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Preface

About This Tutorial

About the In-Depth Tutorial

This tutorial gives a description of the features and additions to Xilinx® ISE™ 8.2i. The
primary focus of this tutorial is to show the relationship among the design entry tools,
Xilinx and third-party tools, and the design implementation tools.

This guide is a learning tool for designers who are unfamiliar with the features of the ISE
software or those wanting to refresh their skills and knowledge.

You may choose to follow one of three tutorial flows available in this document. For
information about the tutorial flows, see “Tutorial Flows.”

Tutorial Contents

This guide covers the following topics.

e Chapter 1, “Overview of ISE and Synthesis Tools,” introduces you to the ISE primary
user interface, Project Navigator, and the synthesis tools available for your design.

e Chapter 2, "HDL-Based Design,” guides you through a typical HDL-based design
procedure using a design of a runner’s stopwatch.

e Chapter 3, “Schematic-Based Design,” explains many different facets of a schematic-
based ISE design flow using a design of a runner’s stopwatch. This chapter also
shows how to use ISE accessories such as StateCAD, Project Navigator, CORE
Generator™, and ISE Text Editor.

e Chapter 4, “Behavioral Simulation,” explains how to use the ModelSim Simulator to
simulate a design before design implementation to verify that the logic that you have
created is correct.

e Chapter 5, “Design Implementation,” describes how to Translate, Map, Place, Route
(Fit for CPLDs), and generate a Bit file for designs.

e Chapter 6, “Timing Simulation,” explains how to perform a timing simulation using
the block and routing delay information from the routed design to give an accurate
assessment of the behavior of the circuit under worst-case conditions.

e Chapter 7, “iMPACT Tutorial” explains how to program a device with a newly
created design using the IMPACT configuration tool.
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Tutorial Flows

This document contains three tutorial flows. In this section, the three tutorial flows are
outlined and briefly described, in order to help you determine which sequence of chapters
applies to your needs. The tutorial flows include:

HDL Design Flow
Schematic Design Flow

Implementation-only Flow

HDL Design Flow
The HDL Design flow is as follows:

Chapter 2, “HDL-Based Design”

Chapter 4, “Behavioral Simulation”
Note that behavioral simulation is optional; however, it is strongly recommended in
this tutorial flow.

Chapter 5, “Design Implementation”

Chapter 6, “Timing Simulation”
Note that timing simulation is optional; however, it is strongly recommended.

Chapter 7, “iMPACT Tutorial”

Schematic Design Flow

The Schematic Design flow is as follows:

Chapter 3, “Schematic-Based Design”

Chapter 4, “Behavioral Simulation”
Note that behavioral simulation is optional; however, it is strongly recommended in
this tutorial flow.

Chapter 5, “Design Implementation”

Chapter 6,“Timing Simulation”
Note that timing simulation is optional; however, it is strongly recommended.

Chapter 7, “iMPACT Tutorial”

Implementation-only Flow

The Implementation-only flow is as follows:

Chapter 5, “Design Implementation”

Chapter 6, “Timing Simulation”
Note that timing simulation is optional; however, it is strongly recommended.

Chapter 7, “iMPACT Tutorial”
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Additional Resources

To find additional documentation, see the Xilinx website at:

http:/ /www.xilinx.com /literature.

To search the Answer Database of silicon, software, and IP questions and answers, or to
create a technical support WebCase, see the Xilinx website at:

http:/ /www.xilinx.com /support.
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Chapter 1

Overview of ISE and Synthesis Tools

This chapter includes the following sections:

e  “Overview of ISE”
e “Using Snapshots and Archives”

e “Overview of Synthesis Tools”

Overview of ISE

ISE controls all aspects of the design flow. Through the Project Navigator interface, you can
access all of the design entry and design implementation tools. You can also access the files
and documents associated with your project. Project Navigator maintains a flat directory
structure; therefore, you must maintain revision control through the use of snapshots.

Project Navigator Interface

The Project Navigator Interface is divided into four main subwindows, as seen in

Figure 1-1. On the top left is the Sources window which hierarchically displays the
elements included in the project. Beneath the Sources window is the Processes window,
which displays available processes for the currently selected source. The third window at
the bottom of the Project Navigator is the Transcript window which displays status
messages, errors, and warnings and also contains interactive tabs fo Tcl scripting and the
Find in Files function. The fourth window to the right is a multi-document interface (MDI)
window refered to as the Workspace. It enables you to view html reports, ASCII text files,
schematics, and simulation waveforms. Each window may be resized, undocked from
Project Navigator or moved to a new location within the main Project Navigator window.
The default layout can always be restored by selecting View > Restore Default Layout.
These windows are discussed in more detail in the following sections.
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Figure 1-1: Project Navigator

Sources Window

This window consists of three tabs which provide information for the user. Each tab is
discussed in further detail below.

Sources Tab

The Sources tab displays the project name, the specified device, and user documents and
design source files associated with the selected Design View. The Design View (“Sources
for”) drop-down list at the top of the Sources tab allows you to view only those source files
associated with the selected Design View, such as Synthesis/Implementation. In the
“Number of” drop-down list, a Resources column and a Preserve Column are available for
Designs that use Partitions. The use of partitions is covered in Chapter 5, “Design
Implementation”.

14 www.xilinx.com ISE 8.2 In-Depth Tutorial


http://www.xilinx.com

Overview of ISE

SUXILINX®

Each file in a Design View has an associated icon. The icon indicates the file type (HDL file,
schematic, core, or text file, for example). For a complete list of possible source types and
their associated icons, see the ISE™ Help. Select Help > ISE Help Contents, select the
Index tab and search for Source file types.

If a file contains lower levels of hierarchy, the icon has a + to the left of the name. HDL files
have this + to show the entities (VHDL) or modules (Verilog) within the file. You can
expand the hierarchy by clicking the +. You can open a file for editing by double-clicking
on the filename.

Snapshots Tab

The Snapshots tab displays all snapshots associated with the project currently open in
Project Navigator. A snapshot is a copy of the project including all files in the working
directory, and synthesis and simulation sub-directories. A snapshot is stored with the
project for which is was taken, and the snapshot can be viewed in the Snapshots tab. You
can view the reports, user documents, and source files for all snapshots. All information
displayed in the Snapshots tab is read-only. Using snapshots provides an excellent version
control system, enabling subteams to do simultaneous development on the same design.

Note: Remote sources are not copied with the snapshot. A reference is maintained in the snapshot.
For more information, see the ISE Help.

Libraries Tab

The Libraries tab displays all libraries associated with the project open in Project
Navigator.

Processes Window

This window contains one default tab called the Processes tab.

Processes Tab

The Processes tab is context sensitive and changes based upon the source type selected in
the Sources tab and the Top-Level Source Type in your project. From the Processes tab, you
can run the functions necessary to define, run and view your design. The Processes tab
provides access to the following functions:

¢ Add an Existing Source
e Create New Source

e View Design Summary
¢ Design Entry Utilities

Provides access to symbol generation, instantiation templates, HDL Converter, View
command line Log File, and simulation library compilation.

e User Constraints
Provides access to editing location and timing constraints.
¢ Synthesis

Provides access to Check Syntax, Synthesis, View RTL or Technology Schematic, and
synthesis reports. This varies depending on the synthesis tools you use.
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¢ Implement Design

Provides access to implementation tools, design flow reports, and point tools.

¢ Generate Programming File

Provides access to the configuration tools and bitstream generation.

The Processes tab incorporates automake technology. This enables the user to select any
process in the flow and the software automatically runs the processes necessary to get to
the desired step. For example, when you run the Implement Design process, Project
Navigator also runs the Synthesis process because implementation is dependent on up-to-
date synthesis results.

Note: To view a running log of command line arguments in the Console tab of the Transcript window,
expand Design Entry Utilities and select View Command Line Log File. See the Using Command
Line section of Chapter 5, “Design Implementation” for further details.

Transcript Window

The Transcript window contains five default tabs: Console, Errors, Warnings, Tcl Console,
Find in Files.

e Console

Displays errors, warnings, and information messages. Errors are signified by a red (X)
next to the message, while warnings have a yellow exclamation mark (!).

e  Warnings
Displays only warning messages. Other console messages are filtered out.
e Errors

Displays only error messages. Other console messages are filtered out.

e Tcl Console

Is a user interactive console. In additions to displaying errors, warnings and
informational messages, the Tcl Console allows a user to enter Project Navigator
specific Tcl commands. For more information on Tcl commands, see the ISE Help.

¢ Find in Files
Displays the results of the Edit > Find in Files function.

Error Navigation to Source

You can navigate from a synthesis error or warning message in the Transcript window to
the location of the error in a source HDL file. To do so, select the error or warning message,
right-click the mouse, and select Goto Source from the right-click menu.The HDL source
file opens and the cursor moves to the line with the error.

Error Navigation to Solution Record

You can navigate from an error or warning message in the Transcript window to the
relevant Answer Records on the www.xilinx.com/support website. To navigate to the
Answer Record(s), select the error or warning message, right-click the mouse, and select
Goto Solution Record from the right-click menu. The default web browser opens and
displays all Answer Records applicable to this message.

16
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Workspace

Design Summary

The Design Summary lists high-level information about your project, including overview
information, a device utilization summary, performance data gathered from the Place &
Route (PAR) report, constraints information, and summary information from all reports
with links to the individual reports.

Text Editor

Source files and other text documents can be opened in a user designated editor. The editor
is determined by the setting found by selecting Edit > Preferences, expand ISE General
and click Editor. The default editor is the ISE Text Editor. ISE Text Editor enables you to
edit source files and user documents. You can access the Language Templates, which is a
catalog of ABEL, Verilog and VHDL language, and User Constraints File templates that
you can use and modify in your own design.

ISE Simulator / Waveform Editor

ISE Simulator / Waveform Editor is a test bench and test fixture creation tool integrated in
the Project Navigator framework. Waveform Editor can be used to graphically enter
stimuli and the expected response, then generate a VHDL test bench or Verilog test fixture.
For details, refer to“Creating a Test Bench Waveform Using the Waveform Editor” in
Chapter 4.

Schematic Editor

The Schematic Editor is integrated in the Project Navigator framework. The Schematic
Editor can be used to graphically create and view logical designs.

Using Snapshots and Archives

Using Snapshots
Snapshots enable you to maintain revision control over the design. A snapshot contains a

copy of all of the files in the project directory. See also “Snapshots Tab.”

Creating a Snapshot

To create a snapshot:

1. Select Project > Take Snapshot.

2. In the Take a Snapshot of the Project dialog box, enter the snapshot name and any
comments associated with the snapshot.

The snapshot containing all of the files in the project directory along with project settings is
displayed in the Snapshots tab.
Restoring a Snapshot

Since snapshots are read-only, a snapshot must be restored in order to continue work.
When you restore a snapshot, it replaces the project in your current session.
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To restore a snapshot:

1. In the Snapshots tab, select the snapshot from the drop-down list.
2. Select Project > Make Snapshot Current.

Before the snapshot replaces the current project, you are given the option to place the
current project in a snapshot so that your work is not lost.

Viewing a Snapshot

The Snapshots tab contains a list of all the snapshots available in the current project. To
review a process report or verify process status within a snapshot:

1. Expand the snapshot source tree and select the desired source file.
2. Right-click the mouse over the desired process report.

3. From the menu, select Open Without Updating.

Using Project Archives

You can also archive the entire project into a single compressed file. This allows for easier
transfer over email and storage of numerous projects in a limited space.

Creating an Archive

To create an archive:
1. Select Project > Archive.

2. In the Create Zip Archive dialog box, enter the archive name and location.

Note: The archive contains all of the files in the project directory along with project settings. Remote
sources are not zipped up into the archive. For more information, see the ISE Help.

Restoring an Archive

You cannot restore an archived file directly into Project Navigator. The compressed file can
be extracted with any ZIP utility and you can then open the extracted file in Project
Navigator.

Overview of Synthesis Tools

You can synthesize your design using various synthesis tools. The following section lists
the supported synthesis tool and includes some process properties information.

LeonardoSpectrum

This synthesis tool is not part of the ISE package and is not available unless purchased
separately. Two commonly used properties are Optimization Goal and Optimization
Effort. With these properties you can control the synthesis results for area or speed and the
amount of time the synthesizer runs.This synthesis tool is available for both an HDL- and
Schematic-based design flow.
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Process Properties

Precision

Process properties enable you to control the synthesis results of LeonardoSpectrum. Most
of the commonly used synthesis options available for the LeonardoSpectrum stand-alone
version are available for LeonardoSpectrum synthesis through ISE.

For more information, see the LeonardoSpectrum online help.

E Process Properties

Categom

onztraint File Optionsz

#--HDL Dptions

g"".ﬁ.rchitecture Options

‘e Mtz Options Property Name | Valug
Optirmization Goal | auto LI
Optimization Efort | quick LI
Clock Frequency
Hierarchy auto |

Property dizplay level: I Advanced = l [ efault |
Ok I Cancel | Apply | Help |
v

Figure 1-2: LeonardoSpectrum Synthesis Process Properties

Synthesis

This synthesis tool is not part of the ISE package and is not available unless purchased
separately. Two commonly used properties are Optimization Goal and Optimization
Effort. With these properties you can control the synthesis results for area or speed and the
amount of time the synthesizer runs.This synthesis tool is available for both an HDL- and
Schematic-based design flow.

Process Properties

Process properties enable you to control the synthesis results of Precision. Most of the
commonly used synthesis options available for the Precision stand-alone version are
available for Precision synthesis through ISE.

For more information, see the Precision online help.
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E Process Properties |
Cateqary
: ptimization Options
Timing Options
= Qutput Options
Property Mame Walue
Input SDC File [
Fiesource Sharing W
Advanced F5M Optimization W
Usz Safe F5M r
F5M Encoding Auto ﬂ
WHOL Properties
YHDL Syrian YHDL 93 =l
Werilog Properties
Full Caze r
Parallel Caze r
Aray Bounds Check: r
Property dizplay level: lm Default

Ok I Cancel | Apply | Help |

Figure 1-3: Precision Synthesis Process Properties

4

Synplify/Synplify Pro

This synthesis tool is not part of the ISE package and is not available unless purchased
separately. This synthesis tool is available for HDL-based designs, but it is not available for

a schematic-based design.

Process Properties

Process properties enable you to control the synthesis results of Synplify/Synplify Pro.
Most of the commonly used synthesis options available in the Synplify /Synplify Pro
stand-alone version are available for Synplify /Synplify Pro synthesis through ISE.

For more information, see the Synplify /Synplify Pro online help.
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S Process Properties x|
Categom
Synthesziz Options
HDL Options
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Figure 1-4: Synplify/Synplify Pro Synthesis Process Properties

Xilinx Synthesis Technology (XST)

This synthesis tool is part of the ISE package and is available for both an HDL- and

Schematic-based design flow.

Process Properties

Process properties enable you to control the synthesis results of XST. Two commonly used
properties are Optimization Goal and Optimization Effort. With these properties you can

control the synthesis results for area or speed, and the amount of time the synthesizer runs.

More detailed information is available in the XST User Guide, available in the collection of

software manuals. From ISE, select Help > Software Manuals, or go on the web at

http:/ /www.xilinx.com /support/sw_manuals /xilinx8/.
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Figure 1-5: XST Synthesis Process Properties
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HDL-Based Design

This chapter includes the following sections:
e “Overview of HDL-Based Design”

e “Getting Started”

e “Design Description”

o  “Design Entry”

e “Synthesizing the Design”

Overview of HDL-Based Design

This chapter guides you through a typical HDL-based design procedure using a design of
arunner’s stopwatch. The design example used in this tutorial demonstrates many device
features, software features, and design flow practices you can apply to your own design.
This design targets a Spartan™.-3 device; however, all of the principles and flows taught
are applicable to any Xilinx® device family, unless otherwise noted.

The design is composed of HDL elements and two cores. You can synthesize the design
using Xilinx Synthesis Technology (XST), Synplify/Synplify Pro, LeonardoSpectrum, or
Precision.

This chapter is the first in the “HDL Design Flow.” After the design is successfully defined,
you will perform behavioral simulation (Chapter 4, “Behavioral Simulation”), run
implementation with the Xilinx Implementation Tools (Chapter 5, “Design
Implementation”), perform timing simulation (Chapter 6, “Timing Simulation”), and
configure and download to the Spartan-3 demo board (Chapter 7, “iMPACT Tutorial”).
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Getting Started

The following sections describe the basic requirements for running the tutorial.

Required Software

To perform this tutorial, you must have the following software and software components
installed:

e Xilinx Series ISE™ 8.2
e Spartan-3 libraries and device files

Note: For detailed software installation instructions, refer to the ISE Release Notes and Installation
Guide.

This tutorial assumes that the software is installed in the default location c:\xilinx. If you
have installed the software in a different location, substitute your installation path for
c:\xilinx in the procedures that follow.

Optional Software Requirements

The following third-party synthesis tools are incorporated into this tutorial, and may be
used in place of the Xilinx Synthesis Tool (XST):

e  Synplicity Synplify/Synplify PRO 8.2.1 (or above)
¢ Mentor LeonardoSpectrum 2004.b (or above)

e Mentor Precision Synthesis 2005.c (or above)

The following third-party simulation tool is optional for this tutorial, and may be used in
place of the ISE Simulator:

e ModelSim

VHDL or Verilog?

This tutorial supports both VHDL and Verilog designs, and applies to both designs
simultaneously, noting differences where applicable. You will need to decide which HDL
language you would like to work through for the tutorial, and download the appropriate
files for that language. XST can synthesize a mixed-language design. However, this tutorial
does not go over the mixed language feature.

Installing the Tutorial Project Files

The Stopwatch tutorial projects can be downloaded from
http:/ /www.xilinx.com /support/techsup/ tutorials/tutorials8.htm. Download either the
VHDL or the Verilog design flow project files.

After you have downloaded the tutorial project files from the web, unzip the tutorial
projects into the c: \xilinx\ISEexamples directory, replacing any existing files in that
directory.

When you unzip the tutorial project files into ¢ : \xi1inx\ISEexamples, the directory
wtut_vhd (for a VHDL design flow) or wtut_ver (for a Verilog design flow) is created
within ¢:\xilinx\ISEexamples, and the tutorial files are copied into the newly-
created directory.
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The following table lists the locations of tutorial source files.

Table 2-1: Tutorial Directories

Directory Description
wtut_vhd Incomplete VHDL Source Files
wtut_ver Incomplete Verilog Source Files

wtut_vhd\wtut_vhd_comple | Completed VHDL Source Files
ted

wtut_ver\wtut_ver_comple | Completed Verilog Source Files
ted

Note: Do not overwrite any files in the solution directories.
The completed directories contain the finished HDL source files.

This tutorial assumes that the files are unzipped under ¢ : \xilinx\ISEexamples, but
you can unzip the source files into any directory with read-write permissions. If you unzip
the files into a different location, substitute your project path for
c:\xilinx\ISEexamples in the procedures that follow.

Starting the ISE Software
To start ISE:

Double-click the ISE Project Navigator icon on your desktop or select Start > All
Programs > Xilinx ISE 8.2i > Project Navigator.

=

Figure 2-1: Project Navigator Desktop Icon

Creating a New Project

Note: Two methods are provided for creating a new project: Using the New Project Wizard and
Using a Tcl Script. Use either method provided below.

Creating a New Project: Using the New Project Wizard

1. From Project Navigator, select File > New Project.
The New Project Wizard appears.
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= New Project Wizard - Create New Project M=l B3

—Enter a Mame and Location for the Project

Froject Name: Project Location

wiut_vhd C:AKilimeh] SE emamnplestaatut_vhd |

—Select the Tpe of Top-Level Source for the Project

Top-Level Source Type:

HDL =]

Mare |nfo | ¢ Back | Mest » I Cancel

Figure 2-2: New Project Wizard - Create New Project

2. Inthe Project Location field, browse to ¢ : \xi1linx\ISEexamples or to the directory
in which you installed the project.

3. Typewtut_vhd or wtut_ver as the Project Name.
Verify that HDL is selected as the Top Module and click Next.

The New Project Wizard - Device Properties window appears.

E New Project Wizard - Device Properties M=

—Select the Device and Design Flow for the Project
Property HName Walue
Praduct Category All H
Family Spartan3 hd
Device XC35200 hd
Package FT256 hd
Speed -4 hd
Top-Level Source Type HOL Ll
Synthesziz Tool HST WHDLAerilog) j
Simulator ISE Simulator [VHDLA erilog) ;l
Enable Enhanced Design Summary W
Enable Message Filtkering 2
Display Incremertal Messages I~

More Info | < Back | Nest » | Cancel

Figure 2-3: New Project Wizard - Device Properties
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5. Select the following values in the New Project Wizard - Device Properties window:

L

*

L

L

*

L

L

Product Category: All

Family: Spartan3

Device: XC3S200

Package: FT256

Speed: -4

Synthesis Tool: XST (VHDL/Verilog)
Simulator: ISE Simulator (VHDL/Verilog)

6. Click Next, then Next, and then click Add Source in the New Project Wizard - Add
Existing Sources window.

7. Browseto c:\xilinx\ISEexamples\wtut_vhd or
c:\xilinx\ISEexamples\wtut_ver.

8. Select the following files (. vhd files for VHDL design entry or .v files for Verilog
design entry) and click Open.

’

(4
’
(4
(4

clk div_262k
debounce

led control
statmach

stopwatch

9. Click Next, then Finish to complete the New Project Wizard.

10. In the Adding Source Files dialog box, verify that all added HDL files are associated
with Synthesis/Imp + Simulation, then click OK.

Creating a New Project: Using a Tcl Script

1. With Project Navigator open, select the Tcl Console tab.

2. Change the current working directory to the directory where the tutorial source files
were unzipped by typing cd c:/xilinx/ISEexamples/wtut_vhd (VHDL design
entry) or cd c:/xilinx/ISEexamples/wtut_ver (Verilog design entry).

3. Run the project creation Tcl script by typing source create_wtut_vhd.tcl
(VHDL design entry) or source create_wtut_ver.tcl (Verilog design entry).

Note: If presented with a dialog box stating that *.ise appears to be locked, click Yes to continue
project creation.

Stopping the Tutorial

You may stop the tutorial at any time and save your work by selecting File > Save All.
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Design Description

Inputs

Outputs

The design used in this tutorial is a hierarchical, HDL-based design, which means that the
top-level design file is an HDL file that references several other lower-level macros. The
lower-level macros are either HDL modules or IP modules.

The design begins as an unfinished design. Throughout the tutorial, you will complete the
design by generating some of the modules from scratch and by completing others from
existing files. When the design is complete, you will simulate it to verify the design’s
functionality.

In the runner’s stopwatch design, there are three external inputs and three external output
buses. The system clock is an externally generated signal. The following list summarizes
the input lines and output buses.

The following are input signals for the tutorial stopwatch design.

e STRTSTOP

Starts and stops the stopwatch. This is an active low signal which acts like the
start/stop button on a runner’s stopwatch.

e RESET
Resets the stopwatch to 00.0 after it has been stopped.
e CLK

Externally generated system clock.

The following are outputs signals for the design.

e SEG_A, SEG_B, SEG_C, SEG_D, SEG_F, SEG_G, SEG_DP
These outputs drive the individual segments and the decimal point for all four digits
of the stopwatch design. The digits of the stopwatch are displayed on 7-segment LED
displays.

e ANI[3:0]

This is a one-hot vector signal which drives the anodes of the four 7-segment LED
displays to determine which display will be lighted.

Functional Blocks

The completed design consists of the following functional blocks.
e clk_div_262k
Macro which divides a clock frequency by 262,144.

e dml

Clocking Wizard macro with internal feedback, frequency controlled output, and
duty-cycle correction. The CLKEX_OUT output converts the 50 MHz clock of the
Spartan-3 demo board to 26.2144 MHz.
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e debounce
Schematic module implementing a simplistic debounce circuit for the STRTSTOP
input signal.

e hex2led
HDL-based macro. This macro decodes the ones and tens digit values from
hexadecimal to 7-segment display format.

¢ led_control

Module controlling the data multiplexing to the four 7-segment LED displays.

e statmach

State Machine module defined and implemented in State Diagram Editor.

e ten_cnt

CORE Generator™ 4-bit binary encoded counter. This macro outputs a 4-bit code
which is decoded to represent the tenths and hundredths digit of the watch value as a
10-bit one-hot encoded value.

e time_cnt

Module which counts from 0:0 to 9:59 decimal. This macro has three 4-bit outputs,
which represent the minutes and seconds digits of the decimal point.

For this hierarchical design, you will examine HDL files, correct syntax errors, create an
HDL macro, and add a CORE Generator module. You will create and use each type of
design macro. All procedures used in the tutorial can be used later for your own designs.

With the wtut_vhd.ise orwtut_ver.ise project open in Project Navigator, the
Sources tab displays all of the source files currently added to the project, with the
associated entity or module names (see Figure 2-4). In the current project, time_cnt and
hex21led are instantiated, but the associated entity or module is not defined in the project.
Instantiated components with no entity or module declaration are displayed with a red
question mark.

|
Sources for: I Synthesiz/mplementation LI
'-“5'_'] wtut_vhd
- £ xc3s200-41256
=t Eﬁsﬁstopwalch - stopwatch_arch [stopwatch. vhd]
E HEXZLED_1 - hexZled - hexZled_arch [hexZled.vhd]
E HEXZLED_2 - hexZled - hexZled_arch [hexZled.vhd]
E HEXZLED_3 - hexZled - hexZled_arch [hexZled.vhd]
E HEXZLED_4 - hexZled - hexZled_arch [hexZled.vhd]
E HEXZLED_5 - hexZled - hexZled_arch [hexZled.vhd]
E DEBOUMCE_1 - debounce - debounce_arch [debounce. vhd]
E TIMECMT_1 - time_cnt - time_cnt_arch [time_cnt.vhd)
E STATEMACH_T - STMACH Y - BEHAVIOR [STMACH_V . vhd)
E LEDCOMTRAL_T - led_control - led_control_arch [led_contral. vhd)
E CLEDIVZE2K_1 - chk_div_262k - clk_div_262k_arch [clk_div_262k. vhd]

B3 Sources | 175 Snapshats I |E Libraries I

Figure 2-4: Sources Tab Showing Completed Design
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Adding Source Files

HDL files must be added to the project before they can be synthesized. Four HDL files have
already been added to this project. An additional file must be added.

1. Select Project > Add Source.
2. Select time_cnt.vhdor time_cnt.v from the project directory and click Open.

3. In the Adding Source Files dialog box, verify that time_cnt is associated with
Synthesis/Imp + Simulation and click OK.

Note: Alternatively, the time_cnt.vhd file could be added to the project by entering the following
command in the Tcl Console tab and then selecting View > Refresh.

xfile add time_ cnt.vhd

The red question-mark (?) for time_cnt should change to show the VHD file icon.

TIMECMT _1 - time_cnt - ime_cht_arch [time_cnt.vhd)

Figure 2-5: time_cnt.vhd File in Sources Tab

Checking the Syntax
To check the syntax of source files:

1. Select stopwatch.vhd or stopwatch.v in the Sources tab.

When you select the HDL file, the Processes tab displays all processes available for this
file.

2. In the Processes tab, click the + next to Synthesize to expand the process hierarchy.
3. Double-click Check Syntax in the Synthesize hierarchy.
Note: Check Syntax is not available when Synplify is selected as the synthesis tool.

Correcting HDL Errors

The time_cnt module contains a syntax error that must be corrected. The red “x” beside the
Check Syntax process indicates an error was found during the analysis. In the Console tab
of the Transcript window, Project Navigator reports errors with a red (X) and warnings
with a yellow (!).

To display the error in the source file:

1. Click the file name in the error message in the Console or Errors tab. The source code
will come up in the main display tab.

2. Correct any errors in the HDL source file. The comments next to the error explain this
simple fix.

3. Select File > Save to save the file.
Re-analyze the file by selecting the HDL file and double-clicking Check Syntax.
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Creating an HDL-Based Module

Next you will create a module from HDL code. With ISE, you can easily create modules
from HDL code using the ISE Text Editor. The HDL code is then connected to your top-
level HDL design through instantiation and is compiled with the rest of the design.

You will author a new HDL module. This macro serves to convert the 4-bit outputs of the
time_cnt and ten_cnt modules into a 7-segment LED display format.

Using the New Source Wizard and ISE Text Editor

In this section, you create a file using the New Source wizard, specifying the name and
ports of the component. The resulting HDL file is then modified in the ISE Text Editor.

To create the source file:

1. Select Project > New Source.

A dialog box opens in which you specify the type of source you want to create.
Select VHDL Module or Verilog Module.

In the File Name field, type hex21led.

Click Next.

