simulator to verify that the counter design meets both behavioral
and timing design requirements. You will use the Waveform Editor to create a test bench

waveform (TBW) file.

1. Select the counter HDL file in the Sources in Project window.

2. Create a new source by selecting Project - New Source.

3. Inthe New Source window, select Test Bench Waveform as the source type, and type
testbench in the File Name field.

4. Click Next.

The Source File dialog box shows that you are associating the test bench with the
source file: count er. Click Next.

6. Click Finish.

You need to set initial values for your test bench waveform in the Initialize Timing dialog
box before the test bench waveform editing window opens.

Initialize Timing m

Maxdmum |
autput delay

Clock
high for

¢ Winimum
v input
Eﬁsetup

)

' Clock
' oy foOr

r—Clock Timing Information

outputs are checked at "Output Valid Delay".
(& Rising Edge (" Falling Edge

(" Dual Edge (DDR or DET}

Clock Time High I 20 ns
Clock Time Low I 20 ns
Input Setup Time I 10 ns
Output Valid Delay I 10 ns

Initial Offset 100 ns

Inputs are assigned at "Input Setup Time" and

— Clock Information
@& Single Clock |cLOCK =l
(™ Multiple Clocks

( Combinatorial (or internal clock)

—Cambinatorial Timing nfermation
Inputs are assighed, oumputs are decoded then
chiecked, A delay betwess inputs an autputs svaids
assignmentychecking conflicts,

check Outputs |22 g After Inputs arel sssignes

fasigh Inputs. |22 ne. After Guinuts are Checked

—Global Signals
[~ FRLD (CRLDY

High for Initial: I 100 ns

Initial Length of Test Bench: IZUUD ns
Time Scale Ins vl

[~ Add Asynchronous Signal Support

Cancel | Tt = | Help

Figure 6: Waveform Editor - Initialize Timing Dialog Box
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-+~ testbench.tbw

7. Fill in the fields in the Initialize Timing dialog box using the information below:

*
*
*
*
*
*

Clock Time High: 20 ns.
Clock Time Low: 20 ns.
Input Setup Time: 10 ns.
Output Valid Delay: 10 ns.
Initial Offset: O ns

Global Signals: GSR (FPGA)

Note: The GSR value of 100 is added to the Initial Offset value automatically.

*

Initial Length of Test Bench: 2000 ns.

Leave the remaining fields with their default values.

8. Click OK to open the waveform editor.

Note: You may find it easier to work on the test bench if you un-dock the Waveform Editor from ISE.
Click on the “>>" button to undock the window. You can un-dock and re-dock any embedded window

this way.

The blue shaded areas are associated with each input signal and correspond to the Input
Setup Time in the Initialize Timing dialog box. In this tutorial, the input transitions occur at
the edge of the blue cells located under each rising edge of the CLOCK input.

9. In this design, the only stimulus that you will provide is on the DIRECTION port.
Make the transitions as shown below for the DIRECTION port:

L4

Click on the blue cell at approximately the 300 ns clock transition. The signal
switches to high at this point.

Click on the blue cell at approximately the 900 ns clock transition. The signal
switches back to low.

Click on the blue cell at approximately the 1400 ns clock transition. The signal
switches to high again.

Note: For more accurate alignment, you can click on the Single Marker symbol in the top left corner
of the Workspace and place the marker in the test bench by clicking in the desired location.

Single Marker

File Test Bench

EZ JI =) )=

End Time:
2000 ns

AN CLOCK
AN DIRECTION

< |

=@ COUNT_QUT[30] 0 |

AR AaR R

120 ns
0

900.0

280 ns 440 ns 600 ns 760 ns 90 ns 1080 ns 1240 ns 1400 ns

: | rj
0

Lol N N N |

Figure 7: Waveform Editor - Test Bench

10. Select File —» Save to save the waveform. In the Sources in Project window, the TBW
file is automatically added to your project.

