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The Tutorial

Welcometo the IDS Tutorial. This manual provides detailed examples on working with Figaro, all supported
interfaces, and the AT40K/AT6K architecture. It isintended to help users explore the system’ s full potential, so they
can design Field Programmable Gate Arrays (FPGAS) in the most efficient and cost-effective manner.

Conventions Used in This Manual
The following typographical conventions are used in this guide:

= Filenames, and program names are in Helvetica type, e.g. atmel.ini, PLA2Cdb
= Vaiablesareinitalics, e.g. DesignName.lib

= Texttobeenteredininput boxesareenclosedin“ ”, e.g. “4bitalu”

= [talictext isused for names of buttons on the Flow Bars, e.g. Open

= Keyboard functions are shown as<Key>, e.g. <Enter>

Customer Service

Assistance with any matter related to the IDS can be obtained by the following methods:
Cdling the PSLI Hotline at 408-436-4119 between 9 am and 5 p.m., Pacific time.

Sending an electronic mail with your question to fpga@atmel .com.
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About Figaro and this Guide

Function
Figaro implements your design for downloading to an FPGA. It can:

= ReadinViewlogic or EDIF netlists.

= Maptoretarget designsto the Atmel architecture.

= Letyou select the target FPGA device(s), then partitions logic between these.

= Automatically places and routes the design, producing an optimized result for the target device architecture.
= Qutputs either a bitstream for programming an FPGA , or amacro for adding to a user macro library.

In addition, Figaro can:

= Read in macros from user macro libraries.
= Check thetiming across the device, display the delays on signal nets and produce timing reports.
= Output back-annotation files for the Viewlogic, Verilog-XL, VHDL and Mentor simulators.

Operation
Y ou can either leave Figaro to run automatically, or intervene to perform the following operations manually:

= Read in mapping, partition, pinout and timing constraints.
= Assign I/Ofunctionsto specific pins.

= Optimize the placement and routing.

= Qutput timing reports.

=  Define user macrosto build your own macro library.
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The Figaro Flows

The product of Figaro is either abitstreamor auser macro. When you import a design, you have to specify which of
these you want as the end result. Y our choice affects your final product and both the way in which Figaro operates
and some of the functions available during the session.

The diagram below summarizes the bitstream flow, with Figaro's Flowbar buttons pictured:
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The Figaro Bitstream Flow

The Bistream flow consists of four easy steps: Set Up a Design Directory, Open, Parts and Compile.

When Figaro needsinformation, adialog appears asking you to supply it. Toolbar buttons and menu commands | et
you perform more specialized tasks.

Y ou can add up to 30 parts asrequired, then partition logic between these manually or automatically. Partition, like
mapping and pinout, can be controlled using a constraintsfile.

In the diagram, the information shown on either side of the flow buttons represents other Figaro inputs/outputs:
some of these are optional while others are used automatically.
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The user macro flow isillustrated in the picture below:
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The Figaro User Macro Flow

There are two main differences from the bitstream flow:

= Figaro adds asuitable part for you, so there’ s no need to press the Parts button.

= Rather than compiling the design automatically, Figaro opens a Compile window in which you can optimize your
design manually. The diagram shows the five buttons available in the Compile window in the user macro flow:
you can combine the use of the four Place and Route buttons with manual placement and routing functions.

The reason for producing your own macrosis that when you use a macro in another design, you get the benefits of
the manual optimization. To make proper use of this, you need a good knowledge of the device architecture.
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Figaro Tools

Figaro has four main interactive tools:

Design
Browser

Parts Window

Map Browser

Compile
Window

The Design Browser shows the logic instances in the design imported into Figaro. For
hierarchical designs, the hierarchy of instancesis preserved within the Design Browser
display.

The Design Browser indicates any item that has been partitioned into a part with an
unfilled rectangle inside the box that representsit. If an instance has been placed, the
rectangleisfilled.

The Parts window shows the target FPFGA device package. When compiling for a
bitstream, use the Parts window to select the target device(s) and, if necessary, to lock
the pinout. Y ou also partition logic between devicesin thiswindow.

If you are compiling for amacro, Figaro just adds a suitable device for you and
proceeds to the fourth tool, the Compile window.

The Map Browser shows the logic elements and hierarchy of your design, taking
account of changes made to the original design during mapping. (The Design Browser
always shows the pre-mapping design.) These changes are evident in the different
names of associated itemsin the two browsers.

The Map Browser uses the same graphic conventions as the Design Browser in
representing partitioned and placed instances.

Compilation is the combination of placement and routing. The Compile window shows
the architecture of the target device and the results of compilation: the placement of
design logic in the device and the routing used by nets.

Asthelast step in bitstream compilation, you output a bitstream file for each device for
later downloading it to an FPGA. In auser macro compilation, you check the routed
macro into auser macro library for use in other designs.

When you want to optimize the placement and routing manually, rather than leaving it
to Figaro, use the Compile window. Y ou can change Figaro’s placement and/or routing.
When you change routing, the window switches into Manual Routing.

If you import timing constraints for your design, you can look at the delays on signal
nets. The Compilewindow switchesinto Timing Analysis mode.
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Using this Manual

Inthistutorial you will learn how to use Figaro to implement designs for FPGAs. This guide assumes that you
aready know how to describe circuits or produce schematic designs for FPGA s.

This manual has the following sections:

Getting Started

Quick
Implementation

Timing-Driven
Implementation

Manual Editing
and User Macros

Mapping

Mapping AT6K
Designs to
AT40K

Partitioning

Additional
Features

Troubleshooting
and Support

Shows how to start Figaro, then describes the user interface and shows how to use the on-line
help. This section also shows how to import your design.

Describes how to implement adesign in afew easy steps using Figaro's automatic tools.

Takes you through the implementation of acomplex design, this time using many more of
Figaro'sfunctions. Y ou look at the design with the Design Browser, cross-highlight between
windows and find objects in the placed and routed design. Finally, you output timing reports
and files for back-annotation to asimulator.

Illustrates manual placement and routing techniques and shows you how to produce user
macros, check them into and out of libraries and incorporate them in alarger design.

Provides abrief introduction to the principles used in mapping design logic to a specific target
device architecture. Includesalook at the effects of the various options on the final mapped
design.

Anintroduction to using the " AT6K Mapped to AT40K" configuration.

Provides details on Figaro's functions for partitioning design logic between different devices.

Provides information on some useful tasks not covered in other tutorials, such as saving and
restarting a session or changing Figaro options.

Describes problems you may encounter and shows how to contact your technical support.

The appendices contain additional information:

Appendix A Summarizes the menu commands and keyboard or button shortcuts.

Appendix B Describesthe files Figaro uses or outputs. Theseinclude the. INIfiles, the log file, timing

reports, constraint files and statisticsfiles.
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Getting Started

This chapter tellsyou:

How to start up Figaro.

How to use on-line help.

About the user interface.

This briefly describes the parts of the Figaro window: menus, buttons and tool windows and so on

Starting Up Figaro

From the Start Menu, choose Programs>Atmel>1DS7.5. This starts up Figaro, briefly displaying the "Copyright"

box.

Using On-line Help

If you’ re running Figaro, pull down the command Help>Figaro Overview.

Here are afew tipsto help you use the online help:

Remember that the help is context-sensitive. Use the command Hel p>Using the Current Window to display help
on the tool you're running.

Keep the help window just wide enough for its six buttons to fit on oneline. Thisleaves space for you to look at
Figaro and the help page simultaneously.

Most help topics fit on asingle page, so there's no need to scroll through masses of text. To reduce the need to
scroll, make the help window as deep as the screen itself.

Click on phrases shown in underlined and/or colored text. This displays more information either as an overlay or
anew page.

Many diagramsin the help show additional information when you click on specific areas of them.
Return to your previous page by clicking Back.

For a description of any menu command, pull the menu down, click-hold the command and press SHIFT +F1 keys
together.

Use help's Search facility to find information on atopic quickly. Click on the Search button at the top of the help
screen, then specify the topic you want. All significant areas are listed.

Use the "Browse" buttons marked << and >> to move backwards and forwards quickly through a series of
related topics.

11
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The User Interface
When you start Figaro for the first time, asingle window appears. Thisisthe "Figaro window". Most of thiswindow
isempty when you first start up. Thisblank areais called the Figaro desktop.

The Figaro Window
After starting up Figaro for the first time, take a couple of minutes to examine the Figaro window shown as follows:
Caontrol Menu Title Bar
Flowbkar with buttons Minimize / Maximize
Buttons
Mchu Bar

=|‘ Figafo - Untitled : [No Design Directory v i~

File Edit View Librand Flow Options Window Help

|POpen|DMap|DPam5|)Co \Iel

Dasklep

] T

Tranzcript

Haaro: info - Loading initialization file 'figaro ini'

| Status Bar |

Toolbar
The Figaro Window at Startup
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Figaro Window Features

The main features of the Figaro window are:

Title Bar

Menu Bar

Flowbar

Toolbar

Desktop

Transcript

Status Bar

This contains the word Figaro and the design name. Before you open adesign, the name
is"Untitled".
Themenusrunfrom File to Help. These "pull-down" menus let you perform all

operations. Thetoolbar buttons (see below) are a quick way of performing the three main
operations.

To display thelist of options under amenu, click on the menu name. To run an option,
click onitinthislist, or pressthe key combination, if oneisshown nexttoit. To get help
on an option, click-hold it and press the SHIFT and F1 keys simultaneously.

Options are "grayed out" when they are not available or do not apply. The range of
menus available changes as you open up Figaro tools. The Compile menu only becomes
available when you move into the Compile window, for example.

Thisbar islocated below the pull-down menus. It contains four buttonsin a horizontal
row. You can turn the Flowbar display on or off: pull down Options>Flowbars.

The Flowbar buttons let you perform the main Figaro operations without using menu
options. These buttons change color as you use them: see the on-line help for details.

Thisvertical column of buttonsislocated at the |eft of the window. Y ou can turn this
toolbar display on or off using Options> Toolbars.

For quick information on abutton, move the cursor over it and look at the status bar. For
more details, Search for Toolbar in the on-line help.

When you open a Figaro tool, its window overlays the desktop. Y ou can change the size
of the desktop relative to the transcript by dragging the boundary between them up or
down.

This area shows messages describing Figaro's progress. Errors and warnings are shownin
color. You can scroll back to see messages from earlier in aFigaro session. Asthe session
goes on, early messages are removed, although they do remainin thelog file, described in
Appendix B.

Y ou can turn the transcript display on or off using Options>Transcript. Y ou can resize
the transcript vertically using the mouse.

Thisislocated at the bottom of the screen. It isblank when you first start up. If you click-
hold the cursor on amenu option, this area shows what the option does.

Asyou move the cursor around Figaro the status bar displays various explanatory texts
(for example on pin names and types, grid locations) and useful hints (for example on
toolbar and Flowbar buttons). It also incorporates a percentage complete bar, enabling
you to monitor the progress of the operations being performed.

The representation of the following three buttons may differ depending on the platform you are using

Control
menu

Minimize
Button

Maximize
Button

Click on the button to display commands which et you move or resize the window, reduce
ittoanicon, or closeit.

Click to reduce the window to anicon.

Click to expand the Figaro window to fill the screen, or atool window to fill the desktop.

1-3
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Desktop Options

Y ou can turn on/off the display of the Flowbar, toolbar, transcript and status bar by pulling down Options>Display
Optionsand selecting “Desktop”. Check the boxesto set items on or off. Thisisdifferent to the commands under
the View menu because the settings become the defaults for use in future sessions.

Scroll bars

+

¥

Tool Windows

Scroll bars are not shown in the above diagram. They may appear at the right side or
base of awindow, depending on its size and contents. Use scroll barsto move
horizontally or vertically in the window: either drag the square along the bar or click on
the arrows at the ends of the bar.

The tool windows have their own control menus, title bars and minimize/maximize buttons. These operate in the same
way as for the Figaro window.

Tool windows do not have a separate transcript or status bar. They do not have a separate menu bar: the menu
options on the Figaro window menu bar change to reflect the tool window you arein.

The Parts window has its own Flowbar with specialized buttons. The Compile window hasits own Flowbar and
toolbar. Thetoolbar buttons provide shortcuts for common Compile window operations. (For more details, Search
for Toolbar in the on-line help.)

Dialog Boxes

A dialog box appears to ask you to enter information or select something. This example shows the main features:

1-4

Conirol
Irent

Radic huttors Titla

Croek boxes

har

/v

»

|v|

nfi- Compilf -tadd#a *
/

rType

 Instanc

Net C!Rl:lute Resource

e @ Cell Rdsource

Status:

Column:

Row:

Closed O
Routing &
Logic O

Unused O

Contention: true B false O

hdin:
Max
hin:
e

il

Find

Cancel

bore »y

Help

Text box

Dialog Box Features

Help buttcn



Getting Started

Multiple and “Lost” Dialogs

When you use some commands, for example Edit>Find and Edit>Info, you may have to open a series of dialogs,
each showing different information. If you then click on the desktop again, these dialogs may disappear behind the
Figaro window. To bring them back into view, use the command Window> Dialogsto Front.

To close all open dialogsin one step, use the command Window> Close Dialogs
Running Multiple Windows
When you open any Figaro tool, anew window appears, overlaying the Figaro desktop.

After awhile you may find you have three or four windows open at once. If you have several windows open, but are
only working in one of them, you can make more space for it by reducing the other windowsto icons. To do thisfor
any window, click on itsMinimize button. Theicons remain within the global Figaro window.

Y ou can arrange the windows or iconsin several ways, using the Arrange | cons, Cascade and Tile options under the
Window pull-down menu. A display with three windowstiled, for example, looks like this:

'='| Figaro - A0ktest : cifigaro\examples\at40ki40ktest | - § =
File Edit View Library Flow Options Window Help
| }Openg ?g }Pansg PCDmpiIeg
= Design Browser - ‘40ktest 'E -
+ ; w g
—[O] 4idest (4kdest = k2dd | FPartition
HDO] $1106 Ut [ = +]
HDO] $11110 Ut E
5] $1110 EBUR a
5] #1123 (0BUR) C 0 [
O] $114 (BUF) E: E L
5] §115 (AUR a
5] $1I6 0AUR g
O] #1117 0BUR T+ & [AT40K20-270) E T
EXIR| K3 [ | »
Compile - '40ktest\A 'E *E
“Ini PIace§POpt F'Iacegflni Rnutegbom Ruutengit Strg
triarais piiisiiaiariiais taasiiie ssiaisiciiiiiass fedl
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1 00DDOODODDOOOD ODDOODDO ODOD |
:DDDDDDDDDDDDDDDDDDDDDDDDF T
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«[ 1 [+
Build device A contents (ATAOKZ0-2JCY: info - Finished on April 11, 1997 at 4:58:42 pm L+
Compile: info - Resetting display threshold for Routing Resources and Mets to 4% and Unrouted Mets to 14%, for current device. =
Compile: info -5 zoom levels use 0.3 MBytes for device section bitmaps (of allowed 3.0 MBytes). 4]

Tool Windows Tiled
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Resizing Windows

There are two ways to make awindow the exact size you want. Click inthe window to make it the current window,
then:

=  Movethe mouse to the window edge, whereit changesto a"« " shape. Holding down the left mouse button,
drag the window boundary to the new location and rel ease the button.