Enter a 4-bit input port named HEX and a 7-bit output port named LED for the
hex21led component in this way:

a. Click in the Port Name field and type HEX.
b. Click in the Direction field and set the direction to in.

ARl

c. Check the Bus designation box.
d. In the MSB field enter 3, and in the LSB field enter 0. Refer to Figure 2-6.

Repeat the above steps for the LED[6:0] output bus. Be sure that the direction is set
to out, MSB is set to 6 and LSB is set to 0.
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E Mew Source Wizard - Define Module 2]

Entity Mame IhexEIed

Architecture Name IEehavioral

Port Hame Direction MSE L5B =
HEX i 3 0
LED| out E 0

i

in

in

in

in

i —

i

in |

More Info | < Back Mext » Cancel |

Figure 2-6: New Source Wizard for VHDL

6. Click Next to complete the Wizard session.
A description of the module displays.

7. Click Finish to open the empty HDL file in the ISE Text Editor.
The VHDL file is displayed in Figure 2-7. The Verilog HDL file is displayed in Figure 2-8.
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m o~ 0

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
25
27
25
29
20
21
52
23
34
25
=20
3T
=22
29

0 o~ @ th B k3

fin]

1

12
13
14
15
16
17
18
19
20
2

22
23
24
25
28
27
28

—— rooigu s,
—-— Module Name: hexzled - Behavioral
-— Project Name:

—-— Target Device:

—-— Tool wversions:

—— Description:

—— Dependencies:

—-— Revision:
-— Rewvizion 0.01 - File Created
-— Additional Comments:

library IEEE:

use IEEE.STD_LOGIC_1164.ALL:

use IEEE.STD LOGIC ARITH.ALL:
use IEEE.3TD LOGIC UNSIGNED.ALL:

———— TUncomment the following likbrary declaration if instantisting
———— any Zilinx primitiwves in this code.

—=library UNIZIM:

——use UNISIN.VComponents.all;

entity hexiled is
Port ( HEX : in std logic_wvector (3 downto O):
LED : out std logic wvector (6 downto 0)):
end hexzled;

architecture Behavioral of hexiled i=

hegin

Figure 2-7: VHDL File in ISE Text Editor

Caswomdn maan 4 apo

FEEREERIITIEE T TG E PR R i E i iRy
/i Company:
/{ Engineer:

// Create Date: 12:02:04 02/18/05
// Design Wamwe:

/¢ Hodule Hame: hex?led

/¢ Project Name:

/¢ Target Device:

/f Tool wersions:

// Description:

// Dependencies:

// Bevision:

// Revision 0.01 - File Created

/i ddditional Conments:

LEEEEET TP e i i d i d i i i i e iiiiide
wodule hex2led(HEX, LED);

input [3:0] HEE;
output [6:0] LED;

endmodule

Figure 2-8:  Verilog File in ISE Text Editor
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In the ISE Text Editor, the ports are already declared in the HDL file, and some of the basic
file structure is already in place. Keywords are displayed in blue, comments in green, and
values are black. The file is color-coded to enhance readability and help you recognize
typographical errors.

Using the Language Templates

The ISE Language Templates include HDL constructs and synthesis templates which
represent commonly used logic components, such as counters, D flip-flops, multiplexers,
and primitives. You will use the HEX2LED Converter template for this exercise. This
template provides source code to convert a 4-bit value to 7-segment LED display format.

Note: You can add your own templates to the Language Templates for components or constructs
that you use often.

To invoke the Language Templates and select the template for this tutorial:

1. From Project Navigator, select Edit > Language Templates.

Each HDL language in the Language Templates is divided into five sections: Common
Constructs, Device Primitive Instantiation, Simulation Constructs, Synthesis
Constructs and User Templates. To expand the view of any of these sections, click the
+ next to the section. Click any of the listed templates to view the template contents in
the right pane.

2. Under either the VHDL or Verilog hierarchy, expand the Synthesis Constructs
hierarchy, expand the Coding Examples hierarchy, expand the Misc hierarchy, and
select the template called 7-Segment Display Hex Conversion. Use the appropriate
template for the language you are using.

When the template is selected in the hierarchy the contents display in the right pane.
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B [C1ABEL -
E-CIUCF

-- [[verilog

E-E3VHDL

- [ Comman Constructs

- [ Device Primitive Instantiation

- [ Sirmulation Constructs

=53 Synthesiz Constructs

--[:IAssertions & Functions

-- [ Athibutes

-3 Cading Examples

- [ Accurnulatars

- (7] Avrithmetic
[- [ Basic Gates
[~ [ Caurter
B (2 Courkers
- [ Decoders

- [ Encoders

- [ Flip Flops

- [ Logical Shifters

H-E Misc

: 7-Segment Dizplay Hex Conversion

Azynchronous [nput Synchronization (Fed.
Barrel Shifter
Debounce circuit
Qpen Drain Dutput [bused reqg) —
Open Drain Output [single signal]
[~ [ Outtput Clock Forwarding Using DDR
- [ Multiplesers
- [ RaM
- (CIROM
- [ Shift Flegisters

- 7] State Machines -
4] _ | 2

hexZledvhd | Language Templates I

o OO e O s IO IO

—--HEZ-to-zseven-segment decoder
—= HEX: in
- LED: out 3TD_LOGIC _VECTOR

—-- Zeqmwent encoinputy

with HEXZ 3ELect

LED<= "1111001" when ™0OO01",
"O100100" when "OO10%,
"0110000% when "OO11%,
"O011001" when TO1007,
"oo10010f" ghen TO1017,
"o00o0010" when foiion,
"1111000" when "O111",
"ooooooo’ when fi000%,
"oo100o00f when 10017,
"oool0o00f when 10107,
"ooooo11"™ when "i011v,
"1i000110" when 11007,
"0100001" when 11017,
Toooo110f when 11107,
"ooo111o0f when 11117,
"1000000" when others:

Figure 2-9: Language Templates

Adding a Language Template to Your File

-1
--z
-3
——4
-5
-6
-7
-5
g
-k
-—b
--C
--d
--E
--F
-0

B

STD_LOGIC_VECTOR (3 downto O);
(6 downto 0O);

You will now use the drag and drop method for adding templates to your HDL file. Refer
to “Working with Language Templates” in the ISE Help for additional usability options.

To add the template to your HDL file using the drag and drop method:

1. Select Window > Tile Vertically to show both the HDL file and the Language

Templates window.

2. Click and drag the 7-Segment Display Hex Conversion name from the Language
Template topology into the hex21led.vhd file under the architecture begin

statement, or into the hex21led. v file under the module declaration.

3. Close the Language Templates window.

(Verilog only) After the input and output statements and before the HEX2LED
converter that you just added, add the following line of code to the HDL file to allow

an assignment:

reg [6:0] LED;
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(Verilog only) Replace the two <4-bit_hex_input> and the sixteen <7-
seg_output> entries with HEX and LED respectively.

You now have complete and functional HDL code.

Save the file by selecting File > Save.

Select hex21ed in the Sources tab.

In the Processes tab, double-click Check Syntax.
Close the ISE Text Editor.

Creating a CORE Generator Module

CORE Generator is a graphical interactive design tool that enables you to create high-level
modules such as counters, shift registers, RAM and multiplexers. You can customize and
pre-optimize the modules to take advantage of the inherent architectural features of the
Xilinx FPGA architectures, such as Fast Carry Logic, SRL16s, and distributed and block
RAM.

In this section, you will create a CORE Generator module called ten_cnt. Ten_cnt is a 4-bit
binary encoded counter. Two instances of ten_cnt will be used to produce the tenths and
hundredths digits of the stopwatch’s time value.

Creating a CORE Generator Module

To create a CORE Generator module:

AL N

In Project Navigator, select Project > New Source.

Select IP (Coregen & Architecture Wizard).

Type ten_cnt in the File name field.

Click Next.

Double-click Basic Elements, then double-click Counters.

Select Binary Counter, then click Next and click Finish to open the Binary Counter
customization GUI This customization GUI enables you to customize the counter to
the design specifications.

Fill in the Binary Counter customization GUI with the following settings:
¢ Component Name: ten_cnt
Defines the name of the module.
¢ Output Width: 4
Defines the width of the output bus.
¢ Count Restrictions:
- Step Value: 1
- Restrict Count: Selected
- Final Count Value: 9

This dictates the maximum count value.

¢ Count Mode: UP
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M Binary Counter v9.0 X

IP Syrrbol I

logiC 1! Binary Counter v9.0
Component Name Iten_cnt
—idth Options
L thresho Output Width |4 Range: 2..256
—Count Restrictions
et [3:0]7 "
el —3! Step alue I'| Rangs: g, g [Hex)
oe —3 [V Restrict Count
Final Court Yalue |9 Range: 1,,2Width.2 [Hex]
—Count Maod
ant— & UP  DOWN € UP/DOWN
| »
Yiew D ata Sheetl Page1aof 3 < Back Firigh Cancel

Figure 2-10: CORE Generator - Binary Counter Customization GUI

Click Next.

Asynchronous Settings:

- Select Init

- Asynchronous Init Value: 0

Synchronous Settings: None selected

Clock Enable:

- Select CE

Click Next.

Load Options: None selected

Threshold Options:

- Asynchronous Threshold Output: Selected
- Synchronous Threshold Output: Not selected
- Cycle Early Threshold Output: Not selected
Threshold Value: 9

Signal goes high when the specified value has been reached.
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8. Check that only the following pins are used (used pins will be highlighted on the
symbol on the left side of the customization GUI):

¢+ clk

¢ ce

+ ainit

¢ thresh0
¢+ [3:0]q

9. Click Finish.
The module is created and automatically added to the project library.
Note: A number of files are added to the project directory. Some of these files are:
¢ ten_cnt.vho or ten_cnt.veo

These are the instantiation templates used to incorporate the CORE Generator
module into your source HDL.

¢ ten_cnt.vhd or ten_cnt.v

These are HDL wrapper files for the core and are used only for simulation.
¢ ten_cnt.edn

This file is the netlist that is used during the Translate phase of implementation.
¢ ten_cnt.xco

This file stores the configuration information for the Tenths module and is used as
a project source.

Instantiating the CORE Generator Module in the HDL Code

Next, instantiate the CORE Generator module in the HDL code using either a VHDL flow
or a Verilog flow.

VHDL Flow
To instantiate the CORE Generator module using a VHDL flow:
1. In Project Navigator, double-click stopwatch.vhd to open the file in ISE Text Editor.
2. Place your cursor after the line that states:
-- Insert Coregen Counter Component Declaration

3. Select Edit > Insert File, then select ten_cnt . vho and click Open.
The VHDL template file for the CORE Generator instantiation is inserted.
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118
117
118
118
120
121
122
123
124
125
126
127
128
1289
1320
131
132
133
134

————————————— Begin Cut here for COMPOMENT Declaration —------ COMP T
Component ten cnt

port |

Q: OUT std logic VECTOR(3 downto 0):

CLE: IN std logic;

Q THRESHO: OUT std logic;

CE: IN std logic;

AINIT: IN =td logic):
end component;

—— FPGA Express Elack Box declaration
attribute fpga dont touch: string;
attribute fpga dont touch of ten cnt: componsnt is "trus";

—-— Svnplicity black hox declaration
attribute syn black box : boolean;
attribute syn black box of ten cnt: component iz true;

-- COMP TAG END -----—- End COMPONENT Declaration ----—--——-—-—-—

Figure 2-11: VHDL Component Declaration for CORE Generator Module

Highlight the inserted code from
-- Begin Cut here for INSTANTIATION Template ----

to

--INST_TAG_END ------ END INSTANTIATION Template -----
Select Edit > Cut.
Place the cursor after the line that states:
--Insert Coregen Counter Instantiation
Select Edit > Paste two times because two CORE Generator counters are needed.

Change the two instance names from your_instance_name to ten_cntl and
ten_cnt2.

Edit this instantiated code to connect the signals in the Stopwatch design to the ports
of the CORE Generator module as shown in Figure 2-12.
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168 ——Insert Coregen Counter Instantiation

18 ——————————— Begin Cut here for INSTANTIATICON Tenplate ——-——-
170 TEN CHT1 : ten cnt

171 port map |

172 zlk =» clk 100,

173 ze => clk en int,

174 ainit =r rst_int,

175 thresh0 => ten cnt threshl,

176 o =» hexiled intl);

177 -- IN3T_Tis END ———--- End IMN3ITAWNTIATICH Template —————-——————-
178 @ @——————————— Begin Cut here for INSTANTIATICON Tenplate ——-——-
179 TEN CHNTZ : ten cnt

150 port map |

151 zlk =» clk 100,

1582 ze => clk en int,

1583 ainit =r rst_int,

154 thresh0 => ten cnt threshi,

185 o =» hexiled intZ);

156 -- IN3T_Tis END ———--- End IMN3ITAWNTIATICH Template —————-——————-

Figure 2-12: VHDL Component Instantiation of CORE Generator Module

10. Save the design using File > Save, and close the ISE Text Editor.

Verilog Flow

To instantiate the CORE Generator module using a Verilog flow:

1.
2.

In Project Navigator, double-click stopwatch.v to open the file in the ISE Text Editor.
Place your cursor after the line that states:

//Place the Coregen module instantiation for ten_cnt here

Select Edit > Insert File and select ten_cnt . veo.

Highlight the inserted code of ten_cnt.veo from

J Begin cut here for INSTANTIATION TEMPLATE ---//
to

// INST_TAG_END ------ End INSTANTIATION Template
Select Edit > Copy.

Select Edit > Paste to paste another instantiation of ten_cnt after the first because two
CORE Generator counters are needed.

Change the two instance names from YourInstanceName to ten_cntl and
ten_cnt2.

Edit this code to connect the signals in the Stopwatch design to the ports of the CORE
Generator module as shown in Figure 2-13.
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79
0
81
82
83
84
85
86
87
85
g5
80
91
82
93
94
85
96

ffmmmm e Begin Cut here for INSTANTIATION Template ---// INST TAG
ten cnt ten cntl |

clkfelk 1007,

.cefclk en int),

.ainit(rst_int},

.threshd(ten cnt threshl),

Jfhex2led intl)):

/f INST TAG END ------ End INITANTIATION Template ---------
ff = Begin Cut here for INSTANTIATION Template ---// INST TAG
ten cnt ten enti |

.clkfelk 100),

.vefelk en int),

.ainit(rst_int]|,

.threshd(ten cnt threshi),

.y (hexZled int));

/f INST TAG END ------ End INATANTIATION Template ---------

Figure 2-13: Verilog Component Instantiation of the CORE Generator Module

9. Save the design using File > Save and close stopwatch. v in the ISE Text Editor.

Creating a DCM Module

The Clocking Wizard, a part of the Xilinx Architecture Wizard, enables you to graphically
select Digital Clock Manager (DCM) features that you wish to use. In this section you
create a basic DCM module with CLKO feedback and duty-cycle correction.

Using the DCM Wizard
To create the DCM1 module:

1. In Project Navigator, select Project > New Source.

2. Inthe New Source dialog box, select IP (CoreGen & Architecture Wizard) source and
type dem1 for the file name.

3. Click Next.

In the Select IP dialog box, select FPGA Features and Design > Clocking >
Virtex-ll Pro, Virtex-ll, Spartan-3 > Single DCM.
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O *® NG

10.
11.
12.

13.
14.

15.

S New Source Wizard - Select IP 0] %]

-- (7 Automotive & Industrial

-- [ Basic Elements

-- (7 Communication & Metwarking

-- [ Digital Signal Processing

E-E3FPGA Features and Design

E1-E3 Clacking

=-S5 irtewell Pra, Virtesl, Spartan-3

4 Board Deskew with an internal deskew vB.2i
: + Cazcading in Senes with Two DChs v8.24

+ Clock Forwarding / Board Deskew [DCM] vB.21

4 Clock Switching with Two DCMs v8.21

& 9 Single DLM v.2

- [ Math Functions

- [ Memaries & Storage Elements

- [ Standard Bus Interfaces

Mare Info | < Back et » Cancel

Figure 2-14: Selecting Single DCM IP Type

Click Next, then Finish. The Clocking Wizard is launched.
Verify that RST, CLKO and LOCKED ports are selected.
Select CLKFX port.

Type 50 and select MHz for the Input Clock Frequency.
Verify the following settings:

¢ Phase Shift: NONE

¢ CLKIN Source: External, Single

¢ Feedback Source: Internal

¢ Feedback Value: 1X

¢ Use Duty Cycle Correction: Selected

Click the Advanced button.

Select Wait for DCM lock before DONE Signal goes high.
Click OK.

An informational message about the LCK_cycle and the STARTUP_WAIT BitGen
option may appear. Click OK to close the message box.

Click Next, then click Next.

In the Clock Frequency Synthesizer dialog box, type 26.2144 and select MHz in the Use
output frequency box.

(26.2144Mhz)/ 2" = 100H:
Click Next and then Finish.

The deml . xaw file is added to the list of project source files in the Sources tab.
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Next, you will instantiate the dem1 macro for your VHDL or Verilog design. To instantiate
the dem1 macro for the VHDL design:

1. In Project Navigator, in the Sources tab, select dcml . xaw.

2. In the Processes tab, right-click View HDL Instantiation Template and select
Properties.

3. Choose VHDL for the HDL Instantiation Template Target Language value and click
OK.

In the Processes tab, double-click View HDL Instantiation Template.

5. Highlight the component declaration template in the newly opened HDL Instantiation
Template (dcml. vhi), shown below.

A eeeetli et

% =-- 1] This instantiation template has been aut:
8 -- atd logic and std logic wvector for the port:
7 -—21 To use this template to instantiate this
=

g COMPONENT deml

10 PORT|

11 CLEIN IN : IN =td logic;

12 R3T IN : IN std logic:

13 CLEFE QUT : OUT =std logic;

14 CLEIN IBUFG OUT : OUT 3td logic;

15 CLEQ OUT : OUT std logic:

16 LOCEED OOT : OOT std logic

17 i =

18 END COMPONENT,

Figure 2-15: VHDL DCM Component Declaration

Select Edit > Copy.

Place the cursor in the stopwatch.vhd file in a section labeled

-- Insert DCM1 component declaration here.

Select Edit > Paste to paste the component declaration.

Highlight the instantiation template in the newly opened HDL Instantiation Template,

shown below.
18
20 Inst deml: deml PORT MAR(
21 CLEIN IN =5 ,
22 RST IN =» ,
23 CLEFX 00T =» ,
24 CLEIN_IBUFG OUT => ,
25 CLED OUT =5 ,
26 LOCEED QUT =»
27 T =
28

Figure 2-16: VHDL DCM Component Instantiation
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10.
11.

12.
13.

14.

Select Edit > Copy.

Place the cursor in the stopwatch.vhd file below the line labeled
“-- Insert DCM1 instantiation here”.

Select Edit > Paste to paste the instantiation template.

Make the necessary changes as shown in the figure below.

205 —-— Insert DCHM1l instantiation here
205 DCM1 1 : deml FORT MAF |

207 CLEIN IM = CLE,

202 R3T_IN => RESET.

209 CLEFX OUT =» clk Z6Z144k,
210 CLETIN IEUFG OUT =»> open,
211 CLED _oOUT =» clk_int,

212 LOCEED QUT => locked

o1z j: -

214

Figure 2-17: VHDL Instantiation for decm1

Slect File > Save to save the stopwatch.vhd file.

Instantiating the DCM1 Macro - Verilog

To instantiate the DCM1 macro for your Verilog design:

1.
2.

6.

In Project Navigator, in the Sources tab, select dcml . xaw.

In the Processes tab, right-click View HDL Instantiation Template and select
Properties.

Choose Verilog for the HDL Instantiation Template Target Language value.
In the Processes tab, double-click View HDL Instantiation Template.

From the newly opened HDL Instantiation Template (dcml . t£1), copy the
instantiation template, shown below.

4 ff Instantiate the module
5 deml instance name |

= .CLEIN IN(CLEIN IN),

7 LB3T IN(RST IN),

g . CLEFX OUT(CLEFX OUT),

o .CLKIN IBUFG OUT[CLKIN IBUFG OUT),
10 S ELEES OUT (L EA: OFTE:

11 .LOCEED OUT(LOCKED OTUT)

12 j; = e

12

14

15

Figure 2-18: DCM1 Macro and Instantiation Templates

Paste the instantiation template into the section in stopwatch. v labeled
//Insert DCM1 instantiation here.
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7. Make the necessary changes as shown in the figure below.

67 //Insert DCM1 instantiation here
=i=] deml instance name |

iz .CLKIN_IN[CLK] B

7d .RST_IN[RESET] B

71 .CLKFX_OUT(clk 262144k),
72 .CLKIN IBUFG OUT{(},

73 .CLKO_OUT{clk int},

74 .LOCKED OUT(locked)

75 1: -

76

Figure 2-19: Verilog Instantiation for dem1

8. Slect File > Save to save the stopwatch.v file.

Synthesizing the Design

So far you have been using XST (the Xilinx synthesis tool) for syntax checking. Next, you
will synthesize the design using either XST, Synplify/Synplify Pro, LeonardoSpectrum or
Precision. The synthesis tool uses the design’s HDL code and generates a supported netlist
type (EDIF or NGC) for the Xilinx implementation tools. The synthesis tool performs three
general steps (although all synthesis tools further break down these general steps) to create
the netlist:

¢ Analyze / Check Syntax
Checks the syntax of the source code.
e Compile

Translates and optimizes the HDL code into a set of components that the synthesis tool
can recognize.

e Map

Translates the components from the compile stage into the target technology’s
primitive components.

The synthesis tool can be changed at any time during the design flow. To change the
synthesis tool:

1. Select the targeted part in the Sources tab.
2. Select Source > Properties.

3. In the Project Properties dialog box, click the Synthesis Tool value and use the pull-
down arrow to select the desired synthesis tool from the list.

ISE 8.2 In-Depth Tutorial www.xilinx.com 45


http://www.xilinx.com

SUXILINX®

Chapter 2: HDL-Based Design

[ES Project Properties E3

Property Name Walue

Product Category Al hd
Family Spartan3 hd
Device XC35200 hd
Package FT256 hd
Speed -4 hd
Top-Level Source Type HDL -

Synthesiz Tool

Sirnulator

Enable Enhanced Design Surimany

E nable Meszage Filkering

Display Incremental Messages

®5T [HDOL eriog)

Synplify (WHDL)
Synplify Yerilag)
Synplify Pra WHDLAYerilog)
LeonardaSpectrurn WHDL]
LeonardaSpectrurn Werilog)

1

R,

Precizion WHDL AYerilog)

Ok | Cancel I [ efault | Help

Figure 2-20: Specifying Synthesis Tool

Note: If you do not see your synthesis tool among the options in the list, you may not have the
software installed or may not have it configured in ISE. The Synthesis tools are configured in the
Preferences dialog box (Edit > Preferences, expand ISE General, then click Integrated Tools).

Changing the design flow results in the deletion of implementation data. You have not yet
created any implementation data in this tutorial. For projects that contain implementation
data, Xilinx recommends that you take a snapshot of the project before changing the
synthesis tool to preserve this data. For more information about taking a snapshot, see
“Creating a Snapshot” in Chapter 1.

A summary of available synthesis tools is available in “Overview of Synthesis Tools” in
Chapter 1

Read the section for your synthesis tool:

e “Synthesizing the Design using XST”

e “Synthesizing the Design using Synplify /Synplify Pro”
e “Synthesizing the Design using LeonardoSpectrum”

e “Synthesizing the Design Using Precision Synthesis”

Synthesizing the Design using XST

Now that you have created and analyzed the design, the next step is to synthesize the
design. During synthesis, the HDL files are translated into gates and optimized to the
target architecture.

Processes available for synthesis using XST are as follows:
¢ View Synthesis Report

Gives a synthesis mapping and timing summary as well as optimizations that took
place.
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e View RTL Schematic
Generates a schematic view of your RTL netlist.
e View Technology Schematic
Generates a schematic view of your Technology netlist.
¢ Check Syntax
Verifies that the HDL code is entered properly.
¢ Generate Post-Synthesis Simulation Model

Creates HDL simulation models based on the synthesis netlist.

Entering Constraints

XST supports a User Constraint File (UCF) style syntax to define synthesis and timing
constraints. This format is called the Xilinx Constraint File (XCF), and the file has an .xcf
file extension. XST uses the .xcf extension to determine if the file is a constraints file.

To create a new Xilinx Constraint File:

1. Select Project > Add Source.

2. Inthe Add Existing Sources dialog box, change the Files of type: to ‘All Files (*.*) and
then select and add stopwatch.xcf.

3. Notice that stopwatch.xcf is added as a User document.

Note: In place of the three steps above, you may add the .xcf file through the the Tcl Console, using
the following command and then selecting View > Refresh.

xfile add stopwatch.xcf

Double-click stopwatch.xcf to open the file in the ISE Text Editor.
5. The following constraints should exist in the stopwatch . xcf file:

TIMESPEC “TS_CLK”=PERIOD “CLK” 20 ns;

BEGIN MODEL stopwatch

NET "CLK" TNM_NET = "CLK";
NET "CLK" LOC = "T9";
NET "AN<0O>" LOC = "dl14";
NET "AN<1>" LOC = "gl4";
NET "AN<2>" LOC = "fl14";
NET "AN<3>" LOC = "el3";
NET "RESET" LOC = "L13";
NET "SEG_A" LOC = "el4d";
NET "SEG_B" LOC = "gl3";
NET "SEG_C" LOC = "nlb5";

NET "SEG_D" LOC = "plb5";

NET "SEG_E" LOC = "rlé";
NET "SEG_F" LOC = "f13";
NET "SEG_G" LOC = "nlé6";
NET "SEG_DP" LOC = "Plé6";

NET "STRTSTOP" LOC = "M13";
END;
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6. Close stopwatch.xcf.

Note: For more constraint options in the implementation tools, see “Using the Constraints Editor”
and “Using the Pin-out Area Constraints Editor (PACE)” in Chapter 5, “Design Implementation.”

Entering Synthesis Options

Synthesis options enable you to modify the behavior of the synthesis tool to make
optimizations according to the needs of the design. One commonly used option is to
control synthesis to make optimizations based on area or speed. Other options include
controlling the maximum fanout of a signal from a flip-flop or setting the desired
frequency of the design.

To enter synthesis options:

1. Select stopwatch.vhd (or stopwatch.v) in the Sources tab.
2. In the Processes tab, right-click the Synthesize process and select Properties.

3. Under the Synthesis Options tab, click in the Synthesis Constraints File property
field and enter stopwatch.xcf.

Check the Write Timing Constraints box.
Click OK.

Synthesizing the Design

Now you are ready to synthesize your design. To take the HDL code and generate a
compatible netlist:

1. Select stopwatch.vhd (or stopwatch.v).
2. Double-click the Synthesize process in the Processes tab.

The RTL / Technology Viewer

XST can generate a schematic representation of the HDL code that you have entered. A
schematic view of the code helps you analyze your design by displaying a graphical
connection between the various components that XST has inferred. There are two forms of
the schematic representation:

e RTL View - Pre-optimization of the HDL code.

¢ Technology View - Post-synthesis view of the HDL design mapped to the target
technology.

To view a schematic representation of your HDL code:

1. In the Processes tab, click the + next to Synthesize to expand the process hierarchy.
2. Double-click View RTL Schematic or View Technology Schematic.
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Synthesizing the Design using Synplify/Synplify Pro

The RTL Viewer displays the top level schematic symbol for the design. Double-click on
the symbol to push into the schematic and view the various design elements and
connectivity. Right-click the schematic to view various operations that can be performed in

the schematic viewer.
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Figure 2-21: RTL Viewer

stapwatch

276,664]

You have completed XST synthesis. An NGC file now exists for the Stopwatch design.

To continue with the HDL flow:

¢ Go to Chapter 4, “Behavioral Simulation,” to perform a pre-synthesis simulation of

this design.
OR

e Proceed to Chapter 5, “Design Implementation,” to place and route the design.

Note: For more information about XST constraints, options, reports, or running XST from the
command line, see the XST User Guide. This guide is available in the collection of software manuals
and is accessible from ISE by selecting Help > Software Manuals, or from the web at
http://www.xilinx.com/support/sw_manuals/xilinx8/.

Now that you have entered and analyzed the design, the next step is to synthesize the
design. In this step, the HDL files are translated into gates and optimized to the target
architecture. To access Synplify’s RTL viewer and constraints editor you must run Synplify

outside of ISE.
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To synthesize the design, set the global synthesis options:

1. Select stopwatch.vhd (or stopwatch.v).

In the Processes tab, right-click the Synthesize process and select Properties.
Check the Write Vendor Constraint File box.

Click OK to accept these values.

ARl N

Double-click the Synthesize process to run synthesis.