11. Close the Waveform Editor window.
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Adding Expected Results to the Test Bench Waveform

In this step you will create a self-checking test bench with expected outputs that
correspond to your inputs. The input setup and output delay numbers that were entered
into the Initialize Timing dialog when you started the waveform editor are evaluated
against actual results when the design is simulated. This can be useful in the Simulate Post-
Place & Route HDL Model process, to verify that the design behaves as expected in the
target device both in terms of functionality and timing.

To create a self-checking test bench, you can edit output transitions manually, or you can
run the Generate Expected Results process:
1. Select the testbench.tbw file in the Sources in Project window.

2. Double-click the Generate Expected Simulation Results process. This process
converts the TBW into HDL and then simulates it in a background process.

3. The Expected Results dialog box will open. Select Yes to post the results in the
waveform editor.

4. Click the “+” to expand the COUNT_OUT bus and view the transitions that
correspond to the Output Valid Delay time (yellow cells) in the Initialize Timing dialog

box.
-+ testbench.tbw [<J_[O[x]
File Test Bench
I 5= b HE
tAhaleax
End Time: B30
2000 ns 200 ns 280 ns 360 ns 440 ns 520 ns 600 ns 680 ns 760 ns 840 ns 920 ns
e e Y I N A [ I |
ANCLOCK 1 B
ANDIRECTION 0 [l

M COUNT_OUT[3] 1 \ \

MCOUNT_OUT[2] 0 \ [ |

ANCOUNT_QUT[] 1

MCOUNT OUT(0] 0 \ | \ | \ \ [ \ [ \ [ | \ | \ | =
S — e [ | D
Ready li v

Figure 8: Waveform Editor - Expected Results

5. Select File »> Save to save the waveform.
6. Close the Waveform Editor.

Now that you have a test bench, you are ready to simulate your design.

Simulating the Behavioral Model (ISE Simulator)

If you are using ISE Base or Foundation, you can simulate your design with the ISE
Simulator. If you wish to simulate your design with a ModelSim simulator, skip this
section and proceed to the “Simulating the Behavioral Model (ModelSim)” section.

To run the integrated simulation processes in ISE:

1. Select the test bench waveform in the Sources in Project window. You can see the
Xilinx ISE Simulator processes in the Processes for Source window.
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Note: You will only see ISE Simulator processes if you selected ISE Simulator as your project
simulator.

nx'lﬁnx - Project Navigator - C:\Data\Xilinx\tutorial\tutorial.ise -
iE He Edit View Project Source Process Simulation Window

D|=E@] & =|E] BlE]EE] [E L] H=E
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E@ counter-behavioral (countervhd)
EAPR icsthench testbench.tbw)
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Processes for Source: "testbench” |
-~  Add Existing Source

0 Create New Source

& View Generated TestBench As HOL

B Add TestBench To Project

- Generate Expected Simulation Results
: -H  Simulate Behavioral Model
~-HE  Simulate Post-Place & ROQ HDL Model

~ & Process View I

Figure 9: Simulator Processes for Test Bench

2. Double-click the Simulate Behavioral Model process.

The ISE Simulator opens and runs the simulation to the end of the test bench.

3. Toseeyour simulation results, select the testbench tab and zoom in on the transitions.

You can use the zoom icons in the waveform view, or right click and select a zoom
command.

The ISE window, including the waveform view, should look like the following:

n)ﬁﬁnx - Project Navigator - C:\Data\Xilinx\tutorial3\tutorial3.ise - [testbench_isim]