= Movethe mouseto awindow corner, whereit changesto a"corner" shape (for example, in the bottom right-
hand corner). Holding down the left mouse button, drag the window boundary to the new location and release
the button.

The Cursor

The shape of the cursor is usually an arrow, but changes, depending on the task being performed. For more
information, open the on-line help and Search for "cursor”.

If the cursor changes to atrashcan or hourglass shape, this means Figaro iscompacting memory or just processing.
Do not abort the operation.

Colors

Colorstell you alot about awindow. For example, an object changes color when you click on it in awindow to show
that it’ s been sel ected.

Y ou can change the colors of many features shown in the windows. To change default color settings for a particular
window, pull down Options>Display Options. Don't change colors yet: wait until you've run through the exercises
in the next chapter, so you can assess the default colors Figaro startswith. (Instructions on changing colors are
givenin"Changing Figaro Options" in Chapter 9, and in the on-line help.)

system have been modified by another user, you can reset all colorsto their initial defaults by renaming the

All referencesto colorsin this manual assume you are using the default colors. If the defaults for your
file FIGARO.INI stored in the directory from which Figaro wasinvoked (usually Figaro'sBIN directory).

Other Types of Window

Y ou can open two types of Window which are independent of the Figaro desktop.

The Log Viewer

Y ou can use Window> New Viewer>Log File to open a separate Log Viewer window containing all the session'slog
messages. Thiswindow isindependent of other Figaro windows. You can

= Update the display to show messages output by Figaro since you last used Update.

= Printthelog.

= Searchthelog for astring. Thisdisplays a pop-up box: typein the text you're looking for and pressENTER.

= Savethelogtoafile.

To move within the Log Viewer window, use the scroll bars, arrow keys and Page-Up and Page-Down keys.

There are also similar viewers that you can useto ook at path analysis reports, net delay tables and statistics files.
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A Quick Implementation

Thisfirst tutorial shows you how to implement adesign with a minimum of effort, leaving almost everything to
Figaro.

All Screenshotsin thistutorial only represent AT40K examples.
The steps are:

Preparing Input to Figaro

Setting Up the Design Directory
Opening the Design

Specifying the Target Device
Compiling the Design

Looking at the Implementation
Saving the Design and Exiting Figaro

No gk~ wDdhRE

Work through all the sections in the sequence given. Thistutorial uses the buttons on the Figaro window Flowbar.
If thisis not visible, display it by pulling down Options>Flowbars.

If Figaro is already open, you can go straight to the next section. If not, repeat the process described under " Starting
Up Figaro" in the previous chapter.
Preparing Input to Figaro

Aswell asits own saved design sessions (* .FGD files), Figaro also accepts netlistsin various other formats as input.
Y ou probably already have netlists for your own designs, produced using a schematic editor, but run the tutorialsin
thismanual first using the examples provided.

For AT40K devices: The example used hereisaViewlogic design called TEST40K, which has been installed
automatically in /SY STEMDESIGNER/EXAMPLES\AT40K\VLOGIC\TEST40K under your main Figaro directory.

For AT6K devices: The example used hereisaViewlogic design4BITALU, which has been installed automatically in
/SY STEMDESIGNER/EXAMPLES\VLOGICMBITALU under your main Figaro directory .

particular schematic editor, refer to the section Interfacesto Figaro. This details netlist formats, the

“,:% When you come to import your own designs, and you want details on the interface between Figaro and a
design checks Figaro runs and other information.

Before You Begin

Figaro provides various time-saving features designed to save you having to re-enter the same standard information
each time you work with a particular design. However, thistutorial assumes that you are working with the system for
thefirst time, so before you begin, please check the following:

The 4BITALU.RCT/TEST40K.RCT files
If other users on your system have used the Figaro tutorials already, check whether thereis afile named
4BITALU.RCT or TEST40K.RCT in the design directory.

Thisfile containsrepeat constraints saved from previous Figaro sessions with this design and, if the " Auto-
import Repeat Constraints' option is enabled, Figaro will import thisfile and automatically add the part and lock
any pinsit specifies.

Y ou will find out more about thisfilein later tutorials and in Appendix B, "Figaro Files': for now, delete or
rename it before starting the tutorial yourself.

The Viewlogic symbol file
The Viewlogic symboal file for this example may specify part and package attributesto be used in the
implementation of the design. Figaro uses these attributes to add the appropriate part from the AT40K library
automatically when the design isimported.
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However, in this tutorial you should add the part manually, so pull down Options>Options select the topic
"Viewlogic Import" and clear the check box labeled "Use Part/Package Attributes’.

Unconnected Reset Ports
The TEST40K design includes a number of unconnected reset ports, which by default are reported on import as
errors by the design checker. To be ableto read in the design, you will have to disable these unconnected
resets. Pull down Options>Options select "Design Checker" from the topic list and then "Disable" for the
"Reset Ports" option.

Setting Up the Design Directory

Y ou must set up adesign directory before you can open adesign. The design directory isthe only place Figaro will
look for the design. Pull down File>Design Setup. The Design Directory Setup dialog is displayed:

If thisisthefirst time you' ve opened Figaro since installation, no directory will belisted. Click the New Design

Design Directory Setup
Design Hame:

Configuration:

De=ign Directory:

[>]

|

[+

Tools Flow:

Tools Flow Description:

Synaria-“rilog

Synario - WHOL
“ewlogic-Miorkien Office
“ewlogic- Pro Seres
‘dewlogic-foroview Plus

[>]

<L T

hd -
Hew Design... a

Remove...

Design Directory Setup Dialog Box

button to add the directory which contains the supplied 4BITALU or TEST40K example.

The New Design dialog box is displayed:

Mew Design

Design Name:

Design Directory:

| testd0k

| | c:hatuserstest40k

| Cancel

adder.1 I+ [N +

counter3.1 atuser

counterd. 1

enable. 1 || sch ||
+ +

«] [+ «] [+

Files of Type: Drives:

[Viewlogic Wir =1) |+ [ex [+]

Configuration:

|aT40K

Tools Flow:

Tools Flow Description:

Exemplar-Yerilog
Synario-Verilog
Synario - WHOL

“iewlogic-Workview Officel

+ Import Met —: WIR
Export Met : Flat/Hier. WIR
Export Delay : Flat/Hier. DTE

New Design Dialog Box
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Do the following:

1. If youareusing aPC and haveinstalled the examples on adifferent drive to that shown under "Drives", select
that drive in the pull-down list.

2. Under "Design Directory" specify the directory /SY STEMDESIGNER/EXAMPLES\VLOGICUBITALU for 6K
devices or /SY STEMDESIGNER/EXAMPLES\AT40K\VLOGIC\TEST40K for 40K devices. To do this, click on
successive directories in the path name: each time you do this, the relevant subdirectories are shown. Usethe
scroll bar if necessary.

3. Under "Filesof Type", select the type for the schematic editor used: for this examplethisis"Viewlogic Wir
*. "

When the “Design Name" list displays all thefilesin the directory, select 4BITALU.1 or TEST40K.1.

4. Under "Tools Flow" select "Viewlogic WIR". These are the systems used to produce the example design on the
different platforms.

5. Under "Configuration", select AT6K or AT40K.

6. Click OK. Thisreturnsyou to thefirst dialog, where /SY STEMDESIGNER/EXAMPLES\VLOGICUBITALU or
/SY STEMDESIGNER/EXAMPLES\AT40K\VLOGIC\TEST40K islisted under "Design Directory" and 4BITALU
or TEST40K under "Design Name". Click OK to finish design directory setup.

Opening the Design
Toread in the design, do the following:

1. Click the Open button on the Flowbar. The button turns yellow to show you've started opening a design.

2. You are asked whether you want to open the netlist as adesign or amacro. Click Design to enter compile for
bitstreammode, meaning that the end result will be a bitstream file rather than a user macro. Figaro displaysthe
Open as Design dialog.

3. Makesure"Filesof Type" isset to"Viewlogic Wir (*.1)". The directory and file names will change tothe ones
you specified.

4. Click OK to load the design. This causes the following to happen:

=  Figaro writes messages to the transcript showing the design is being opened (these may include warnings from
the Design Checker, depending on how the options are set).

= A Design Browser is opened on the Figaro desktop. Thisliststhelogic elementsin the netlist(s).

= The Open button turns green, showing that the design opened successfully. (If an error did occur, the button
will turn red and the transcript will provide information on the reason.)

Thedisplay lookslikethis:

=] Figara - 40ktest : cMigarciexamplesiat 40k Dktast [« =~
Bl Edt iaw Lbrsy Flow  Omions Wndow  Heks

mir-.w.l I‘Paﬂslh:‘mwle'l
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] 2C0UNT EOUHTERS
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Die=mign Chacker: info - Design containad 0 emon’s) and 11 wamings)
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Figaro Window with Opened Design
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Note that this flow does not include the Map step, so the corresponding Flowbar button is grayed out. The button is

enabled and disabled using the "Mapping" optionsin the Options dial og.
Specifying the Target Device

The Parts window is arepresentation of the PCB that holdsthe FPGA. Itisavirtual board to et you visualize the
orientation of the part and you use it to specify the target device, which isthen displayed in the window.

To select thetarget device (called a"part" by Figaro), click the Parts button in the Flowbar. Thisdisplaysan empty

Parts window and the Part Select dialog:

= Part Select b
Architecture: Part Mame: (# usable ping) £33
Atmel 40000 | * ATADKDS-1JC - (B1)

- ATAOKDEAJ (BT Faid

Package: ATADKDS-TPC (128) _
Any * ATAOKDS-1R1 (128)

— ATAOKDS-1QC  (128)
Application: ATAOKDS1Q1 (128)
Any * ATAOKDS-1TC (113)

ATAOKDS-1TE (113)

Speed: ATAOKDE- 1T (77)
Any * +* Y
Relative Logic Size (Gray) and Part Capacity (Green)
Relative Memory Size (Gray) and Part Capacity (Green)

The Part Select Dialog Box

The Package, Application and Speed listsfilter out unwanted device types from thelist. Y ou can, for example, list

just those devices suitable for commercial applications.

Y ou cannot change the architecturein this dialog: if you want to use an AT6K part in your implementation,

you haveto return to the Design Directory Setup dialog. Y ou cannot mix AT6K and AT40K partsin asin-

gle implementation.
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To add a part, do the following:

1. Scroll down the "Part Name" list and select " AT6003-2JC" or " AT40K05-2JC".
2. A green bar appears below the gray bar at the base of the dialog, showing whether the part is large enough to

hold the design. One part will be large enough for 4BITALU or TEST40K.

3. Click Add to add one of these parts and then OK to return to the Parts window. Animage of the selected part

appears in the Parts window, which becomes the current window:
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The part islabeled "A" and isfollowed by itsname. Clock and reset pin locks may be assigned automatically.

Parts Window Displaying Target Device
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Compiling the Design

Click on the Compile button to implement the design on the part that you just added. Ascompilation proceeds, look
at the progress reportsin the status bar and transcript to see what Figaro is doing.

Compilation for bitstream involves the following steps:

Partitioning  Asonly one part was added, thisinvolves moving all the design instancesto that part.

Placement This step positions the design instances in logic blocks in the device, producing an optimized re-
sult for the device architecture. Placement isrunin three stages: initial placement then two opti-
mize placement passes (global and detailed).

Routing Makes connections between logic blocks using avail able routing resources on the device. Optimal
routes are used. Routing isalso run in three stages, two initial routing passes then optimized
routing. In non-timing-driven implementations like this one, optimized routing runs only if initial
routing leaves routing contention.

Bitstreaming  Qutputs a bitstream for downloading to an FPGA . Thefile containing the bitstream iswritten to
the design directory and is called design.BST.

When compilation finishes the Compile button turns green, indicating that the run was successful.

Looking at the Implementation

To seethe result of compilation, pull down the menu Window>New Compile Window. This opensawindow like that
shown below depicting the device architecture. The compiled design hasits logic placed and routes completed:
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The Compile Window after Compilation

Larger boxes covering more than one sector are RAM blocks. Use View>Zoomto Area to take acloser look. Don't
worry if your implementation of the design does not match the picture exactly: continuous improvementsto Figaro's
placement and routing algorithms may mean the pattern is different.

In the next tutorial you'll look at the Compile window in more detail, including its toolbar and the meaning of the
various colors used.



A Quick Implementation

Saving the Design and Exiting Figaro

To save the implementation under the original design name, simply pull downFile>Save. Figaro saves the session
in afile called design.FGD, which you can reload at alater time.

To save the session under a name other than the original design name, pull down File>Save As and enter the new
namein thefield provided.

If you don't intend to start the next tutorial immediately, save the session using either of the above methods and then
pull down File>Exit. When you are asked if you really want to exit Figaro, click Yes.

Summary

In thistutorial you clicked the Open, Parts and Compile buttonsin turn (Map was disabled). Y ou could have
implemented the design just by clicking the Compile button on the Figaro window's toolbar instead: thiswould have
run the Open and Parts steps too, with Figaro prompting you for input as required.

Thefollowing tutorials ook in greater detail at the steps introduced here.
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Timing-Driven Implementation

Thistutorial works through a process similar to that described previously, but thistime you intervene more actively in the
process. Y ou compilethe design in stages and learn how to set timing constraints that will drive the way Figaro implements
the design. There are also extra steps between the main tasks of the previous exercise:

= Looking at the meaning of colorsin the display.

= Cross-highlighting between the Browser and the Compile windows.

= Zoomingintolook moreclosely at the device structure.

= Using Edit>Find to find named netsin the design.

These tasks are optional and can be skipped without affecting the tutorial flow. Y ou should look at these sections at some
stage however, as they contain valuable information on Figaro's user interface and search features.

Theindividual stepsin thistutorial are;

Opening the Design and Adding a Part
Browsing the Hierarchy

Setting Up for Timing-Driven Design
Running Initial Placement

Analyzing Timing After Placement
Importing Timing Constraints

Running Optimize Placement

Routing

Interactive Timing Analysis

10. Bitstream and Export

11. Troubleshooting Timing-Driven Compilation

© 0N g~ wWwDdN PR

Y ou can use the keyboard shortcuts shown to the right of commandsin amenu. For afull list, see “Command Shortcuts’ in
Appendix A, or Search for "Key Shortcuts" in the on-line help.