Note: This step can also be done by selecting stopwatch.vhd (or stopwatch.v), clicking
Synthesize in the Processes tab, and selecting Process > Run.

Processes available in Synplify and Synplify Pro synthesis include:
e View Synthesis Report

Lists the synthesis optimizations that were performed on the design and gives a brief
timing and mapping report.
e View RTL Schematic

Accessible from the Launch Tools hierarchy, this process displays Synplify or Synplify
Pro with a schematic view of your HDL code

¢ View Technology Schematic

Accessible from the Launch Tools hierarchy, this process displays Synplify or Synplify
Pro with a schematic view of your HDL code mapped to the primitives associated with
the target technology.

Examining Synthesis Results

To view overall synthesis results, double-click View Synthesis Report under the
Synthesize process. The report consists of the following four sections:

e “Compiler Report”
e “Mapper Report”
¢ “Timing Report”

e “Resource Utilization”

Compiler Report

The compiler report lists each HDL file that was compiled, names which file is the top
level, and displays the syntax checking result for each file that was compiled. The report
also lists FSM extractions, inferred memory, warnings on latches, unused ports, and
removal of redundant logic.

Note: Black boxes (modules not read into a design environment) are always noted as unbound in
the Synplify reports. As long as the underlying netlist (.ngo, .ngc or .edn) for a black box exists in the
project directory, the implementation tools merge the netlist into the design during the Translate
phase.

Mapper Report

The mapper report lists the constraint files used, the target technology, and attributes set in
the design. The report lists the mapping results of flattened instances, extracted counters,
optimized flip-flops, clock and buffered nets that were created, and how FSMs were coded.
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Timing Report

The timing report section provides detailed information on the constraints that you
entered and on delays on parts of the design that had no constraints. The delay values are
based on wireload models and are considered preliminary. Consult the post-place and
route timing reports discussed in Chapter 5, “Design Implementation,” for the most
accurate delay information.

Performance Sunnary
FEREEEE AR AL RARALLAS

Worst slack in design: -1,967

Requested Estimated Requested Estimated

Starting Clock Freguency Frequency Period Period Slack
stopuatch| CLEDIV262K 1.clk 100 inferred clock 255.7 MHz 184.3 NHz 3,911 5.148 -1,237
stopuatch| CLEDIVZ6ZE 1.div_32_inferred clock[15] 528.5 MHz 449,35 MHz 1.892 2.226 -0.334
stopwatch|CLEDIVZ62K 1.div 1024 inferred clock[15] 528.5 MHz 449,3 Mz 1.892 2.220 -0.334
stopuatch|CLEDIVZ6ZK 1.div 32768 inferred clock[15] 528.5 MHz 449,3 Mz 1.892 2.220 -0.334
stopwateh| Inst_deml.CLEO_BUF derived clock 246.8 MHz 166.2 iz 4.051 6.018 -1.967
stopwatch|Inst_deml. CLEFY BUF derived clock 128.4 MHz g6.4 MHz 7.790 11.573 5,564

Figure 2-22: Synplify’s Estimated Timing Data

Resource Utilization

This section of the report lists all of the resources that Synplify uses for the given target
technology.

You have now completed Synplify synthesis. At this point, a netlist EDN file exists for the
Stopwatch design.

To continue with the HDL flow:

e Go to Chapter 4, “Behavioral Simulation,” to perform a pre-synthesis simulation of
this design.

OR

e Proceed to Chapter 5, “Design Implementation,” to place and route the design.

Synthesizing the Design using LeonardoSpectrum

Now that you have entered and analyzed the design, the next step is to synthesize the
design. In this step, the HDL files are translated into gates and optimized to the target
architecture.

Processes available in LeonardoSpectrum synthesis include:

¢ Check Syntax
Checks the syntax of the HDL code.

e View Synthesis Report
Lists the synthesis optimizations that were performed on the design and gives a brief
mapping and timing report.

¢ View Synthesis Summary

Gives a detailed mapping and timing report with no information on the synthesis
optimizations.
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Entering Synthesis Options through ISE

Synthesis options enable you to modify the behavior of the synthesis tool to optimize
according to the needs of the design. One option is to control synthesis by optimizing
based on area or speed. Other options include controlling the maximum fanout of a signal
from a flip-flop or setting the desired frequency of the design.

For this tutorial, set the global synthesis options in this way:

1. Select stopwatch.vhd (or stopwatch.v).
2. In the Processes tab, right-click the Synthesize process and select Properties.

3. Select the Synthesis Options category, and set the Clock Frequency to 50 (MHz are
the implied frequency units).

Select the Netlist Options category, and ensure that the Write the NCF box is checked.
Click OK to accept these values.

Select stopwatch.vhd (or stopwatch.v) and double-click the Synthesize process
in the Processes tab.

7. Double-click View Synthesis Report and View Synthesis Summary to see the
details of the synthesis. The Synthesis Report summarizes the compilation, mapping
and timing of the design. The Synthesis Summary provides more detail on the
mapping and timing of the design.

Clock Freguency Report

Clock i Fregquency
cli 262144k + 201.5 MHz
clk_int ¢ 143.7 MHz
clk_100 + 211.1 MHz

CLEKDIVZ62E 1/div 32(15) : 201.5 HHz
CLEDIVZ6ZE 1/div_1024[15] : 201.5 MHz
CLEDIVZ6ZE_1/div_32768(15) : 201.5 NHz

Slack Table at End Points

End points Slack Arrival Reguired
rise fall rise fall
o)/ H 13.04 6.96  6.96 20.00 20,00
miz)/ H 13.04 6.96  6.96 20.00 20,00
s/ H 13.04 6.96  6.96 20.00 20,00
i1/ H 13.04 6.96 6.96 20.00 20.00
SEG D/ H 13.88 6.11 6.11 z0.00 20.00
SEG E/ H 13.88 6.11 6.11 z0.00 20.00
SEG_F," H 13.88 6.11 6.11 z0.00 z0.00
SEG_DP/ H 13.89 6.11 6.11 z0.00 z0.00
SEG_CJ' H 13.89 6.11 6.11 z0.00 z0.00
SEG_G/ : 13.88 .11 6.11 20.00 z0.00

Figure 2-23: LeonardoSpectrum’s Estimated Timing Data

You have now completed the design synthesis. At this point, an EDN netlist file exists for
the Stopwatch design.
To continue with the HDL flow:

e Go to Chapter 4, “Behavioral Simulation,” to perform a pre-synthesis simulation of
this design.

OR

e Proceed to Chapter 5, “Design Implementation,” to place and route the design.
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Synthesizing the Design Using Precision Synthesis

Now that you have entered and analyzed the design, the next step is to synthesize the
design. In this step, the HDL files are translated into gates and optimized to the target
architecture.

Processes available for Precision Synthesis include:

¢ Check Syntax
Checks the syntax of the HDL code.

e View Log File
Lists the synthesis optimizations that were performed on the design and gives a brief
timing and mapping report.

e View RTL Schematic

Accessible from the Launch Tools hierarchy, this process displays Precision with a
schematic-like view of your HDL code

e View Technology Schematic

Accessible from the Launch Tools hierarchy, this process displays Precision with a
schematic-like view of your HDL code mapped to the primitives associated with the
target technology.

e View Critical Path Schematic

Accessible from the Launch Tools hierarchy, this process displays Precision with a
schematic-like view of the critical path of your HDL code mapped to the primitives
associated with the target technology.

Entering Synthesis Options through ISE

Synthesis options enable you to modify the behavior of the synthesis tool to optimize
according to the needs of the design. For the tutorial, the default property settings will be
used.

1. Select stopwatch.vhd (or stopwatch.v) in the Sources tab.
2. Double-click the Synthesize process in the Processes tab.

The RTL/Technology Viewer

Precision Synthesis can generate a schematic representation of the HDL code that you have
entered. A schematic view of the code helps you analyze your design by seeing a graphical
connection between the various components that Precision has inferred. To launch the
design in the RTL viewer, double-click the View RTL Schematic process. The following
figure displays the design in an RTL view.
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Figure 2-24: Stopwatch Design in Precision Synthesis RTL Viewer

You have now completed the design synthesis. At this point, an EDN netlist file exists for
the Stopwatch design.

To continue with the HDL flow:

e Go to Chapter 4, “Behavioral Simulation,” to perform a pre-synthesis simulation of
this design.

OR

e Proceed to Chapter 5, “Design Implementation,” to place and route the design.
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Schematic-Based Design

This chapter includes the following sections:

e “Overview of Schematic-Based Design”
e “Getting Started”
e “Design Description”

o  “Design Entry”

Overview of Schematic-Based Design

This chapter guides you through a typical FPGA schematic-based design procedure using
the design of a runner’s stopwatch. The design example used in this tutorial demonstrates
many device features, software features, and design flow practices that you can apply to
your own designs. The stopwatch design targets a Spartan™.-3 device; however, all of the
principles and flows taught are applicable to any Xilinx® device family, unless otherwise
noted.

This chapter is the first in the “Schematic Design Flow.” In the first part of the tutorial, you
will use the ISE™ design entry tools to complete the design. The design is composed of
schematic elements, a state machine, a CORE Generator™ component, and HDL macros.
After the design is successfully entered in the Schematic Editor, you will perform
behavioral simulation (Chapter 4, “Behavioral Simulation”), run implementation with the
Xilinx Implementation Tools (Chapter 5, “Design Implementation”), perform timing
simulation (Chapter 6, “Timing Simulation”), and configure and download to the
Spartan-3 demo board (see Chapter 7, “iMPACT Tutorial.”).

Getting Started

The following sections describe the basic requirements for running the tutorial.

Required Software

You must have Xilinx ISE 8.2i installed to follow this tutorial. For this design you must
install the Spartan-3 libraries and device files.

A schematic design flow is supported on Windows, Solaris, and Linux platforms.
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This tutorial assumes that the software is installed in the default location, ¢ : \xilinx. If
you have installed the software in a different location, substitute ¢ : \xi1inx for your
installation path.

Note: For detailed instructions about installing the software, refer to the ISE 8.2/ Installation Guide
and Release Notes.

Installing the Tutorial Project Files

The tutorial project files can be downloaded to your local machine from
http:/ /www.xilinx.com /support/techsup/tutorials/tutorials8.htm.

Download the Watch Schematic Design Files (wtut_sch. zip). The download contains
two directories:

e wtut_sc)\
(Contains source files for schematic tutorial. The schematic tutorial project will be
created in this directory).

e wtut_sc\wtut_sc_completed\
(Contains the completed design files for the schematic-based tutorial design,
including schematic, HDL, and State Machine files. Do not overwrite files under this
directory.)

Unzip the tutorial design files in any directory with read-write permissions. The schematic
tutorial files are copied into the directories when you unzip the files. This tutorial assumes
that the files are unarchived under c : \xilinx\ISEexamples. If you restore the files to a
different location, substitute c: \xilinx\ISEexamples with the project path.

Starting the ISE Software

To launch the ISE software package:

1. Double-click the ISE Project Navigator icon on your desktop, or select Start > All
Programs > Xilinx ISE 8.2i > Project Navigator.

IS

Figure 3-1: Project Navigator Desktop Icon

Creating a New Project

Two methods are provided for creating a new project: Using the New Project Wizard, and
Using a Tcl Script.
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Creating a New Project: Using New Project Wizard

1. From Project Navigator, select File > New Project. The New Project Wizard appears.

[ New Project Wizard - Create New Project -0l =1

—Enter a Name and Lacation for the Project

Froject Mame: Project Location

wikut_sc Ic:\xilinx\l SEexampleswiut_sc |

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

Top-Level Source Type:
Schematic j

Mare Info | < Back | Mext » I Cancel

Figure 3-2: New Project Wizard - Create New Project

2. Typewtut_sc as the Project Name. Notice that wtut_sc is appended to the Project
Location value.

3. Browse to c:\xilinx\ISEexamples or enter the directory in the Project Location
field.

4. Select Schematic as the Top-Level Source Type, and then click Next.

E Mew Project Wizard - Device Properties ==
—Select the Device and Design Flow for the Praject

Property Mame Yalue

Product Category O~
Famnily Spartan3 hd
Device XC35200 hd
Package FTZ56 H
Speed -4 hd
Top-Level Source Type Schematic LI
Synthesis Tool HST [WHDLAYenlog) Ll
Simulator ISE Simulator [VHO LA erilog] ;l
Enable Enhanced Design Summary [

Enable Meszage Filtering v

Dizplay Incremental Meszages I~

Mare Infa | < Back | Mext » | Cancel

Figure 3-3: New Project Wizard - Device Properties
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9.

10.

11.

Select the following values in the New Project Wizard - Device Properties window:
¢ Product Category: All

¢ Family: Spartan3

¢ Device: XC3S200

¢ Package: FT256

¢ Speed: -4

¢ Synthesis Tool: XST (VHDL/Verilog)

¢ Simulator: ISE Simulator (VHDL/Verilog)

Click Next, and then click Add Source in the New Project Wizard - Add Existing
Sources window.

Browse to c: \xilinx\ISEexamples\wtut_sc.

Select the following files and click Open.

¢ clk div_262k.sch

¢ debounce.sch

¢ led _control.sch

¢ stopwatch.sch

Click Next, then Finish to complete the New Project Wizard.

Verify that all added schematic files are associated with Synthesis/Imp + Simulation,
and that the . dia file is associated with Synthesis/Implementation Only.

Click OK.

Creating a New Project: Using a Tcl Script

With Project Navigator open, select the Tcl Consol tab.

1.

Change the current working directory to the directory where the tutorial source files
were unzipped. (e.g. Type cd c:/xilinx/ISEexamples/wtut_sc).
Type source create_wtut_sc.tcl.

Note: If presented with a dialog box stating that wtut_sc. i se appears to be locked, click Yes
to continue project creation.
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3. From Project Navigator, select File > Open Project.

2| x|
Look ir: I@ witut_sc j & =5 EE-
B __projnav
|2 _xmsgs

| hwhut_sc_completed

Deskiop

=

Iy Documents

2

4y Computer

w“

File: name: thut_sc.ise j Open I
Filez of type: IF'roiect Files [*.ise: “.npl) I Cancel |

Figure 3-4: Open Project Dialog Box

Browse to the directory c: \xilinx\ISEexamples\wtut_sc.

5. Double-click the project file, wtut_sc. ise.

Stopping the Tutorial

If you need to stop the tutorial at any time, save your work by selecting File > Save All.

Design Description

The design used in this tutorial is a hierarchical, schematic-based design, which means that
the top-level design file is a schematic sheet that refers to several other lower-level macros.
The lower-level macros are a variety of different types of modules, including schematic-
based modules, a CORE Generator module, a state machine module, an Architecture
Wizard module, and HDL modules.

The runner’s stopwatch design begins as an unfinished design. Throughout the tutorial,
you will complete the design by creating some of the modules and by completing others
from existing files. A schematic of the completed stopwatch design is shown in the
following figure. Through the course of this chapter, you will create these modules,
instantiate them, and then connect them.
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After the design is complete, you will simulate the design to verify its functionality. For
more information about simulating your design, see Chapter 4, “Behavioral Simulation.”
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Figure 3-5: Completed Watch Schematic

There are three external inputs and twelve external outputs in the completed design. The
following sections summarize the inputs and outputs, and their respective functions.
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Inputs

Outputs

The following are input signals for the runner’s stopwatch design:

STRTSTOP

Starts and stops the stopwatch. This is an active-low signal that acts like the start/stop
button on a runner’s stopwatch.

RESET
Resets the stopwatch to 00.00.

CLK
System clock for the stopwatch design.

The following are output signals for the design:

SEG_A, SEG_B, SEG_C, SEG_D, SEG_E, SEG_E, SEG_G, SEG_DP.

These outputs drive the individual segments and the decimal point for all four digits
of the stopwatch design. The digits of the stopwatch are displayed on 7-segment LED
displays.

AN(3:0)

This is a one-hot vector signal that drives the anodes of the four 7-segment LED
displays to determine which display will be lighted.

Functional Blocks

The completed design consists of the following functional blocks. Most of these blocks do
not appear on the schematic sheet in the project until after you create and add them to the
schematic during this tutorial.

CLK_DIV_262k
Schematic-based macro that divides a clock frequency by 262,144.
DCM1

Clocking Wizard macro with internal feedback, frequency controlled output, and
duty-cycle correction. The CLKFX_OUT output converts the 50Mhz clock of the
Spartan-3 demo board to 26.2144Mhz.

DEBOUNCE

Schematic module that implements a simplistic debounce circuit for the strtstop input
signal.

HEX2LED

HDL-based macro that decodes each of the digit values from binary to a 7-segment
display format.

LED_control

Schematic module that controls the data multiplexing to the four, 7-segment LED
displays.

STATMACH

State Machine macro that is defined and implemented in StateCAD.
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e TEN_CNT

CORE Generator 4-bit, binary, encoded counter. This macro outputs a 4-bit code that is
decoded to represent the tenths and hundredths digits of the stopwatch.

e TIME_CNT

Schematic-based module that counts from 0:0 to 9:59 decimal. This macro has three 4-
bit outputs, which represent the minutes and seconds digits of the decimal value.

Design Entry

In this hierarchical design, you will create various types of macros, including schematic-
based macros, HDL-based macros, state machine macros, and CORE Generator macros.
You will learn the process for creating each of these types of macros, and you will connect
the macros together to create the completed stopwatch design. All procedures used in the
tutorial can be used later for your own designs.

Opening the Schematic File in the Xilinx Schematic Editor

The stopwatch schematic available in the wtut_sc project is incomplete. In this tutorial,
you will update the schematic in the Schematic Editor. After you have created the project in
ISE, you can now open the stopwatch. sch file for editing. To open the schematic file,
double-click stopwatch. sch in the Sources window.
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The stopwatch schematic diagram opens in the Project Navigator Workspace. You will see
the unfinished design with elements in the lower right corner as shown in the figure below.
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Figure 3-6: Incomplete Stopwatch Schematic

Manipulating the Window View

The View menu commands enable you to manipulate how the schematic is displayed.
Select View > Zoom > In until you can comfortably view the schematic.

The schematic window can be undocked from the Project Navigator framework by
selecting Windows > Float while the schematic is selected in the workspace.

After being undocked, the schematic window can be redocked by selecting
Windows > Dock.

Creating a Schematic-Based Macro

A schematic-based macro consists of a symbol and an underlying schematic. You can
create either the underlying schematic or the symbol first. The corresponding symbol or
schematic file can then be generated automatically.
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In the following steps, you will create a schematic-based macro by using the New Source
Wizard in Project Navigator. An empty schematic file is then created, and you can define
the appropriate logic. The created macro is then automatically added to the project’s
library.

The macro you will create is called time_cnt. This macro is a binary counter with three, 4-
bit outputs, representing the minutes and seconds values of the stopwatch.

To create a schematic-based macro:

1. InProject Navigator, select Project > New Source. The New Source dialog box opens:

T — x|

EMM File

[ Implementation Constraints File
(,]' IP [CoreGen & Architecture Wizard]

File Mame;
[ MEM File fe ame
@ Schematic Itll‘ﬂE_E:nt
@ Stake Diagram
Test Bench Waveform Location:
@ Ussr Document Ic:'\:-tilinﬂ\lSEe:-:ampIes\wtut_sc

Werilog Module
Werilog Test Fisture
Iy wHDL Library

[ wHDL Module

[ YHDL Package
[ WHOL Test Bench

v add to project

< Back I Mt = I Cancel | Help

Figure 3-7: New Source Dialog Box

The New Source dialog displays a list of all of the available source types.

2. Select Schematic as the source type.
3. Enter time_cnt as the file name.
4. Click Next and click Finish.

A new schematic called time_cnt is created, added to the project, and opened for editing.

Defining the time_cnt Schematic

You have now created an empty schematic for time_cnt. The next step is to add the
components that make up the time_cnt macro. You can then reference this macro symbol
by placing it on a schematic sheet.

Adding I/O Markers

I/0 markers are used to determine the ports on a macro, or the top-level schematic. The
name of each pin on the symbol must have a corresponding connector in the underlying
schematic. Add I/O markers to the time_cnt schematic to determine the macro ports.
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To add the I/O markers:

1. Select Tools > Create I/0O Markers.
The Create I/O Markers dialog box opens.

In the Inputs box, enter clk,ce,clr.
In the Outputs box, enter sec_Isb(3:0),sec_msb(3:0),minutes(3:0).

Ml Create I/0 Markers x|

|FipLts

Iu:lk,n:e,n:lr

COutputs
Iseu:_lsl:u[S:I]],seu:_msl:u[S:I:I],minutes[S:EI]

Bidirection

k. I Cancel Help

Figure 3-8: Creating I/O Markers

4. Click OK. The six I/O markers are added to the schematic sheet.

Note: The Create I/0O Marker function is available only for an empty schematic sheet. However, I/O
markers may be added to nets at any time by selecting Add > I/0 Marker and selecting the desired
net.

Adding Components to time_cnt

Components from the device and project libraries for the given project are available from
the Symbol Browser, and the component symbol can be placed on the schematic. The
available components listed in the Symbol Browser are arranged alphabetically within

each library.
1. From the menu bar, select Add > Symbol or click the Add Symbol icon from the Tools
toolbar.
-
(=)
"

Figure 3-9: Add Symbol Icon
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This opens the Symbol Browser to the left of the schematic editor, displaying the
libraries and their corresponding components.

Categories
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DDR Flip_Flop

Decoder

Flip_Flop

General
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and2bl

and2b2

and3

and3b1

and3b2

and3b3

andd

anddbl
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and5 LI

Symbol Mame Filter

Orientation
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®iio | gmsne. | D)k | D:sym [

Figure 3-10: Symbol Browser

The first component you will place is a CD4RE, a 4-bit BCD counter with clock enable

and synchronous clear.

Select the CD4RE component, using one of two ways:

L

Move the mouse back into the schematic window.

You will notice that the cursor has changed to represent the CD4RE symbol.

Highlight the Counter category from the Symbol Browser dialog box and select
the component cd4re from the symbols list.

Select All Symbols and type CD4RE in the Symbol Name Filter at the bottom of
the Symbol Browser window.

Move the symbol outline to the location shown in Figure 3-11 and click the left mouse

button to place the object.

Note: You can rotate new components being added to a schematic by selecting Ctrl+R. You
can rotate existing components by selecting the component, and then selecting Ctrl+R.
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5. Place the second CD4CE symbol on the schematic by moving the cursor with attached
symbol outline to the desired location, and clicking the left mouse button. See

Figure 3-11.

_CD4RE

> o o
T— : — [

CB4RE
= . 4'* h\. . . . N —  [rereony

— . el

CD4RE

e — (>
,,,,,, T

Figure 3-11: Partially Completed time_cnt Schematic

Placing the Remaining Components

Follow the steps above in “Adding Components to time_cnt” to place the following
components on the schematic sheet:

e OR2

e CB4RE

e AND2

e AND5b2

Refer to Figure 3-11 for placement locations.

To exit the Symbols Mode, press the Esc key on the keyboard.
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For a detailed description of the functionality of each of these components, right-click on
the component and select Object Properties. In the Object Properties window, select
Symbol Info. Symbol information is also available in the Libraries Guides, accessible from
the collection of software manuals on the web at

http:/ /www.xilinx.com /support/sw_manuals /xilinx8/.

Correcting Mistakes

If you make a mistake when placing a component, you can easily move or delete the
component.

To move the component, click the component and drag the mouse around the window.
Delete a placed component in one of two ways:

e Click the component and press the Delete key on your keyboard.

or

e Right-click the component and select Delete.

Drawing Wires

Use the Add Wire icon in the Tools toolbar to draw wires (also called nets) to connect the
components placed in the schematic.

Perform the following steps to draw a net between the AND2 and CB4RE components on
the time_cnt schematic.

1. Select Add > Wire or click the Add Wires icon in the Tools toolbar.

(wp= =

Figure 3-12: Add Wires Icon

2. Click the output pin of the AND2 and then click the destination pin CE on the CB4RE
component. The Schematic Editor draws a net between the two pins.

Draw the nets to connect the remaining components as shown in Figure 3-11. To specify the
shape of the net:

1. Move the mouse in the direction you want to draw the net.

2. Click the mouse to create a 90-degree bend in the wire.

To draw a net between an already existing net and a pin, click once on the component pin
and once on the existing net. A junction point is drawn on the existing net.

Adding Buses

In the Schematic Editor, a bus is simply a wire that has been given a multi-bit name. To add
a bus, use the methodology for adding wires and then add a multi-bit name. Once a bus
has been created, you have the option of “tapping” this bus off to use each signal
individually.

The next step is to create three buses called sec_Isb(3:0), sec_msb(3:0) and minutes(3:0),
each consisting of the 4 output bits of each counter in the t ime_cnt schematic. The results
can be found in the completed schematic.
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To add the buses sec_lsb(3:0),sec_msb(3:0) and minutes(3:0) to the schematic, perform the
following steps:

1.
2.

4.
5.

Select Add > Wire or click the Add Wires icon in the Tools toolbar.

Click in the open space just above and to the right of the top CD4RE and then click
again on pin of the sec_lsb(3:0) I/O marker. The wire should automatically be drawn
as a bus with the name matching that of the I/O marker.

To verify this, zoom in. The bus is represented visually by a thicker wire.

_CD4RE
ol
ol
ol
ol
e o |
e .
.

Figure 3-13: Adding a Bus

Repeat Steps 1 through 3 for the sec_msb(3:0) and minutes(3:0) busses.

After adding the three buses, press Esc or right-click at the end of the bus to exit the
Add Wire mode.

Adding Bus Taps

Next, add nets to attach the appropriate pins from the CB4RE and CD4RE counters to the
buses. Use Bus Taps to tap off a single bit of a bus and connect it to another component.

Note: Zooming in on the schematic will enable greater precision when drawing the nets.

To tap off a single bit of each bus:

1.

Select Add > Bus Tap or click the Add Bus Tap icon in the Tools toolbar.

EEED

Figure 3-14: Add Bus Tap lcon

The cursor changes, indicating that you are now in Draw Bus Tap mode.

From the Options tab to the left of the schematic, choose the correct orientation for the
bus tap.

Place the tap on one of the three busses so that the wire side of the bus tap is pointing
to an unconnected pin.

Repeat Steps 1 to 3 to tap off four bits from each of the three busses.
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To connect each of the tap off bits:

1. Select Add > Wire or click the Add Wire icon in the Tools toolbar.

2. Draw a wire from each bus tap pin to the adjacent component pin.

3. Select Add > Net Name or click the Add Net Name icon in the Tools toolbar.
4. Type sec_Isb(0) in the Name field of the options tab.

The net name is now at the end of your cursor.

S

Select Increase the name in the Add Net Names Options dialog box.

With the Increment Name option selected, start at the top net and continue clicking
down until you have named the fourth and final net sec_Isb(3).

Note: The Schematic Editor names the bus taps incrementally as they are drawn. Alternatively,
name the first net sec_Isb(3) and select Decrease the name in the Add Net Names Options dialog
box, and nets are named from the bottom up.

7. Repeat Steps 4 through 6 for the sec_msb(3:0) bus and minutes(3:0).
8. Press Esc to exit the Add Net Name mode.

9. Compare your time_cnt schematic with Figure 3-16 to ensure that all connections are
made properly.
Note: 1t is the name of the wire that makes the electrical connection between the bus and the wire

(e.g sec_msb(2) connects to the third bit of sec(3:0)). The bus tap figure is for visual purposes only.
The following section shows additional electrical connections by name association.

Adding Net Names

First, add a hanging wire to each of the five inputs of the AND5b2 component.
Next, add net names to the wires. To add the net names:

1. Select Add > Net Name or click the Add Net Name icon in the Tools toolbar.

EEI

Figure 3-15: Add Net Name Icon

2. Typeminute_en in the Name box of the Add Net Name options dialog box.
The net name minute_en is now attached to the cursor.
3. Click the net attached to the output of the AND5b2 component.

The name is then attached to the net. The net name will appear above the net if the
name is placed on any point of the net other than an end point.

4. Typemsb_en in the Name box of the Add Net Name Options dialog box.

The net name msb_en is now attached to the cursor.

Click the net attached to the output of the AND2 component.

With the net name msb_en still attached to the cursor, click on the net attached to the
top input pin of the AND5b2 component.

Note: The two wires named msb_en are now electrically connected. In this case, the nets do not
need to be physically connected on the schematic to make the logical connection.
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Finally, connect the remaining AND5b2 inputs through net name association.

1. Select Add > Net Name or click the Add Net Name icon in the Tools toolbar.
2. Type sec_msb(0) in the Name box of the Add Net Name options dialog box.

Note: The Options window changes depending on which tool you have selected in the Tools
toolbar.