= Flle Edit View Project Source Process Simulation Window Help 1' _ |5’
Dls(ela] &) === 2@ m L0l ole@ o] sl = @
g2 i |==| » [»2[1000 ~|ns =]
=]
Sources in Project | T & "Il@ (SR
B tutorialdise e 880.0
i =
Eg___SSZDMﬂZSS 2040 ns 186 ns 365 545 ns 725 5105 ns
o] counter (counter v) T T (o e A [ [ A I A
& testbench testbenchibw) M CLOCK v T LT L L P T L L L L
] "ﬁModu\..lnSnaps. ] @L\brary..] BNDIRECTION 0 4 |‘
= @ COUNT_OUTE:0] 10 [X433123(13 )14 315,00 31 %2 X3 ¥ 4 {5 X6 A7 %8 H8 J10411 310X 9 X8 X7 6
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% g%%r;:{g[:ﬂ [30] J INCOUNT_OUT[1] 1 | [ | [ | [ | [
2 cLock smcountoutep o [ L LT L LT L LI L LT
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Figure 10: Behavioral Simulation in ISE Simulator
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4. Zoom in on the area between 300 ns and 900 ns to verify that the counter is counting up
and down as directed by the stimulus on the DIRECTION port.

5. Close the waveform view window.
You have completed simulation of your design using the ISE Simulator. SKip past the

ModelSim section below and proceed to the “Creating and Editing Timing and Area
Constraints”section.

Simulating the Behavioral Model (ModelSim)

If you have a ModelSim simulator installed, you can simulate your design using the
integrated ModelSim flow. You can run processes from within ISE which launches the
installed ModelSim simulator.

To run the integrated simulation processes in ISE:

1. Select the test bench in the Sources in Project window. You can see ModelSim
Simulator processes in the Processes for Source window.

Note: You will only see ModelSim simulator processes if you selected ModelSim as your project
simulator, and if your ModelSim simulator is properly installed. If the installation path for the
ModelSim simulator is not found by ISE, you can specify it by selecting Edit — Preferences and
entering your ModelSim path in the Model Tech Simulator field in the Integrated Tools page.

n)ﬁﬁnx - Project Navigator - C:\Data\Xilinx\ tutorial\tutorial.ise -
& He Edt Vew Project Source Process Simulation Window

DeE|@| 2| ==El BEE = L8| 2=
B
Sources in Project |
[ tutorialise
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E@ counter-behavioral (counter.vhd)
“[ testbench (testbench tbw)
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Processes for Source: "testbench" I
~~0  Add Existing Source

-0  Create New Source

B e View Generated Test Bench As HDL

-~  Add TestBench To Project

Simulate Behavioral Model
Generate Expected Simulati% Results
Simulate Post-Translate VHDL Model
Simulate Post-Map VHDL Model

Simulate Post-Place & Route VHDL Model

~ g Process View I

Figure 11: Simulator Processes for Test Bench

2. Double-click the Simulate Behavioral Model process.

The ModelSim simulator opens and runs your simulation to the end of the test bench.
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The ModelSim window, including the waveform, should look like the following:

ﬁ]‘ ModelSim XE III/Starter 6.0a - Custom Xilinx Version
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Figure 12: Behavioral Simulation in ModelSim

To see your simulation results, view the Wave window.

1. Right-click in the Wave window and select a zoom command.

2. Zoom in on the area between 300 ns and 900 ns to verify that the counter is counting up
and down as directed by the stimulus on the DIRECTION port.

3. Close the ModelSim window.

Creating and Editing Timing and Area Constraints

In all designs, you will use constraints to assure that physical and timing requirements are
met. There are several methods available for adding constraints to an ISE project.

Specifying Timing Constraints

As a minimum, every design should have a period constraint and offset constraints to
achieve good performance results. In this section, you will add a constraints file with these
timing constraints to your project.

1. Select the counter HDL source file in the Sources in Project window. The available
processes are displayed in the Processes for Source window.

2. Click the “+” sign next to the User Constraints processes group. This expands the list
of constraints processes.

3. Double-click the Create Timing Constraints process.
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ISE runs the Synthesis and Translate steps and automatically creates a User Constraints
File (UCF). You will be prompted with the following message:

Xilinx Project Navigator E

9 This process requires that an Implementation Constraint File (UCF) be added to the project and assodiated with the selected
{r) design module. Would you like Project Navigator to automatically create a UCF and add it to the project at this time? If you
select "No" you will need to create or add an existing UCF to the project before running this process.