Opening the Design and Adding a Part
Before you begin, make sure there are no repeat constraints from a previous design session in the design directory.
Toread inthe 4BITALU/TEST40K design, do the following:

1. Pull downFile>Open As Design to display the Open asDesign dialog box.

2. Select\SYSTEMDESIGNER\EXAMPLES\VLOGICUBITALU or
\SY STEMDESIGNER\EXAMPLESAT40K\VLOGIC\TEST40K from the pull down design directory list.

If you need to set up the design directory first, refer to Chapter 3, " Setting Up a Design Directory".

2. Set"Filesof Type" to"ViewLogic Wir (*.1)" and click OK. Figaro readsin the netlist and opens a Design Browser.

3. Click Partsto open the Parts window and use the Part Select dialog to add a single AT6003-2JC or AT40K05-2JC device.
Use the green and gray bars at the bottom of the dialog to check whether the part is large enough to accommodate the
design.

4. Click OK to close the dialog and return to the Parts window.

5. Gotothe Partswindow and click Partition to assign the design logic to the selected part. In AT40K, part fill is
represented by two separate blocks, logic on the left and memory on the right.
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Browsing the Hierarchy

First look at the Design Browser:

Design Renwser - vin [l

ol egrk TESTCK) =
—m] $11120 (REBUF)
| § 1113 MULTE)
—Im] §11148 (4DDZRA)
] §10194 (OUT 6)
19§15 (INg)

1m0 §11197 (ING)

] 11206 (OUT)
190 §11208 (0UT8)
—m] 11209 (OUTE)
19§15 (GCLKBUT)
—m] $1170 (IBUF)

8] 51107 (16U
] FIF ) (RAMCONT)

Herarchical
nstances

Macros

The Design Browser

Note the following:

The Design Browser showsthe design hierarchy as atree structure.

Logic elementsin the design are shown as labeled boxes and the hierarchical relationships between them aslines.
Indentation is used to illustrate the hierarchical level.

Hierarchical instances are represented in a different color from macro instances.

The4BITALU or TEST40K element at the top isahierarchical instance (i.e. one that contains other instances), asare
REGISTR4 and CONTROL for AT6K devicesor MULT8 and OUT8 for AT40K devices.

For macros, the ViewL ogic instance and library names are shown. For example, for the tenth element in the picture shown
above, these are (for AT40K Devices):

$1145 Instance name from ViewL ogic (i.e. the name given to the symbol in ViewLogic, or alabel
supplied by the engineer, e.g. "MULT").

GLCKBUF  ViewLogic symbol master name.
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Expanding the Hierarchy

Y ou can change the way the design is displayed in the Design Browser. Scroll down thelist to find $1172(CONTROL) (for
AT6K Devices) or FFO(RAMCONT) (for AT40K Devices) and click onit. When you select it, abox surroundsit and its color
changes to the selection color. Pull down View>Expand One Level to display the next level of hierarchy for thiselement. You
can also use double-click on the selected element as a quick method of expanding and contracting branches.

(sl Design Browser - \d0ktest H i
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HO] 3COUNT (COUNTERS
HoS] ADD (sO0ERS
|—|_E_| FIFO (RAMCONT)
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3] §114 (IEKERAM
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HE] §11E2 @ERD
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5] MULT dULTS) :l
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L+l -
=

Expanded Branchesin the Browser (for AT40K Devices)

Now select instance MUL T8 and pull down View>Expand Branch. Thistime, Figaro expandsall the sub-levels of hierarchy
under the selected instance.

Use View> Collapse Branch to contract the branches again. Experiment by selecting other elements and expanding and
contracting these using both double-click and menu commands until you're familiar with the Browser commands.
Setting Up for Timing-Driven Design

Enable the timing-driven mode by checking the appropriate box in the "Place and Route" options dialog. In timing-driven
mode, Figaro seeksto optimize frequenciesfor all primary, secondary and derived clocksin the design. To enableit to do this,
you need to specify the assertions against which you want the placement and routing functions to run:

Primary clock Definesaregular clock cyclefor the design. Y ou can define only one primary clock and it
assertion must be placed on an input to the design.

Secondary clock Definesaregular clock cycle referenced to the primary clock. Like primary clocks, these
assertion must be placed on inputs, but you can define as many secondary clocks asyou require.
Derived clock Required wherever a primary or secondary clock signal passes through other logic on the
assertion path between the external input and the port driving the internal clock net. You need as

many of these asthere are primary or secondary clocks reaching the port.

3-3



IDS Figaro Tutorial

If you've specified input and/or output assertions that take into account off-chip areas of adesign, these will also be
optimized:

Input assertion Specifiesarequired timefor arrival of an external input signal at adevicel/O.

Output assertion Specify arequired arrival time for an intemal signal going through an /O out to the board.

timing-driven, as asynchronous delay assertions (like cut cycle and false path assertions) are not optimized

Using timing driven compilation on a purely combinatorial design will not yield a better solution than non-
by thisfunction.

There are two main ways of specifying timing assertions:
= interactively, by using Figaro's Constraints Editor.
= by importing atiming constraints (*.TMG) file you produced earlier.

Y ou'll use the former method in the course of thistutorial, but rather than enter your own assertions just now, the next section
shows how you can have Figaro generate essential defaults using the Timing Analysis options.

If you want Figaro to generate default assertions, you must set these optionsbefore you open the
Constraints Editor for thefirst time. If you open the Constraints Editor first, Figaro will not subsequently
overwrite your entries, even if those "entries" are blank.

Before you Proceed
Before you create default assertions for your design:
= If you haven't already done so, pull down Options>Options select "Place and Route" from the Topic list and enable
timing-driven mode.

Creating Default Assertions in the Constraints Editor
To have Figaro generate essential timing assertions automatically, do the following:

1. Pull down Options>Optionsand select "Timing Analysis' from the Topic list. Figaro displaysthe Timing Analysis

options:
—| Gptions | v] a
Topic )
Weasurs Delay Paths Limit [ 40 A e ]
Design Checher [ | | | -
Diesign Configuration | | Celay Range |Hau!ﬂa: | * I | Cancel |
Crzsign Constraints :
ECD rConstraints
Hal
Expart Formsts Crests default assertion for dngla clock & -
Mapeing B a
Cpen File Cormarsia Default |0 assertions to full clock period
Partitiener Edit cycle cuts building first iming graph |
Place and Route —
TIming Anslysis ~Finding Cycles
:"'"_E‘_"":_'g_":_lmm-t ? Search control |u“ numbers bﬂoLiJ
8| 3 Cycies per dafaul ol |5 |5

Timing Analysis Options Dialog Box

2. Look at thefirst two optionsin the " Constraints" section: "Create default assertion for single clock™ and "Default 10
assertionsto full clock period”. Where a design contains only one clock, the first option will cause Figaro to place a
default clock assertion of 1nson that clock, unless you specify otherwise.
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The second option controls whether Figaro creates default input and output assertions where these would be required by
the design. Initially, these defaults are symbolic values, indicating that true values will be computed and entered when
timing analysisis actually run.

3. Set the options as shown and click OK to return to the desktop.

4. Pull down Edit>Timing Constraints and ook at the defaults Figaro has entered. On the "Clocks" page, Figaro has
entered the CLOCK1input and net:

Dhesign
Primajinput  (Mef |} |{ns) |Edge [{ns)

CLOCET | CLOCE

|
(comy J[ Paste || csom | [_Awe |

A-beﬂtl Canel I I-hIE I
Constraints Editor

Figaro addsa 1 ns Period, 0.5 ns Half Period and Edge Rising. Thiswill happen only if thereis 1 clock in the system. If
there are multiple clocks, or derived clocks, they will be shown in the dialog, but not be assigned values.

Now look at the"Inputs' and "Outputs" pages (the latter is shown below). Both include automatically generated entries
that will be substituted with actual values when timing analysisisrun. Thiswill happen for single or multiple clocks:

— Corsiraints Editor =
Clock
P -Palir
AL DL | ACHE_ AT -Aviir s ~Parod Pl -In:gu
ADD_OUIT| ADD_41T| -Aute- Ante- | -Pornd- | -Pering- Cycles
False Paihs
ADD_DUT| AN U T| et A P ~Paiied-
AT _DLT| ADNE_ AT bl Aani- Pariosd- P e
A 0 §T) 6 Cuts 8 [T o -y L ol I ol :'
[Ceoay | [Paste ke |
icgn ) Concel ] [ Help | T
Default Output Constraints

5. When you have finished browsing, click Done to close the Constraints Editor without changing any of the default
assertions.
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Running Initial Placement

Placement positions design instancesin the FPGA 'slogic locations. It isrun in two distinct stages: initial placement and
optimize placement. Before you start, ensure that timing-driven modeis enabled and that the quality level isset to 2 ("Place
and Route" options).

The previous tutorial showed you how to use the flowbar buttons to compile your design, but this time you'll use the Flow
menu to run theindividual steps. This allows you to compile the design without opening a Compile window, which may be
useful if your computer is close to the recommended minimum criteriarequired for Figaro.

Pull down Flow>Compile>Initial Placement to performinitial placement.

o If Figaro had not successfully generated default timing, it would produce an error message and ask you to enter the
reguired constraints. .

Progressisdisplayed in the status bar at the bottom of the desktop and the Compile button in the Figaro flowbar turns yellow
to show that compilation isin progress.

When initial placement isfinished, view the transcript to see where the global clock and reset nets have been allocated. You'll
also see that each of the boxes representing the instances in the Design Browser isfilled with a solid rectangle to show it has
been placed in the device. The Compile button in the Figaro window flowbar has gone back to gray.

Open the Compile window using Window>New Compile Window:
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The Device after Initial Placement

The Compile window also includes aflowbar with buttons for each of the main compile steps. Initially, all the flowbar buttons
were gray, but now the Ini Place button is colored green to indicate that the step has been run successfully. Asyou compile
the design in stages, detail is added and the other buttons also change color. Theindividual stages are described in turn
below.
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4. Expand the Compile window to fill the remaining desktop space. The Figaro window should now look something like this:
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Compile Window and Design Browser

Note the following:

Besides the gray unused locations, there are now locations in several different colors (these are the darkest areasin the
above example).

Some of the pads at the sides of the device have also changed color.

To understand this display, you need to:

Find what the different colors mean.
L ocate objects from the design shown in the Design Browser.

Finding What Colors Mean (Optional)
This section shows how to find out about colorsin displays:

1

Pull down Options>Display Options from the Compilewindow. In the dialog scroll down past the "Miscellaneous”
parameters which control background color and so on. The main types of object in the window are listed like this:

=.| Display Qpins [ =] =
Topic: [Tt TH | o |
— |3 rinsed Locstinns 1| F T
nrEla - ; e il
|| e NS §———
Deklnp Cimley Thrashald _I! 100
Lo Erowsar - (W |
Flaral Routrg OF |
i ‘6 R rRouted Locations —— |
Parts - W liest Cdor .l'-"l'i'* ] I Hedp ,I
Pt el
Wn‘jnéfn:h:cr 0 Daziey Thresnad __I::|1'.".".'
rhegic Logaliang—— |
Cokr [ [
L Paspiay Threshalid -_i:Ul.ll.
T I " LIs]

Compile Window Display Options

For more information on what the various objects are, click Help. (Note that you probably will not see al the objects
listed in the dialog in any one Compile window.)
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6.

Drag the dialog to one side of the screen so that you can see the Compile window at the sametime. (To do this, click-hold
inthe dialog'stitle bar and drag it.)

Compare the colorsin the scrolling list to the items in the Compile window. (Where three numbers replace the name of a

color, these are red, green and blue values, each in the range 0 to 255.) Thelist beginswith locations and instances, and

then shows net colors. Thethird item under “Instances” is orange, the same color as most of the instances that changed
color after Initial Place. The dialog shows that thisisthe color of logic locations (physical parts of the device into which

design logic has been placed).

Scroll down thelist until you find an instance type that uses cyan. Thelist showsthat these are “contention locations”.

To find the meaning of aparticular color, search for that color in the dialog and see what type of component it represents.
For example, magentais used to represent locked instances, green for locations used to accommodate routing between
instances.

Click OK to close the dial og box.

In summary, thisinspection showed that:

Most logic locations which have design instances placed in them are colored orange or pink. (Design instances are from
your netlist, as shown in the Design Browser.) Macros and hierarchical instances are shown in the same color asin the
Design Browser.

Thethird location color iscyan. This showswhere multiple parts of the design have been placed in asingle location.
Thissituation is called contention. If there's no contention in the design, do not worry, this means Figaro has placed
everything correctly first time.

The pads connected to the ports you locked using the Parts window are colored magenta.

Cross Highlighting (Optional)

Another problem isfinding where individual objects from the design have been placed. Cross highlighting makesit easy to
identify objectsin different windows. It means that selecting an object in one window also selectsit (and changesits color) in
other windows. You'll look at this briefly here.

Do thefollowing:

1

In the Browser find instance $1169\A0 (FULL_ADD) (for AT6K devices) or FIFO\$116 (for AT40K devices).

To do this, select $1169 (ADD4) (for AT6K Devices) or FIFO(RAMCONT) (for AT40K devices) and double-click to
expand it. Select AO (FULL_ADD) (for AT6K devices) or $116(ENABLE) (for AT40K devices) and double-click to expand
it.

The Browser should now look like the picture below, with AO (for AT6K devices) or $116 (for AT40K devices) highlighted
and boxed and its component items displayed. (These components are not highlighted in the Browser, but they arein fact

selected).
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2. Look closely at the Compile window. Several objectsinit are highlighted in yellow, the default color for selected items.
These are the components cross-highlighted from Browser to Compile window. Note that the individual items changeto
the selection color in the Compile window, but not in the Browser.

3. Select G5 (ORJ) (for AT6K devices) or $11132(AN3I1) (for AT40K devices) in thelist below the expanded item in the
Design Browser. Just one object in the Compile window remains yellow: thisisthe only selected object now.

4. Click inthetitle bar of the Compile window to make it the current window and pull down View>Zoomto Selected. The
instance type shown in the Compile window isOR3 (for AT6K devices) or AN3I1 (for AT40K devices): thistext appears
in the top left-hand corner of the macro. The displaysin the two windows should look something like this:
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The Zoomed View

When you zoom in on an area, asyou did just now, small scale detail of the device is shown. Thisisnot shown before you
zoom in because the mass of detail would make it impossible to seerelevant items at the larger scale. The “display threshold”
which can be set for each instance or net type controls this concept. Y ou change the value for the "Display Threshold" under
Options>Display Options For moreinformation, jump from the on-line help index to "Glossary of Terms', and then scroll to
"Display Threshold".

The zoomed view shows the elements of the Atmel architecture.