3. Select Increase the name in the Add Net Names options dialog box.
The net name sec_msb(0) is now attached to the cursor.
Click on one of the AND5b2 input nets that does not have an inversion bubble.

5. Click on the remaining AND5b2 input nets so that the wires named sec_msb(1) and
sec_msb(3) are attached to the inputs with inversion bubbles. Refer to Figure 3-16.

Note: If the nets appear disconnected, select View > Refresh to refresh the screen.

. CD4RE

CB4RE

I,

CD4RE

|

Figure 3-16: Completed time_cnt Schematic

Checking the Schematic

The time_cnt schematic is now complete.

Verify that the schematic does not contain logical errors by running a design rule check
(DRC). To do this, select Tools > Check Schematic. The Console window should report
that no errors or warnings are detected. If an error or warning is displayed, fix the reported
problem before proceeding.
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Saving the Schematic

1. Save the schematic by selecting File > Save, or by clicking the Save icon in the toolbar.

=]

Figure 3-17: Save Icon

Note: When you save a macro, the Schematic Editor checks the I/O markers against the
corresponding symbol, if one exists. If there is a discrepancy, you can let the software update the
symbol automatically, or you can modify the symbol manually. I/O markers connect signals between
levels of hierarchy and specify the ports on top-level schematic sheets.

2. Close the time_cnt schematic.

Creating and Placing the time_cnt Symbol

The next step is to create a “symbol” that represents the t ime_cnt macro. The symbol is
an instantiation of the macro. After you create a symbol for time_cnt, you will add the
symbol to a top-level schematic of the stopwatch design. In the top-level schematic, the
symbol of the t ime_cnt macro will be connected to other components in a later section in
this chapter.

Creating the time_cnt symbol

You can create a symbol using either a Project Navigator process or a Tools menu
command.

To create a symbol that represents the time_cnt schematic using a Project Navigator
process:

1. In the Sources window, select time_cnt . sch.

2. In the Processes window, click the + beside Design Utilities to expand the hierarchy.
3. Double-click Create Schematic Symbol.

To create a symbol that represents the time_cnt schematic using a Tools menu command:
1. With a schematic sheet open, select Tools > Symbol Wizard.

2. In the Symbol Wizard, select Using Schematic, and then select TIME_CNT in the
schematic value field.

3. Click Next, then Next, then Next, and then Finish to use the wizard defaults.
View and then close the time_cnt symbol.

Placing the time_cnt Symbol

Next, place the symbol that represents the macro on the top-level schematic
(stopwatch.sch).

1. In the Sources window, double-click stopwatch. sch to open the schematic.
2. Select the Add Symbol icon.

—

Figure 3-18: Add Symbol Icon
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3. In the Symbol Browser, select the local symbols library
(c:\xilinx\ISEexamples\wtut_sc), and then select the newly created time_cnt
symbol.

4. Place the time_cnt symbol in the schematic at approximately grid position [900,2100].
Grid position is shown at the bottom right corner of the Project Navigator window,
and is updated as the cursor is moved around the schematic.

Note: Do not worry about connecting nets to the pins of the time_cnt symbol. You will do this
after adding other components to the stopwatch schematic.

5. Save the changes and close stopwatch.sch.

Creating a CORE Generator Module

CORE Generator is a graphical interactive design tool that enables you to create high-level
modules, such as counters, shift registers, RAM and multiplexers. You can customize and
pre-optimize the modules to take advantage of the inherent architectural features of the
Xilinx FPGA architectures, such as Fast Carry Logic, SRL16s, and distributed and block
RAM.

In this section, you will create a CORE Generator module called ten_cnt. Ten_cnt is a 4-bit
binary encoded counter. Two instances of ten_cnt will be used to produce the tenths and
hundredths digits of the stopwatch’s time value.

Creating a CORE Generator Module

To create a CORE Generator module:

In Project Navigator, select Project > New Source.
Select IP(Coregen & Architecture Wizard).

Type ten_cnt in the File Name field.

Click Next.

Select Basic Elements > Counters > Binary Counter.

AN L N e

Click Next and click Finish to open the Binary Counter customization graphical user
interface (GUI). This customization GUI enables you to customize the counter to the
design specifications.

7. Fill in the Binary Counter dialog box with the following settings:
¢ Component Name: ten_cnt
Defines the name of the module.
¢ Output Width: 4
Defines the width of the output bus.
¢ Count Restrictions:
- Step value: 1
- Select Restrict Count
- Final Count to value: 9 (This dictates the maximum count value)
¢ Count Mode: Up
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Figure 3-19: CORE Generator, Binary Counter Customization GUI
Click Next.

Asynchronous Settings:

- Init: Selected

- Asynchronous Init Value: 0

Synchronous Settings: None selected

Clock Enable:

- Select CE

Click Next.

Load Options: None selected

Threshold Options:

- Asynchronous Threshold Output: Selected
- Synchronous Threshold Output: Not selected
- Cycle Early Threshold Output: Not selected
- Threshold Value: 9

Signal goes high when the value specified has been reached.
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8. Check that only the following pins are used (used pins will be highlighted on the
symbol on the left side of the CORE Generator window):

¢+ clk

¢ ce

+ ainit

¢ Thresh0
¢+ [3:0]q

9. Click Finish.
The module is created and automatically added to the project library.
Note: A number of files are added to the project directory. Some of these files are:
¢ ten_cnt.sym
This file is a schematic symbol file.
¢ ten_cnt.vhd or ten_cnt.v
These are HDL wrapper files for the core and are used only for simulation.
¢ ten_cnt.edn
This file is the netlist that is used during the Translate phase of implementation.
¢ ten_cnt.xco

This file stores the configuration information for the Tenths module and is used as
a project source.

Creating a State Machine Module

With the State Diagram Editor, you can graphically create finite state machines that include
states, inputs/outputs, and state transition conditions. Transition conditions and state
actions are typed into the diagram using language independent syntax. The State Diagram
Editor then exports the diagram to either VHDL, Verilog or ABEL code. The resulting HDL
file is finally synthesized to create a netlist and /or macro, for you to place on a schematic
sheet.

For this tutorial, a partially complete state machine diagram is provided. In the next
section, you will complete the diagram, synthesize the module into a macro and place it on
the stopwatch schematic.

Note: The State Diagram Editor is only available for Windows operating systems. A completed
VHDL and Verilog file for the State Machine diagram in this section has been provided for you in the
wtut_sc\wtut_sc_completed directory. To skip this section, copy either statmach.v or
stamach.vhd from the c: \xilinx\ISEexamples\stut_sc\wtut_sc_completed directory
to the c: \xilinx\ISEexamples\stut_sc directory, then proceed to “Creating the State Machine
Symbol.”

To open the partially complete diagram, first add the statmach. dia file to the project by
selecting Project > Add Source and selecting statmach.dia. Then, double-click
statmach.diain the Sources tab. The State Diagram Editor is launched with the partially
completed state machine diagram.

In the incomplete state machine diagram below:

e The circles represent the various states.

e The black expressions are the transition conditions, defining how you move between
states.

ISE 8.2 In-Depth Tutorial

www.Xxilinx.com 75


http://www.xilinx.com

STXILINX® Chapter 3: Schematic-Based Design

e The output expressions for each state are found in the circles representing the states.

e The transition conditions and the state actions are written in language-independent
syntax and are then exported to Verilog, VHDL, or ABEL.

stristop =0 S TMACH_ W

strtstap =1

stristap =1

stopped

clken=="0"
rst<=0";

=]
stitstop ='0"

Figure 3-20: Incomplete State Machine Diagram

In the following section, add the remaining states, transitions, actions, and a reset
condition to complete the state machine.

Adding New States
Complete the state machine by adding a new state called clear. To do so:

1. Click the Add State icon in the vertical toolbar.

[e]

Figure 3-21: Add State Icon

The state bubble is now attached to the cursor.

2. Place the new state on the left-hand side of the diagram, as shown in Figure 3-22.
3. Click the mouse to place the state bubble.

76 www.xilinx.com ISE 8.2 In-Depth Tutorial


http://www.xilinx.com

Design Entry

SUXILINX®

The state is given the default name, STATEQ.

strtstop = '0°

Zero

clken=="0";
ret=="0"

strtstop. = '1'

start

clken=="1"

stristop = '1! rst=="0"

Figure 3-22: Adding the CLEAR State

4. Double-click STATEO in the state bubble, and change the name of the state to clear.

Note: The name of the state is for your use only and does not affect synthesis. Any name is
fine.

5. Click OK.

To change the shape of the state bubble, click the bubble and drag it in the direction you
wish to stretch the bubble.

Adding a Transition

A transition defines the movement between states of the state machine. Transitions are
represented by arrows in the editor. You will add a transition from the clear state to the zero
state in the following steps. Because this transition is unconditional, there is no transition
condition associated with it.

1. Click the Add Transition icon in the vertical toolbar.

=

Figure 3-23: Add Transitions Icon

2. Double-click the clear state (one click to select it, and one click to start the transition.)

3. Click the zero state to complete the transition arrow.
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4. To manipulate the arrow’s shape, click and drag it in any directory.

ZEra

cllken=="'0"
rst=="0"

strtstop. = '1"

=tart

cllsen=="1"

stristop = '1" rst=="0";

Figure 3-24: Adding State Transition

5. Click the Select Objects (or Pointer) icon in the vertical toolbar to exit the Add
Transition mode.

J

Figure 3-25: Select Objects Icon

Adding a State Action

A state action dictates how the outputs should behave in a given state. You will add two
state actions to the clear state: one to drive the clken output to 0 and one to drive the RST
output to 1.

To add a state action:

1. Double-click the clear state.
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The Edit State dialog box opens and you can begin to create the desired outputs.

Editstate x|

State Mame:

Outputz:  Unazsigned outputs are made inactive [i.e. g=0]

et ="1"; -
clken ="0" _I
=

Output Yizard Create counters, muxes, etc. with the wizard,

Justify State Mame———— — Justify Output
’71[" Left © Center © Right ’7{' Left © Center  Right

k. I Cancel | Help |

Figure 3-26: Edit State Dialog Box

Select the Output Wizard button.
In the Logic Wizard, enter the following values:
DOUT = rst, CONSTANT = ‘1’;
DOUT = clken, CONSTANT = ‘0°;
Click OK to enter each individual value.
5. Click OK to exit the Edit State dialog box. The outputs are now added to the state.

ZEra

clken=="0"
ret=="0",

clear

clken ='0Y stristop.='1"

start

clken=="1"

stristop =1 ret=="l",

Figure 3-27: Adding State Outputs
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Adding a State Machine Reset Condition

Using the State Machine Reset feature, specify a reset condition for the state machine. The
state machine initializes to this specified state and enters the specified state whenever the
reset condition is met. In this design, add a reset condition that sends the state machine to
the clear state whenever either the reset signal is asserted high, or the DCM_lock signal is
de-asserted low.

1. Click the Add Reset icon in the vertical toolbar.

E
Figure 3-28: Add Reset Icon

Click the diagram near the clear state, as shown in the diagram below.

The cursor is automatically attached to the transition arrow for this reset. Move the
cursor to the clear state, and click the state bubble.

4. A question is then asked: “Should this reset be asynchronous(Yes) or synchronous
(No)?” Answer Yes.

ZErD
clken==1"
rst=="1"

stristc

clear
rst ="1"
clken = 17"

state_reset ='1'
start

clken=="

stitstop ="1' rst<=1]

Figure 3-29: Adding a Reset Condition

5. Double-click the newly created RESET condition and edit the condition field to read:
state_reset="1,” then click OK.

Creating the State Machine HDL output file

Select Options > Configuration.

In the Language section, select either Verilog or VHDL as desired.

In the Language Vendor section select Xilinx XST.

Click OK.

To generate the HDL file, select the Generate HDL icon in the toolbar.

AL

A Results window is displayed listing the compile status. Click OK.
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A browser opens displaying the generated HDL file. Examine the code and then close
the browser.

Save your changes by selecting File > Save.
Close the State Diagram Editor.

Creating the State Machine Symbol

In this section, you will create a macro symbol for the state machine that you can place on
the stopwatch schematic. The macro symbol is added to the project library.

1.
2.

In Project Navigator, select Project > Add Source.

Select statmach.v or statmach.vhd (this is the HDL file generated by State Diagram
Editor) and click Open.

The file statmach.v (hd) is added to the project in Project Navigator.

In the Sources tab, select statmach.vhd or statmach.v.

In the Processes tab, click the + beside Design Utilities to expand the hierarchy.
Double-click Create Schematic Symbol.

Creating a DCM Module

The Clocking Wizard, a Xilinx Architecture Wizard, enables you to graphically select
Digital Clock Manager (DCM) features that you wish to use. In this section, you will create
a basic DCM module with CLKO feedback and duty-cycle correction.

Using the Clocking Wizard

Create the DCM1 module as follows:

1.
2.

Select Project > New Source.

In the New Source dialog box, select the IP (Coregen & Architecture Wizard) source
type, and type the filename dem1.

Click Next.
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4. Select FPGA Features and Design > Clocking > Virtex-ll Pro, Virtex-Il, Spartan-3 >

O *® N @

Single DCM in the Clocking hierarchy.

s New Source Wizard - Select IP

-- [C7 Automative & Industrial

-- [ Basic Elements

- [ Cammuriication % Metwarking
-- [C7] Digital Signal Processing
L——_IB FPGA Features and Dezign
255 Clocking

& 3¢ Single DCM 45,2
- [ Math Functions

- [7] Memories & Storage Elements
- [0 5tandard Bus Interfaces

E-E3Yitesl| Pra, Yitexdl, Spartan-3
b % Board Deskew with an internal deskew v8.2i
' Cazcading in Senes with Two DCMs v8.20
" Clock Forwarding / Board Deskew [DCM] vE.2i
' Clock Switching with Two DCMz +8.20

Figure 3-30: Selecting Single DCM Core Type

Click Next, and then click Finish.

Verify that RST, CLKO and LOCKED are selected.

Select the CLKFX.

Type 50 and select MHz for the Input Clock Frequency.

Verify the following settings:

¢ Phase Shift: None

¢ Clkin Source: External, Single
¢ Feedback Source: Internal
Feedback Value: 1X

* o

Use Duty Cycle Correction: Selected
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10.
11.
12.

13.
14.

15.

XZilinx Clocking Wizard - General Setup x|
=2
-
-
-
-
-
-
=
-
[+
PSEN u
PSINCDEC v
PSCLEK PSDONE
— Input Clock Frequency Fhaze Shift
50 & MHz  ns Type:  INONE =l
walue; 0 ﬂ 0000 ms 0,000 Degrees
— CLEIN Source — Feedback Source
i+ External ™ nternal £ Extermnal =" |nternal £ Mone
* Single % Single
" Differential | Differential
— Divide By Yalue — Feedback Value
|2 VI 1 [
M Use Duty Cycle Cormection
Advanced... I tare [nfo I
< Back I Mext = I Cancel I

Figure 3-31: Xilinx Clocking Wizard - General Setup

Click the Advanced button.
Select the Wait for DCM Lock before DONE Signal goes high option.
Click OK.

An informational message about the LCK_cycle and the STARTUP_WAIT Bitgen
options appears.

Click OK, click Next, click Next.

In the Clock Frequency Synthesizer window, type 26.2144 and select MHz in the Use
output frequency box.

(26.2144Mhz)/ 2'® = 100H:

Click Next and then Finish.
The file deml . xaw is added to the project.

Creating the dcm1 Symbol

Next, create a symbol representing the dem1 macro. This symbol will be added to the top-
level schematic (stopwatch. sch) a little later.

1.
2.

In Project Navigator, in the Sources tab, select dcml . xaw.

In the Processes tab, double-click Create Schematic Symbol.
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Creating an HDL-Based Module

With ISE, you can easily create modules from HDL code. The HDL code is connected to
your top-level schematic design through instantiation and compiled with the rest of the
design.

Next, you will create a new HDL module. This macro serves to convert the 4-bit binary
outputs of the ten_cnt and time_cnt modules into a 7-segment LED display format.

Using the New Source Wizard and ISE Text Editor

Create a file using the New Source Wizard, specifying the name and ports of the
component. The resulting HDL file is then modified in the ISE Text Editor.

To create the source file:

1. Select Project > New Source.
A dialog box opens in which you specify the type of source you want to create.
2. Select VHDL Module or Verilog Module, depending on your coding pereference.
3. In the File Name field, type hex21led.
4. Click Next.

The hex2led component has a 4-bit input port named hex, and a 7-bit output port named
led. To enter these ports:

1. Click in the Port Name field and type HEX.

2. Click in the Direction field and set the direction to in.

3. Check the Bus designation box.

4. Inthe MSB field enter 3, and in the LSB field enter 0. Refer to Figure 3-32.

IS New Source Wizard - Define Module ] 3
Entity Wame Ihex2|ed
Buchitecture Name IBehavioraI
Port Hame | Direction Buz | MSE L5E =
HEX, in | 3 0
LED| out | B 0
in -
|in v
Iin v
|in
Iin

Mare nfo | < Back | RE | Cancel

Figure 3-32: New Source Wizard for VHDL

5. Repeat the previous steps for the LED[6:0] output bus. Be sure that the direction is set
to out, MSB is set to 6 and LSB is set to 0.

6. Click Next to complete the Wizard session.
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A description of the module displays.
7. Click Finish to open the empty HDL file in ISE Text Editor.
The VHDL file is displayed in Figure 3-33. The Verilog HDL file is displayed in Figure 3-34.

m o~ 0

11
12
12
14
15
168
17
12
19
20
21
22
23
24
25
peda?
27
28
20
=0
21
22
232
54
25
26
27
2e
=9

m -1 @ h B oW R

o

11
12
12

18
168
17
18
18
20
21
22
23
24
25
268
27
28

Lol sl .
—- Hodule Name: hexiled - EBehavioral
—— Project MName:

—— Target Device:

—- Tool wersions:

—— Description:

—— Dependencies:

—-- Revizion:
—- Revizion 0.01 - File Created
—- Additional Comments:

likbrary IEEE;

use IEEE.3TD LOGIC 1164.ALL:

use IEEE.3TD LOGIC ARITH.ALL;
use IEEE.3TD LOGIC UNSIGNED.ALL:

———— Uncomment the followving library declaration if instantiating
———- any Zilinx primitives in this code.

——likbrary UNIZIN:

——uzae MNISIN.VComponenta.all:

entity hexZled is
Fort ( HEX : in std logic wvector (3 downto 0);
LED : out std logic wvector (6 downto 0));
end hex2 led;

architecture Behavioral of hexiled i=s

hegin

Figure 3-33: VHDL File in ISE Text Editor

FELEEEIEEEREEII IR0
/f Conpany:
// Engineer:

/{ Create Date: 12:02:04 02/18/05
// Design Neme:

/¢ Module Neme: hexi led

/{ Project Name:

// Target Device:

/{ Tool versions:

J/ Description:

// Dependencies:

// Revision:

// Revision 0.01 - File Created

// Additional Comments:

FEEEEEEEEE R R R R R E R R i EE i i it i i i it
module hex2led(HEX, LED):

input [3:0] HEXL:
output [6:0] LED:

endmodule

Figure 3-34: Verilog File in ISE Text Editor
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In the ISE Text Editor, the ports are already declared in the HDL file, and some of the basic
file structure is already in place. Keywords are displayed in blue, comments in green, and
values are black. The file is color-coded to enhance readability and recognition of

typographical errors.

Using the Language Templates

The ISE Language Templates include HDL constructs and synthesis templates that
represent commonly used logic components, such as counters, D flip-flops, multiplexers,
and primitives. You will use the HEX2LED Converter template for this exercise. This
template provides source code to convert a 4-bit value to 7-segment LED display format.

Note: You can add your own templates to the Language Templates for components or constructs
that you use often.

To invoke the Language Templates and select the template for this tutorial:

1.

From Project Navigator, select Edit > Language Templates.

Each HDL language in the Language Templates is divided into five sections: Common
Constructs, Device Primitive Instantiation, Simulation Constructs, Synthesis
Constructs and User Templates. To expand the view of any of these sections, click the
+ next to the topic. Click any of the listed templates to view the template contents in
the right pane.

Under either the VHDL or Verilog hierarchy, expand the Synthesis Constructs
hierarchy, expand the Coding Examples hierarchy, expand the Misc hierarchy, and
select the template called 7-Segment Display Hex Conversion. Use the appropriate
template for the language you are using.

Once the template is selected in the hierarchy, the contents display in the right pane.

<

[C1ABEL
[uck
[Verlog
= ESVHDL
[ Common Corstructs

[#- [ Device Primitive Instantiation
[ Simulation Constructs

=35

£

4
i
4
0
i
B
£
B

- (] Assertions & Functions
- (£ Attributes
[=1-3 Coding Examples

i Mise

nthesis Constucts

- (] Accumulatars
#- (7] Brithmetic

- (] Basic Gates

#- (] Counter

- (2 Counters

t- (] Decaders

- (] Encoders

+- (L Flip Flops

+- ([ Logical Shifters

F) 7-5egment Display Hex Corversion
whchionous Input Synchronization [Redy
el Shifter

ebounce circuit

pen Drain Dutput bused reg| -
pen Drain Qutput [single signal]

(1 0utput Clock Forwarding Using DDR

s [T Multiplexers

- CIRaM

+-(CIROM

- (] Shift Registers

- [ 5tate Machines

| of

hesZled vhd | Language Templates I

Figure 3-35: Language Templates

--HEX-to-seven-segment decoder

- HEX: in

- LED: out

-- sSegment encoinputg
- 0

-- 5| [

— — s &

-— 4| | 2

with HEX SELect

LED<= "1111001" when "0001",
"0100100" when "0010%,
"0110000" when "00O11%,

"0011001" when "

"0010010" when "0101",
"0000010™ when "O110",
"1111000" when "0111",
"0000000" when *"1i000%,
"0010000" when *"1001",

"0001000" when '

"0000011™ when "10O11%,
"1000110" when 11007,
"0100001" when "1101",
"0000110" when *"11i0%,
"0001110"™ when "11117,
"1000000" when others:

I

=

STD_LOGIC VECTOR (3 downto 0)7
STD_LOGIC_VECTOR (& downto 07

-1
-2
-3
-1
--5
-5
-7
-8
-3
-k
b
--C
—d
—-E
--F
--0
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Adding a Language Template to Your File

You will now use the drag and drop method for adding templates to your HDL file. Refer
to Working with Language Templates in the ISE Help for additional usibility options.

To add the template to your HDL file using the drag and drop method:

1. Select Windows > Tile Vertically to show both the HDL file and the Language
Templates window.

2. Click and drag the 7-Segment Display Hex Conversion name from the Language
Templates topology into the hex21ed. vhd file under the architecture, begin
statement, or into the hex21led. v file under the module declaration.

3. Close the Language Templates window.

(Verilog only) After the input and output statements, and before the HEX2LED
converter that you just added, add the following line of code to the HDL file to allow
an assignment:

reg [6:0] LED;

5. (Verilog only) Replace the two <4-bit_hex_input> and the sixteen <7-
seg_output> entries with HEX and LED respectively.

You now have complete and functional HDL code.
Save the file by selecting File > Save.

Select hex21ed in the Sources tab.

In the Processes tab, double-click Check Syntax.
Close the ISE Text Editor.

L *® N

Creating the hex2led Symbol
Next, create the schematic symbol representing the HEX2LED HDL in Project Navigator.

1. In the Sources tab, select hex21led.vhd or hex2led.w.
2. In the Processes tab, click the + beside Design Utilities to expand the hierarchy.
3. Double-click Create Schematic Symbol.

You are now ready to place the hex2led symbol on the stopwatch schematic.

Placing the stmach, ten_cnt, clk_div_262k, DCM1, debounce, and
hex2led Symbols

You can now place the stmach, ten_cnt, clk_div_262k, DCM1, debounce, and hex2led
symbols on the stopwatch schematic (stopwatch. sch). In Project Navigator, double-
click stopwatch. sch. The schematic file opens in the Workspace.

1. Select Add > Symbol or click the Add Symbol icon from the Tools toolbar.

—

Figure 3-36: Add Symbol Icon

This opens the Symbol Browser to the left of the Schematic Editor, which displays the
libraries and their corresponding components.
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View the list of available library components in the Symbol Browser.

Locate the project-specific macros by selecting the project directory name in the

Categories window.

Select the appropriate symbol, and add it to the stopwatch schematic in the
approximate location, as shown in Figure 3-37.

Note: Do not worry about drawing the wires to connect this symbol. You will connect components in
the schematic later in the tutorial.

5. Save the schematic.
dem1
—fmsTn  wocxEp ouT| . Clk_diV_26 2K
CLKFK_OUT|—a statmach
CLKIN_BUFE_OUT |—a oK [y —
—{ KN QKo ou |— =—{ oMbk
debounce ot
B—é‘;_r‘ 5‘;_0.'. — —siMsop H—a
" nt —{ck
- hex2led
Q30 ==z )
—fck
=
P Ve
no_decimal_pt
dedmal_pt
o nt —
P . hex2led e
- 3 - ——tEXE0)  LEDED —3 LED_COntrOl
L
C G.SEG FSEG E.SEG DSEG CSEG B.SEG ASEG_DF
ez AN:D)
hu r-:ra:ll‘o-m 1{6:0),no_dedmal |
time_cnt hex2led
R e = = = =] . S T T T T T — — —
PR N =] = £ | Four-Digit, Seven-Segment LED Display
e for  mamspe = e ENenE= |
e e9_1e060 AN3 AN2 AN AND S,
| =]
| =
XILINX |
| SEGF
T Siop Wateh TUhrEl - ==
NamEM TdorB] |
Da=Frl L121 150014 2006 Sneetl of 1 | e EETS

Figure 3-37: Placing Design Macros
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Hierarchy Push/Pop

First, perform a hierarchy “push down,” which enables you to focus in on a lower-level of
the schematic hierarchy to view the underlying file. Push down into the clk_div_262k
macro--which is a schematic-based, user-created macro--and examine its components.

To push down into clk_div_262k from the top-level, stopwatch schematic:

1. Click clk_div_262k symbol in the schematic, and select the Hierarchy Push icon. You
can also right-click the macro and select Push into Symbol.

(@A A =

Figure 3-38: Hierarchy Push Icon

In the clk_div_262k schematic, you see a series of shift registers (SRL16). This macro
illustrates how SRL16s can be used to create a clock divider of any power of 2, without
using an excess number of flip-flops.

. =d
o— _ SRLIA

0% o< SRL1A ]
. . . . SRLIE - . 1. . . . o . nm;m“‘
SRL1B ] L e | (o
i n o2 >:I.K ’ — o :n
dk_In E=T3 — o —] a "

Figure 3-39: clk_div_262k Schematic

2. After examining the macro, return to the top-level schematic by selecting View > Pop
to Calling Schematic, or select the Hierarchy Pop icon when nothing in the
schematic is selected. You can also right-click in an open space of the schematic and
select Pop to Calling Schematic.

AR m

Figure 3-40: Hierarchy Pop Icon

ISE 8.2 In-Depth Tutorial www.xilinx.com 89


http://www.xilinx.com

SUXILINX®

Chapter 3: Schematic-Based Design

Specifying Device Inputs/Outputs

Use the I/O marker to specify device I/O on a schematic sheet. All of the Schematic Editor
schematics are netlisted to VHDL or Verilog and then synthesized by the synthesis tool of
choice. When the synthesis tool synthesizes the top-level schematic’s HDL, the I/O
markers are replaced with the appropriate pads and buffers.

Adding Input Pins

Next, add three input pins to the stopwatch schematic: CLK, RESET and STRTSTOP.

To add these components:

1.
2.

Draw a hanging wire to the two inputs of dem1.
Draw a hanging wire to the sig_in input of the debounce symbol.

Refer to “Drawing Wires” for detailed instructions.

Adding I/0O Markers and Net Names

It is important to label nets and buses for several reasons:

It aids in debugging and simulation, as you can more easily trace nets back to your
original design.

Any nets that remain unnamed in the design will be given generated names that will
mean nothing to you later in the implementation process.

Naming nets also enhances readability and aids in documenting your design.

Label the three input nets you just drew. Refer to the completed schematic below. To label

the RESET net:
1. Select Add > Net Name.
2. Type RESET into the Name box.
The net name is now attached to the cursor.
3. Place the name on the leftmost end of the net, as illustrated in Figure 3-41.

Repeat Steps 1 through 3 for the STRTSTOP and CLK pins.
Once all of the nets have been labeled, add the I/O marker.

Select Add > 1/0 Marker.