Figure 13: Prompt to Add UCF file to Project

4. Click Yes to add the UCF file to your project.

The count er . ucf file is added to your project and is visible in the Sources in Project
window. The Xilinx Constraints Editor opens automatically.

Note: You can also create a UCF file for your project by selecting Project — Create New Source.

5. Inthe Constraints Editor Global tab, enter the following values in the fields associated
with CLOCK. These values should match the period, input setup, and output delay
times in your test bench waveform.

¢ Period: 40 ns
+ Padto Setup: 10 ns
¢ Clock to Pad: 10 ns

As you complete each field, the constraint text as it will be written into the UCF file will
appear in the lower window.

& Xilinx Constraints Editor - [Global - counter.ngd / counter.ucf]

.é?ﬁle Edit View Window Help =181 %]
IDEE X | &00] LN

Clock Net Name / Period Padto Setup Clock to Pad
CLOCK |4IZI ns HIGH 50 % 10ns 10 ns

PadtoPad... | I

Global |Ports | Advanced | Misc |

= [NET "CLOCK” THNM_NET ="CLOCK";
TIMESPEC "T5_CLOCK" = PERIOD "CLOCK" 40 ns HIGH 50 %;
OFFSET =IN 10 ns BEFORE "CLOCK" ;
OFFSET =0UT 10 ns AFTER "CLOCK" ;

Constraints (read-write) |Constraints (read-only) I Source Constraints (read-only) I

Figure 14: Timing Constraints

6. Save these timing constraints by selecting File — Save.
7. Close the Constraints Editor.
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Assigning Pin Location

In addition to timing constraints, you need to add physical constraints to your design, even
if only to associate certain pins on the device with specific inputs and outputs.

1. Double-click the Assign Package Pins process found in the User Constraints process
group. The Xilinx Pinout and Area Constraints Editor (PACE) opens.

2. Youcan see your I/0 Pins listed in the Design Object List window. Enter a pin location
for each pin in the Loc column as specified below:

¢ CLOCK:T9

¢ COUNT_OUT<0>: K12
¢+ COUNT_OUT<1>: P14
¢ COUNT_OUT<2>:L12
¢ COUNT_OUT<3>:N14
¢+ DIRECTION: K13

3. Click on the Package View tab at the bottom of the window to see the pins you just
added. Put your mouse over grid number K13 to verify that it is the DIRECTION pin.

#¥ Xilinx PACE - C:\Data\Xilinx\tutorial\counter.ucf
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Figure 15: View Pin Location Constraints in PACE

4. Select File - Save. You are prompted to select the bus delimiter type based on the
synthesis tool you are using. Select XST Default <> and click OK.

5. Close PACE.
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Verify the UCF

The previous constraints processes have written constraints into the UCF file in your
project. The UCF file is a text file, and you can open it in the ISE Text Editor.

1. Open the UCF file in text format by double-clicking the Edit Constraints (Text)
process.

2. Verify the timing constraints (period and offsets) at the top of the file, and verify the
PACE pin assignments in the PACE section.

3. Close the file using File — Close.

Design Synthesis and Implementation

Now that you have created the source files, verified the design’s behavior with simulation,
and added constraints, you are ready to synthesize and implement the design.

Your design will now go through the following steps:

e Synthesis with XST

e FPGA Implementation:
¢ Translate (which runs the NGDBuild program)
¢+ Map
+ Place and Route (PAR).

Following PAR, you can do additional verification on your design before creating a
configuration file for download to your FPGA.

Implementing the Design

1. Select the counter source file in the Sources in Project window.

2. Inthe Processes for Source window, click the “+” sign next to Implement Design. The
Translate, Map, and Place & Route processes are displayed. Expand those processes as
well by clicking on the “+” sign. You can see that there are many sub-processes and
options that can be run during design implementation.