What is Contention? (Optional)

Using the interactive flow, it is very likely that you will come across contention. Thisisatechnique used by the automatic
placement and routing algorithms allowing design instances and routes to be temporarily stored in the same place on the
device until asolution isfound for them. The default color for cell and routing resourcesin contention is cyan.

After initial placement, it islikely that your design contained alot of contention. Y ou don’t need to worry about this asthe
optimize placement step will usually remove al or most of it.

For more information on resolving contention, see the troubleshooting section at the end of this chapter.
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Analyzing Timing after Placement

This section describes how you can obtain information on the timing that can be achieved by the current implementation of
your design:

Using Show Analyzed Paths

1. Pull down Timing> Show Analyzed Pathsand confirm that you want to run timing analysis. Figaro displaysthe Find
Paths of Type dialog box.

2. Select "Critical Long" fromthelist and click OK. Figaro liststhe ten paths with the most critical long path slack values.
These values are logic delays only, as we have not done any routing yet.

— Critical Long Paths In Compile - 140ktestiA |~
Objects

Mo, Source Dest MWax. Slack

1 [$1145 PAD [$11110%119 PAD  |-19.24 @ S

2 |$1145 PAD (111100118 PAD | -19.16 e
3 [$1145 PAD [$11110: 118 PAD  |-16.55

4 |$1145 PAD [$11110% 119 PAD  [-16.5

5 |$1145 PAD (111100119 PAD |16 41

6 [$1145 PAD |$11110: 118 PAD  |-16.37

7 |$1145 PAD (111108717 PAD 1389

3 [$1145 PAD [$11110: 117 PAD  |-13.71

9 [$1145 PAD [$11110: 118 PAD |13 71

10 [$1145 PAD [$11110% 119 PAD  [-12.71 "

& [+ Help g

Critical Long Pathsin Compile Dialog Box

The Max. Sack column tells you how much slack is avail able to accommodate the routing for the path. A positive value
means that the path can be routed within the current timing constraints, but here all the slack values are negative,
meaning that Figaro will not be able to compile the design given the current timing constraints.

Y ou can, of course, still go ahead and compile the design, examine the best case, then manually adjust any nets that
areover thelimit. Remember: if you have already done some manual routing, you may not be getting purely logic
delays.

3. Click Doneto return to the desktop before proceeding.
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Examining Path Values in the PDL Viewer

Show Analyzed Pathsprovided some basic information on the critical paths, but if you want more details on how the figures
were arrived at, you haveto look at the Path Analysis Report:

1

5.

Pull down File>Export and check the box marked "Path analysis (* .pdl)":

[ Timing =tmg)

r Reports
[ utilization Statistics (*.sts)
L1 ANl Pinout (=.pin

r Timing
[ Net delay table (=.ndl)
B Path analysis {*.pdl);

r Back Annotation
@ None

+

'=-‘ Export Dialog
File hase name:

| 40ktest |
Cancel I

r Constraints 2

Exporting a Path Analysis Report

Click OK to export thefile.

Now pull down Window>New Viewer>Path Analysis Report. Figaro opensthe PDL Viewer and loadsthefile

"4BITALU.PDL" (for AT6K devices) and TEST40K.PDL" (for AT40K devices).

Inthe PDL Viewer, pull down Edit>Find and useit to find the second occurrence of thetext "Long critical path analysis'

(the search is case-sensitive) in thefile.
Figaro scrollsto the appropriate section of the PDL file.
Look at Path #1 which will look similar to the extract below:

For AT6K devices:

Pat h

Sl ack
Type

d ock
d ock
d ock

Requi
d ock

d ock
Dat a

#1

35. 3ns
Flop - Flop (''$11213\$118 QLK ->' $2173\$1110\$1134 D ')

Edge: 'FINSH on '$11721CR0 Q |/ 7.30ns

Delay: '$1172\CRO Q -> ' $2173\$1110\$1134 ALK _/ 0.00ns

Period: gcd(FINSH CLOX) 100. 00ns

red Arrival Tine: \_100. 30ns

Edge: ' CLOXX on ' $11187 A _/ 0.00ns

Del ay: '$11187 A ->'$11213\$118 ALK \_ 9.50ns

Path: '$11213\$118 CLK -> '$2173\$1110\$1134 D \_ 60.40ns

Setup ' $21 73\ $11 10\ $1134 D \_ 2.10ns
Arrival Time: \_72.00ns

Actual
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For AT40K devices:

Long critical path analysis

Path #1

Sl ack = -34.39ns
Type = Flop -> Qutput ('FIFO$1I5\$113 CLK ->' $11194\1CB15 PAD )

d ock Edge: 'CQLOX on ' $1145 PAD _/ 0.00ns
Asserted Required Tine: 'MALT_QUT15' on '$11194\1CB15 PAD _/ 1.00ns
Required Arrival Tine: \_ 0.96ns
d ock Edge: 'CLOCK on ' $1145 PAD _/ 0.00ns
Qock Delay: '$1145 PAD ->'FIFO$115 %113 QLK _/ 1.02ns
Data Path: 'FIFO$1I5\$113 CLK -> '$11194\1CB15 PAD \_ 34.33ns
Actual Arrival Tinme: \_ 35.35ns

The path report provides breakdown of how the timing analysis values were calculated. Therequired arrival time is
computed by adding the clock edge to the delay and the period. The calculation of the actual arrival time replaces the clock
period with the delay along the data path and the setup value where appropriate

The slack value at the very top is calculated by subtracting the actual arrival time from the required arrival time and is the same
asthat listed in the dialog. Figaro also gives you the path type and its start and end points.

The data path delay is broken down into further detail directly after the summary. Scroll down the PDL fileto seehow itis
represented.

The path shown leads from CLOCK to an output pad.

routing delays are added to complicate the situation.

Y ou should always check that any default assertions and constraints entered by Figaro are appropriate for your
design. Automatically generated constraints are set to the period of the most appropriate external clock. If you are
using derived clocks, the default output assertions may not be appropriate.

i It is recommended that you check the viability of your timing constraints after theinitial placement step, and before
NOTH|

Changing the Default Constraints

Y ou can change the timing constraints set for your design either in the Constraints Editor, or by creating and importing an
ASCII .tmg file containing the corrected constraints:

1. Returnto the Figaro desktop and pull down Edit>Timing Constraints.

2. Inthe“Clocks’ page, change the Period to 40 ns and Half Period to 20 ns. Click Accept. Thelogic delay was ~35 ns, so
setting the delay to 40 nsleaves 5 nsfor routing. This may not be enough, but gives the tool amore realistic valueto
work with.

3. Click Done on the Timing Constraints dial og.

4.  Now re-run timing analysis by exporting the path analysis report again and look at the updated PDL file. The slack values
arenow all positive.

This example highlights the problems of relying too heavily on auto-generated constraints. Alwaystake care when defining
IO assertions and be aware of the interaction of the clocksin the design, particularly where you are dealing with multiple clock
domains.

Remember that the default constraints generated by Figaro are intended as a starting point for timing-driven compilation. To
get the most out of your implementation, it islikely that you will want to define your own assertions.
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Running Optimize Placement

Optimize placement is the second compile stage. It can be split into two phases: global placement and detailed placement. In
timing-driven mode, both will seek to meet your clock frequencies and eliminate contention.

1. Pull down Flow>Compile>Optimize Placement or click the Opt Place button in the Compile window. The status bar and
transcript keep you informed of Figaro's progress.

2. When the Opt Place button turns green, pull downWindow> New Viewer>Log File and take a closer |ook at the timing
reports output at various stages of the optimize placement step.

3. Scroll back to the two Timing Reports sections. An example of oneis shown below.
Cl ock dommi n: CLOCK

Asserted period: 40.00ns ( 25.00MHz)
Esti mat ed best peri od: 36.89ns ( 27.10MHz)
Target period: 40.00ns ( 25.00MHz)

The pre-place delay model assumes that direct connects can be made for all routes, so the estimated frequency given here
isthe absolute best case that the design can achieve. If the timing constraints have not been met at this stage, you need
to check that the assertions were entered correctly or rethink your design.

4. Scroll down to the " Timing report using phase 1 place delay model". Thismodel isless critical and provides an approxi-
mate indication of the routing delays after the global placement step.

Routing

Routing makes connections between logic locations using available routing resources on the circuit. Routing issplit into two
stages, Initial Route and Optimize Route.

Initial Route

Before performing initial routing, workstation users should pull down Window>New Shell Window and use the more
command to view the messages written to the " 4BITALU.LOG" (for AT6K devices) “TEST40K.LOG' (for AT40K devices) file
whileinitial routeisrunning (PC users must wait until initial routing is conrplete before viewing thisinformation in the log fil€).

Click the Ini Route button or pull down Flow>Compile>Initial Route. This step hasfive phases:. after phase 3, thelog file
will show atiming report using theinitial route delay model. Thisisthe best possible routing for each path in the design given
the current placement, with each path routed in isolation and no other nets taken into consideration.

If routing istaking along time, then it isworth checking thisvalue to seeif it is close to meeting the constraints. If Figaro fails
to meet the constraints at this stage, you may want to terminate routing early and return to the placement step and make some
improvements there.

If the Log Viewer is still open from the previous section, you can update the contents using File>Update. If you closed it
before starting initial route, re-open it as before or using the appropriate toolbar button.

Scroll down thelog file to the second set of timing data. Thisisthefirst report of actual values, namely those obtained after
initial routing. Together with the route contention score, these values provide a good indication of whether or not optimize
routing islikely to meet the constraints you set. Inthiscase, the signs are not good.

Optimize Route

When using timing-driven compilation you must run optimize route, since it can almost always improve on the timing obtained
by initial routing. For non-timing-driven designs, this step need only berun if there is contention left after theinitial route
step.

Click Opt Route or pull down Flow>Compile>Optimize Route to run the step.
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Interactive Timing Analysis
When your design has completed, you can view the final clock frequenciesin thelog file. There are also a number of other
ways of examining timing information interactively within Figaro.

The Path Analysis Report
Y ou have already looked at an example of thisreport earlier in thistutorial. Its contents are affected by the assertions you set:

= With no assertions specified, the report lists the longest and shortest paths in the design.
= With clock and/or input and output assertions specified, the longest and shortest critical paths are also reported.
= With asynchronous delay assertions, you will get areport on asynchronous longest and shortest critical paths.

Y ou can changes the types of reports and the numbers of paths reported in the Timing Analysis options dial og.

The Net Delay Table

The net delay table liststhe delay between the source and destination of every net. Y ou export in the same way as the path
analysis report:

1. From the Compile window, pull down File>Export:

m‘ Export Dialog

File hase name:

|4|]|m351 | SR

r Constraints 2

[ Timing (=.tmg)

rReports
[ utilization Statistics (".sts)
L1 ANl Pinout ¢.pin

r Timing
[ Net delay table {=ndl);
[ path analysis {“.pdl)

rBack Annotation
# None

Export Dialog Box

2. Under “Timing”, check the “Net delay table” box, as shown above.

3. Enter aname and path for thefile, then click OK. If you leave this set to “4BITALU” (for AT6K devices) or “TEST40K”
(for AT40K devices), asin the above example, the table iswritten to afile called 4BITALU.NDL (for AT6K devices) or
TEST40K.NDL (for AT40K devices) in the current design directory. Examples of the timing reports are shown in
Appendix B.
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Performing Interactive Timing Analysis

Figaro's main interactive timing analysis features are the commands in the Timing menu and the Paths in Compile and
associated dialogs. These dialogs summarise the information contained in the "Data Paths" sections of the Path Analysis
Report, and facilitate interactive investigation of individual pathsin the design:

1
2
3.

Make sure the Compile window isthe current window.

Pull down Timing> Show Analyzed Paths

Select "Critical Long", then select the first path in the table.

This selects the path and its componentsin all Figaro windows. Now click on the Inst/Nets button to see amore detailed
breakdown of this path.

Pull down View>Zoom to Selected.

Figaro zooms to the source of the selected path in the Compile window. With the normal display, it may be prove difficult
to discern the source and destination of the path. The Timing Display mode filters all extraneous information from the
display.

Pull down Timing>Timing Display.

Thisfilters out unused resources and turns all instances gray.

Pull down Timing>Measure Delay, with the path still selected.

The colors used to represent the selected path change: the source instance is now blue, intermediate nets and instances
green, and the destination red. (In thisexample the sourceisaclock, so the appropriate pad is colored blue asisthe input
to thefirst instance on the path.)

The cursor isnow followed by asmall green clock. Thisisavisual reminder that you arein Measure Delay mode. Usethe
function keys to move within the window: F6 to center, F7 and F8 to zoom in and out respectively. If you take the cursor
to the edge of the window, it will scroll, assuming there is more device off-screen. If you hold the SHIFT key down, it will
scroll one page at atime.

L ook again at the selected path and click on one of the green intermediate instances on the path.

Note that the path from the source to this point changes color and the delay for this section is reported in the transcript.
This can be useful for examining complex paths, where individual path sections are not easy to follow. Y ou can step
backwards or forwardsin the path.

Exit Measure Delay mode either by clicking on a destination of the path (red instance) or by clicking the right mouse but-
ton. You must reselect the source to enter Measure Delay mode again.

If you want to examine paths that are not in the Paths in Compile dialog, select the source instance and pull down
Timing>Measure Delay. Thiswill show you alist of paths from that source. The number of pathslisted is controlled by the
"Measure Delay Paths Limit" parameter in the Timing Analysis options (default is 10).

Y ou can also select single or multiple netsin the design, either interactively or using Edit>Find and Edit>Info, and the pull
down Timing>Show Net Delays. The results are written to the transcript.

All these functions are available even if you are not in Timing Display mode, however, the simplified display makes them much
easier to use.

Using Manual Editing to Improve Timing on a Path

Experienced Figaro users with adetailed knowledge of the AT40K/AT6K architecture can use the following manual editing
technigques to improve the timing along a particular path in the design:

Search for areas where route-throughs have been used and see if you can swap ports on the macros to get better
connections.

L ook for adjacent instances using bus routing to connect, and try swapping ports to get direct connects.
Reduce the number of bus turns being used by moving elements so that they are in the same row or column.
For 10 routing, align within the |Os that connect to a particular row or column.

Manually move instances closer together to reduce the required routing. Remember though, that once you get to this
stage, you will probably be affecting more than just the net you're working on.
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Changes to the timing of apath caused by these manual operations are reported in the transcript immediately. Thisletsyou
see straight away if you have actually improved the situation. If you are changing critical paths, always re-run timing analysis
to see the changesin the dialog - they will not be updated automatically. Running timing analysis can take sometime on
larger devices, so it is advisable to make afew changes at atime and then re-test them all together.