Click and drag a box around the three labeled nets to place an input port on each net.

dcm1

RESET— R3T_N LOCKED_OUT —=

CLKFX_ OUT —a
CLKIN_IBUFG_QUT —a

CLK——CLKIN_IN CLKD OUT —m

STRTSTOF

Figure 3-41: Labeled Nets with I/O Markers
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Assigning Pin Locations

Xilinx recommends that you let the automatic placement and routing (PAR) program
define the pinout of your design. Pre-assigning locations to the pins can sometimes
degrade the performance of the place-and-route tools. However, it may be necessary at
some point to lock the pinout of a design so that it can be integrated into a Printed Circuit
Board (PCB).

For this tutorial, the inputs and outputs will be locked to specific pins in order to place and
download the design to the Spartan-3 demo board. Because the tutorial stopwatch design
is simple and timing is not critical, the example pin assignments will not adversely affect
the ability of PAR to place and route the design.

Assign a LOC parameter to the output nets on the stopwatch schematic, as follows:

1. Right-click on the an(3:0) net and select Object Properties from the right-click menu.
2. Click the New button under Instance Attributes to add a new property.

3. Enter LOC for the Attribute Name and e13,f14,g14,d14 for the Attribute Value.

4. Click OK to return to the Object Properties dialog box.

[EE Object Properties ' X|
Category
[E-Mets

- AN[E0)

Mame Yalue Wisible New
Mame AN[30) Edit —
PartPolarity Output j Add ﬂl
Loc 134,914,414 Add Delete

0K I Close | Apply | Help |

A

Figure 3-42: Assigning Pin Locations

5. Tomake the LOC attribute visible, select the Add button adjacent to the LOC attribute
in the Attribute window.

6. In the Net Attribute Visibility window, select Add and then OK.
This will display the LOC attribute on the schematic above the an(3:0) bus.

The above procedure constrains an(3) to pin €13, an(2) to pin f14. The remaining pin
location constraints will be added in “Using the Constraints Editor” and “Using the Pin-out
Area Constraints Editor (PACE)” of Chapter 5, “Design Implementation”.

Note: To turn off the Location constraint without deleting it, select the loc attribute, and click Edit
Traits. Select VHDL or Verilog and deselect Write this attribute.

Completing the Schematic

Complete the schematic by wiring the components you have created and placed, adding
any additional necessary logic, and labeling nets appropriately. The following steps guide
you through the process of completing the schematic. You may also want to use the
completed schematic shown below to complete the schematic. Each of the actions referred
to in this section has been discussed in detail in earlier sections of the tutorial. Please see
the earlier sections for detailed instructions.
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Figure 3-43: Completed Stopwatch Schematic

To complete the schematic diagram:

1. Draw a wire between the CLKFX_OUT pin of DCM1 and the clk_in pin of the
clk_div_262k macro. (See “Drawing Wires.”)
Label the wire c1k_clk_26214k. (See “Adding Net Names.”)

Draw a hanging wire to the LOCKED_OUT and clk_out pins of DCM1 and name the
wires locked and clk_int respectively. To terminate a hanging wire, double-click
it. See “Drawing Wires” and “Adding Net Names.”

(See “Drawing Wires.”)

Draw a hanging wire to the clk input of both the debounce and statmach macros wires.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Name both wires c1k_100. (See “Adding Net Names.”)

Note: Remember that nets are logically connected if their names are the same, even if the net
is not physically drawn as a connection in the schematic. This method is used to make the logical
connection of clk_int and several other signals.

Draw wires between the sig_out pin of the debounce component and the strtstop pin
of the statmach macro. (See “Drawing Wires.”)

Label the net strtstop_debounced.

Add hanging wires to the DCM_lock pin and the reset pin of the statmach macro.
Name them locked and reset, respectively.

Place an AND2 component to the left of the lower ten_cnt macro. See “Adding
Components to time_cnt.”

Draw a wire to connect the output of the AND2 with the CE pin of the TEN_CNT
macro. See “Drawing Wires.”

Draw a wire to connect the Q_THRESO pin of the upper TEN_CNT macro to one of the
inputs to the AND2. See “Drawing Wires.”

Draw a hanging wire to the clken output of the statmach component. Label the wire
clk en int.

Draw a hanging wire to the ce pin of the upper TEN_CNT macro and another to the
remaining input of the AND2 component. Name both wires c1k_en_int.

Place a second AND2 component to the left of the TIME_CNT macro. See “Adding
Components to time_cnt.”

Draw a wire to connect the output of the AND2 with the CE pin of the TIME_CNT
macro. See “Drawing Wires.”

Draw a wire to connect the Q_THRESO pin of the lower TEN_CNT macro to one of the
inputs to the second AND2 component. See “Drawing Wires.”

Draw a wire from the other input of the second AND2 component to the wire
connected to the output of the first AND2 component.

Draw a hanging wire from the output of the clk_div_262k component and label this
net clk_100.

Draw a hanging wire from the clk pin of the time_cnt macro and the clk pins of the two
ten_cnt macros. See “Drawing Wires.” Name the three newly added nets c1k_100.

Draw hanging wires from the RST output pin of the STMACH macro, to the AINIT
pins of the ten_cnt macros and the clr pin of the time_cnt macro. See “Drawing Wires.”
Label all four wires RST_INT.

Draw wires from the bus outputs of the ten_cnt and time_cnt macros to the inputs of
the adjacent hex2led macros. See “Drawing Wires.” Notice how the wire is
automatically converted to a bus.

Draw hanging buses from each of the hex2led macro outputs.

Name the hex2led outputs nets as follows from top to bottom; hundredthsout(6:0),
tenthsout(6:0), onesout(6:0), tensout(6:0), minutesout(6:0).

The schematic is now complete.

Save the design by selecting File > Save.
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Behavioral Simulation

This chapter contains the following sections.

e “Overview of Behavioral Simulation Flow”
e “ModelSim Setup”

e “ISE Simulator Setup”

e  “Getting Started”

e “Adding an HDL Test Bench”

e “Behavioral Simulation Using ModelSim”

e “Behavioral Simulation Using ISE Simulator”

Overview of Behavioral Simulation Flow

Xilinx® ISE™ provides an integrated flow with the Mentor ModelSim simulator and the
Xilinx ISE Simulator that allows simulations to be run from the Xilinx Project Navigator.
The examples in this tutorial demonstrate how to use the integrated flow. Whether you use
the ModelSim simulator or the ISE Simulator with this tutorial, you will acheive the same
results.

For additional information about simulation, and for a list of other supported simulators,
see Chapter 6 of the Synthesis and Verification Guide. This Guide is accessible from within
ISE by selecting Help > Software Manuals, and from the web at

http:/ /www.xilinx.com/support/sw_manuals/xilinx8/.

ModelSim Setup

In order to use this tutorial, you must install ModelSim on your computer. The following
sections discuss requirements and setup for ModelSim PE, ModelSim SE, and
ModelSim XE.

ModelSim PE and SE

ModelSim PE and ModelSim SE are full versions of ModelSim available for purchase
directly from Mentor Graphics. In order to simulate with the ISE 8 libraries, use ModelSim
5.8 or later. Older versions may work but are not supported. For more information about
purchasing ModelSim PE or SE version 5.8 or later, contact Mentor Graphics.
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ModelSim Xilinx Edition

ModelSim Xilinx Edition III (MXE III) is the Xilinx version of ModelSim which is based on
ModelSim PE. There are two versions: a free starter version, and a full version that can be
purchased from Xilinx. To obtain the correct MXE III simulation libraries, go to the
Download Center page. Be sure to select 8.2i as the ISE version.

http:/ /www.xilinx.com/xInx/xil_sw_updates_home.jsp?update=mxe_libs

ISE Simulator Setup

ISE Simulator is automatically installed and set up with the ISE 8.2i installer. The ISE
Simulator is available on Windows 2000, Windows XP, and Red Hat Enterprise Linux 3 or
4 (32-bit) platforms only.

Getting Started

The following sections outline the requirements for performing behavioral simulation in
this tutorial.

Required Files

The behavioral simulation flow requires design files, a test bench file, and Xilinx
simulation libraries.

Design Files (VHDL, Verilog, or Schematic)

This chapter assumes that you have completed the design entry tutorial in either
Chapter 2, “HDL-Based Design,” or Chapter 3, “Schematic-Based Design.” After you
have completed one of these chapters, your design includes the required design files,
and is ready for simulation.

Test Bench File

In order to simulate the design, a test bench file is required to provide stimulus to the
design. VHDL and Verilog test bench files are available with the tutorial files. Or, if you
prefer, you can create your own test bench file. For instructions, see “Creating a Test
Bench Waveform Using the Waveform Editor.”

Xilinx Simulation Libraries

Xilinx simulation libraries are required when any Xilinx primitive is instantiated in the
design. The design in this tutorial requires the use of simulation libraries because it
contains instantiations of a digital clock manager (DCM) and a CORE Generator™
component. For information on simulation libraries and how to compile them, see the
next section, “Xilinx Simulation Libraries.”

Xilinx Simulation Libraries

To simulate designs that contain instantiated Xilinx primitives or CORE Generator
components, you must use the Xilinx simulation libraries. These libraries contain models
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for each component. These models reflect the functions of each component, and provide
the simulator with the information required to perform simulation.

For a detailed description of each library, see Chapter 6 of the Synthesis and Verification
Design Guide. This Guide is accessible from within ISE by selecting Help > Software
Manuals, and from the web at http://www.xilinx.com /support/sw_manuals/xilinx8/.

Updating the Xilinx Simulation Libraries

The Xilinx simulation libraries contain models that are updated on a regular basis.

e The XilinxCoreLib models are updated each time an IP Update is installed.

e All other models are updated each time a service pack is installed.

When the models are updated, you must recompile the libraries. The compiled Xilinx

simulation libraries are then available during the simulation of any design.

ModelSim PE or SE

If you are using ModelSim PE or SE, you must compile the simulation libraries with the
updated models. See Chapter 6 of the Synthesis and Verification Design Guide. This Guide is
accessible from within ISE by selecting Help > Software Manuals, or from the web at
http:/ /www.xilinx.com /support/sw_manuals /xilinx8/.

ModelSim Xilinx Edition 1l

If you are using ModelSim Xilinx Edition III (MXE III), the updated models are
precompiled. They are available on the Xilinx support website. Download the latest
precompiled models from the Download Center at

http:/ /www.xilinx.com /xInx/xil_sw_updates_home.jsp?update=mxe_libs.

Xilinx ISE Simulator

If you are using ISE Simulator, all the simulation libraries are precompiled. Setup is
automatically updated with the latest version of the libraries.

Mapping Simulation Libraries in the Modelsim.ini File

ModelSim uses themodelsim. ini file to determine the location of the compiled libraries.
For instance, if you compiled the UNISIM library to c¢: \11b\UNISIM, the following
mapping appears in the modelsim. ini file:

UNISIM = c:\1ib\UNISIM
Note: The modelsim. ini is not applicable to the ISE Simulator.
ModelSim searches for amodelsim. ini file in the following locations until one is found:
e Themodelsim.ini file pointed to by the MODELSIM environment variable.
e Themodelsim.ini file in the current working directory.
¢ Themodelsim.ini file in the directory where ModelSim or MXE is installed.

If the MODELSIM environment variable is not set, and the modelsim. ini file has not
been copied to the working directory, the modelsim. ini file in the installation directory
is used.

ModelSim PE or SE

If you are using ModelSim PE or SE, refer to the Synthesis and Verification Design Guide and
use COMPXLIB to compile the libraries. While compiling the libraries, COMPXLIB also
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updates the modelsim. ini file with the correct mapping. Open the modelsim. ini file
and make sure that the library mappings are correct.

For future projects, you can copy the modelsim. ini file to the working directory and
make changes that are specific to that project, or you can use the MODELSIM environment
variable to point to the desired modelsim. ini file.

ModelSim Xilinx Edition 1l

If you are using ModelSim Xilinx Edition III (MXE III), open the modelsim. ini file in the
directory where MXE III was installed. All of the Xilinx simulation libraries are already
mapped to the proper location.

ISE Simulator

The modelsim. ini file is not applicable to the ISE Simulator.

Adding an HDL Test Bench

In order to add an HDL test bench to your design project, you can either add a test bench
file provided with this tutorial, or create your own test bench file and add it to your project.

Adding Tutorial Test Bench File

This section demonstrates how to add pre-existing test bench file to the project. A VHDL
test bench and Verilog test fixture are provided with this tutorial.

Note: To create your own test bench file in ISE, select Project > New Source, and select either
VHDL Test Bench or Verilog Text Fixture in the New Source Wizard. An empty stimulus file is
added to your project. You must define the test bench in a text editor.

VHDL Design

After downloading the file to your project directory, add the tutorial VHDL test bench to
the project:

Select Project > Add Source.

Select the test bench file stopwatch_tb.vhd.

Click Open.

In the Choose Source Type dialog box, select VHDL Test Bench File.

5. Click OK.

Ll .

ISE recognizes the top-level design file associated with the test bench, and adds the test
bench in the correct order.
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Verilog Design

After downloading the file to your project directory, add the tutorial Verilog test fixture to
the project:

Select Project > Add Source.

Select the file stopwatch_tb.w.

Click Open.

In the Choose Source Type dialog box, select Verilog Test Fixture File.

5. Click OK.

Ll .

ISE recognizes the top-level design file associated with the test fixture, and adds the test
fixture in the correct order.

Behavioral Simulation Using ModelSim

Now that you have a test bench in your project, you can perform behavioral simulation on
the design using the ModelSim simulator. ISE has full integration with the ModelSim
Simulator. ISE enables ModelSim to create the work directory, compile the source files,
load the design, and perform simulation based on simulation properties.

To simulate with the ISE Simulator, skip to “Behavioral Simulation Using ISE Simulator.”
Whether you choose to use the ModelSim simulator or the ISE Simulator for this tutorial,
the end result is the same.

To select ModelSim as your project simulator:
1. In the Sources tab, right-click the device line (xc3s200-4{t256).
2. Select Properties.

3. In the Simulator field of the Project Properties dialog box, select the Modelsim type
and HDL language combination you are using.

Locating the Simulation Processes

The simulation processes in ISE enable you to run simulation on the design using
ModelSim. To locate the ModelSim simulator processes:

1. Inthe Sources tab, select Behavioral Simulation in the Sources for field.
2. Select the test bench file (stopwatch_tb).

3. In the Processes tab, click the + beside ModelSim Simulator to expand the process
hierarchy.

If the ModelSim Simulator processes do not appear, either ModelSim is not selected as the
Simulator in the Project Properties dialog box, or Project Navigator cannot find
modelsim. exe.

If ModelSim is installed but the processes are not available, the Project Navigator
preferences may not be set correctly.

To set the ModelSim location:
1. Select Edit > Preferences.

2. Click the + next to ISE General to expand the ISE preferences
3. Click Integrated Tools in the left pane.
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4.

In the right pane, under Model Tech Simulator, browse to the location of the
modelsim. exe file. For example,

c:\modeltech_xe\win32xoem\modelsim.exe

The following simulation processes are available:

Simulate Behavioral Model

This process starts the design simulation.

Generate Expected Simulation Results

This process is available only if you have a test bench waveform file from the ISE
Simulator’s Test Bench Waveform Editor. If you double-click this process, ModelSim
runs in the background to generate expected results and displays them in the ISE
Simulator’s Test Bench Waveform Editor. See “Creating a Test Bench Waveform Using
the Waveform Editor.”

Specifying Simulation Properties

You will perform a behavioral simulation on the stopwatch design after you have set some
process properties for simulation.

ISE allows you to set several ModelSim Simulator properties in addition to the simulation
netlist properties. To see the behavioral simulation properties, and to modify the
properties for this tutorial:

1.
2.

In the Sources tab, select the test bench file (stopwatch_tb).

Click the + sign next to ModelSim Simulator to expand the hierarchy in the Processes
tab.

Right-click Simulate Behavioral Model.
Select Properties.

In the Process Properties dialog box, (Figure 4-1) set the Property display level to
Advanced. This global setting enables you to now see all available properties.
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6. Change the Simulation Run Time to 2000 ns.
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Figure 4-1: Behavioral Simulation Process Properties

7. Click OK.

For a detailed description of each property available in the Process Properties dialog box,
click Help.

Performing Simulation

Once the process properties have been set, you are ready to run ModelSim. To start the
behavioral simulation, double-click Simulate Behavioral Model. ModelSim creates the
work directory, compiles the source files, loads the design, and performs simulation for the
time specified.

The majority of this design runs at 100 Hz and would take a significant amount of time to
simulate. The first outputs to transition after RESET is released are the seg_dp and ANJ[3:0]
at around 327 uS. This is why the counter may seem like it is not working in a short
simulation. For the purpose of this tutorial, only the DCM signals are monitored to verify
that they work correctly.

Adding Signals

To view signals during the simulation, you must add them to the Wave window. ISE
automatically adds all the top-level ports to the Wave window. Additional signals are
displayed in the Signal window based on the selected structure in the Structure window.

There are two basic methods for adding signals to the Simulator Wave window.

e Drag and drop from the Signal/Object window.

e Highlight signals in the Signal/Object window, and select Add > Wave > Selected
Signals.
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The following procedure explains how to add additional signals in the design hierarchy. In
this tutorial, you will be adding the DCM signals to the waveform.

If you are using ModelSim version 6.0 or higher, all the windows are docked by default. To
undock the windows, click the Undock icon.

=

Figure 4-2: Undock icon

To add additional signals in the design hierarchy:
1. In the Structure/Instance window, click the + next to uut to expand the hierarchy.

Figure 4-3 shows the Structure/Instance window for the Verilog flow. The graphics
and the layout of the Structure/Instance window for a schematic or VHDL flow may
be different.

] Workspace

1 ACE
|T| Instance |Design Lt |Design unit tppe |"\.-"i
= stopwatch_th
Bl uut stopwatch M odule +
ol HIMPLICITAWIRE[CLK 447 stopwatch_th Process
-« HIMPLICITAWIRE[RESETH46 stopwatch_th Process
o HIMPLICITAWIRE[STRTSTOP#45 stopwatch_tb Process
ol HIMITIALHES stopwatch_th Process
ol Hal\wiarSHil stopwatch_tb Process
L HINITIALHTS stopwatch_tb Process
B gkl glhl b odule +:
ol HINITIALHIE glbl Process
ol HASSIGMNH40 glbl Process
o HASSIGNH41 glbl Process
o HASSIGMHAZ glbl Process
ol HINITIALH44 glbl Process
L HINITIALHEZ glbl Process
< j
) Library | & sim 1 Z Files <3l

Figure 4-3: Structure/lnstance Window - Verilog flow

2. Select dem1 in the Structure/Instance window. The signals listed in the Signal/Object
window are updated.

3. Click and drag CLKIN_IN from the Signal/Object window to the Wave window.

In the Signal/Object window, select the following signals. To select multiple signals,
hold down the Ctrl key.

¢ RST_IN
¢ CLKFX_OUT
¢ CLKO0_OUT

¢ LOCKED_OUT
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5. Right-click in the Signal /Object window.
6. Select Add to Wave > Selected Signals.

Adding Dividers

In ModelSim, you can add dividers in the Wave window to make it easier to differentiate
the signals. To add a divider called DCM Signals:

1. Click anywhere in the signal section of the Wave window. If necessary, undock the
window and maximize the window for a larger view of the waveform.

2. Select Insert > Divider.

3. Enter DCM Signals in the Divider Name box.

4. Click OK.

5. Click and drag the newly created divider to above the CLKIN_IN signal.
After adding the DCM Signals divider, the waveform will look like Figure 4-4.

ﬁ' wiave - default

File Edit Wiew Inserk Format  Tools  Window

| =@&| + @ bXleo || FIEIEEE | (x B Q@

STOF 1
T

h_tb/RE
h_th/CL

A A A K &k kK A Kk & & &

Figure 4-4: Waveform After Adding DCM Signals Divider

The waveforms have not been drawn for any of the newly added signals. This is because
ModelSim did not record the data for these signals. By default, ModelSim records data
only for the signals that have been added to the Wave window while the simulation is

running. After new signals are added to the Wave window, you must rerun the simulation
for the desired amount of time.

Rerunning Simulation

To rerun simulation in ModelSim:

1. Click the Restart Simulation icon.

Figure 4-5: Restart Simulation Icon
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Figure 4-6: Restart Dialog Box

2. In the Restart dialog box, click Restart.
3. At the ModelSim command prompt, enter run 2000 ns.
4. Press Enter.

WSk 5 run 2000 Nz

Figure 4-7: Entering the Run Command

The simulation runs for 2000 ns. The waveforms for the DCM are now visible in the Wave
window.

Analyzing the Signals

The DCM signals can be analyzed to verify that they work as expected. The CLKO_OUT
needs to be 50 MHz and the CLKFX_OUT should be 26 MHz. The DCM outputs are valid
only after the LOCKED_OUT signal is high; therefore, the DCM signals are analyzed only
after the LOCKED_OUT signal has gone high.

ModelSim enables you to add cursors to measure the distance between signals. To measure
the CLKO_OUT:

1. Select Add > Cursor twice to add two cursors.

2. Click and drag one cursor to the first rising edge transition on the CLK0_OUT signal
after the LOCKED_OUT signal has gone high.

3. Click and drag the second cursor just to the right of the first.

Click the Find Next Transition icon twice to move the cursor to the next rising edge on
the CLKO_OUT signal.

m

Figure 4-8: Find Next Transition Icon
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5. Look at the bottom of the waveform for the distance between the two cursors.

The measurement should read 20000 ps. This converts to 50 MHz, which is the input
frequency from the test bench, which in turn should be the DCM CLKO output.

6. Measure CLKFX_OUT using the same steps as above. The measurement should read
38462 ps. This comes out to approximately 26 MHz.

Saving the Simulation

The ModelSim simulator enables you to save the signals list in the Wave window after new
signals or stimuli are added, and after simulation is rerun. The saved signals list can easily
be opened each time the simulation is started.

To save the signals list:

1. In the Wave window, select File > Save as.

2. In the Save Format dialog box, rename the file name from the default wave.do to
dcm_signal.do.

3. Click Save.
After restarting the simulation, select File > Load in the Wave window to load this file.

Your behavioral simulation is complete. To implement the design, follow the steps in
Chapter 5, “Design Implementation.”

Behavioral Simulation Using ISE Simulator
Follow this section of the tutorial if you have skipped the previous section, “Behavioral

Simulation Using ModelSim.”

Now that you have a test bench in your project, you can perform behavioral simulation on
the design using the ISE Simulator. ISE has full integration with the ISE Simulator. ISE
enables ISE Simulator to create the work directory, compile the source files, load the
design, and perform simulation based on simulation properties.

To select ISE Simulator as your project simulator:
1. In the Sources tab, right-click the device line (xc3s200-4{t256).

2. Select Properties.
3. In the Project Properties dialog box, select ISE Simulator in the Simulator field.

Locating the Simulation Processes

The simulation processes in ISE enable you to run simulation on the design using ISE
Simulator. To locate the ISE Simulator processes:

1. In the Sources tab, select Behavioral Simulation in the Sources for field.
2. Select the test bench file (stopwatch_tb).
3. Click the + beside Xilinx ISE Simulator to expand the process hierarchy.
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The following simulation processes are available:

Check Syntax

This process checks for syntax errors in the test bench.

Simulate Behavioral Model

This process starts the design simulation.

Generate Expected Simulation Results

This process is available only if you have a test bench waveform file from ISE
Simulator’s Test Bench Waveform Editor. If you run this process, the ISE Simulator
runs in the background to generate expected results and displays them in the
Waveform Editor. See “Creating a Test Bench Waveform Using the Waveform Editor.”

Specifying Simulation Properties

You will perform a behavioral simulation on the stopwatch design after you set some
process properties for simulation.

ISE allows you to set several ISE Simulator properties in addition to the simulation netlist
properties. To see the behavioral simulation properties, and to modify the properties for
this tutorial:

1.

Al N

6.
7.

In the Sources t, select the test beabnch file (stopwatch_tb).

Click the + sign next to ISE Simulator to expand the hierarchy in the Processes tab.
Right-click the Simulate Behavioral Model process.

Select Properties.

In the Process Properties dialog box (Figure 4-9 ), set the Property display level to
Advanced. This global setting enables you to now see all available properties.

Change the Simulation Run Time to 2000 ns.
Click Apply and click OK.

Note: For a detailed description of each property available in the Process Property dialog box, click
Help.

106

www.xilinx.com ISE 8.2 In-Depth Tutorial


http://www.xilinx.com

Behavioral Simulation Using ISE Simulator SXILINX®

ﬂ
Category

Property Name Walue

Usge Custom Simulation Cormmand File —

Cusgtom Simulation Command File _I
Incremental Compilation ¥

Compile for HOL Debugging I~

Uge Custom Compile File List —

Custom Compile File List =
Fiun for Specified Time I~

=1

Sirnulation Fun Time 10000 re

Store All Signal Transitions During Simulation
WHDL Properties
“Walue Range Check

a0

“Werilog Properties

Specify Search Directories for 'Include

Specify 'define Macro Mame and Value

Property display level IAdvanced - Default |
0K I Cancel | Apply | Help |

Figure 4-9: Behavioral Simulation Process Properties

v

Performing Simulation

Once the process properties have been set, you are ready to run the ISE Simulator. To start
the behavioral simulation, double-click Simulate Behavioral Model. ISE Simulator creates
the work directory, compiles the source files, loads the design, and performs simulation for
the time specified.

The majority of this design runs at 100 Hz and would take a significant amount of time to
simulate. The first outputs to transition after RESET is released are the seg_dp and ANJ[3:0]
at around 327 uS. This is why the counter may seem like it is not working in a short
simulation. For the purpose of this tutorial, only the DCM signals are monitored to verify
that they work correctly.

Adding Signals

To view signals during the simulation, you must add them to the Waveform window. ISE
automatically adds all the top-level ports to the Waveform window. Additional signals are
displayed in the Sim Hierarchy window. The following procedure explains how to add
additional signals in the design hierarchy. For the purpose of this tutorial, add the DCM
signals to the waveform.

To add additional signals in the design hierarchy:

1. Inthe Sim Hierarchy window, click the + next to stopwatch_tb stopwatch_tb to
expand the hierarchy.

2. Click the + next to uut stopwatch to expand the hierarchy.
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Figure 4-10 shows the Sim hierarchy window for the Verilog flow. The graphics and the
layout of the window for a schematic or VHDL flow may be different.

6.
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Figure 4-10: Sim Hierarchy Window - Verilog flow

Click the + next to dem1 in the Sim Hierarchy window.
Click and drag CLKIN_IN from the Sim Hierarchy window to the Waveform window.

Select the following signals:

¢ RST_IN
¢ CLKFX_OUT
¢ CLK0_OUT

¢ LOCKED_OUT
To select multiple signals, hold down the Ctrl key.

Drag all the selected signals to the waveform.

Notice that the waveforms have not been drawn for the newly added signals. This is
because ISE Simulator did not record the data for these signals. By default, ISE Simulator
records data only for the signals that have been added to the waveform window while the
simulation is running. Therefore, when new signals are added to the waveform window,
you must rerun the simulation for the desired amount of time.

Rerunning Simulation

To rerun the simulation in ISE Simulation:

1.

Click the Restart Simulation icon.

Figure 4-11: ISE Simulator Restart Simulation Icon
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2. At the ISE Simulator command prompt in the Sim Console, enter run 2000 ns and
press Enter.

The simulation runs for 2000 ns. The waveforms for the DCM are now visible in the
Waveform window.

Analyzing the Signals

Now the DCM signals can be analyzed to verify that they work as expected. The
CLKO_OUT should be 50 MHz and the CLKFX_OUT should be 26 MHz. The DCM outputs
are valid only after the LOCKED_OUT signal is high; therefore, the DCM signals are
analyzed only after the LOCKED_OUT signal has gone high.

ISE Simulator can add markers to measure the distance between signals. To measure the
CLKO_OUT:

1. If necessary, zoom in on the waveform.
2. Click the Measure Marker icon.

+
L |

Figure 4-12: Measure Marker Icon

3. Place the marker on the first rising edge transition on the CLKO_OUT signal after the
LOCKED_OUT signal has gone high.

Click and drag the other end of the marker to the next rising edge.

5. Look at the top of the waveform for the distance between the marker. The
measurement should read 20.0 ns. This converts to 50 MHz, which is the input
frequency from the test bench, which in turn is the DCM CLKO output.

6. Measure CLKEX_OUT using the same steps as above. The measurement should read
38.5 ns. This equals approximately 26 MHz.

Your behavioral simulation is complete. To implement the design, follow the steps in
Chapter 5, “Design Implementation.”

Creating a Test Bench Waveform Using the Waveform Editor

This section demonstrates how to use the Waveform Editor. The Waveform Editor is a test
bench creation tool in ISE. You can use the Waveform Editor to graphically enter stimuli,
and to generate a VHDL test bench or Verilog test fixture. It is not necessary to follow this
section if you have added the tutorial test bench to the project already.