3. Double-click the top level Implement Design process.

ISE determines the current state of your design and runs the processes needed to pull your
design through implementation. In this case, ISE runs the Translate, Map and PAR
processes. Your design is now pulled through to a placed-and-routed state. This feature is
called the “pull through model.”

4. After the processes have finished running, notice the status markers in the Processes
for Source window. You should see green checkmarks next to several of the processes,
indicating that they ran successfully. If there are any yellow exclamation points, check
the warnings in the Console tab or the Warnings tab within the Transcript window. If
a red X appears next to a process, you must locate and fix the error before you can
continue.
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Verification of Synthesis

Your synthesized design can be viewed as a schematic in the Register Transfer Level (RTL)
Viewer. The schematic view shows gates and elements independent of the targeted Xilinx®
device.

1. Inthe Processes for Source window, double-click View RTL Schematic found in the
Synthesize - XST process group. The top level schematic representation of your
synthesized design opens in the workspace.

2. Right-click on the symbol and select Push Into the Selected Instance to view the
schematic in detail.

n)ﬁﬁnx - Project Navigator - C:\Data\Xilinx\tutorial\tutorial.ise - [counter.ngr]
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Figure 16: RTL Viewer - Detailed View

The Design tab appears in the Sources in Project window, enabling you to view the design
hierarchy. In the schematic, you can see the design components you created in the HDL
source, and you can “push into” symbols to view increasing levels of detail.

Note: You cannot edit this file. If you want to use a schematic as a source file in a design, you can
create and edit a new schematic using the Schematic and Symbol Editors.

3. Close the schematic window.
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Verification of the Implemented Design

After implementation is complete, you can verify your design before downloading it to a
device.

Viewing Placement

In this section, you will use the Floorplanner to verify your pinouts and placement.
Floorplanner is also very useful for creating area groups for designs.

1.
2.
3.

Select the counter source file in the Sources in Project window.
Click the “+” sign to expand the Place & Route group of processes.

Double-click the View/Edit Placed Design (Floorplanner) process. The Floorplanner
view opens.

Select View — Zoom — ToBox and then use the mouse to draw a box around the
counter instance, shown in green on the right side of the chip.
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Figure 17: Floorplanner View - Detailed View

5. This view shows where the entire design was placed. Click on any of the components

listed in the Design Hierarchy window to see where each component is placed.
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6. Zoom in to the right side of the chip even more, and place your mouse over the K13
pad. You can see that your pinout constraint was applied - the DIRECTION pin is
placed at K13.

7. Close the Floorplanner without saving.

Viewing Resource Utilization in Reports

Many ISE processes produce summary reports which enable you to check information
about your design after each process is run. Detailed reports are available from the
Processes for Source window. You can also view summary information and access most
often-utilized reports in the Design Summary.

1. Click on the Design Summary tab at the bottom of the window. If you closed the
summary during this tutorial, you can reopen it by double-clicking the View Design
Summary process.
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Figure 18: Design Summary View

2. Inthe Device Utilization Summary section, observe the number of Slice Flip Flops that
were used during implementation. You should see 4 flip flops, since you implemented
a 4-bit counter.

3. To see other reports, scroll to the bottom of the Design Summary. You can click on a
report from here to view it in the ISE Text Editor.
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Timing Closure

In this section, you will run timing analysis on your design to verify that your timing
constraints were met. Timing closure is the process of working on your design to ensure
that it meets your necessary timing requirements. ISE provides several tools to assist with
timing closure.

1.

4.

In the Processes for Source window, under the Place & Route group of processes,
expand the Generate Post-Place & Route Static Timing group by clicking the “+”
sign.

Double-click the Analyze Post-Place & Route Static Timing process. The Timing
Analyzer opens.

To analyze the design, select Analyze — Against Timing Constraints.... The Analyze
with Timing Constraints dialog box opens.

Click OK.

When analysis is complete, the timing report opens.

5.

Select Timing summary from the Timing Report Description tree in the left window.
This displays the summary section of the timing report, where you can see that no
timing errors were reported.