Examining the Placed and Routed Design (Optional)

In this section, you will examine the placed and routed design in more detail. Zoom in on an area of the device. There aretwo
main changes to the display:

= A number of green squares have appeared. These are routed locations, i.e. logic locations whose resources used for
routing only and not for design instancesthemselves. It may also be that the cell isrendered unusable for logic because
of the execution of abusturn nearby. (For full detailsrefer to your IDS documentation.).

= Linesappear representing the netsin the design. Use View>Zoomto Area to focus on asmall area of the deviceto see
these.

The following picture shows routing in one area of the device:

Compile - \40ktest\A
Hni Place | FOpt Place | Fini Route | FOpt Route | FBit Str

E

LN g LY N LY WL LY
;‘ FGEN1R ‘j FA ™ ;‘ FGENZ
Lo o# o L o @
¥

e, W

b £} o
x % ®

e =

= LI [+]
Part of the Device after Optimized Routing

Looking at Nets in the Design (Optional)

The routed design is now ready for you to produce a bitstream file for eventual downloading to an FPGA . First, though, take a
look at the netsin the design.

Finding Named Nets (Optional)

To learn how to locate nets, you'll ook for the netsW1 to W4 from one of the adders in $1169 (ADD4) (for AT6K devices) or
READ3 and WRITE3 (for AT40K devices) from the FIFO component of the design: So far you have used the Browser and
cross-highlighting to select itemsin other windows, but you can't find netsin thisway. Y ou haveto usethe Edit>Find
command.
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Do thefollowing:

1. Pull down Edit>Find (CTRL+F) to display thisdialog:

—|  Find- Compile -\0ktesttA |~ [«

Type
|7© Net ) Route Resource

> Instance & Cell Resource

MName:
- More >> |

Match Case U

The Find Dialog Box

2. Withthe“Net” radio button selected, try to find the first net. Type*“*W1” (for AT6K devices) or " FIFO*" (for AT40K
devices) in the “Name” text box (the“*” isawildcard) and click Find.

3. A Foundin Compile dialog appears, listing nets that match your entry:

ril Found In Compile — \test40kyA

HMets

FIFOWREAD_EMABLE &
FIFCWREADD

FIFCWREADN
FIFOW1IZMC ARRY QLT
FIFCWREADZ Sort
FIFOW1IZMC ARRY OUTZ
FIFCWREADS
FIFOWWRITE_EMABLE
FIFOWRITED

FIFCOWWRITET
FIFOw1IWCARRY QLT
FIFOWRITEZ
FIFOW1IWCARRY OUTZ
FIFOWWRITES —
FIFOWRITES

FIFOWREADE

FIF O 14~ WE
FIFOup114w~RE

FIF w115 WE
FIFOwg115%~RE
FIFOWETIEY1M153

FIF g1 M1 61

:

Help

| 4] r

The Found in Compile Dialog Box

In this case, Figaro lists over 37 nets matching the search criteria. Y ou caneither scroll down thelist and find the entries

you want, or use the Find command again and try to specify the nets more precisely.

4. Pull down Edit>Find, enter the search string "* 3" and click Find.
Thistime Figaro liststhe 31 netsin the design that end with the character "3".
5. Narrow down the search still further by entering "* FIFO*3' and clicking Find.

Thistime, only five nets are listed and you can quite easily see the two you wanted:
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J_'LI Found In Compile — \testd0k\A |
Mets

FIFOWREADS A
FIFOVWRITES
FIFOW%1I6%1M163
FIFOWTIE%1M173
FIFOWTIE%1M193 Sort

4] _,lll Help |

Five Entriesin the Found in Compile Dialog Box

Note that the "#" wildcard replaces any single character in the string. Shift-click on both itemsin thelist. Thisselectsin
yellow the netsin the Compile window. To view them, look at the Compile window.

K eep the nets selected in the Compile window, click in it to makeit the current window and click View>Zoomto Selected to
focus on the area containing the selected nets.

Using Display Options to Identify Net Types

Y ou used View> Display Optionsearlier to find what the colors of instances meant. The zoomed display now shows several
types of net:

= Normal, clock and reset nets.

= Directrouted, local bus and express bus nets.

To find out which iswhich, make the Compile window the current window and pull down View> Display Options.

Drag the dialog box to one side of the screen so that you can see the Compile window too. Thistime scroll down the list of
objects until you reach nets. Compare the colors shown with the netsin the Compile window. Note that the list showsall
possible types of net: these may not all be present in your Compile window.

Look at the pattern of direct routed, local bus and express bus nets. There's no need to change any color; just usethelist asa
color key (note that there are two types of direct routed net). Don't close the dialog, though: you'll use it again in the next
section.
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Dynamic Highlighting (Optional)

It is not always easy to distinguish a single net from the mass of nets. One way to do thisisto click to select the net: it will
change color to yellow, and will be the only net of thiscolor. A faster way to see where nets begin and end isto turn on
dynamic highlighting. This highlights the element under the cursor in white. To usethis, do the following:

1. Pull down Options>Display Options you looked at in the last section.
2. Check the box labeled "Dynamic highlighting”, click Apply and then OK.

='| Display Options | v| =
TOPIC:_ rMiscellaneous———— L | OK I
Cormpile - \¥0ktest® } =
Design Browser - Display flowbar
E)es_k‘[og Display vertical toolbar B
ogic Browser :
Manual Routing Di Background J

; Apply
Mapping Browser Selected
Farts .

Selecting Pin Locks || 255 ‘

Timing Analyzer O
Janay Dynamic highlighting &

Help

* || Disable selscted scrol O
- Ld +

The Dynamic Highlighting Check Box

Return to the Compile window and move the cursor over the display. Asyou do this, individual items - instances, sections of
routing resource, or nets - are highlighted.

Bitstream and Export

Outputting a Bitstream
This section shows how to produce a bitstream file with the finished design for downloading to the FPGA. Do the following:
1. Openthe Options dialog and select " AT40K Bitstream” from the " Topic" list. The options, which control the bitstream
format, appear in the dialog box.

2. Don't change any options now: just take alook at any you think you'll want to set in future for your own designs. Note
that the option "Reset Addresses” is set by default. When you finish looking at the options, click OK.

3. Inthe Compile window, click the Bit Str button. (Y ou can only do this after Optimize Route has completed successfully.)

Bitstream Results

Bitstreaming writes the bitstream file 4BITALU.BST (for AT6K devices) or TEST40K.BST (for AT40K devices) to the Figaro
directory. Thefirst part of the file name comprises the design name and, where the implementation comprises more than one
part; thisisfollowed by the letter used to designate that part. (For example, the bitstream file for the third part added would be
called design_c.BST.) PC userswill seefile names exceeding eight charactersin length truncated appropriately.

Thisisthefile that you would download to an FPGA. Please refer to your IDS documentation for a description of this
procedure.

Note that the Compile button on the Figaro window now changes col or, because you have completed all its component
stages in the Compile window.
Exporting a Design for Back-Annotation

This section shows how to produce back-annotation files for use by ViewSim, one of the simulators Figaro supports. (For
details of the filesfor other simulators, Search the on-line help for “Back-annotation” then read its sub-topic “Files for Back-
annotation”.) You can only produce the files after you have routed the design and removed all contentions.
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ViewSim requires two types of file, which you export from Figaro using File>Export. These are:

ViewLogic WIR files A set of files similar to those you read in from the WIR directory. The export filesare
different from those in the netlist WIR directory, however, because back annotation is
done at the core cell level and not the original functional macro level. Thusthe only parts
of the design that match the original are the primary input and output nets.

ViewLogic delay file A singlefile with post-layout delay timing information. Thisisin Delay Table Back-
annotation (DTB) format and hasthe extension “.DTB". (For full details of thefile, see
the on-line help or your ViewL ogic documentation.)

Running ViewSim is outside the scope of this exercise, but it lets you inspect the timing behavior of your design, then modify
Figaro's placement and routing on the basis of this.

To output the files, do the following:

1. Makethe Compile window the current window.

2. Pull downFile>Export to display thisdialog. (Notethat different parameterswill be grayed out if you are not in the
Compile window with afully routed device.)

m| Export Dialog

File hase name:

| 40ktest | = ;
Cancel E

- Constraints

L Timing .tmg)

rReports
L] Utilization Statistics (".sts)
L All Pinout (*.pin

r Timing
L] Het delay table (=.ndl)
U Path analysis (*.pdl)

r Back Annotation
3 None

@ Flat WIR and DTB:

4]

Exporting Back-Annotation Files

3. Leave"4BITALU" or "TEST40K" asthefile base name. A new WIR directory holding the exported WIR filesis created in
anew directory FIGBA under the design directory.

4. Check the"Flat WIR and DTB” radio button as shown above and click OK. (Y ou can export only flat WIR and DTB back-

annotation files when using the AT40K configuration.)

Before you can use ViewSim, change the directory statementsin your VIEWDRAW.INI file to point to the exported
WIR files; Search the on-line help for VIEWDRAW.INI and read its sub-topic “Modifying the VIEWDRAW.INI File’.




Timing-Driven Implementation

Troubleshooting Timing-Driven Compilation

If your timing assertions have not been met, check the flow chart below for your best course of action:

Timing
Assertions not
Met

Best Case Value for
This Desig

Best Case Value for
Current Placemerjt

Using fastest

speed grade? No

Change speed grade

Running timing-
driven mode?

No———pf

Re-compile design in

timing-driven mode

Pre-place delay
model fails?

Check constraints are

entered correctly
Re-design

Running at

Quality 5 ? No >

Re-run place and route

at a higher quality

Initial route delay
model fails

Re-place the design:-

Try some manual
pre-placement
Define user macros

Post optimize
route delay fails

Try some manual
pre-placement
Define user macros

If utilization is high:-
Try a larger device
Multi-chip flow
Modify design
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Resolving Contention after Placement
If your design contains contention even after optimize placement has run, check the flowchart below for the best course of

action:

3-22

Contention
after optimize
place?

Too many design

Use package
with more 10s.

Unlock 10s and
re-run place or
manual edit

. R Yes ———p
10s in device?
10s Iock(_ed in Ves
contention?
Instances locked
Yes ———#f

in contention?

Unlock instances
and re-run place
or manual edit

Running at
Quality 57

Re-run initial and
optimize place at
higher quality level

Manual edit

. Yes ————
feasible? s

Perform manual edit
to resolve contentions

Clock and reset

. Yes ———»
contention?

Review C/R
in design

User macros
Manual pre-place
Use bigger device

Multi-chip flow

Modify design
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Resolving Contention after Routing
If your design contains contention even after optimize routing has run, check the following flowchart for the best course of

action:

Contention
after optimize
route

Is contention

Yes————»
score low?

Rerun optimize route
Unlock locked routing
Check primitive
alternatives
Manual routing

Routing at
Quality 5?

No ————

Re-run optimize
route at a higher
quality level

Placement at
Quality 5?

No ————

Re-run place and
route at quality 5

Clock and reset

. Yes—b
contention?

Review C/R
in design

User macros
Manual pre-place
Use bigger device

Multi-chip flow

Modify design
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Summary
Thistutorial showed you how to:

= Addapart.

= Apply timing constraints.

= Place and route the design in timing-driven mode.

= Usethe Design Browser to select objectsin awindow.

= |dentify objects by their color.

= Find objectsin awindow.

= Export constraints and back-annotation files and timing reports.
= Resolve placement and routing contention in your design.

If you want to learn how to place and route manually, or produce user macros, work through the next tutorial aswell. In either
case, look at the contents of “ Additional Features’. This describes some other tasks you might want to perform, but which
are outside the scope of the tutorials.

Y ou should now be able to compile adesign of your own using the techniques described here. If you have problems, refer to
“Troubleshooting and Support”, or from the on-line help Contents page jump to “ Troubleshooting” .
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Manual Editing and User Macros

Introduction
Work through this tutorial if you intend to use the manual editing functions or produce user macros for your design.

Once again, you will use components of the 4BITALU or TEST40K design used in the previous tutorials to learn about manual
placement and routing techniques, particularly in relation to the creation of user macros. Y ou will check the completed user
macro into alibrary, where it becomes available for use with other designs. Finally, you will incorporate your user macro in the
overall design and examine some of the different waysin which you can manipulateit in the final implementation.

Summary of Topics
Thistutorial contains the following topics:

When to Use Manual Editing

When to Define User Macros

Creating aUser Macro Manually
Checking aUser Macro into aLibrary
Creating aUser Macro Autoneticaly
Incorporating User Macrosin aDesign

© g~ wDd P

Functions already used in previoustutorials are not covered in detail again here except where considered relevant. Please
refer to the appropriate chapters for more detailed information.

----- Do not confuse the terms ‘macro’ and ‘user macro’. The instances used here may contain macros from the vendor
library, but the overall groupings you lay out in this exercise are user macros.

When to Use Manual Editing

Manual editing allows you to specify how design instances are placed and routed. Y ou might use manual editing immediately
after opening a design to optimize some sections and lock the results before running the automatic tools to compl ete the task;
or you may prefer to run the automatic toolsfirst, study the results and then improve layout and routing using the manual
functions.

Manual editing is particularly useful in the following situations:
In the user macro flow
= During placement.

= When permuting ports to obtain better connections using |ow-cost nets.
= Inmanual routing of direct connectsthrough cells (if thereis a one-to-one direct connect, the automatic router will find it).

Note that bus routing from user macrosis not preserved in the final design.

In the design flow

= Toadlow preliminary placement of part of the design.
= Inresolving contention.

= When adjusting timing to meet constraints.

----- Y ou can use any of the manual tools before or after any of the automatic steps, however the automatic steps must
always be performed in the correct sequence.
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When to Define User Macros

User macros allow expert users to exploit the design hierarchy to obtain better and more predictable resultsin terms of timing
and routability. Y ou can optimize acommonly used part of adesign, then saveit asauser macro and check it into auser
macro library where it can be used in other designs. To get the best from your user macros, you need a detailed knowledge of
the target architecture.

There are three main reasons for creating user macros:

To place and route a frequently used piece of functionality and storeit for use in other designs.

To optimize placement and routing of ablock of structured logic in your design that you know should be grouped
together closely, or in aspecific way.

To guarantee the timing of the user macro.

There are four main steps in producing a user macro:

1

3.
4.

Open the netlist, which must consist of only logic and memory functions. 1/O macros cannot beincluded in the netlist for
auser macro.

Wait for Figaro to select an appropriate part that will be used as atemplate for the design space. The selection is made
based on the size of the macro netlist.

Place and route the design in asmall area of the device.
Export the design to an external library that will be loaded when the macro isinstantiated in the design later.

The following sections show you how to produce a user macro using Figaro's manual editing techniques and automatic
placement and routing tools.

Creating a User Macro Manually

In this section, you will create a user macro for the JKFP2 (for AT6K devices) or RAMCONT (for AT40K devices) component
of the 4BITALU/TEST40K design we have used throughout these tutorials. Y ou will get to know many of the manual
placement and routing tools and will find out how to get information on sel ected objectsin the design.