Note: The ISE Simulator Waveform Editor is available on Windows platforms only.

Creating a Test Bench Waveform Source

In this tutorial, create the test bench waveform for a sub-module only. The Waveform
Editor can be used to generate stimuli for top-level designs as well.

To create a test bench with the ISE Simulator Waveform Editor:

1. Select time_cnt in the Sources tab.
2. Select Project > New Source.
3. In the New Source Wizard, select Test Bench Waveform as the source type.
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4. Typetime_cnt_tb.
5. Click Next.

Note: In the Select dialog box, the time_cnt file is the default source file because it is selected in
the Sources tab (step 1).

6. Click Next.
7. Click Finish.

The Waveform Editor opens in ISE. The Initialize Timing dialog box displays, and
enables you to specify the timing parameters used during simulation. The Clock Time
High and Clock Time Low fields together define the clock period for which the design
must operate. The Input Setup Time field defines when inputs must be valid. The
Output Valid Delay field defines the time after active clock edge when the outputs
must be valid.

8. In the Initialize Timing dialog box, fill in the fields as follows:
¢ Clock Time High: 10
¢ Clock Time Low: 10
¢ Input Setup Time: 5
¢ Output Valid Delay: 5
9. Select the GSR (FPGA) from the Global Signals section.
10. Change the Initial Length of Test Bench to 3000.
11. Click Finish.
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[~ Add Asynchronous Signal Support

kore Info | < Back | Finigh I Cancel |

Figure 4-13: Waveform Editor - Initialize Timing Dialog Box

The ISE Simulator’s Waveform Editor View opens in ISE.

Applying Stimulus

In the Waveform Editor, in the blue cell, you can apply a transition (high/low). The width
of this cell is determined by the Input setup delay and the Output valid delay.

Enter the following input stimuli:

1. Click the CE cell at time 110 ns to set it high (CE is active high).

2. Click the CLR cell at time 150 ns to set it high.
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3. Click the CLR cell at time 230 ns to set it low.

Tm AR K

End Time:
3000 ns 110ns 170ns 230ns 290ns 350ns 410ns 470ns 530ns 580ns G40 NS

Looac bbb bbb borre oo bl
AN cLk
aNce
AN RST_INT
POMINUTES[2:0]
P SEC_LSB[30]
Q¥ SEC_MSA[3:

JT1T]

{
{
{ 0

o o o o o = O

Figure 4-14: Applying Stimulus in the Waveform Editor View

4. Click the Save icon in the toolbar.

The new test bench waveform source (time_cnt_tb. tbw) is automatically added to the
project.

5. Select time_cnt_tb.tbw in the Sources tab.
6. Double-click Generate Expected Simulation Results in the Process tab.

The selected simulator runs in the background and displays the expected output values in
the Waveform Editor.

7. Select File > Save to save the test bench waveform with the generated simulation
results.

Now, when either Behavioral or Timing simulation is run, the simulation output is
automatically checked against the expected result.
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Chapter 5

Design Implementation

This chapter contains the following sections.

e “Overview of Design Implementation”

e “Getting Started”

e “Specifying Options”

e  “Creating Partitions”

e “Creating Timing Constraints”

e “Translating the Design”

e “Using the Constraints Editor”

e “Using the Pin-out Area Constraints Editor (PACE)”
e “Mapping the Design”

e “Using Timing Analysis to Evaluate Block Delays After Mapping”
e “Placing and Routing the Design”

e “Using FPGA Editor to Verify the Place and Route”
e “Evaluating Post-Layout Timing”

e “Changing HDL with Partition”

e “Creating Configuration Data”

e “Creating a PROM File with iMPACT”

e “Command Line Implementation”

Overview of Design Implementation

Design Implementation is the process of translating, mapping, placing, routing, and
generating a BIT file for your design. The Design Implementation tools are embedded in
the ISE™ software for easy access and project management.

This chapter is the first in the “Implementation-only Flow” and is an important chapter for
the “HDL Design Flow” and the “Schematic Design Flow”.

This chapter demonstrates the ISE Implementation flow. The front-end design has already
been compiled in an EDA interface tool. For details about compiling the design, see
Chapter 2, “HDL-Based Design” or Chapter 3, “Schematic-Based Design.” In this chapter,
you will be passing an input netlist (EDN, NGC) from the front-end tool to the back-end
Design Implementation tools, and you will be incorporating placement constraints
through a User Constraints File (UCF). You will add timing constraints later through the
Constraints Editor and Pin-out Area Constraints Editor (PACE).
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Getting Started

The tutorial design emulates a runner’s stopwatch. There are three inputs to the system:
CLK, RESET and SRTSTP. This system generates three seven-bit outputs for output to three
seven-segment LED displays.

Continuing from Design Entry

If you have followed the tutorial using either the HDL Design flow or the Schematic
Design flow, you have created a project, design entry source files, and an EDIF netlist file.

If you do not have a stopwatch.ucf file in your project, create one as follows:
In the Sources tab, select the top-level source file stopwatch.

Select Project > New Source.

Select Implementation Constraints File.

Type stopwatch.ucf as the file name.

Click Next.

Select stopwatch from the list.

Click Next.

Click Finish.

® N G P

With a UCF in the project, you are now ready to begin this chapter. Skip to the “Specifying
Options” section.

Starting from Design Implementation

If you are beginning the tutorial from this chapter, you will need to download the pre-
synthesized design files provided on the Xilinx® website, create a project in ISE and then
add the downloaded source files to the project.

1. Create an empty working directory named Watch.

2. Go to http:/ /www.xilinx.com/support/techsup/tutorials/tutorials8.htm, and copy
the pre-synthesized tutorial files (see Table 5-1) to your newly created working
directory.

Table 5-1: Required Tutorial Files

File Name Description

stopwatch.edn, Input netlist file (EDIF)
stopwatch.edf or
stopwatch.ngc

ten_cnt.edn Counter netlist file (EDIF)

stopwatch.ucf User Constraints File
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3. Open ISE.
a. On aworkstation, enter ise &.
b. On aPC, select Start > Programs > Xilinx ISE 8.2i > Project Navigator.
4. Create a new project and add the EDIF netlist as follows:
a. Select File > New Project.
b. Type EDIF_Flow for the Project Name.
c. Select EDIF for the top_level SourceType.
d. Click Next.
e. Select stopwatch.edn for the Input Design file.
f. Select stopwatch.ucf for the Constraints file.
g. Click Next.
h. Select the following;:
- Spartan3 for the Device Family
- x¢3s200 for the Device
- -4 for the Speed Grade, ft256 for the Package
i. Click Next.
j. Click Finish.
k. Copy the ten_cnt. edn file into the EDIF_Flow directory.

In the Sources tab, select the top-level module, stopwatch.edf or stopwatch. edn.
This enables the design to be implemented.

Specifying Options

This section describes how to set some properties for design implementation. The
implementation properties control how the software maps, places, routes, and optimizes a

design.

To set the implementation property options for this tutorial:

1. In the Sources tab, select the stopwatch top-level file.

2. In the Processes tab, right-click the Implement Design process.

3. Select Properties from the right-click menu.
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The Process Properties dialog box provides access to the Translate, Map, Place and
Route, Simulation, and Timing Report properties. You will notice a series of categories,
each contains properties for a different aspect of design implementation.

Category

Translate Properties
Map Properties
Place & Route Properties

Post-Map Static Timing Report Properties

Post-Place & Route Static Timing Report Propetties Property Name Value

\r!cremx.arrtal Design Prupt.arlies Repott Type Verboss Repot P
)S(;n;ougu;:unr;ﬁzljmpemes Mumber of items in Emor/\erbose Report (0 - 2 Billion) %
Timing Repart (0 - 2 Billion} 3 ; =
Perform Advanced Analysis (]
Change Device Speed To |~4 vl
Report Uncovered Paths {0 - 2 Billion)
Report Fastest Pathis) in Each Constraint (]
Stamp Timing Mode! Filename [J
Timing Specification Interaction Report file (]

Property display level: |Advanced v| [ Diefault ]

[ ok ][ cancel |[ oy |[ Mo |

Figure 5-1: Post-Place & Route Static Timing Report Properties

4. Ensure that you have set the Property display level to Advanced. This setting is in the
lower, right-hand corner of the dialog box.

This global setting enables you to see all available properties.
Click the Post-Map Static Timing Report Properties category.
Change Report Type to Verbose Report.
This report will be generated after the Map process is completed.
Click the Post-Place & Route Static Timing Report Properties category.
Change Report Type to Verbose Report.
This report will be generated after Place and Route is completed.
9. Click the Place & Route Properties category.
10. Change the Place & Route Effort Level (Overall) to High.
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This option increases the overall effort level of Place and Route during

implementation.
ES Process Properties [Z|
Category

Map Propeties

Place & Route Properties

Post-Map Static Timing Report Properties

Post-Place & Route Static Tming Report Properties Property Name Value b

In.c:remgntal Desian Pmpx.arties Place And Route Mode Nomal Place and Route v

QT;EIETDT;E:LPWDEHIES Place & Route Efort Level {Overall) -
Placer Effort Level (Ovenides Overall Level) None v
Router Efort Level (Overides Overall Level) None w
Extra Effort (Highest PAR level only} None i
Starting Placer Cost Table (1-100) 1 e
PAR Guide Design File (ncd) J
PAR Guide Mode | None v|
Use Timing Constraints
Use Bonded 1/0s (|
Generate Asynchronous Delay Report | T
Generate Clock Region Report (|
Generate Post-Place & Route Static Timing Report
Generate Post-Place & Route Simulation Mode! (|
Number of PAR terations {0-100) [3 52

Property display level: | Advanced Default
[ oK ] [ Close ] [ Apply ] [ Help ]

Figure 5-2: Place & Route Properties

11. Click OK to exit the Process Properties dialog box.

Creating Partitions

A partition is created for an instance in your logical design to indicate that the
implementation for that instance should be reused when possible. Partitions can be nested
hierarchically and be defined on any HDL module instance in the design. In Verilog, the
partition is set on the module instance and for VHDL, the partition is set on the entity
architecture. A module with multiple instances can have multiple partitions—a partition
on each instance. The top level of the HDL design has a default partition.

Partitions do not need ranges for implementation re-use, and logic can be at the top level
partition. Partitions automatically detect input source changes, including HDL changes
and certain constraint changes. Partitions also detect command line changes, such as effort
levels on implementation tools, and only the effected partitions are re-implemented.

To enable partitions for this design:

1. Inthe Sources tab, select TIMECNT_1 module and right-click on it.
2. Select New Partition from the menu.

3. Select the LEDCONTROL_1 module.

4. Right-click and select New Partition.

The Preserve status is set to inherit, which gets the status from the top level partition.
The top level partition is set to routing by default. The preserve status can be changed
to Routing, Placement, or Synthesis.
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Creating Timing Constraints

The User Constraints File (UCF) provides a mechanism for constraining a logical design
without returning to the design entry tools. However, without the design entry tools, you
must understand the exact syntax needed to define constraints. The Constraints Editor and
Pinout Area Constraints Editor (PACE) are graphical tools that enable you to enter timing
and pin location constraints.

To launch the Constraints Editor:

1. In the Processes tab, expand the User Constraints hierarchy.
2. Double-click Create Timing Constraints.

Processes for Source: “stopwatch™
Add Existing Source
Create Mew Source
View Design Summary
Design Ltilties
Uzer Congtraints
% Create Timing Constraints
i Aszsign Packaoge Pins k
B  Create Area Constraints
|  Edit Constraints (Text)
W Syrthesize - XST
'? Implement Design
k<l

L TR

+
+

+ Generate Programming File

0O

Figure 5-3: Create Timing Constraints Process

This automatically runs the Translate step, which is discussed in the following section.
Then the Constraints Editor opens.

Translating the Design

ISE manages the files created during implementation. The ISE tools use the settings that
you specified in the Process Properties dialog box. This gives you complete control over
how a design is processed. Typically, you set your options first. You then run through the
entire flow by double-clicking Implement Design. This tutorial illustrates the
implementation, one step at a time.

During translation, the NGDBuild program performs the following functions:

e Converts input design netlists and writes results to a single merged NGD netlist. The
merged netlist describes the logic in the design as well as any location and timing
constraints.

e Performs timing specification and logical design rule checks.
® Adds the User Constraints File (UCF) to the merged netlist.
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Using the Constraints Editor

When you run the Create Timing Constraints process, Translate is run and ISE launches the
Constraints Editor.

The Constraints Editor enables you to:

e Edit constraints previously defined in a UCF file.

e Add new constraints to your design.
Input files to the Constraints Editor are:

e NGD (Native Generic Database) File

The NGD file serves as input to the mapper, which then outputs the physical design
database, an NCD (Native Circuit Description) file.

¢ Corresponding UCF (User Constraint File)

By default, when the NGD file is opened, an existing UCF file with the same base name
as the NGD file is used. Alternatively, you can specify the name of the UCF file.

The Constraints Editor generates a valid UCF file. The Translate step (NGDBuild) uses the
UCEF file, along with design source netlists, to produce a newer NGD file, which
incorporates the changes made. The Map program (the next section in the design flow)
then reads the NGD. In this design, the stopwatch.ngd and stopwatch.ucf files are
automatically read into the Constraints Editor.

In the following section, a PERIOD and TIMEGRP OFFSET IN constraint will be written in
the UCF and used during implementation. The Global tab appears in the foreground of the
Constraints Editor window. This window automatically displays all the clock nets in your
design, and enables you to define the associated period, pad to setup, and clock to pad
values. Note that many of the internal names will vary depending on the design flow and
synthesis tool used.

& Xilinx Constraints Editor - [Global - stopwatch.ngd / stopwatch.ucf] =[O
& File Edit view Window Help [=1[&] [X]
DR EIX 0 LR

Clock Met Name Period Pad to Setup Clock to Pad
clk_100 N/A N/A
CLKDIV262K_1/div_32(15) N/A N/A
CLKDIV262K_1/div_1024(15) N/A N/A
CLKDIV262K_1/div_32768(15) N/A N/A

CLK

é} Global é’; Ports é’; Advanced é’; Misc
x

Emors | Wamings Info Messages

1
[+
£ z
= L]
i £
= =
£ =
m 2
- =2
5 E]
[5] [s]

Constraints (read-write) | Constraints (read-only) Source Congtraints {read-only)

Figure 5-4: Constraints Editor - Global Tab
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In the Constraints Editor, edit the constraints as follows:

1.

10.

Double-click the Period cell on the row associated with the clock net CLK. The Clock
Period dialog box opens.

For the Clock Signal Definition, verify that Specific Time is selected.
This enables you to define an explicit period for the clock.

Enter a value of 20.0 in the Time field.

Verify that ns is selected from the Units drop-down list.

Clock Signal Definition
(=) Specify Time

Time: 200 Units: | ns
{#) Start HIGH (" Start LOW
Time HIGH: |50 Units: | %

Figure 5-5: PERIOD Constraint Values

For the Input Jitter section, enter a value of 60 in the Time field.

Verify that ps is selected from the Units drop-down list.

Input Jitter

Time: |60 Units: WV

Figure 5-6: INPUT JITTER Constraint Value

Click OK.

The period cell is updated with the global clock period constraint that you just defined
(with a default 50% duty cycle).

Select the Ports tab from the Constraints Editor window.
A listing of the current ports is displayed on the left.
Select SEG_A in the Port Name Column.

Hold down the Shift key and select SEG_G.

This selects the elements for creating a grouped offset.
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11. In the Group Name field, type display_grp, and click Create Group to create the

group.

SEG_A OuTPUT
SEG_B

SEG_C

SEG_D

SEG_DP

SEG_E

SEG_F

SEG_G OuTPUT
STRTSTOP

Port Name Port Direction  Location

Pad to Setup
NAA

Pad Groups

Figure 5-7: Creating a Grouped OFFSET

12. In the Select Group drop-down list, select the group you just created.

13. Click Clock to Pad.

Pad Groups

Group Mame: | |

Select Group: |[s[Esl=" ] ~

Clock to Pad... k

Figure 5-8: Setting Constraints for the Grouped OFFSET

The Clock to Pad dialog box opens.

14. Enter 5.0 ns for the Timing Requirement.
15. Select CLK in the Relative to Clock Pad Net field.

4 Clock to Pad (%]

. _Data
o —  l—oFFsET

S T
D—D_> '\Adive ecge

defined by
PERICD

£

oK
Cancel

Apply

Help

Pad Group: |displayjrp

Time Requirement

OFFSET: [5

| Units: |ns v|

Relative to Clock Pad Net:

!

Relative to Clock Edge: |

¥

Register Timegroup: |

¥

Comment: |

Figure 5-9: Clock to Pad Dialog Box

16. Click OK
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17. Select File > Save.

The changes are now saved in the stopwatch.ucf file in your current working
directory.

18. Select File > Exit.

Using the Pin-out Area Constraints Editor (PACE)

Use the Pin-Out Area Constraints Editor (PACE) to add and edit the pin locations and area
group constraints defined in the NGD file. PACE generates a valid UCF file. The Translate
step uses this UCF file, along with the design source netlists, to produce a newer NGD file.
The NGD file incorporates the changes made in the design and the UCF file from the
previous section. PACE also places Global Logic at the Slice level with Block Ram, Digital
Clock Managers (DCMs), Gigabit Transceivers (GTs), and BUFGs.

This section describes the creation of IOB assignments for several signals. PACE edits the
UCEF file by adding the newly created placement constraints.

1. In the Processes tab, click the + next to Implement Design to expand the process
hierarchy.
Click the + next to Translate.

Double-click Assign Package Pins Post-Translate, located under the Translate
process.

Note: For an EDIF project, double-click Assign Package Pins, located under the User
Constraints process.

Processes for Source: “stopwatch”
DM‘ Check Syrtax
+-¥3  Generats Post-Syrthesis Simulation Mods
- X3 % Implemert Design
—--¥ 3% Translats
% Translation Report
Floomplan Design
G Generate Post-Translate Simulation Mode

Assign F‘ad{ck& Finz Post-Translate
- n @ I"-"Iap

Figure 5-10: Edit Package Pin Placement

This process launches PACE.
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In PACE, select the Package View tab.

+-=4 1/0 Pins
+-[Z3 Global Logic

+ E Logic

|10 Name [ 1/0 Direction|

Loc | Bank |

Il AN Output
Il AN Output
N2 Output
| EE) Output

B CLK Input

[ RESET Input

[ SEG_A Output
[ SEG_E Output
[ SEG_C Output
[ SEG_D Output
B SEG P Output
[ SEG_E Output
[ SEG_F Output
[l 5EG G Output
[ STRTSTOF | Input

Figure 5-11:

dl4 BANKZ
gl4 BANKZ
f14 BANKZ
eld BANKZ

1 0D Wz E - = - I @ Mmoo W ®

M B
Nl
|
|
= i
|
m Hi
ma
|
o i
|
u
N
|
- - =

Pin-Out Area Constraints Editor (PACE)

This view shows the graphical representation of the device package.

Select the Design Object List window.
This window displays all the 1Os in the design.

In the Design Object List window, scroll down to the nets that begin with “SEG_".

In the Loc column, enter pin locations using the following values:

* & & 6 6 o o o

SEG_A —E14
SEG_B - G13
SEG_C —»N15
SEG_D — P15
SEG_DP —P16
SEG_E —»R16
SEG_F — F13
SEG_G — N16
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Design Object List - 1/0 Pins

| 170 Name | 1/0 Direction| Loc | Bank 1/0 Std.
I AN<0>  [Output d12___~]BANK2
Il AN<1> |Output gl4 BANK2
I AN<2:  |Output f14 BANK2
Il AN<3: |Output el3 BANK2
B CLK Input

B RESET Input

M SEG_ A |Output e14 BANK2
MSEGE  |Output g13 BANK2
M SEGC  |Output n15 BANK3
M SEG D  |Output p15 BANK3
Il SEG_DF  |Output P16 BANK3
B SEGE  |Output r16 BANK3
M SEG F  |Output f13 BANK2
B SEG G |Output n16 BANK3

[ STRTSTOP Input
Figure 5-12: Pin Locations

To place IOs in the Package Pin view using the drag and drop method:

8. From the Design Object List window, click and drag the following signals to the
associated location in the Package Pin window:

¢ CLK —>T9
¢ RESET —L13
¢ STRTSTOP — M13

u H_ e E
HEE e I
HER e G
ERER H
EEEN n J
EER K
HEN ¢ |
n ne M
H &® -

o9 -

] Ome| -
e O aEf T

§ 10 11 12 13 14 15 16
Figure 5-13: Drag and Drop 10s in the Package Pins View

Note: If you are using a third-party synthesis tool, change LOC values for AN<0>, AN<1>,
AN<2> and AN<3> to d14, g14, f14, and e13, respectively.

9. Once the pins are locked down, select File > Save. The changes are saved in the
stopwatch.ucf file in your current working directory.
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10. In the Bus Delimiter dialog box, select the XST Defaults and select OK.
Note: If you are using EDIF, this dialog will not appear.
11. To exit PACE, select File > Exit.

Mapping the Design

Now that all implementation strategies have been defined (properties and constraints),
continue with the implementation of the design.

1. In the Processes tab, right-click on Map and select Run.
Note: This can also be accomplished by double-clicking Map.

2. Expand the Implement Design hierarchy to see the progress through implementation.

Processes for Source: "stopwatch”

Eﬁ Assign Package Fins
Eﬂﬂ Create Area Constraints
[  Edi Constraints (Texd)

Y Syrthesize - XST

% Implemert Design

+ ch’ Translate

= l‘\(y
5 Map Repart

¥

+ G Generate Post-Map Static Timing
3 Floomlan Design Post-Map (Foomlanner)
Manually Flace & Route (FPGA Editor)
+-¥3  Generate Post-Map Simulation Model

= ¥3% Place & Route

Figure 5-14: Mapping the Design

The design is mapped into CLBs and IOBs. Map performs the following functions:

¢ Allocates CLB and IOB resources for all basic logic elements in the design.

e Processes all location and timing constraints, performs target device optimizations,
and runs a design rule check on the resulting mapped netlist.

Each step generates its own report as shown in the following table.

Table 5-2: Reports Generated by Map

Translation Report

Includes warning and error messages from the translation
process.

Map Report

Includes information on how the target device resources are
allocated, references to trimmed logic, and device
utilization.

All NGDBUILD and
MAP Reports

For detailed information on the Map reports, refer to the
Development System Reference Guide. This Guide is available
with the collection of software manuals and is accessible
from ISE by selecting Help > Software Manuals, or from the
web at

http:/ /www.xilinx.com/support/sw_manuals/xilinx8/.
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To view a report:

1. Expand the Translate or Map hierarchy.
2. Double-click a report, such as Translation Report or Map Report.

Processes for Source: "stopwatch”

-G Y

- p""l Translate

(f Tranglation Report
@ Floomlan Design
)

+--x_%  Generate Post-Translate Simulation Mode
EE Assign Package Ping Post-Translate
-1 A3 Map
(ﬁ Map Report
+--¥3% Generate Post-Map Static Timing
@ Flioomlan Design Post-Map (Floomlanner)

Figure 5-15: Translation Report and Map Report Processes

3. Review the report. Look for Warnings, Errors, and Information (INFO).

Using Timing Analysis to Evaluate Block Delays After Mapping

After the design is mapped, evaluate the Logic Level details in the Post-Map Static Timing
Report to evaluate the logical paths in the design. Evaluation verifies that block delays are
reasonable given the design specifications. Because the design is not yet placed and routed,
actual routing delay information is not available. The timing report describes the logical
block delays and estimated routing delays. The net delays provided are based on an
optimal distance between blocks (also referred to as unplaced floors).

Estimating Timing Goals with the 50/50 Rule

For a preliminary indication of how realistic your timing goals are, evaluate the design
after the map stage. A rough guideline (known as the 50/50 rule) specifies that the block
delays in any single path make up approximately 50% of the total path delay after the
design is routed. For example, a path with 10 ns of block delay should meet a 20 ns timing
constraint after it is placed and routed.

If your design is extremely dense, the Post-Map Static Timing Report provides a summary
analysis of your timing constraints based on block delays and estimates of route delays.
This analysis can help to determine if your timing constraints are going to be met. This
report is produced after Map and prior to Place and Route (PAR).

Report Paths in Timing Constraints Option

Use the Post-Map Static Timing Report to determine timing violations that may occur prior
to running PAR. Since you defined timing constraints for the stopwatch design, the timing
report will display the path for each of the timing constraints.

To view the Post-Map Static Timing Report and review the PERIOD Constraints that were
entered earlier:

1. In the Processes tab, click the + next to Map to expand the process hierarchy.
2. Double-click Generate Post-Map Static Timing.

126 www.xilinx.com ISE 8.2 In-Depth Tutorial


http://www.xilinx.com

Placing and Routing the Design S XILINX®

3. To open the Post-Map Static Timing Report, double-click Analyze Post-Map Static
Timing Report.
Timing Analyzer automatically launches and displays the report.
Processes:
=P Translate
@Oﬂanslaﬁon Report
@ Floomplan Design
#-P)  Generate Post-Translate Simulation Made!
#-P)  Generste Post-Translate Formality Netlist
5 Q@ Ve
@O Map Report
= P2 Generate Post-Map Static Timing
@ Floomplan Design Post-Map (Foorplanner)
% Manually Place & Route (FPGA Editor)
#-P)  Generate Post-Map Simulation Model
#-PQ  Place & Route
Figure 5-16: Post-Map Static Timing Report Process
At the top of this report, you will find the period timing constraint and the minimum
period obtained by the tools after mapping. The report contains only three paths per
timing constraint, and as a result, you can see a breakdown of the first three paths
which contains the component and routing delays.
Notice that the report displays the percentage of logic versus the percentage of routing
at the end of each path. The unplaced floors listed are estimates (indicated by the letter
“e” next to the net delay) based on optimal placement of blocks.
4. To exit Timing Analyzer, select File > Exit.

Even if you do not generate a timing report, PAR still processes a design based on the
relationship between the block delays, floors, and timing specifications for the design.

For example, if a PERIOD constraint of 8 ns is specified for a path, and there are block
delays of 7 ns and unplaced floor net delays of 3 ns, PAR stops and generates an error
message. In this example, PAR fails because it determines that the total delay (10 ns) is

greater than the constraint placed on the design (8 ns). The Post-Map Static Timing Report

will list any pre-PAR timing violations.

Placing and Routing the Design

After the mapped design is evaluated, the design can be placed and routed.

One of two place-and-route algorithms is performed during the Place & Route (PAR)
process:

e Timing Driven PAR

PAR is run with the timing constraints specified in the input netlist and/or in the
constraints file.

¢ Non-Timing Driven PAR
PAR is run, ignoring all timing constraints.

Since you defined timing constraints earlier in this chapter, the Place & Route (PAR)
process performs timing driven placement and routing.

1. To run PAR, in the Processes tab, double-click Place & Route.
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To review the reports that are generated after the Place & Route process is completed:
2. Click the + next to Place & Route to expand the process hierarchy.

3. Double-click Place & Route Report.

Note: You can also display and examine the Pad Report and Asynchronous Delay Report.
Table 5-3: Reports Generated by PAR

Report Description

Provides a device utilization and delay summary.
Place & Route Report Use this report to verify that the design successfully
routed and that all timing constraints were met.

Contains a report of the location of the device pins.
Pad Report Use this report to verify that pins locked down
were placed in the correct location.

Lists all nets in the design and the delays of all

Asynchronous Delay Report loads on the net.

For detailed information on the PAR reports, refer
to the Development System Reference Guide. This
Guide is available with the collection of software
All PAR Reports manuals and is accessible from ISE by selecting
Help > Online Documentation, or from the web at
http:/ /www.xilinx.com/support/sw_manuals/xi
linx8/.

Using FPGA Editor to Verify the Place and Route

Use the FPGA Editor to display and configure Field Programmable Gate Arrays (FPGAs).

The FPGA Editor reads and writes Native Circuit Description (NCD) files, Macro files
(NMC) and Physical Constraints Files (PCF).

Use FPGA Editor to:

e Place and route critical components before running the automatic place-and-route
tools.

¢ Finish placement and routing if the routing program does not completely route your
design.

e Add probes to your design to examine the signal states of the targeted device. Probes
are used to route the value of internal nets to an IOB (Input/Output Block) for
analysis during debugging of a device.

¢ Run the BitGen program and download the resulting bitstream file to the targeted
device.

¢ View and change the nets connected to the capture units of an Integrated Logic
Analyzer (ILA) core in your design.
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To view the actual design layout of the FPGA:

1.

2.