@)ﬁﬁnx Timing Analyzer - counter.ncd - [Timing Constraints Analysis Report 3]
Fle Edit View Analyze Window Help

DEHE|>|& ien| ~| B G R E® LN

- Timing Report Description
- INFO Messages
E- Timing Constraints

- Constraint compliance
- Data Sheet report:

- Clock CLOCK to Pad

& Timing summary

- Timing Analyzer E{Q{[ings:

6.

- T5_CLOCK = PERIOD TIME
- OFFSET = IN 10 ns BEFOR
- OFFSET = OUT 10 ns AFTE

- Clock to Setup on destinati

Timing summary

Timing summary:

- Setup/Hold to clock CLOCK | Timing errors: 0 Score: 0

Constraints cover 18 paths, 0 nets, and 23 connections

1} The minimum period statistic assumes all single cycle delavs.
Figure 19: Timing Analyzer - Timing Summary

Close the Timing Analyzer without saving.

Viewing the Placed and Routed Design

In this section, you will use the FPGA Editor to view the design. You can view your design
on the FPGA device, as well as edit the placement and routing with the FPGA Editor.

1.

Double-click the View/Edit Routed Design (FPGA Editor) process found in the Place
& Route group of processes. Your implemented design opens in the FPGA Editor.

Look in the List window to examine your design components.

Click onthe COUNT_OUT K12 IOB in the List window to select the row. This is one of
the outputs in your design.
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4. With the COUNT_QUT K12 row selected, select View — Zoom Selection. In the editor
window, you can see the COUNT_OUT<0> I0B highlighted in red.

5. Push into (double-click) the red-highlighted COUNT_OUT K12 IOB. You should see
the following window:

21 Blockl - View Site K12 with Comp COUNT_OUT<0:>

Figure 20: FPGA Editor - Detailed View

6. Enlarge the window and zoom in so you can see more detail.

This view shows the inside of an FPGA at the lowest viewable level. The blue line shows
the route that is used through the IOB. The red lines show the routes that are available.
7. Verify that the signal goes to the pad as an output.

8. Close the FPGA Editor.

Timing Simulation (ISE Simulator)

You can verify that your design meets your timing requirements by running a timing
simulation. You can use the same test bench waveform that was used earlier in the design
flow for behavioral simulation.

When running timing simulation, the ISE tools create a structural HDL file which includes
timing information available after Place and Route is run. The simulator will run on a
model that is created based on the design to be downloaded to the FPGA.
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If you are using ISE Base or Foundation, you can simulate your design with the ISE
Simulator. To simulate your design with ModelSim, skip to the “Timing Simulation

(ModelSim)” section.

To run the integrated simulation processes:

1. Select the test bench waveform in the Sources in Project window. You can see the ISE
Simulator processes in the Processes for Source window.

n Xilinx - Project Navigator - C:\Data\Xilinx\tutorial\tutorialise -
& Fle Edit View Project Source Process Simulation Window

D|=|E|@| 2| =E|E BEEE [E L8]] £
2=
Sources in Project: |
o B tutorialise
EE.'.'E xc3s200-4ft256
E@ counter-behavioral (counter vhd)
b testbench (testbench tbw)
N B Module Viewl (o | SnapshotViewJ N Library'v'iewl
2=

Processes for Source: "testbench”

#+0  Add Existing Source
‘B Create New Source
B¢ View Generated Test Bench As HDL

Generate Expected Simulation Results
Simulate Behavioral Model
.. Simulate PostPlace & Route HDL Model

3

N B2 Process View I

Figure 21: Simulator Processes for Test Bench

2. Double-click the Simulate Post-Place & Route Model process.

This process generates a timing-annotated netlist from the implemented design and
simulates it. The resulting simulation is displayed in the Waveform Viewer. These results
look different than those you saw in the behavioral simulation earlier in this tutorial. These

results show timing delays.
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The ISE window, including waveform view, should look like the following:

& Xilinx - Project Navigator - C:\Data\Xilinx\tutorial\tutorialise - [testbench_isim]

= Fle Edit View Project Source Process Simulation Window Help

s = EE e E e e T e L A R S e =] 2
g3 1 5= » pE[1000  ~|ns +|
x|
Sources in Project | 1Ak "i|&)\ SR
-Ed xc2v40-Bes
E@ counter-behavioral (counter.vhd) 2040 ns 25515 | | 51|5 | | | TT5|HS | | |
41 testbench (testbench tbw) N direction 1 J
14 | | »| HMclock 0
%% Modul... | i Snaps... | [D) Library .. | Eghcount out . 2 [L¥1381455 01 §2xatavs¥e T evo o aoyovs
Ix Mlcount_. 0O _'—‘ | | | | | |
E|‘ testbench testbench testbench_z « Bcount_.. 0 —I—I—I—I—I—l I |
~2 direction :ll HMcount_.. 1 | | | | | l [
&l clock Mcount ... 0 l l | l l
@ count_out [0:3]
E‘ UUT counter Structure -
T | O SR S
% Process View | BB Sim Hierarchy -... r E Design S... ﬁtes]‘bench...l

Figure 22: Timing Simulation in ISE Simulator

3. To see your simulation results, zoom in on the transitions and view the area between
300 ns and 900 ns to verify that the counter is counting up and down as directed by the
stimulus on the DIRECTION port.

4. Zoom in again to see the timing delay between a rising clock edge and an output
transition.
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5. Click the Measure Marker button and then click near the 300 ns mark. Drag the second
marker to the point where the output becomes stable to see the time delay between the
clock edge and the transition.

Measure Marker

nx‘lﬁnx - Project Navigator - C:\Data\Xilinx\tutorial\tutorialise - [testbench_isim]
= File Edit View Project Source Progess Simulation Window Help

D|(e|@] 5| =ZIE| B [E LPe]] Llele] o] b ~ 2
g i[5z » pEf1000  ~|ns +| \‘
2=
Sources in Project: |A T @i f’.l@ S
~ [ tutorialise . 320.0 3270
a Now: "
| &?.U nsa
=a e — 2040 ns 311 ns 323 335 ns
E cunter-behaworal (counter.vt | | | I | | | | | | | |
y | “[# testbench ftesTbencT.waE ik M direction .
S - Mclock 1 S—
B Modul... S Lib ]
odu ltl naps I [ Library I = & count_out.. 13 | 13 )Q
==l Mcount .. 1
E|‘ testbench testbench tesTbench_e;‘ HMecount__. 1
5 g dliret:ion ) Mcount . 0
@il cloc
""" B count_out [0:3] Hcount_.. 1 |
LIEI‘ LT r‘.rlmter Structure Llﬂ o [ ol i —
% Process View | BB Sim Hierarchy -... I_ X Design S ﬁtestbench...l

Figure 23: View the Measure Marker

6. Close the waveform view window.

You have completed timing simulation of your design using the ISE Simulator. Skip past
the ModelSim section below, and proceed to the “Creating Configuration Data” section.
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Timing Simulation (ModelSim)

If you have a ModelSim simulator installed, you can simulate your design using the
integrated ModelSim flow. You can run processes from within ISE which launches the

installed ModelSim simulator.

1. To run the integrated simulation processes, select the test bench in the Sources in
Project window. You can see the ModelSim Simulator processes in the Processes for

Source window.

nx'lﬁnx - Project Navigator - C:\Data\Xilinx\ tutorial\tutorialise -

iE FHle Edt View Project Source Process Simulation Window
s EE N e EE e e i A
x|
Sources in Project: |
o B tutorialise
=-£3 xc3s200-4f256
E@ counter-behavioral (counter.vhd)
~[£] testbench (testbench tbw)
N B Module Viewl (o | Snapshot\.’iew] E LibraryViewl
=] x|

Processes for Source: "testbench”

~~O0  Add Existing Source

-8 Create New Source

-B1e# View Generated Test Bench As HDL

¢~  Add TestBench To Project

2lSim Simulator

Simulate Behavioral Model

Generate Expected Simulation Results
Simulate Post-Translate VHDL Model
Simulate Post-Map VHDL Model

Simulate Post-Place & Route VHDL Model

3

Figure 24: Simulator Processes for Test Bench

2. Double-click the Simulate Post-Place & Route VHDL/Verilog Model process.
Note: The implementation simulation processes will run the HDL language that you selected as

your Generated Simulation Language when you created your project.