Setting up the Design Session
To set up this design session, start up Figaro as described in Chapter 3 and proceed as follows:

1
2

Pull down File>Design Setup and click New Design.

Select IKFP2.1 from \SY STEMDESIGNER\EXAMPLES\WVLOGICUBITALU (for AT6K devices) the RAMCONT.1 netlist
from\SY STEMDESIGNER\EXAMPLESAT40K\VLOGIC\TEST40K (for AT40K devices) and set the Tools Flow to
"ViewLogic WorkView Office". Click OK in both dialogsto return to the desktop.

Pull down File>Open as Macro and set "Files of Type" to "ViewLogic Wir (*.1)". Macro name JKFP2 (for AT6K devices)
or RAMCONT (for AT40K devices) is entered automatically in the appropriate field.
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4. Click OK to load the macro netlist. Figaro readsin the netlist, adds a suitable part and opens a Compile window with the
view zoomed in to show a section of open core cells surrounded by closed core cells:

= Compile - \ramcontiA n!
Hni Place | FOpt Place |Hni Route | FOpt Route |FCheck-1n

O ] HET | N
0 |
0 | 7 |
o alal L a0
0 ORI ] T [
0 e B g =] o H
D i |IFT e ||
O D_Jéz ]

Compile Window Showing Open Locations

Figaro has assessed the size of the netlist and limited the space available for logic and memory placement by closing surplus
locations on the device template added. Pads and 1/0 logic have al so been closed so that no design instances can be placed
on them.

The section left open should be large enough to accommodate placement and routing for the macro, however you can change
its size and shape as required using the Open Location and Close Location commands from the Edit menu.

mately connect to the final design but are presently unconnected. For the purposes of thistutorial, you can ignore

----- When |oading macro netlists, you may encounter some transcript and log file warnings about nets that will ulti-
NOTH|
‘ any messages, although ordinarily you would check carefully any nets specified before proceeding.
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Placing Instances in a Selected Hierarchy for AT40K Designs

Y ou can place an instance manually by selecting it in the Design Browser, dragging it over the Compile window and dropping
itintherequired cell location.

In addition to this, Figaro also provides a place by hierarchy feature that allows you to place all the instances contained in
particular level of hierarchy. Thisfunctionis particularly useful with large and complex hierarchical designs, and is activated
automatically when you drag one or more hierarchical instances from the Browser to the Compile window:

1. Makethe Design Browser the current window and use SHIFT-click to select instances $114 and $115 and drag them over
the Compile window.

Figaro opens a Place Instances dial og, listing the instances contained in the hierarchies you sel ected.

= Place Instances... | v| -

Instances

$1148%112 (RAMDSYMNC
F1E 113 (RAMDSYNC
F1EE112 (RAMDSYNC
FEE113 (RAMDSYNC

Pan To

Sort

—— e

- - Help

Components of $114 and $115

2. Rearrange the windows so that you can see the Compile window and then move the cursor over it.

Thefirst instance in the Place Instances dialog is "attached" to the cursor. Y ou might haveto click onceto activate the
Compilewindow.)

3. Movethe cursor over sector (3,4) and click once to "drop" the instance at this location (the status bar shows the sector in
the bottom right corner of the screen).

4. Movethe cursor over the Compile window again. Theinstance is now attached to the cursor - placeit in sector (3,3).
5. Repeat this procedure to place the remaining instances as follows:

$114/$1153  Grid (12,13)

$UH$U55  Grid (12,9)

$15/$12  Sector (4,4)

$115/$113  Sector (4,3)

$115/$1153  Grid (16,13)

$115/1155  Grid (16,9)

When all the instances have been placed, the Place Instances dial og closes automatically. Y ou have now placed the
hierarchical instances in the macro.

6. Look at the Design Browser again: the placed instances have afilled rectangle in the box that representsthem. The
rectangleis colored magentato indicate that the placement islocked.
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Placing Instances in a Selected Hierarchy for AT6K Designs

Figaro also provides a place by hierarchy feature that allows you to place all the instances contained in particular level of
hierarchy. Thisfeatureissimilar to Place By Net and is particularly useful with large and complex hierarchical designs.

It is activated automatically when you select and drag a hierarchical instance from the Design Browser to the Compile window.
In this example there is only one hierarchical instance, JKFP2:

1. Makethe Design Browser the current window.

2. Select thetop level IKFP2 instance and drag it over the Compile window.

Figaro displays the Place Instances dialog containing all the instances contained within the hierarchical instance you
selected. Thisdialogworksin the same way as the Place by Net dialog you just used.

3. Usethediaog to place only the remaining unplaced instances as follows:
$1110in cell location (10,10)
$1115in cell location (8,12)
$1116in cell location (9,10)
$116in cell location (11,10)
Please do not move any of the instances you have already placed.
4. Click Doneto close the Place Instances dial og.

Y ou have now placed all the instances on the device without contention, so the Ini Place and Opt Place buttons have turned
green.

Placing Instances Associated with a Particular Net AT40K Designs
With larger designs or macros, you may find it useful to place instances associated with one or more selected nets.
Y ou can do this using the Edit>Place By Net command:
1. Make sure the Compile window isthe current window and that nothing iniit is selected (use Edit>Deselect All).
2. Pull down Edit>Place By Net.

Figaro displays the Place By Net dialog listing all the netsin the RAMCONT macro.

3. Scroll down thelist and select the net READ_ENABLE. Figaro displaysthe Place By Net READ_ENABLE diaog, listing
al the unplaced instances associated with the net you selected. Thefirst instancein thelist isaready highlighted:

—|Place By Net READ_ENABLE | ~ |

Instances

F1UAE112 (FGENIRT) &
FUAE113 (FGENIRT)
SRS (FGENIRT)
F123115 (FDE)

FUT (ANZIT)

Place By Net READ_ENABLE Dialog Box

The Place By Net dialog functionsin the same way as the Place Instances dialog you looked at earlier.

4. Rearrange the windows so that you can see the Compile window and then move the cursor over the Compile window.
Again thefirst instance, $112\$112, is attached to the cursor. (PC users click once to activate the Compile window.)

5. Movethe cursor over cell location (11,10) and click once to drop the instance at this location.
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Move over the Compile window again.
$112\$113 - the next instance in the dialog - is now attached to the cursor. Placethisin cell location (11,11).
Repeat the above procedure to place the remaining instances as follows:

$U2$14in cell location (11,12)

$112\$115in cell location (11,13)

$17incell location (11,14)

The Place By Net READ_ENABLE dialog is now empty so it closes automatically and the" READ_ENABLE" entry isre-
moved from the Place By Net dialog.

Now select WRITE_ENABLE in the Place By Net dialog and repeat the above procedure for its associated instances:
$113$112in cell location (15,10)
$113\$113in cell location (15,11)
$113$14 in cell location (15,12)
$13$115in cell location (15,13)
$18in cell location (15,14)
The Place By Net WRITE_ENABLE dialog is now empty and closes automatically and the" WRITE_ENABLE" entry isre-
moved from thelist in the main Place By Net dialog.
Click Done to close the Place By Net dialog box.
There are now only three unplaced instances in the Design Browser. Y ou will use the automatic tools to compl ete the
macro. Using Edit> SelectinArea and Edit> Closel ocations, close off the 5 unused sectors which are still open. There-
maining open area on the device should be the 4 sectors containing the RAM 1O.

The Compile window now lookslike this:

Compile - \ramcontiA
|Hni Place | FOpt Place |} ini Route | FOpt Route [FCheck-1n
| [+]
. |
O |
O |
)
D ™ f .
5 I
O ] |
O i |
)
— T B
L+ | |

Components of RAMCONT Placed

10. Pull down Edit>Route Unrouted Nets to route the pre-placed sections of your design.
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== Compile - \ramcont\A u i
‘Plni PlaceIPOpt Plaoelilni RouteIPOpt RouteIPCheok—lnl
0 ey i
0 |
0 |
ol 0|
P — _\.KJ = - - _*igz%
. OHET (1] [ e [T
o e lelh el
O amial o ||
N 1 S
Le] L1 [2] |

Components of RAMCONT Routed

Y ou now have the choice of locking these before running the automatic tools.

Placing Instances Associated with a Net for AT6K Designs

Y ou can place an instance manually simply by selecting it in the Design Browser, dragging it over the Compile window and
dropping it in the required cell location. However, with larger designs or macros, you may find it useful to place instances
associated with one or more selected nets.

Y ou can do this using the Edit>Place by Net:

1

7.

Make sure the Compile window is the current window and pull down Edit>Place By Net.
Figaro displays the Place by Net dialog listing all the netsin the JKFP2 macro.
Select $IN19, thefirst net in thelist.

Figaro displaysthe Place by Net $IN19dialog. Thislistsall the unplaced instances associated with that net. Thefirst
instancein thelist is highlighted.

Rearrange the windows so that you can see the Compile window and then move the cursor over the Compile window.
You will seethefirst instance, $1114, is "attached" to the cursor.

Move the cursor over cell location (10,12) and click once to "drop" the instance at this location (the status bar shows the
cell location in the bottom right corner of the screen.)

Click on the Compile window again. Y ousee that $119 - the next instance in the dialog - is now attached to the cursor.
Placethisinstancein cell location (9,12).

The Place by Net $1N19 dialog is now empty so it closes automatically and the "$1N19" entry isremoved from the Place
by Net dialog.
Select net $1IN26 in the Place By Net dialog and repeat the above procedure for its associated instances:
$12in cell location (12,9)
$14in cell location (11,12)
Close the Place By Net dialog box.

Look at the Design Browser. Y ou have placed four of the eight instancesin the JKFP2 macro and the placed instances now
have afilled rectangle in the box that represents them. The rectangleis colored magentato indicate that the placement is
locked.

4-7



IDS Figaro Tutorial

4-8

Port Permutations

The unique design of the AT40K core cell means that many of the functions performed by macro instances can be
implemented using different permutations of the various ports availablein the core cell. Together with the ability to connect
directly to both orthogonally and diagonally-adjacent cell locations, this allows you significant freedom when swapping nets
between ports of asimilar type.

Figaro's placement and routing tools take full advantage of thisflexibility by automatically permuting portsin order to achieve
optimal resultsin the compiled design. feature is controlled by the place and route option Allow auto-pin swap on locked
macros, which allows Figaro to permute ports on manually-placed or otherwise locked macrosin order to achieve direct
connects.

NOTH  switch it off, Figaro would be able to perform port permutations only on unlocked macros, significantly reducing the

----- The auto-pin swap option is defaulted to on and it is recommended that you keep it activated at all times. If you
‘ effectiveness of the automatic tools.

Manual Port Swapping

Thisexampleisfor AT40K devicesonly.

Y ou can swap ports manually on placed macro instances in routed, partially routed and unrouted designs. When you swap a
port, the macro instance in question is automatically locked and the new port configuration for that instance will be retained if
you subsequently move it to anew location.

This section shows you how you can swap ports to opti mize the connections between adjacent instances:

1. Gotothe Compile window and select instance $1I14\$1I53 (INV).
2. Movethe selected instance up one location so that it isimmediately right of $117.

Figaro automatically re-routes the net connecting the two instances using local buses and the delay, as reported in the
transcript, shows a significant increase:

The net was re-routed automatically because the place and route option Auto re-route after manual moveis switched on.

However, this feature does not incorporate auto-pin swap, so Figaro was forced to use the existing port configuration and
use local busesinstead.

3. Select the arrowhead entering the X-input of instance $114\$1153 (INV) and hold down the left mouse button to drag the
port.

When you move the cursor, you see the name of the port, X(A\$114\$1153\A), written next toit. Figaro also displaysa
number of other resourcesin blue: these are the legal destinations for this port.

4. Holding down the left mouse button, drag the port to the Y -input entering at the left of the same cell, and release the
mouse button to "drop" the port there (use the middle section of the status bar to see which port you are at).

Figaro swaps the port and re-routes the net between $114\$1153 and $117 on a direct connect:

Note also that the delay reported in the transcript shows a significant reduction.

Changing the Placement

If you want to make any changes to the way a particular instance is placed, use the left mouse button to select theinstance in
question in the Compile window, hold it down to drag it to its new location and let go to drop it there.

If you change your mind while still *holding" the instance, use the right mouse button to cancel the action and return it to its
original location. If you have already dropped the instance, pull down Edit>Undo to reverse the previous action.

If you want to drag the instance to a position not currently displayed in the window, pick up the instance, move the cursor to
the edge of the window and watch the display scroll automatically. Pressing the SHIFT key at the same time means Figaro
scrollsawindow at atime. Y ou can also use the Zoomand Pan functions to get to the required location.

If you want to move more than one instance, use the SHIFT or CTRL keysand click the left mouse button to pick up all the
objects you want.
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Y ou will get to know some of the other manual placement commands later when you incorporate the user macro in afull
design. For now, try out some of the basic operations described above and then return the instances to their original
locations.

Before You Proceed

Once you have finished experimenting with manual placement, click the Opt Place button to place the remaining logic on the
device and then click Ini Route to route the netsin the design.

Manual Routing Display

To route nets manually, you have to enter manual routing display mode. Thisfeature simplifies manual routing tasks using
special graphics and colorsto help you find your way through the diverse routing resources available in the device.

To enter manual routing display mode, select anet in the Compile window and pull down Edit>Edit Net Routing. The
Compilewindow display changes, highlighting the resources associated with the selected net and suppressing everything
else:

Source and Destination Instances

The source of the net isdisplayed in blue, while its destination is colored red (there may be more than one destination).

Working Net

The net you selected is called the working net and is displayed in green. If you have already runinitial routing, this net
will be connected, so you'll have to discard the existing connection using Edit>Discard Route before you can route it
manually.

Interconnect

Theinterconnect between the two instances is denoted by an angled flightline between the source and destination. This
flightline remains until you find avalid route from the source to the destination, or until you pull down Edit>Finish Net
Routing.

Current Point
If you zoom in on your source instance you will see some orange-colored outputs from the cell. The place you are routing
from at any timeis called the current point and its default color isorange.

After you discard an existing route, but before y ou click anywhere, the current point revertsto the source. When you
start manual routing, the current point is always the last point you clicked on.

Dynamic Highlighting
As you move the cursor around the Compile window, you will see Figaro dynamically highlight different resources. This
facility shows which resource will be used when you click the mouse button. Useit to make sure you are selecting what
you intended.
There are also many internal connection possibilities within the cell that you can also use. These are not highlighted,

however: simply select the bus or net you want to use and see what happens. Consult the relevant data book for
guidelines.

Routing Manually

When you start manual routing, the net will start from the source, and connect to any routing or cell resource you click in the
device. You don't haveto click on every resource you want to use: Figaro works out intermediate stations automatically.