Click the + next to Place & Route to expand the process hierarchy, and double-click
View/Edit Routed Design (FPGA Editor).

Processes for Source:

"stopwatch”

ERR g

- 434 Place & Routs

’ Flace & Route Report
/ Asynchronous Delay Report
f Pad Repart

Guide Results Repart
’ Generate Post-Place & Route Static Timing
View/Edit Flaced Design (Floomplannar)
View/Edit Routed Design (FPGA Editor)
Analyze Power (¥Power)
Generate Power Data

Figure 5-17: View/Edit Routed Design (FPGA Editor) Process

In FPGA Editor, change the List Window from All Components to All Nets. This
enables you to view all of the possible nets in the design.

|40l Nets

Power Nets

:I outed Metz
rrouted Mets

Zero-pin Mets

Al Components
Flaced Components
Unplaced Components

Figure 5-18:

Component Groups

&ll Hard Macros

Flaced Hard Macros

Unplaced Hard Macroz

AllHard Macro Estemnal Ping

Layers

Paths il
7 FAEIRIE 7 [no cold

8 XX 118 7 no cold

List Window in FPGA Editor
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3. Select the clk_int (Clock) net to see the fanout of the clock net.

Figure 5-19: Clock Net

4. To exit FPGA Editor, select File > Exit.

Evaluating Post-Layout Timing

After the design is placed and routed, a Post Layout Timing Report is generated by default
to verify that the design meets your specified timing goals. This report evaluates the logical
block delays and the routing delays. The net delays are now reported as actual routing
delays after the Place and Route process. To display this report:

1. Expand the Generate Post-Place & Route Timing hierarchy.

2. Double-click Analyze Post-Place & Route Static Timing Report to open the report
in Timing Analyzer.
The following is a summary of the Post-Place & Route Static Timing Report for the
stopwatch design:

¢ The minimum period value increased due to the actual routing delays.

¢ After the Map step, logic delay contributed to about 80% of the minimum period
attained. The post-layout report indicates that the logical delay value decreased
somewhat. The total unplaced floors estimate changed as well. Routing delay
after PAR now equals about 31% of the period.

¢ The post-layout result does not necessarily follow the 50/50 rule previously
described because the worst case path primarily includes component delays.
After the design is mapped, block delays constitute about 80% of the period.
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After place-and-route, the worst case path is mainly made up of logic delay. Since total
routing delay makes up only a small percentage of the total path delay spread out
across two or three nets, expecting this to be reduced any further is unrealistic. In
general, you can reduce excessive block delays and improve design performance by
decreasing the number of logic levels in the design.

3. Select File > Exit to close the Timing Analyzer.

Changing HDL with Partition

Now that the design has been implemented, the next step is to update the design with an
HDL change. The change will be in theTIMECNT_1 module, so only that partition will
need to be re-synthesized and re-implemented. The Synthesis, MAP, and PAR reports will
show which partitions are updated and which ones are preserved.

1. Open theTIMECNT_1 module in the text editor by double-clicking it in the Sources
tab.
2. Make the following change according to your HDL language:

¢ If you are using Verilog: On line 56, change the code from mins_cnt <= 0; to
mins_cnt<=1;

¢ If you are using VHDL: On line 70, change the code from mins_cnt <= “0000”; to
mins_cnt <= “0001”;

3. In the Processes tab, right-click on Place & Route.
Select Run from the menu.

Notice that the implementation is faster with partitions, since the implementation
tools only need to re-implement the TIMECNT _1 module. The rest of the design is re-
used.

5. In the Design Summary view, view the following reports:

¢ Select the Synthesis Report, then select Partitions Report. Notice which
partitions were preserved and which partitions were re-used.

¢ Select the MAP Report, then select Guide Report. Notice which partitions were
preserved and which partitions were re-used.

¢ Select the PAR Report, then select Partition Status. Notice which partitions were
preserved and which partitions were re-used.

Creating Configuration Data

After analyzing the design through timing constraints in Timing Analyzer, you need to
create configuration data. A configuration bitstream is created for downloading to a target
device or for formatting into a PROM programming file.

In this tutorial, you will create configuration data for a Xilinx Serial PROM. To create a
bitstream for the target device, set the properties and run configuration as follows:

1. Right-click the Generate Programming File process.
2. Select Properties. The Process Properties dialog box opens.
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2 process Properties

Categony

Configuration Options

i Startup Options

* Readback Options
Property Name Value
Enable Intemal Done Pipe |
Done (Output Events) Default (4) v
Enable Outputs (Output Events) Default (5) L
Release Write Enable {Output Events) | Defautt (B) ~
Release DLL {Output Everts) Default {(NoWait) v
Match Cycle Auto w
Drive Done Pin High M

Property display level: | Advanced w Diefault

[ ok J[ ceancel [ Aoy |[ b |

Figure 5-20: Process Properties Startup Options

3. Click the Startup Options category.
4. Change the FGPA Start-Up Clock property from CCLK to JTAG Clock.
Note: You can use CCLK if you are configuring Select Map or Serial Slave.

ES Process Properties

Category
General Options
onfiguration Options
Startup Options
‘- Readback Options
Property Name Value
Securty Enable Readback and Reconfiguration

Create ReadBack Data Files Il
Alow SelectMAP Pins to Persist
Create Logic Allocation File

Create Mask File

Property display level: Default

[ ok ][ Close ][ Aophy ][ Help

Figure 5-21: Process Properties Readback Options

5. Click the Readback Options category.
6. Change the Security property to Enable Readback and Reconfiguring.
7. Click OK to apply the new properties.
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8. Inthe Processes tab, double-click Generate Programming File to create a bitstream of
this design.

The BitGen program creates the bitstream file (in this tutorial, the stopwatch.bit
file), which contains the actual configuration data.

9. Click the + next to Generate Programming File to expand the process hierarchy.

10. To review the Programming File Generation Report, double-click Programming File
Generation Report. Verify that the specified options were used when creating the
configuration data.

=0 ) Generate Programming Fie

I_.I Programming File Generation Report
% Generste PROM, ACE, or JTAG Fil
}:f-@ Configure Device (MPACT)

Figure 5-22: Programming File Generation Report Process

Creating a PROM File with iMPACT

To program a single device using iMPACT, all you need is a bitstream file. To program
several devices in a daisy chain configuration, or to program your devices using a PROM,
you must use iMPACT to create a PROM file. iMPACT accepts any number of bitstreams
and creates one or more PROM files containing one or more daisy chain configurations.

In iMPACT, a wizard enables you to do the following:

e Create a PROM file.
¢ Add additional bitstreams to the daisy chain.
e Create additional daisy chains.

¢ Remove the current bitstream and start over, or immediately save the current PROM
file configuration.

For this tutorial, create a PROM file in iMPACT as follows:

1. IntheDProcesses tab, double-click Generate PROM, ACE, JTAG File, located under the
Generated Programming File process hierarchy.

In the Welcome to iMPACT dialog box, select Prepare A PROM File.
Click Next.

~ iMPACT - Welcome to iMPACT

Please select an action from the list below

(O Configure devices using Boundary-Scan {JTAG)

Automatically connect to a cable and identify Boundary-Scan chain
(® Prepare a PROM Fils
(O Prepare a System ACE File

(O Prepare a Boundary-Scan Fils

[

(O Configure devices

Figure 5-23: Welcome to iIMPACT Dialog Box
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4. In the Prepare PROM Files dialog box, set the following values:
¢ Under “I want to target a:”, select Xilinx PROM.
¢ Under PROM File Format, select MCS.
¢ For PROM file name, type stopwatch1.

-/ iMPACT - Prepare PROM Files (=3

| want to target a
(& Alire PROM

(O Generic Parallel PROM
(O 3rd-Party SPI PROM

() PROM Supporting Muttiple Design Versions: | Spartan2E MuttiBoot

PROM File Format

@ MCS O TEK (O UFP (C"fomat)
O EX0 O BIN O IsC

(O HEX Swap Bits

Checksum Fill Value (2 Hex Digits): [FF |

PROM File Name: |stopwatc:h1| |
Location: |C:"-.Data"-iutEZse"-.EDIF_FIU\c\"I"-. | Browse...

[ <Bsck [ Me> | [ cancsl |

Figure 5-24: Prepare PROM Files Dialog Box

5. Click Next.

6. In the Specify Xilinx Serial PROM Device dialog box, select Auto Select PROM.
7. Click Next.

' iMPACT - Specify Xilinx PROM Device

Enable F!evisic.ning%

Number of Revisions:

Enable Compression

Select a PROM: [xcf | [xcfOts [131072] | Add

Feidiiler) BeTINETE

]

Figure 5-25: Specify Xilinx Serial PROM Device Dialog Box

8. In the File Generation Summary dialog box, click Finish.
9. In the Add Device File dialog box, click Add File and select the stopwatch.bit file.
Note: You will receive a warning that the startup clock is being changed from jtag to CCLK.

10. Click No when you are asked if you would like to add another design file to the
datastream.
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11. When asked to generate a file now, click Yes.
iMPACT displays the PROM associated with your bit file.

12. To close iMPACT, select File > Exit.

This completes the Design Implementation chapter of the tutorial. For more information
on this design flow and implementation methodologies, see the ISE Help, available from
the ISE application by selecting Help > Help Topics.

With the resulting stopwatch.bit, stopwatchl.mcs and a MSK file generated along
with the BIT file, you are ready for programming your device using iMPACT. For more
information on programming a device, see the iMPACT Help, available from the iMPACT
application by selecting Help > Help Topics.

Command Line Implementation

ISE allows a user to easily view and extract the command line arguments for the various
steps of the implementation process. This allows a user to verify the options being used or
to create a command batch file to replicate the design flow.

Atany stage of the design flow you can look at the command line arguments for completed
processes by double-clicking View Command Line Log File from the Design Entry
Utilities process hierarchy in the Processes tab. This process opens a file named
<source_name>.cmd_log in read-only mode.

To create an editable batch file, select File > Save As and enter the desired file name.

Sections of the Command Line Log File may also be copied from
<source_name>.cmd_log using either the copy-and-paste method or the drag-and-
drop method into a text file.

For a complete listing of command line options for most Xilinx executables, refer to the
Development System Reference Guide. Command line options are organized according to
implementation tools. This Guide is available with the collection of software manuals and
is accessible from ISE by selecting Help > Software Manuals, or from the web at

http:/ /www.xilinx.com/support/sw_manuals/xilinx8/. Command line options may also
be obtained by typing the executable name followed by the -h option at a command
prompt.

Another useful tool for automating design implementation is XFLOW. XFLOW is a Xilinx
command line tool that automates the Xilinx implementation and simulation flows.
XFLOW reads a design file as input, flow and option files. For more information on
XFLOW, refer to the “XFLOW” section in the Development System Reference Guide.
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Chapter 6

Timing Simulation

This chapter includes the following sections.
e “Overview of Timing Simulation Flow”
e “Getting Started”

e “Timing Simulation Using ModelSim”

¢ “Timing Simulation Using Xilinx ISE Simulator”

Overview of Timing Simulation Flow

Timing simulation uses the block and routing delay information from a routed design to
give a more accurate assessment of the behavior of the circuit under worst-case conditions.
For this reason, timing simulation is performed after the design has been placed and
routed.

Timing (post-place and route) simulation is a highly recommended part of the HDL design
flow for Xilinx® devices. Timing simulation uses the detailed timing and design layout
information that is available after place and route. This enables simulation of the design,
which closely matches the actual device operation. Performing a timing simulation in
addition to a static timing analysis will help to uncover issues that cannot be found in a
static timing analysis alone. To verify the design, the design should be analyzed both
statically and dynamically.

In this chapter, you will perform a timing simulation using either the ModelSim simulator
or the Xilinx ISE Simulator.

Getting Started

The following sections outline the requirements to perform this part of the tutorial flow.

Required Software

To simulate with ModelSim, you must have Xilinx ISE™ 8.2i and ModelSim simulator
installed. Refer to Chapter 4, “Behavioral Simulation” for information on installing and
setting up ModelSim. Simulating with the Xilinx ISE simulator requires that the ISE 8.2i
software is installed
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Required Files

The timing simulation flow requires the following files:

e Design Files (VHDL or Verilog)

This chapter assumes that you have completed Chapter 5, “Design Implementation,”
and thus, have a placed and routed design. The NetGen tool will be used in this
chapter to create a simulation netlist from the placed and routed design which will be
used to represent the design during the Timing Simulation.

e Test Bench File (VHDL or Verilog)

In order to simulate the design, a test bench is needed to provide stimulus to the
design. You should use the same test bench that was used to perform the behavioral
simulation. Please refer to the “Adding an HDL Test Bench” in Chapter 4 if you do not
already have a test bench in your project.

e Xilinx Simulation Libraries
For timing simulation, the SIMPRIM library is needed to simulate the design.
To perform timing simulation of Xilinx designs in any HDL simulator, the SIMPRIM

library must be set up correctly. The timing simulation netlist created by Xilinx is
composed entirely of instantiated primitives, which are modeled in the SIMPRIM library.

If you completed Chapter 4, “Behavioral Simulation”, the SIMPRIM library should already
be compiled. For more information on compiling and setting up the Xilinx simulation
libraries, see to “Xilinx Simulation Libraries” in Chapter 4.

Specifying a Simulator

To select either the desired simulator to simulate the stopwatch design, complete the
following:

1. In the Sources tab, right-click the device line (xc3s200-4ft256) and select Properties.

2. In the Project Properties dialog box click the down arrow in the Simulator value field
to display a list of simulators.
Note: ModelSim simulators and the ISE Simulator are the only simulators that are
integrated with Project Navigator. Selecting a different simulator (e.g. NC-Sim or VCS) will

set the correct options for Netgen to create a simulation netlist for that simulator but Project
Navigator will not directly open the simulator.

3. Select ISE Simulator (VHDL/Verilog) or Modelsim with the appropriate version and
language in the Simulator value field.

Timing Simulation Using ModelSim

Xilinx ISE provides an integrated flow with the Mentor ModelSim simulator. ISE enables
you to create work directories, compile source files, initialize simulation, and control
simulation properties for ModelSim.

Note: To simulate with the ISE Simulator, skip to “Timing Simulation Using Xilinx ISE Simulator”.
Whether you choose to use the ModelSim simulator or the ISE Simulator for this tutorial, the end
result is the same.
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Specifying Simulation Process Properties

To set the simulation process properties:

1.
2.
3.

In the Sources tab, select Post-Route Simulation in the Sources for field.
Select the test bench file (stopwatch_tb).

In the Processes tab, click the + next to ModelSim Simulator to expand the process
hierarchy.

Note: If the ModelSim Simulator processes do not appear, it means that either ModelSim is not
selected as the Simulator in the Project Properties dialog box, or Project Navigator cannot find
modelsim.exe.

If ModelSim is installed but the processes are not available, the Project Navigator
preferences may not be set correctly. To set the ModelSim location, select Edit >
Preferences, click the + next to ISE General to expand the ISE preferences, and click
Integrated Tools in the left pane. In the right pane, under Model Tech Simulator, browse to
the location of modelsim. exe file. For example,

c:\modeltech_xe\win32xoem\modelsim.exe.
Right-click Simulate Post-Place & Route Model.
Select Properties.

The Process Properties dialog box displays.

Select the Simulation Model Properties category.

The properties should appear as shown in Figure 6-1. These properties set the options
that NetGen uses when generating the simulation netlist. For a description of each
property, click the Help button.

Ensure that you have set the Property display level to Advanced.

This global setting enables you to see all available properties.
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For this tutorial, the default Simulation Model Properties are used.

E Process Properties x|
Categon

Simulation Properties
Display Properties
Aod

odel

Property Mame Walue

General Simulation Model Properties

Simulation Model Target Werilog LI
Device Speed Grade/Select ABS Minimurn -4 Ll
Retain Hierarchy =

Generate Multiple Hierarchical Metlist Files -

Bring Out Global Tristate Met as a Port -

Global Tristate Port Marne GTS_PORT

Bring Out Global Set/FReset Met as a Port —

Global Set/Reset Port Mame GSR_PORT

Generate Testbench File -

Rename Design Instance in Testbench File ta uuT

Other METGEM Command Line Options

WHOL Simulation Model Froperties

Rename Top Level Entity to stopwatch

Rename Top Level Architecture To Shructure

Tristate On Configuration Pulse \Width 1] ﬂ
Feset On Configuration Pulse \Width 100 ﬁi
Generate Architecture Only [Mo Entry Declaration] |l

“erilog Simulation Model Properties

Rename Top Level Module To

Include 'uselib Directive in Verilog File -

Include $sdf_annotate Function in%erlog File I

Path Used in $sdf_annatate Dretault _I
Do Mot Escape Signal and |nstance Mames in Netist [

Include SIMPRIM Madels in Verilog File -

Automatically Inzert glbl Module in the Metlist ~

Property display level IAdvanced VI Default |
Ok I

Cancel

Apply | Help |

v

Figure 6-1:

Select the Display Properties category.

Simulation Model Properties

This tab gives you control over the ModelSim simulation windows. By default, three
windows open when timing simulation is launched from ISE. They are the Signal
window, the Structure window, and the Wave window. For more details on ModelSim
Simulator windows, refer to the ModelSim User Guide.

Select the Simulation Properties category.

The properties should appear as shown in Figure 6-2. These properties set the options
that ModelSim uses to run the timing simulation. For a description of each property,
click the Help button.
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10. In the Simulation Properties tab, set the Simulation Run Time property to 2000 ns.

E Process Properties I

Category

- Dizplay Properties

. Simulation Madel Froperties _

Property Hame Walue

Use Custorn Do File r

Custom Da File _I
Use Automatic Do File ¥

Delay Yalues To Be Read from SDF || Setup Time ;l

Other W51k Command Line Options
Other YLOG Command Line Options
Other WCOM Command Line Options

Simulation FRun Time 2000ns

Simulation Resalution Default [1 pz] ;l
WHOL Spntax 93 j
Usge Explicit Declarations Oy W

UUT Instance Mame uuT

Generate WCD File r

Property display lewvel: IAdvanced vl Default |
Ok I Cancel | Apply I Help I

Figure 6-2: Simulation Properties

Z|

11. Click OK to close the Process Properties dialog box.

Performing Simulation

To start the timing simulation, double-click Simulate Post-Place and Route Model in the
Processes tab.

ISE will run NetGen to create the timing simulation model. ISE will then call ModelSim
and create the working directory, compile the source files, load the design, and run the
simulation for the time specified.

Note: The majority of this design runs at 100 Hz and would take a significant amount of time to

simulate. This is why the counter will seem like it is not working in a short simulation. For the purpose
of this tutorial, only the DCM signals will be monitored to verify that they work correctly.

Adding Signals

To view signals during the simulation, you must add them to the Wave window. ISE
automatically adds all the top-level ports to the Wave window. Additional signals are
displayed in the Signal window based on the selected structure in the Structure window.

There are two basic methods for adding signals to the Simulator Wave window.

e Drag and drop from the Signal/Object window.

e Highlight signals in the Signal/Object window and then select Add > Wave >
Selected Signals.
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The following procedure explains how to add additional signals in the design hierarchy. In
this tutorial, you will be adding the DCM signals to the waveform.

Note: If you are using ModelSim version 6.0 or higher, all the windows are docked by default. All
windows can be undocked by clicking the Undock icon.

op

Figure 6-3: Undock icon

1. In the Structure/Instance window, click the + next to uut to expand the hierarchy.

Figure 6-4 shows the Structure/Instance window for the Verilog flow. The graphics and
the layout of the Structure/Instance window for a schematic or VHDL flow may appear
different.

[<] Workspace

HImtance |Design Uit |Design Uit type |‘Ji

stopvatch_tb Module

stopwatch Module
I HIMPLICIT-WIRE(CLE)H47 stopwatch_th Process
- HIMPLICITWIRE[RESET |H46 stopwatch_th Process
i HIMPLICITIRE[STRTSTOPRH45 stopwatch_th Process
i HIMITIALHES stopwatch_th Process
o HalwarSHao stopwatch_th Process
L HIMNITIALHFS stopwatch_th Process

=2 gkl glbl Module +i

o HINITIALES albl Process
o HASSIGHEA0 glbl Process
i HASSIGHEA glbl Frocess
- HASSIGMH4Z albl Process
i HIMITIALH44 glbl Process
L HIMITIAL®EZ glbl Frocess

L

+]
J;Il Library @ 2im ‘ Zi Files

Figure 6-4: Structure/lInstance Window - Verilog Flow

Click the Structure/Instance window and select Edit > Find.
Type in X_DCM in the search box and select Entity/Module in the Field section.

Once ModelSim locates X_DCM, select X_DCM and click on the signals/objects
window. All the signal names for the DCM will be listed.

Select the Signal/Object window and select Edit > Find.
Type CLKIN in the search box and select the Exact checkbox.
Click and drag CLKIN from the Signal/Object window to the Wave window.
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8. Click and drag the following signals from the Signal/Object window to the Wave

window:

¢ RST

¢ CLKFX

¢+ CLKO

¢+ LOCKED

Note: Multiple signals can be selected by holding down the Ctrl key. In place of using the drag and
drop method select Add to Wave > Selected Signals.

Adding Dividers

Modelsim has the capability to add dividers in the Wave window to make it easier to
differentiate the signals. To add a divider called DCM Signals:

1. Click anywhere in the Wave window.

2. If necessary, undock the window and then maximize the window for a larger view of
the waveform.

3. Select Insert > Divider.
4. Enter DCM Signals in the Divider Name box.
5. Click and drag the newly created divider to above the CLKIN signal.

Note: Stretch the first column in the waveform to see the signals clearly. The hierarchy in the signal
name can also be turned off by selecting Tools > Options > Wave Preferences. In the Display
Signal Path box, enter 2 and click OK.

The waveform should look as shown in Figure 6-5.

ﬁ]‘ wayve - default

File Edit Wiew Insert Format Tools  ‘Window

TOP

|eBE|| s@d|| N X lesr||EFiEER | B Qq @

L U S N T U T U U U T N

G

DCM Signals

Figure 6-5: The Resulting Waveform
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Notice that the waveforms have not been drawn for the newly added signals. This is
because ModelSim did not record the data for these signals. By default, ModelSim will
only record data for the signals that have been added to the Wave window while the
simulation is running. Therefore, after new signals are added to the Wave window, you
need to rerun the simulation for the desired amount of time.

Rerunning Simulation

To restart and re-run the simulation:

1. Click the Restart Simulation icon.

Figure 6-6: Restart Simulation Icon

The Restart dialog box opens.

Keep:
v List Format
W wfave Format
[v Breakpoints
v Logged Signals
W irtual Definitions

[ Azzertions and Functional Coverage

Figure 6-7: Restart Dialog Box

2. Click Restart.
3. At the ModelSim command prompt, enter run 2000 ns and hit the Enter key.

WS B run 2000 ns
Figure 6-8: Entering the Run Command

The simulation will run for 2000 ns. The waveforms for the DCM should now be visible in
the Wave window.

Analyzing the Signals

Now the DCM signals can be analyzed to verify that it works as expected. The CLKO needs
to be 50 Mhz and the CLKFX should be 26 Mhz. The DCM signals should only be analyzed
after the LOCKED signal has gone high. Until the LOCKED signal is high the DCM
outputs are not valid.

Modelsim has the capability to add cursors to carefully measure the distance between
signals.
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To measure the CLKO:

1. Select Add > Cursor twice to place two cursors on the wave view.

2. Click and drag the first cursor to the rising edge transition on the CLKO0 signal after the
LOCKED signal has gone high.

3. Click and drag the second cursor to a position just right of the first cursor on the CLKO
signal.

4. Click the Find Next Transition icon twice to move the cursor to the next rising edge on
the CLKO signal.

ndll
Figure 6-9: Find Next Transition lcon

Look at the bottom of the waveform to view the distance between the two cursors. The
measurement should read 20000 ps. This converts to 50 Mhz, which is the input frequency
from the testbench, which in turn should be the DCM CLKO output.

Measure CLKEX using the same steps as above. The measurement should read 38462 ps.
This equals approximately 26 Mhz.

Saving the Simulation

The ModelSim Simulator provides the capability of saving the signals list in the Wave
window. Save the signals list after new signals or stimuli are added, and after simulation is
rerun. The saved signals list can easily be loaded each time the simulation is started.

1. In the Wave window, select File > Save Format.

2. In the Save Format dialog box, rename the filename from the default wave . do to
dcm_signal_tim.do.

ﬁ' Save Format

|dcm_signa|_tim. dao Browze. .. I

Save contents
¥ wiaveform formats

[T wiaveform edits

Ok I Lancel I

Figure 6-10: Save Format Dialog Box

3. Click Save.

After restarting the simulation, you can select File > Load in the Wave window to reload
this file.

Your timing simulation is complete and you are ready to program your device by
following Chapter 7, “iMPACT Tutorial.”
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Timing Simulation Using Xilinx ISE Simulator

Follow this section of the tutorial if you have skipped the previous section, “Timing
Simulation Using ModelSim.”

Specifying Simulation Process Properties

To set the simulation process properties:

1.
2.
3.

In the Sources tab, select Post-Route Simulation in the Sources for field.
Select the test bench file (stopwatch_tb).

In the Processes tab, click the + next to Xilinx ISE Simulator to expand the process
hierarchy.

Right-click Simulate Post-Place & Route Model.
Select Properties.

The Process Properties dialog box displays.

Select the Simulation Model Properties category.

These properties set the options that NetGen uses when generating the simulation
netlist. For a description of each property, click the Help button.

Ensure that you have set the Property display level to Advanced.
This global setting enables you to now see all available properties.
For this tutorial, the default Simulation Model Properties are used.

Select the ISE Simulator Properties category.

The properties should appear as shown in Figure 6-11. These properties set the options
the simulator uses to run the timing simulation. For a description of each property,
click the Help button.
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9. In the Simulation Properties tab, set the Simulation Run Time property to 2000 ns.

E Process Properties

Category

rulation Model Properties
Propertp Mame Walue
Use Custom Simulation Command File -
Cuztom Simulation Command File _I
Incremental Compilation =
Campile for HDL Debugging ¥
Fun far Specified Time =
Simulation Run Time 1000 ks

Store All Signal Transitions During Simulation [
Generate VLD File for Power Estimation —

YLD File Mame spower ved L
Delay Walues To Be Read from SDF Setup Time ;I
Generate <40 File for Power Estimation (I

A0 File Mame wpower. kad _I
WHDOL Properties

Walue R angs Check, -

Werlog Properties

Specify Search Directones for Tnclude

Specify 'define M acro Mame and Value

UUT Instance Mame uuT

Property display level: I Advanced = [efault |
Ok I Cancel | Apply | Help |

Figure 6-11: Simulation Properties

v

10. Click OK to close the Process Properties dialog box.

Performing Simulation

To start the timing simulation, double-click Simulate Post-Place and Route Model in the
Processes tab.

When a simulation process is run, Project Navigator automatically runs NetGen to
generate a timing simulation model from the placed and routed design. The ISE Simulator
will then compile the source files, load the design, and run the simulation for the time
specified.

Note: The majority of this design runs at 100 Hz and would take a significant amount of time to

simulate. This is why the counter will seem like it is not working in a short simulation. For the purpose
of this tutorial, only the DCM signals will be monitored to verify that they work correctly.

Adding Signals

To view signals during the simulation, you must add them to the waveform window. ISE
automatically adds all the top-level ports to the waveform window. All available external
(top-level ports) and internal signals are displayed in the Sim Hierarchy window.
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The following procedure explains how to add additional signals in the design hierarchy. In
this tutorial, you will be adding the DCM signals to the waveform.

Note: The Xilinx ISE Simulator 8.2 does not include signal search capability. This limitation makes
locating internal signals difficult.

1. Select any signal in the Sim Hierarchy window.

2. Press the L key on your keyboard. The signal selection should find the next signal that
begins with the letter L.

3. Continue pressing the L key until the LOCKED signal under the X_DCM component is
selected.

Figure 6-12 shows the Sim Hierarchy window for the VHDL flow. The signal names and
layout in the Sim Hierarchy window for a schematic or VHDL flow may appear different.