This process generates a timing-annotated netlist from the implemented design and
simulates it in ModelSim. These results look different than those you saw in the behavioral
simulation earlier in this tutorial. These results show timing delays.
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The ModelSim window, including waveform, should look like the following:

ﬁ]‘ ModelSim XE II1/Starter 6.0a - Custom Xilinx Version
File Edit View Format Compie Simulate Add Toolk Window Help
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=g E = WrL (O 0000 1111 1110
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E
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airm j
R I ]
W 1l Library I &l sim l Z Files ‘ RiE

o010 MNow |0 ps

] Cursor1 |13 ps

0 4] | M)l |

|1-| | 82119 ps to 261809 ps | Now: 2,040 ns  Detta: 0
. — | — 1 | wave l H] testhenchtimesim_whw ‘
Now: 2 040 ns Delta: 0 |sim:fleslbench - Limited Visibility Region

Figure 25: Timing Simulation in ModelSim

3. Zoom in on the area between 300 ns and 900 ns to verify that the counter is counting up
and down as directed by the stimulus on the DIRECTION port.

4. Zoom inon the rising clock edges to see that the output transitions occur slightly later
due to the timing delay.

5. Close the ModelSim window.

Creating Configuration Data

The final phase in the software flow is to generate a bitstream and configure the device.

Generating a Bitstream

The bitstream is a binary encoded file that is the equivalent of the design in a form that can
be downloaded into the FPGA device.

1. Select the counter HDL source file in the Sources in Project window.

2. Runthe Generate Programming File process located near the bottom of the Processes
for Source window.

The bitstream is created by the Bitgen program. It is written into a file called
count er . bi t. This is the actual configuration data.

3. Select the Design Summary tab.
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4. Scroll to the bottom of the Design Summary window and select Bitgen Report to view
the report.

You are now ready to configure your device.

Configuring the Device

iMPACT is used to configure your FPGA or CPLD device. This is the last step in the design
process. This section provides simple instructions for configuring a Spartan-3 xc3s200
device connected to your PC.

Note: Your board must be connected to your PC before proceeding. If the device on your board
does not match the device assigned to the project, you will get errors. Please refer to the IMPACT
Help for more information. To access the help, select Help — Help Topics.

To configure the device:

1. Click the “+” sign to expand the Generate Programming File processes.
2. Double-click the Configure Device (iMPACT) process.

iMPACT opens and the Configure Devices dialog box is displayed.

3. Inthe Configure Devices dialog box, verify that Boundary-Scan Mode is selected and
click Next.

4. Verify that Automatically connect to cable and identify Boundary-Scan chain is
selected and click Finish.

5. If you get a message saying that there are two devices found, click OK to continue.

The Assign New Configuration File dialog box appears. Assign a configuration file to
each device in the JTAG chain. Select the count er . bi t file and click Open. If you
want to skip any devices in this process, click Bypass to continue.

If you get a Warning message, click OK.

8. Right-click on the counter device image, and select Program... to open the Program
Options dialog box.

9. Click OK to program the device.

ISE programs the device and displays Programming Succeeded if the operation was
successful. On the device, four outputs should be active.

10. Close iMPACT without saving.

You have completed the ISE Quick Start Tutorial. For an in-depth explanation of the ISE
design tools, see the ISE In-Depth Tutorial on the Xilinx® web site at:
http://www.xilinx.com/support/techsup/tutorials/
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