If you make amistake, Edit>Undo removes the last connection you added. Y ou can also use Edit>Discard Fromto step
back along the route to the last correct point, or you can click on a point along the route and discard the rest of the net from
there.

If you select aresource that would require ports to be swapped on either the source or destination, Figaro will make the
reguired swap automatically, provided this still allowsalegal configuration of the cell.

----- It is advisable to have the data book diagram of core cell connectivity to buses at hand when routing manually. You
would normally use these functions only if you are conpletely familiar with the architecture being used.
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Y ou can now either go on and experiment with the techniques described to route more of the netsin the macro manually, or
have Figaro complete the routing for you using Edit>Route Unrouted Nets.

When you have finished, click the Opt Route button to optimize the routing in the macro and remove any remaining
contentions.

Contention and Locked Routing

Bear in mind that any nets you route manually are automatically locked and cannot be changed by the automatic tools. This
constrains the operation of these tools, and can lead to some unorthodox routes or even failure at optimize routing stage. If

you do encounter any contention problems at this stage, you may have to unlock some of the manual placement and routing
you performed to alow the automatic tools to operate more freely.

Checking a User Macro Into a Library

When you've finished compiling your macro, you have to check it into alibrary whereit is made available for use with other
designs. The check-in procedure moves the design files related to the macro into the specified library directory and closes all
the windows on your desktop.

Y ou can set up the library either right at the beginning of the flow, using Library>Library Setup and steps 2 and 3 below, or
directly from the Check-In User Macro dialog:

1. Click the Check-In button on the Compile window flowbar. Figaro opensthe Check-1n User Macro dialog.
2. Click Library Setup to display the following dialog:

m| Library Setup | '1 &

[ I2]

rLibrary Search Path | OK a

----------- Add Before_ C 1 a
chfigaroibin | e
cMigarotbirilibrary | |86 e

,,,,,,,,,,,, Help E

<1 = | Homuve E

rLibrary Names

Add..
Create..
Fresmove E 22

+

Library Setup Dialog Box

3. Click Add Before and set up the design directory ..\SY STEMDESIGNER\IEXAMPLES\ATA0K\VLOGIC\TEST40K.

= Add Library and Path [~]~
Library MNarne: Directories:
i Chexamplestatd Ok Oktest A Al g
———————————— 40ktest ,
———————————— sch
SYMm
wilr
List Files of Type: Drives:
Libraries {*.lib) ‘ * Ec:\: ij
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Add Library and Path Dialog Box

Enter "user.lib" in the "Library Name" field, click OK and confirm that you want to create the library "user.lib".

The library name and search path are added to the Library Setup dialog.

5. Click OK to return to the Check-In User Macro dialog. The new library isentered in the field provided:

= Check-In User Macro

Library:

c:\figaro\examplestat40k\d0ktestiuser.lib

I

Cancel

tacro name: ramcont

Design dir cMigarciexamplesiatd Okid Olktest

o

-~
4
»

Library Setup...

Check-1n User Macro Dialog

6. Click OK again to check-in the user macro.

Figaro checks the macro and raises a dialog warning you of any problems:

W'nrmany Sumsmarny for Macre Choce-is

Froceed with Check-ia?

ATANTD Waer Macro Chack: to'WARM»z -
AT sl Macro Check. «oWARN» > -
ATAREIN Usor Macro Check: coWARN3 -
ATAREIN sy Macro Chock: (OWAFIMYY -
ATAREID User Macro Check ¢oWARN -
ATARCH User Macro Chacic «€WARN» -
ATAMEDS Vaer Macro Chack. «oWARM?z -
ATAMEIA Uaer Macio Check (owWARN»z -
ATARIN Ueer Mncro Check: coWARM -

Bbrcked input pon DI on Fs ot seciar (3.4) Tor net o d AINS
Bocked inpul por TINEZ on RAM ol secior (3.4) Tor nel nansad ABNS
Bigcked petput pod DUTE on FAM sf seclor (34) lor med named AOUTT
Biocked input pord CAMO on FUAL s secior (4.4) for net namaed ASkel
Edopcked input por TN on FAM o1 sectar (4.4) Tar nel named AN
Binched ostput por OAUTE on RAM ot sectar (8,4) for net namad AOUTZ
Biocked input poi TIHT on Full e sector (4.3) ar nied eanead BENTE
Bgcked input pon CING on RAM ot secior (4.3) 1or nel ponssd BING
Biopcked psiput pod OAUTE on FAM af esctor (830 for med named BOUTT

Gl [

Warning Summary for Macro Check-In

Here, several of the RAM portsin the macro are reported as "blocked": thisis because the macro contains no data

connections to the RAM cells, and Figaro has chosen to use some of these resources for macro routing. Although not

critical at the moment, these blockages will cause difficulties when you incorporate the macro in the final design.
To resolve the problem here would result in some complex and inefficient manual routing, so unlessyou are an

experienced user of the AT40K architecture, it is advisable to proceed with macro check-in and then soften the macros at
design level later (see " Softening Library Routing").

macro with no routing at all and allowing Figaro to allocate all the routing at the design level.

i If routing at the design level still failsto produce a satisfactory result, you may want to consider checking-in the
NOTH|

7. Click Yesto proceed with the check-in and clear the desktop.
To edit thismacro again, you must first check it out of thelibrary. Thismovesall the relevant files back and restores the

desktop to allow you to work. Scroll back in the transcript to see details of the files that were moved during check-in.

Thisisexplained in more detail in "User Macro Files and Directories' below.
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User Macro Files and Directories

Creating a user macro changes your file setup, creating some directories and files and moving othersto new locations. Inthe
above example, the file structure changes as outlined below (directories are shown in bold text, filesin lighter text).

Before compiling the user macro, the file structure is asfollows:

4BITALU
| | |
SCH SYM WIR
RAMCONT.1 RAMCONT.1 RAMCONT. 1

The following diagram shows the new files and directories created when you produced the macro RAMCONT:

ABITALU
USER.LIB
| | |
SCH SYM WIR USER
| | |
SCH SYM WIR RAMCONT
RAMCONT.1 RAMCONT.1 RAMCONT.1 F[NGﬁ
LOG
‘ ‘ RCT
FIGBA WIR
RAMECONT.4

The sequenceis:

1 Whenyou set up thelibrary, Figaro creates the USER directory and the user macro library file USER.LIB.
Thedirectory will contain the macro design files while the .LIB file contains information on the macros that have been
created and checked into thislibrary. Itsformat isthe same asthat of designFGD files, although it contains different
information, used when an instance of the macro isincorporated in adesign: ports, instances and nets along with
placement and routing data for each macro cell.

2 When you check macro JKFP2 (AT6K) or RAMCONT (AT40K) into the library, subdirectories SCH, SYM and WIR are
created. Directory JKFP2 or RAMCONT isalso created to hold the files that contain and control the user macro.

3 Under JKFP2 or RAMCONT, anew WIR sub-directory is created and the files from the original design directory (previous
diagram) are movedthere. Thesefiles are not changed in any way and are moved rather than copied to ensure only one
copy of the cormponent exists, either in adesign directory, or in alibrary.

4-12



Manual Editing and User Macros

----- If you use Library>Delete Macro to delete the user macro, Figaro deletes all the files associated with the user macro,
including any original design files.

4 If you subsequently check other user macrosinto the USER library, Figaro creates a separate sub-directory to hold al the
filesfor thismacro. Again, anew sub-directory WIR is created and the files from the original design directory are moved
there. The existing SCH, SYM, and WIR directories are updated as required.

Hierarchical macros

If the macro has a hierarchy of design cells, Figaro does not move the entire hierarchy, in case the lower-level cells are used
elsewhere in the design. This kind of macro is non-portable: it cannot be checked into alibrary from one design directory and
then checked-out for editing when used in another design directory.

Creating a User Macro Automatically

Although you will generally use manual editing when producing user macros, you can of course also use Figaro's automatic
functions. For example, you might use the automatic tools

= Toobtainapreliminary layout as a starting point before optimizing the design manually
= Tofinish off compilation after you have placed critical sections by hand.

To use the automatic tools, open the macro netlist in the usual way and wait for Figaro to add a part to be used as a device
template. Then, simply click the Compile button in the Figaro window and respond to the questions Figaro asks.

In some circumstances, the automatic tools place instances on the closed locations and report these as being in contention.
Thisisusually because there is too much congestion within the boundaries of the open locations, or with large multi-cell
macros, the placer only ensures that the origin isin an open location. For either case you can resolve the contention by

a) opening the locations concerned.
b) moving the offending instance to one of the open cell locations.
¢) locking theinstance.

If you manually place a cell on aclosed location, then it will not be reported as contention, asit is taken to be a user constraint
that overrides the automatically closed location. It isstill best to open the locations you wish to use, along with afew
surrounding them. If the router isrequired to go through cells, it will have difficulty, asit tries not to use closed locations.
Thismay result in some unorthodox routes.

Incorporating User Macros in a Design

In this section you will re-open the your design and incorporate the user macro you have just created. You will learn about
some of the Compile window functions you can use to make manual adjustments to this and other instances, before using the
automatic tools to compile the design.

Opening the Design
To open adesign containing user macros, do the following:

1. Pull downFile>Design Setup and enter 4BITALU (AT6K) or TEST40K (AT4-K) inthe Design Namefield (use New
Design to set thisup if necessary).
Click OK to return to the desktop.

2. Pull down Library>Library Setup and set up the path to the library you created in the previous section, USER.LIB.
Click OK to return to the desktop

3. Open the options dialog, go to the "Design Constraints" topic and check the box marked " Auto-import Repeat
Constraints".
When you saved this design at the end of the previoustutorial, Figaro saved arecord of the part you used in thefile
4BITALU.RCT (AT6K) TEST40K.RCT (AT40K). Thisiscalled arepeat constraintsfile. When you open adesign for which
thereisa.RCT file, Figaro automatically adds the part specified in the file and makes locks for any pins defined. Using the
constraints file can save time, especially when you've locked pins.
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. (If thefile 4BITALU.RCT (AT6K) or (If thefile TEST40K.RCT(AT40K) has been moved or deleted, you'll have to add an
AT6003-2JC (AT6K) or AT40K05-2JC (AT40K) part as before. Refer to “ Specifying the Target Device” in Chapter 3.)

4. Pull downFile>Open as Design, set "Files of Type" to "ViewLogic Wir (*.1)" and click OK to |oad the design.
Figaro loads the design and adds the part specified in the repeat constraint file.
5. Click Partition.

User Macros in the Design

1. Inthe Design Browser, you should see the hierarchical instance $1172(CONTROL) (AT6K) or FIFO(RAMCONT)
(AT40K).

Note the different shape used to represent user macrosin the Design Browser:

i Design Browser - \d0ktest n -

—{O] 40ktest (40ktesh) i

Ho] #1106 (Ut

Ho] #1110 (ouTS

Ho] sz outa

O] %1145 (GCLKBUF)
HS] %1143 QBUR

D] 1150 qBUF

Ho] #1170 aBUR

HS] $1171 QBUR

Ho] #1121 oUTS

Ho $11=z ouTy

HD] FCOUNT (COUNTERS
HE] ADD (ADDERS)

457 FIFO gameer User macro
O] MULT LTS
D] 5P1 (SER2PAR)
L{D] 5P2 (SERZPAR)

5 =]

User Macrosin the Design Browser

2. Open a Compile window, select $1146(JKFP2) (AT6K) or FIFO(RAMCONT) (AT40K) from the Design Browser and, with
the left mouse button held down, drag it over the Compile window. Y ou see the shape of the macro you created earlier.

3. Release the mouse button over the center four sectors of the device to drop the macro.
The macro cannot legally be placed in thislocation, so it automatically snaps to the nearest legal location.

4. Zoominto get abetter view of your user macro and ook at the toolbar on the left-hand side of the Compile window.
Move the cursor over the individual buttons and look in the status bar at the bottom of the desktop to see what each one
does.

5. With the JKFP2 (AT6K) or RAMCONT (AT40K) macro selected, press the toolbar button to flip it horizontally.

Figaro issues an error message in the transcript informing you that it failed to change the orientation of the RAMCONT
macro. Thisis becausethe RAM locationsin the AT40K architecture have alternating addressing layout and therefore
components can only be placed on aregion with an appropriate layout. Becausethe proposed manual moveisillegal,
Figaro rejectsit outright.

Try moving the RAM one sector to theright. It doesnot move asthisisnot alegal location.

Now try moving it up two sectors. Here, the device layout is suitable to accommodate the macro, so Figaro completes the
manua move.

Compiling the Design

Experiment further by placing afew of the non-1/0O instancesin the Design Browser by hand. Once you have placed an item,
look at the box next to it in the Design Browser: note that it now contains afilled rectangle, allowing you to see which ones
have already been placed.
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With smaller designs, it is advisable to try and place the instances reasonably close together so that you can zoominto a
higher magnification yet till work with them all in view:

1. Makethe Compile window the current window.

2. Find the toolbar button used to Display or Hide Unrouted Nets and set it to Display. (Whenitissetto Display itisa
lighter gray color.)
Y ou will see green flightlines showing the interconnect between the instances you placed.

3. Zoomin onthisareausing View>Zoomto Area.
Try moving the instances around relative to each other and watch the flightlines change.

4. Pull down Edit>Route Unrouted Nets and see if there are any bus connections that could become direct connects with
different port permutations.

5. When you have finished experimenting, pressini Place.

Thiswill place all the remaining instances along with the design 1/0s. Instances placed by Figaro will be displayedin a
different color because they are not locked.

----- Y ou must use automatic placement if you want to retain any pin locks you assigned your 1/Osin the Parts window. If
ﬁ you place the I/Os manually, Figaro assumes you want to override these constraints.

6. PressOpt Place, which will movethelogic and 1/0Os closer together. Note that none of the manually placed instances
have been moved.

7. Now pressOpt Route, to route the design.

Figaro is unableto remove all of the contention in the design because of the blocked RAM ports you were warned about
in the "Checking aUser Macro Into aLibrary" section. To solve this problem, see " Softening Library Routing" below.

Softening Library Routing

Macro nets often have routes predefined for them in user or vendor macro libraries. Figaro usesthislibrary description asa
blueprint for creating locked routing for these macros in theimplementation. If the routes of two such nets coincide, the
automatic toolswill soften the library routing.

To soften all macro routing in the design, switch on the place and route option " Auto-soften conflicting hard routing in
Optimize Route". Nets are softened at the start of the optimize route step. Y ou can also soften library routing manually as
described. .

Softening macro routing involves unlocking the predefined routing for user and/or library macrosto afford the automatic tools
more freedom to resolve route contention in the final implementation.