Hierarchy of stopwatch_th wvhd: ﬂ
P DCM1_T/CLER-_BUFG_INST/SING »_IMY
& \DCM1_1/CLER<_BUFG_INSTAOD_USED X_BUF
P CLEDIV2E2E_1 temp_div_262144 3_BUFG =_BUFGMLX
P CLEDIVZE2K_1temp_div_262144_3 BUFG/SING »_INY
P CLEDIV2E2K_1temp_div_262144 3 _BUFGAD_USED *_BUF
= P DCM1_T/DCM_INST X_DCM
MICLKD
McLEI80
MICLE2F0
CLkZ
gcu@ﬂ 80 -
MCLka0
MICLEDY
MICLEF=
MICLEFR=130
LOCKED
MIPSDOME

&STATUS [7:0] -
. A I L|J
E-t Processes a Sim Hierarchy - stopwatch_th_whd

Figure 6-12: Sim Hierarchy Window - VHDL Flow

4. Click and drag LOCKED from the Sim Hierarchy window to the waveform window.
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5. Click and drag the following X_DCM signals from the SIM Hierarchy window to the
waveform window:

¢ RST

¢+ CLKFX
¢+ CLKO

¢ CLKIN

Note: Multiple signals can be selected by holding down the Ctrl key.

Viewing Full Signal Names

A signal name may be viewed with either the complete hierarchical name or by the short
name which ommits hierarchy information. To change the signal name display;

1. Right click the desired signal in the waveform window.
2. Select Long Name or Short Name as desired.
Note: Stretch the first column in the waveform to see the signals clearly.

The waveform should appear as shown in Figure 6-13.

Mow:

2 stristop
M reset
M cik

&M seq_a

2000 ns |D ns 400 800 ns 1200 1600 hs 2000

&M seq_b

&M seq_c

&M seo_d

&M sen_e

&M sen_f

&M =e0_g
Ml seo_dp
@t an[3:0]
A LOCKED
AN cLko
A CLKFx
AN cLkin

ANl rRsT

o = = o = - = = O o oo oo oo =

Figure 6-13: The Resulting Waveform

Notice that the waveforms have not been drawn for the newly added signals. This is
because the ISE Simulator did not record the data for these signals. The ISE Simulator will
only record data for the signals that have been added to the waveform window while the
simulation is running. Therefore, after new signals are added to the waveform window,
you need to rerun the simulation for the desired amount of time.
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Rerunning Simulation

To restart and re-run the simulation:

1. Click the Restart Simulation icon.

Figure 6-14: Restart Simulation Icon

2. At the Sim Console command prompt, enter run 2000 ns and hit the Enter key.

% frun 2000 ns
Figure 6-15: Entering the Run Command

The simulation will run for 2000 ns. The waveforms for the DCM should now be visible in
the Wave window.

Analyzing the Signals

Now the DCM signals can be analyzed to verify that it does work as expected. The CLKO
needs to be 50 Mhz and the CLKFX should be 26 Mhz. The DCM signals should only be
analyzed after the LOCKED signal has gone high. Until the LOCKED signal is high the
DCM outputs are not valid.

ISE Simulator has the capability to add cursors to carefully measure the distance between
signals.

To measure the CLKO:

1. Right click the wave window and select Add Measure. The cursor changes to an up-
arrow pointer.

2. Click a rising edge transition on the CLKO signal after the LOCKED signal has gone
high. Two vertical markers are placed one the waveform.
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3. Click and drag the second marker to the next rising edge on the CLKO signal.

488.8 ns 508.8 ns525.5 ns 564.0 ng

Now: Je20.0 nis Jee—38.5 ns—
2000 ns 998 ns 448 498 ns 548 508 ng 648

& stristop
2 reset
ik
Mseg_a
M seq_b
M seq_c
M seq_d
Mseg_e
M sen_f
&M sen_g
M seo_dp
@ an[3:0]
M LOCKED
M cLko
M CLKFx
Al cLKIN

AN RsT

S S

-

o o = o = - = = 0 o0 o0 00000 =

K- U N BT -1 ;Ij
Figure 6-16: Adding Timing Markers

Note: You may need to Zoom In to place the markers precisely on the clock edge.

View the time value between the two markers to see the distance between the two clock
edges. The measurement should read 20.0 ns. This converts to 50 Mhz, which is the input
frequency from the testbench, which in turn should be the DCM CLKO output.

Measure CLKFX using the same steps as above. The measurement should read 38.5 ns, this
equals approximately 26 Mhz.

Your timing simulation is complete and you are ready to program your device by
following Chapter 7, “iMPACT Tutorial.”
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iMPACT Tutorial

This chapter takes you on a tour of iMPACT, a file generation and device programming
tool. iMPACT enables you to program through several parallel cables, including the
Platform USB cable. iMPACT can create bit files, System ACE files, PROM files, and
SVFE/XSVF files. The SVE/XSVF files can be played backed without having to recreate the
chain.

This tutorial contains the following sections:

e “Device Support”

e “Download Cable Support”

e “Configuration Mode Support”

e “Getting Started”

e “Creating a iMPACT New Project File”

e “Using Boundary Scan Configuration Mode”

e “Troubleshooting Boundary Scan Configuration”
e “Creating an SVF File”

e “Other Configuration Modes”

Device Support

The following devices are supported.

e Virtex™/-E/-II/-I PRO/4/5

e Spartan™/-II/-IIE/XL/3/3E

e XC4000™/E/L/EX/XL/XLA/XV
e CoolRunner™XPLA3/-II

e XC9500™/XL/XV

e XC18V00P
e  XCFO00S
e XCFOOP
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Download Cable Support

Parallel Cable IV

The Parallel Cable connects to the parallel port and can be used to facilitate Slave Serial and
Boundary-Scan functionality. For more information, go to

http:/ /www.xilinx.com /support, select Documentation > Data Sheets > Configuration
Solutions > Configuration Hardware > Xilinx Parallel Cable IV.

Platform Cable USB

The USB Platform cable connects to the USB port and can be used to facilitate Slave Serial,
and Boundary Scan functionality. For more information, go to

http:/ /www.xilinx.com /support, select Documentation > Data Sheets > Configuration
Solutions > Configuration Hardware > Platform Cable USB.

MultiPRO Cable

The MultiPro cable connects to the parallel port and can be used to facilitate Desktop
Configuration Mode functionality. For more information, go to

http:/ /www.xilinx.com /support, select Documentation > Data Sheets > Configuration
Solutions > Configuration Hardware > MultiPRO Desktop Tool.

Configuration Mode Support

Impact currently supports the following configuration modes:

¢ Boundary Scan —FPGAs, CPLDs, and PROMs(18V00,XCFS,XCFP)

e Slave Serial —FPGAs (Virtex™/-II/-1l PRO/-E/4/5 and Spartan™/-11/-1IE/3/3E)
o Select Map—FPGAs (Virtex™/-II/-Il PRO/-E/4/5 and Spartan™/-11/-1IE/3/3E)
o  Desktop —FPGAs (Virtex™/-1I/-Il PRO/-E/4/5 and Spartan™ /-I1/-IIE/3/3E)

Getting Started

Generating the Configuration Files

In order to follow this chapter, you must have the following files for the stopwatch design:

e a BIT file—a binary file that contains proprietary header information as well as
configuration data.

e aMCS file—an ASCII file that contains PROM configuration information.

e aMSK file—a binary file that contains the same configuration commands as a BIT file,
but that has mask data in place of configuration data. This data is not used to
configure the device, but is used for verification. If a mask bit is 0, the bit should be
verified against the bit stream data. If a mask bit is 1, the bit should not be verified.
This file generated along with the BIT file.
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These files are generated in Chapter 5, “Design Implementation.”

e The Stopwatch tutorial projects can be downloaded from
http:/ /www.xilinx.com /support/techsup/tutorials/tutorials8.htm. Download the
project files for either the VHDL, Verilog or Schematic design flow.

Connecting the Cable

Prior to launching iMPACT, connect the parallel side of the cable to your computer’s
parallel port, and connect the cable to the Spartan-3 Starter Kit demo board. Be sure that
the board is powered.

Starting the Software

This section describes how to start the iMPACT software from ISE™ and how to run it
stand-alone.

Opening iIMPACT from Project Navigator

To start iMPACT from Project Navigator, double-click Configure Device (iMPACT) in the
Processes tab in the Processes window (see Figure 7-1).

Processes:
-] Add Existing Source
- Create Mew Source

- Wiew Design Summary

-3 Design Utilities

E]"%‘ IJzer Constraints

-8 21 Synthesize - X5 T

(- B 2 Implement Design

=~ {}Oﬁenemte Programming File
@Opmgramming Fil= Generation Report

e Generate PROM, ACE, or JTAG File
g Configure Device [iMPACT]

4| _ | »]
Figure 7-1: Opening iMPACT from ISE

Opening iIMPACT stand-alone

To open iMPACT without going through an ISE project, use one of the following methods.

e PC — Click Start > All Programs > Xilinx® ISE 8.2i > Accessories >iMPACT.
e PC, UNIX, or Linux — Type impact at a command prompt.
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Creating a iMPACT New Project File

When iMPACT is initially opened, the iMPACT Project dialog box displays. This dialog
box enables you to load a recent project or to create a new project.

U2 IMPACT Project [ %]

| want to

" load most recent project thut_vhd.ipf j Browsze. .

[ iLoad maost recent project file when iMPACT starts

% create a new project [Lipf) Idefault.ipf Browsze. .. |

ak | Cancel |

Figure 7-2: Creating an iMPACT Project

To create a new project for this tutorial:

In the iMPACT Project dialog box, select create a new project (.ipf).
Click the Browse button.

Click Save.

1
2
3. Browse to the project directory and then enter stopwatch in the File Name field.
4
5. Click OK.

This creates a new project file in iMPACT. You are prompted to define the project, as
described in the next section.

Using Boundary Scan Configuration Mode

For this tutorial, you will be using the Boundary Scan Configuration Mode. Boundary Scan
Configuration Mode enables you to perform Boundary Scan Operations on any chain
comprising JTAG compliant devices. The chain can consist of both Xilinx® and non-Xilinx
devices; however, limited operations will be available for non-Xilinx devices. To perform
operations, the cable must be connected and the JTAG pins, TDI, TCK, TMS, and TDO need
to be connected from the cable to the board.

Specifying Boundary Scan Configuration Mode

After opening iMPACT, you are prompted to specify the configuration mode and which
device you would like to program.

To select Boundary Scan Mode:

1. Select Configure Devices using Boundary-Scan (JTAG) and leave the selection box
value of Automatically connect to a cable and identify Boundary-Scan chain.

Note: The selection box also gives you the option to Enter a Boundary Scan Chain, which
enables you to then manually add devices to create chain. This option enables you to generate
an SVF/XSVF programming file, and is discussed in a later section in this chapter. Automatically
detecting and initializing the chain should be performed whenever possible.
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2. Click Finish.

“CIMPACT - Welcome to IMPACT

—Please select an action from the list below

& Configure devices uzsing Boundany-Secan [ TAG)

I Automatically connect to a cable and identify Boundary-Scan chain ;I
= Prepare a PROM File
" Prepare a System ACE File

= Prepare a Boundary-Sean File

" Configure devices

uzing Slave Serial made LI

< Back | Cancel |

Figure 7-3: Selecting automatic boundary scan from Wizard

iMPACT will pass data through the devices and automatically identify the size and
composition of the boundary scan chain. Any supported Xilinx device will be recognized
and labeled in iMPACT. Any other device will be labeled as unknown. The software will
then highlight each device in the chain and prompt you to assign a configuration file or
BSDL file.

Note: If you were not prompted to select a configuration mode or automatic boundary scan mode,
right-click in the IMPACT window and select Initialize Chain. The software will identify the chain if the
connections to the board are working. Go to “Troubleshooting Boundary Scan Configuration” if you
are having problems.
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Assigning Configuration Files

After initializing a chain, the software prompts you for a configuration file (see Figure 7-4).
The configuration file is used to program the device. There are several types of
configuration files.

e A Bitstream file (*.bit, *.rbt, *.isc) is used to configure an FPGA.

e AJEDEC file (*jed,*.isc) is used to configure a CPLD.

e A PROM file (*.mcs, .exo, .hex, or .tek) is used to configure a PROM.

When the software prompts you to select a configuration file for the first device (XC35200):
1. Select the BIT file from your project working directory.

2. Click Open.

You should receive a warning stating that the startup clock has been changed to JtagClk.
3. Click OK.

7 iIMPACT - C:/InDepthTutorial/wtut_vhd/wtut_vhd_ipf - [Boundary Scan]
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B TDO!
=17 Assign New Configuration File HE

Lack. in: I 3 Ceuling S E examplesfwtut_vhd/

D

(D_eg

\J)_hoo

() _smisgs

@ lginn.bmp_gave
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=
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Figure 7-4: Selecting a Configuration File

Note: If a configuration file is not available, a Boundary Scan Description File (BSDL or BSD) file
can be applied instead. The BSDL file provides the software with the necessary Boundary Scan
information that allows a subset of the Boundary Scan Operations to be available for that device. To
have ISE automatically select a BSDL file (for both Xilinx and non-Xilinx devices), select Bypass in
the Assign New Configuration File dialog box.
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4.  When the software prompts you to select a configuration file for the second device
(XCF02S):

Select the MCS file from your project working directory.
Click Open.

Saving the Project File

Once the chain has been fully described and configuration files are assigned, you should
save your iMPACT Project File (IPF) for later use. To do this, select File > Save Project As.
The Save As dialog box appears and you can browse and save your project file accordingly.
To restore the chain after reopening iMPACT, select File > Open Project and browse to the
IPE.

Note: Previous versions of ISE use Configuration Data Files (CDF). These files can still be opened
and used in iIMPACT. iMPACT Project Files can also be exported to a CDF.

Editing Preferences

To edit the preferences for the Boundary Scan Configuration, select Edit > Preferences.
This selection opens the window shown in Figure 7-5. Click Help for a description of the
Preferences.

In this tutorial, keep the default values and click OK.

"7 Preferences

Categar

Eonfiguration Prefrennes _
- File Generation Controls

Conzole .
£ Software Update [General Settings
- Prowy Settings [~ Load maost recent project fle when iMPACT starts

[ Use MPACT Main wizard

Iessage Level I Detailed vl

[~ Walidate BSCAN Chain After Loading Project ar COF File

0K, I Cancel Apply Help

Figure 7-5: Edit Preferences

Performing Boundary Scan Operations

You can perform Boundary Scan operations on one device at a time. The available
Boundary Scan operations vary based on the device and the configuration file that was
applied to the device. To see a list of the available options, right-click on any device in the
chain. This brings up a window with all of the available options.
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When you select a device and perform an operation on that device, all other devices in the
chain are automatically placed in BYPASS or HIGHZ, depending on your iMPACT
Preferences setting. (For more information about Preferences, see “Editing Preferences.”)

To perform an operation, right-click on a device and select one of the options. In this
section, you will retrieve the device ID and run the programming option to verify the first
device.

1. Right-click on the XC35200 device.
2. Select Get Device ID from the right-click menu.

JIMPACT - C:/InDepthTutorial/wtut_vhd/wtut_vhd.ipf - [Boundary Scan]

ZL File Edit Wiew Operations Options Output Debug Window Help &=
EGIEEERREE T EREEEEEDE
x|
[+ EZBoundary Scan 4]
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-~ EESeleciaP - | i 3
- E3Desktop Configu... = Program..
“2alDirect SPI Config. | Veiify
IMPACT Modes ¥ Get Device ID
stopw
= D0 Get Device Signature/sercode
ewaiable Operations e Assign Mew Configuration File...

== Program

=P ernify

=pGet Device 1D

=pGet Device Signature/L
=P Check Idcode

=P Fead Status Register

iMPACT Process Operations
[ — % Boundary Scan I

2| s *%% BATCH CMD : setPreference -pref ConfigOnFailure:STOP =]
/7 =% BATCH CMD : setPreference —pref Messagelevel:DETAILED

/7 *%% BATCH CMD : setPreference —pref svElUseTime:FALSE

A4 #%% BATCH CMD : setPFreference -pref SpibyreSwap:AUTO CORRECTION

Output A Enor A Warning

| ['No Cable Connection | NoFile Open [ [~

Figure 7-6: Available Boundary Scan Operations for an XC3S200 Device

The software accesses the IDCODE for this Spartan-3 device. The result is displayed in the
log window (see Figure 7-7).

A4 %%% BATCH CHD : ReadIdecode -p 1

Chain TCKE fregq = 0.

Validating chain...

Boundarv-scah chain validated successfully.

'1': IDCODE is '0O0000001010000010100000010010011"
'1': IDCODE i= '01414093' (in hex) .

'1': : Manufacturer's ID =Xilinx =xc3s200, Version : 0O

Figure 7-7: Log Window Showing Result of Get Device ID

3. Right-click on the XC35200 device
4. Select Program from the right-click menu.

The Program Options window appears (see Figure 7-8).
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5. Select the Verify option.

The Verify option enables the device to be readback and compared to the BIT file using
the MSK file that was created earlier.

6. Click OK to begin programming.

' Programming Properties

Cateqgary

: pulvenced PAOM Progianming Propertes _
i Frewision Properties

[~ “erify
—General CFLD And FROM Properties

I™ Erase Before Programming [ Fead Protest

I~ PROMY{CoolBunne Usercode (B Hex Digits] I

—LCPLD Specific Properties
I~ wiite Protect. [T Functional Test = On:TheFly Frogram

[ =PLs WES Enter upito 13 characters I

—PROM Specific Properties
I~ Load FRGE T© Pardleltode 7| Use D4 for CF

—Wirtes: |l Mirtes-4 Programming Properties
[T Pulze PROG [T Frogam key

0K I Cancel Apply Help

Figure 7-8: Program Options for XC3S200 Device

Note: The options available in the Program Options dialog box vary based on the device you have
selected.

After clicking OK, the Program operation begins and an operation status window displays.
At the same time, the log window reports all of the operations being performed.

= Progress Dialog [163%] |7 x|

Executing command. ..

Figure 7-9: Operation Status
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When the Program operation completes, a large blue message appears showing that
programming was successful (see Figure 7-10). This message disappears after a couple of

seconds.

7 iIMPACT - C:/InDepthT utorial/wtut_vhd/wtut_vhd.ipf - [Boundary Scan]

g File Edit “iew Operations Options Output Debug ‘Window Help ;Iilil
IPE s PEX[e=xun(t: (2snew
ﬂ;
- galBounday Scan =

- BalSlaveSerial

~EHSeleeMAP o | y
-~ SalDesktop Configu...
""gg]Direct 5Pl Config. j ......

IMPACT Mod *c3s200 xcfl2s
&J stopweatch bit stopweatch.mcs

= DO

Avalable Operations are: & |
= Pragram

i eify

= Get Device ID

= (et Device Signatur...
i Check |dnnde
IMPALT Process Operations

Program Succeeded

-

g Boundary Scan

% RESERVED : 0 N
RESERVED H a
INFO:iMPACT:2219 - Status register values:

INFO:iMPACT - 0011 0111 0001 1000 0000 0000 0000 o000

'"1': Verifying device...INFO:iMPACT:2455 - Eeadback 3ize is 1044736,
done.

'1': Verification completed successfully.

INFO:iMPACT:579 - '1': Completed downloading bit file to device.
INFCO:iMPACT: 580 - '1':Checking done pin ....done.

"1': Programmed successfully.

PROGREZS_END - End Operation.

Elapsed time = 13 seec.
-
Y Output A Emor A Waining
Ready | | Canfiguration ‘ Parallel Il | 200 KHz | LPT1 Y

Figure 7-10: Programming Operation Completes

Your design has been programmed and has been verified. The board should now be
working and should allow you to start, stop and reset the runner’s stopwatch.

Troubleshooting Boundary Scan Configuration

Verifying Cable Connection

When an error occurs during a Boundary Scan operation, first verify that the cable
connection is established and that the software autodetect function is working. If a
connection is still not established after plugging the cable into the board and into your
machine, right-click in a blank portion of the iIMPACT window and select either Cable
Auto Connect or Cable Setup. Cable Auto Connect will force the software to search
every port for a connection. Cable Setup enables you to select the cable and the port to
which the cable is connected.
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When a connection is found, the bottom of the iMPACT window will display the type of
cable connected, the port attached to the cable, and the cable speed (see Figure 7-11).

| Corfiguration | Parallel Il | 200 KHz | LPT1

Figure 7-11: Cable Connection Successful

If a cable is connected to the system and the cable autodetection fails, refer to Xilinx
Answer Record #15742. Go to http:/ /www.xilinx.com /support and search for “15742”.

Verifying Chain Setup

When an error occurs during a Boundary Scan operation, verify that the chain is set up
correctly and verify that the software can communicate with the devices. The easiest way
to do this is to initialize the chain. To do so, right-click in the iMPACT window and select
Initialize Chain. The software will identify the chain if the connections to the board are
working.

If the chain cannot be initialized, it is likely that the hardware is not set up correctly or the
cable is not properly connected. If the chain can be initialized, try performing simple
operations. For instance, try getting the Device ID of every device in the chain. If this can
be done, then the hardware is set up correctly and the cable is properly connected.

The debug chain can also be used to manually enter JTAG commands (see Figure 7-12).
This can be used for testing commands and verifying that the chain is set up correctly. To
use this feature, select Debug > Start/Stop Debug Chain in iMPACT.
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& iIMPACT - C:/InDepthTutorial/wtut_vhd/wtut_vhd.ipf - [Boundary Scan]

5 File Edit “iew Operations Options Output Debug ‘window Help

EEIFEER S I EEEEIEE
x|

- ealBoundary Scan
BalSlaveSenal

RS electtAP
“EalDesktop Configuration
“SalDirect SPI Configuration
i [Z] SystemaE

- [Z] PROM File Formatter

IMPACT Modes I

Right chick device to select opera

xc3s200
stopwatch bit

oo
TDIID hd
THS [0 'I Execute
Pulse TCK
Test Logic Reset

Scan (R I Execute
Scan DR I Execute

aerations ] iMPACT Boundary Scan Debug I 4 | 3

«cf02s
stopwstch mes

DO

g Boundary Scan

4

O
0
(T Run-Testige

0
o)
=
&0
=
e

Exiti-l
(CPamesi)D)

0

Capture-IR
1
Shift-IR
e
(PR D)
Exit2-IR

Select-IR-Scan

i)

Update-IR

0

| INFO: iMPACT: 501 — '1':

Added Dewvice xce3sZ00 successfully.

44 *%% BATCH CMD :

done.
/4 *%% BATCH CHD :
/4 *%% BATCH CMD

assignFile -p 2 -file "C:/InDepthTutorial/wtut_vhd/stopwatch.mcs"
'z': Loading file 'C:/InDepthTutorial/wtut vhd/stopwatch.mes' ...

setittribute -position 2 -attr packageName -valus "(null)"™
: bsdebug -start

L

=

Output A Errar A Warmin

| Configuration | Farallel lll | 200 KHz | LFT1 4

Figure 7-12: Debug Chain

For help using iMPACT Boundary-Scan Debug, use the iMPACT Help (accessible from
Help > Help Topics), or file a Web case at http://www.xilinx.com /support.

Creating an SVF File

This section is optional and assumes that you have followed the “Using Boundary Scan
Configuration Mode” section and have successfully programmed to a board. In this
section, all of the configuration information is written to the SVF file.

iMPACT supports the creation of device programming files in three formats, SVF, XSVE,
and STAPL. If you are using third-party programming solutions, you may need to set up
your Boundary Scan chain manually and then create a device programming file. These
programming files contain both programming instructions and configuration data, and
they are used by ATE machines and embedded controllers to perform Boundary Scan
operations. A cable normally does not need to be connected because no operations are
being performed on devices.
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Setting up Boundary Scan Chain

This section assumes that you are continuing from the previous sections of this chapter and
already have the chain detected. If not, skip to “Manual JTAG chain setup for SVF
generation” to define the chain manually.

JTAG chain setup for SVF generation

1. Select Output > SVF File > Create SVF File to indicate that you are creating a
programming file.

2. Enter getid in the File Name field of the Create a New SVF File dialog box and click
Save.

3. Aninformational message appears stating that all device operations will be directed to
the .svf file. Click OK.

Manual JTAG chain setup for SVF generation

For this tutorial, you may skip this section if you completed the “Using Boundary Scan
Configuration Mode.” section.

The Boundary-Scan chain can be manually created or modified as well. To do this,
1. Ensure that you are in Boundary Scan Mode (click the Boundary-Scan tab).
You can now add one device at a time.

2. Right-click on an empty space in the iMPACT Boundary-Scan window and select Add
Xilinx Device or Add Non-Xilinx device.

An Add Device dialog box appears allowing you to select a configuration file.
3. Select stopwatch.bit and then click Open.

The device is added where the large cursor is positioned. To add a device between
existing devices, click on the line between them and then add the new device.

Repeat steps 2 and 3 to add the stopwatch.mcs file to the chain.

Note: The boundary scan chain that you manually create in the software must match the chain on
the board, even if you intend to program only some of the devices. All devices must be represented
in the IMPACT window.

Writing to the SVF File

The process of writing to an SVF file is identical to performing Boundary Scan operations
with a cable. You simply right-click on a device and select an operation. Any number of
operations can be written to an SVF file.

In this section, you will be writing the device ID to the programming file for the first
device, and performing further instructions for the second device.
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To write the device ID:

1. Right-click the first device (XC35200).
2. Select Get Device ID from the right-click menu.

I ! SN 1L o —

Progran...

#3520 Wity

stopwwate
L O —
Get Device Signaturesercode

Aszzign Mew Configuration File...

Figure 7-13: Selecting a Boundary Scan Operation

The instructions that are necessary to perform a Get Device ID operation are then
written to the file.

3. To see the results, select View > View SVF-STAPL File. Figure 7-14 shows what the
SVF file looks like after the Get Device ID operation is performed.

S Created usding Xildnx iMPacT Software [ISE Foundation Sim - 7.14]
TR=T OFF;

EMDIR IDLE;

ENDDR IDLE;

STATE RESET IDLE;

TIR
HIR
TOR
HCOR
TIR
HIR
HDR
TOR
f/LDad1ng device with 'idcode' Tnstruction.

SIR & TDI [09) smask (310

SDR 32 TDI (00000000) SMASK (FFFFFfffI Too (F14140930 mask (ofFFFFFFfD
o vaWWdat1ng chain.

TIR H

HIR H
TOR
HOR
SIR
TIR
HIR
TOR
HOR
TIR
HIR
TOR
HOR
TIR
HIR
HOR
TOR
ffLDadwng device with 'ddcode' dnstruction.
SIR & TDI (090 sSMmask (3D ;

SDR 32 TDI COOQOQOQ0) TDO (1:1414093) H
SALoading device with 'didcode’ dnstruction.
SIR & TDI (090

SOR 32 TDI (0000000070 Too (14140937

TIR H

HIR TDI (FF) ;
HODR TDI CO0) ;
TDR H
TIR H
HIR
TODR
HOR H

SIR 14 ToI (3FFFD smask CBFFF) H
SOR 2 TDI (OO0 sSMasSkK (030 ;

Figure 7-14: SVF File that Gets a Device ID from the First Device in the Chain

ToI (FF) smask (FF) :
TDI CO00 SsmMmAask (01D

oo ooo o

8 TDI (offfeazaa) smask (OFFFEEFTD ToDo (0aaas8lol) mask (OFFFC307D)

TDI CFF) sMASK (FF)
TDI CO00 sMask (01D
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To write further instructions to the SVF for the second device:

1. Right-click the second device (XCF02S).
2. Select Program from the right-click menu.

....... |
------- 2 Ilvll

erify
w3200 xafl Eraze...
stopevatch bit stopwat
0 Blak Check.
Get Device [0

Get Device Signature/lsercode

Azzign Mew Configuration File...

Figure 7-15: Available Boundary Scan Operations for a XCF00S Device

3. Click OK in the Programming Properties window.

The instructions and configuration data needed to program the second device are added to
the SVF file.

Stop Writing to the SVF

After all the desired operations have been performed, you must add an instruction to close
the file from further instructions. To stop writing to the programming file:

Select Output > SVF File > Stop Writing to SVF File.

To add other operations in the future, you can select Output > SVF File > Append to SVF
File, select the SVF file and click Save.

Playing back the SVF or XSVF file

To play back the SVF file that you created to verify the instructions, you will

¢ Manually create a new chain.

e Assign the SVF file to the chain by right clicking and selecting Add Xilinx Device and
selecting the SVF file in the search window..

e Right-click on the SVF file in the Boundary-Scan chain and select Execute XSVF/SVF.

Other Configuration Modes

Slave Serial Configuration Mode

Slave Serial Configuration mode allows you to program a single Xilinx device or a serial
chain of Xilinx devices. To use the Slave Serial Configuration Mode, double-click Slave
Serial in the iMPACT Modes window.
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SelectMAP Configuration Mode

With iMPACT, Select MAP Configuration mode allows you to program up to three Xilinx
devices. The devices are programmed one at a time and are selected by the assertion of the
correct CS pin. To use the Select MAP Configuration Mode, double click Select MAP in the
iMPACT Modes window. Only the MultiPRO cable can be used for Select MAP
Configuration.

Note: These modes cannot be used with the Spartan-3 Starter Kit.
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