Y ou soften macro routing for selected macros using the Edit> Soften Library Routing command:

1. Switch off the options "Auto-select input nets' and " Auto-select output nets" in the desktop toolbar.
2. Select each of the resources showing contention, either in turn or using SHIFT -click to select them all at once.
3. Pull down Edit> Soften Library Routing. Y ou could then rerun the automatic routing.

Y ou can still perform manual placement after routing if you wish and you can also swap ports (as described in the macro
section) at the design level.

If your manually-placed instances make the design impossible to place and/or route, you may have to unlock some or all of
these to allow the automatic toolsto operate more freely. Use Edit>Find to create alist of locked instances and unlock these
as required using Edit>Unlock.

Summary

Below isasummary of the main stepsin manual editing:

1. Placeany critical sections of your design manually.
2. Route any unrouted nets.
3. Usemanual port permutations as required to achieve the best connections.
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4. Moveinstances again if necessary.
5. Useautomatic placement and routing to compile the rest.
6. Makeany final manual improvements required.
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Mapping

Mapping is the process of optimizing design logic and adapting it to a specific vendor architecture.
Y ou can use mapping:

= Toreducethe arearequired to accommodate adesign netlist created using the same library as the target device.
Y ou should run mapping for all AT40K designs. The only exception iswhen you are using dynamic macrosto
specify the function of each core cell and do not wish the mapper to make any changes to these.

= Toreadinadesign created using adifferent library from the target device, for example when implementing an
AT6K design on an AT40K part. In thissituation, you haveto map the design to convert the device library
information to be conpatible with the new device, so Figaro automatically enables the Mapping step.

In both cases, mapping takes the instances from the design netlist and performs some reduction of the arearequired
by the design, and then converts them to instances that are specific to the selected device.

Y ou can use the Map Browser to view the results of this process. Note that many of the names will have been
changed by mapping, but that associations between the original and mapped versions are indicated by cross-
highlighting between the two browsers.

Thistutorial describeswhen to use the mapping function, introduces the cross-highlighting feature and highlights
the potential benefits of using the various preservation features. If you are using an AT40K device, thistutorial uses
the TEST40K design stored under \SY STEMDESIGNER\EXAMPLESAT40K\VLOGIC\TEST40K in your main Figaro
directory. If you are using an AT6K device, usethe 4BITALU design stored under
\SYSTEMDESIGNER\EXAMPLES\VLOGICUBITALU in your main Figaro directory

Use File>Design Setup to set up anewversion of this design now, using the AT6K or AT40K configuration -
depending on the device you are using- and "Viewlogic-Workview Office" tools flow.

When To Map the Design

Design and Device use the Same Library

If your design uses the same library as the target device, mapping is optional but neverthelessstrongly encour aged.
If you do not want to map the design, you have to disable the function manually in the Options dial og.

Example  Mapping from ViewLogic. For amore detailed example of mapping adesign from ViewL ogic, see below.
The benefits of mapping in this situation depend largely on the quality of the original design.

For arough design, mapping will improve the implementation: this might be the caseif the designer is unfamiliar with
the architecture, or has devised the schematic with no particular devicein mind.

Even if the original design iswell-planned and has been conceived specifically for the current architecture, the Map
step may still be able to find scope for improvement by performing some local optimization of the functions defined
for any FGEN cells used. For example, if the design contains the equation:

A*B*IC + A*IB + A*B*C
Then the mapper will optimize away the redundant logic driving the B and C inputs and reduce the equation to the
more optimal A.

The sections following cover the stepsin mapping a ViewL ogic design that uses the same library as the target
device. It showsyou how to set mapping options and map the design, before examining the effects of preservation
in more detail.

Design and Device use Different Libraries

There may be some cases where the design you want to import uses alibrary different from that of the target device
(for example, when implementing AT6K designson AT40K parts). In caseslike this, the design must be mapped:
Figaro detects this situation on import and automatically enables the mapping option for you.
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Mapping Options

Before you can map the design, you have to enable mapping in the Options dialog. To open thisdialog, pull down
Options>Optionsand select Mapping from the topic list. Figaro displays the dialog below:

o Options LLL:J

2] oK

~Mapping Control

Atmel Bitstream [ | | Mapping Enabled = Cancel |
Delay Calculator Clock/Reset network only U
Design Checker
Design Configur ~Preservation

Design Constrai . O
ECO Multi-Core Macros

Export Formats Multi-Output Macros U
Library Setup
happing

Part Selection
Partitioner -

<1 ) +]

Default Mapping Options

Mapping Control

The "Mapping Enabled" checkbox enables and disables the Map step within the design flow. If you load a design
using alibrary different to that used by the target device, Figaro enables this option automatically.

The second checkbox islabeled " Clock/Reset network only™, meaning that Figaro will optimize only inversions on the
clock/reset distribution network. This preventsinversionsthat could be implemented directly on these resources
from being implemented as derived clocks/resets.

Preservation

The optionsin the " Preservation” pane allow you to "protect” certain features of the original design through the map
step Checking abox meansthe relevant featureis preserved, clearing it allows the mapper more freedom.

In addition to using these global options, you can also preserve items:

= Using the Edit> Constraints command for selected objects within Figaro.
= Using Atmel library defaultsto preserve certain types of cell.

= Using attributesin the original schematic or design file.

These are described in more detail below.

Setting and removing constraints on selected instances

While the mapping options described above are applied globally to all the instancesin the design, you can preserve
individual or selected hierarchical or macro instances using the Edit>Constraints command:

1. Openthe Options dialog, select "Design Constraints" from the Topic list and switch off the " Auto-import Repeat
Constraints® option. (This means that when you import the test design, Figaro will not import any existing .RCT
filefrom aprevious session.)

2. UseFile>Open asDesign to import the 4BITALU netlist (AT6K) or TEST40K netlist (AT40K).



Mapping

3. Makethe Design Browser the current window, select one of the hierarchical instances and pull down
Edit>Constraints.
Figaro displays the Constraints dialog with the following checkboxes (for non-hierarchical instances, only the
"Mapping Preserve" constraint is displayed):

=| Browser - Instance Constraints for: $1170 vl = |

Mapping Preserve [ i
Mapping Preserve Boundary U Cancel
Partition Preserve [
Apply
Help

Setting Constraints for Hierarchical Instances

"Mapping Preserve" preserves the selected instances through the Map step, whilein multichip designs, the
"Partition Preserve" constraint tells Figaro that the component parts of the selected cell or instance are not to be
split between the different devicesin the implementation.

"Mapping Preserve Boundary" has no meaning in the AT40K configuration.
4. To set constraints, check the relevant boxes and click Apply. The transcript reports the constraints applied.
5. When you have finished, simply click OK to close the dialog.

Y ou can also use the Edit>Constraints command to remove constraints placed on selected instances, including
those set by library defaults (see below). Simply select the instances, call up the dialog and clear the checkbox.
You'll see how thisisdone in the section "Overriding the Defaults".

Before you go on, make sure you remove any constraints you set above.

Atmel library defaults

There are several types of macros to which Figaro does not map in AT40K, most notably multi-output macros. These
macros would always be mapped to a series of single-output equivalents, leading to an overall increase in the area
required to accommodate your design.

To avoid this, Atmel library definitions for generic multi-output macrosdefault the mapping preservation constraint
to"On". This meansthat when you import adesign containing an instance of a multi-output macro, the mapping
preservation constraint is set automatically for that instance.

Y ou can, of course, still map these macros by removing the default constraint using the Edit> Constraints command
described above.
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Mapping a Design

1. Load the netlist \SY STEMDESIGNER\EXAMPLES\VLOGICUBITALUMBITALU.1 (AT6K) or
\SY STEMDESIGNER\EXAMPLES\TEST40K\TEST40K.1 (AT40K) if you haven't already done so. (Again, make
surethe RCT import option is switched off before you do so.)

2. Pull down Options>Optionsand select "Mapping" from the Topic list.
Enable mapping, but leave the other options switched off:

= Options = ! - |

~Mapping Control

Atmel Bitstream | | Mapping Enabled = Cancel |
Delay Calculator Clock/Reset network only U
Design Checker
Design Configur ~Preservation

Design Constrai - n
ECO Multi-Core Macros

Export Formats Multi-OLtpLt Macros U
Library Setup
Mapping

Fart Selection
Fartitioner [

+ 1 [» +

Mapping Options Dialog Box

3. Click OK to confirm your selection and return to the desktop.
Y ou see that the Map flowbar button has been activated.
4. Click the Map button.
Figaro maps the design and opens a Map Browser where you can view the results.

The Map Browser

The Map Browser shows the logic elements of your design, taking account of changesto the original after mapping.

Associations and Cross-Highlighting

Wherever possible, Figaro maintainsassociationsbetween the instances and nets displayed in the Design Browser
and their counterpartsin the M ap Browser. When you select an instance in one browser, Figaro automatically
highlights and scrolls to its associated instances in the other one. Thisallowsyou to trace original componentsin
the current implementation of your design. These associations might be:

One-to-One Single design cell to single mapped cell.

One-to-Many Single design cell to multiple mapped cells.

Many-to-One Multiple design cellsto single mapped cell.

Many-to-Many  An instance broken down into several components which are mapped to several larger instances,

which may also include other instances from the original design.

One-to-Zero Here, an instance is mapped out of the design entirely (for example, adouble inversion).

Clearly, using the Design Browser to place components of amapped design could lead to several, one or no mapped
instances being dragged from the Map Browser. To avoid confusion, you should always use the Map Browser when
performing manual partitioning and placement. It represents the physical implementation of your design, and each
instance displayed there can be placed individually in the target device.
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Using Cross-highlighting

1. Findinstance FIFO(RAMCONT) in the Design Browser and double-click on it to expand the hierarchy.

2. Expand instance $1170(MULT4)\SUM3(ADDS8)\$1118(FULL_ADD) (AT6K) or $116(ENABLE) and the select
instance $11131 (AT40K).

Figaro highlightstwo instances in the Map Browser. Thisis an example of a one-to-many association:

|

Figaro - 40ktest : ciMfigarolexamplesi4Oktest | A I -

File

Edit View Library Flow Options Window Help

Map Browser - \iOktest | '3%
+

] fig1633 (FGENT)
] fig1640 (FGEMT)

Synthesis Frameworl: info - 65 cells preserved by user
Map: info - Finished Map at May 22, 1997 at 11:58:46 am - Success

One-to-Many Mapping Association

3. Inthe Map Browser now, click on one of the highlighted instances.
Figaro highlights three leaf instancesin the Design Browser. Thisisan example of a many-to-one association:

=| Figaro - 40ktest : c:Hfigarolexamplesi40Oktest ‘ - 1 -

File Edit View Library Flow Options Window Help

FOpen | Mvia __

Design Browser - \40ktest |~ |~ Map Browser - \40ktest

O 114 gom
O st gioz

T #1020 ez

Synthesis Framework: info - 65 cells presenved by user
MWap: info - Finished Map at May 22, 1997 at 11:55:46 am - Success

Many-to-One Mapping Association

5-5



IDS Figaro Tutorial

Mapping Information in the Log File
This portion of the tutorial only refersto examplesfor AT40K devices
For more detailed information on what has happened to your design, consult thelog file:

1. Pull downWindow>New Viewer>Log File to open the log viewer. Figaro scrollsto the end of thefile.
2. UseEdit>Find to search for the term "Mapping Report" (remember, the search utility is case-sensitive).
Figaro scrolls to the first mapping report (see extract below), listing the different types of cells used and

summarizing the number of instances used and the area required on the device:
Cells Used

#Insts #Ins #Outs #Cost #Cores Cell Name (Description)
10 2 1 1 1 FGEN1 (Macro )

4 1 1 1 1 INV (Combinational Inverter Macro )
2 0 1 1 1 ZERO (Combinational Ground Macro )
1 1 1 1 1 RSBUF (Input Pad Macro )

1 3 1 1 1 AN3I1 (Combinational Macro )

2 2 1 1 1 AN2I1 (Combinational Macro )

4 2 1 1 1 AN2 (Combinational Macro )

4 17 4 1 1 RAMDSYNC (Sequential Macro )

1 3 1 1 1 AN3 (Combinational Macro )

1 1 1 1 1 GCLKBUF (Input Pad Macro )

8 2 1 1 1 XN2 (Combinational Macro )

3 3 1 1 1 FGEN1RF (Sequential Macro )

## PRESERVED ##

FGEN2RF (Sequential Macro )
## PRESERVED ##

o
IN
N
N
i

41 1 1 1 1 OBUF (Output Pad Macro )

15 3 2 1 1 FGEN2 (Macro ) ## PRESERVED ##
49 4 2 1 1 MGEN (Macro ) ## PRESERVED ##
18 1 1 1 1 IBUF (Input Pad Macro )

Total #Instances: 170
Total Area: 170

Note also that several cell types are marked as being #PRESERVED## (like FGNEN2 and MGEN above). Thisis
the default, taken from the Atmel library definition for the cell type.

3. InthelLog Viewer, scroll down to the next "M apping Report”, giving you the post-mapping figures:

Cells Used

#Insts #Ins #Outs #Cost #Cores Cell Name (Description)

41 1 1 1 1 OBUF ( Output Pad Macro )

18 1 1 1 1 IBUF ( Input Pad Macro )

4 17 4 1 1 RAMDSYNC ( Sequential Macro )
18 4 1 1 1 FGEN1 ( Macro )

6 4 2 1 1 FGEN2RF ( Sequential Macro )

## PRESERVED ##
FGEN1RF ( Sequential Macro )
## PRESERVED ##

w
w
=
=
=

2 0 1 1 1 ZERO ( Combinational Ground Macro )
15 2 2 1 1 FGEN2 ( Macro ) ## PRESERVED ##

49 4 2 1 1 MGEN ( Macro ) ## PRESERVED ##

1 1 1 1 1 RSBUF ( Input Pad Macro )

1 1 1 1 1 GCLKBUF ( Input Pad Macro )

Total #Instances: 158

Total Area: 158

Many of the cell types used in the implementation are now different, but those preserved by default have
remained unchanged. Thetotal number of instancesin the design and the area required to accommodate them
have both been reduced.

All the AN2, INV, and XN2 etc. have been mapped to FGEN1. Thereisonly asmall reduction in areain this case
because many of the components were generated using the Macro Generators.
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Overriding the Defaults

This portion of the tutorial only refersto examplesfor AT40K devices

Y ou can remove mapping constraints set automatically viathe cell definition in the Atmel library using the
Edit> Constraints command. Thisisknown as "unpreserving" the cellsin question:

1

g s~ wDN

Leavethe Log Viewer open and make the Design Browser the current window.

Expand the hierarchical instance $11134(MULT8) and select the 7 “ Product” terms at the top..

Pull down Edit>Constraints, clear the "Mapping Preserve" check-box and click OK to confirm the change.
Now click the Map button and confirm that you want to re-run mapping.

When Figaro isfinished, go back to the Design Browser and select one of the “Product” instances from the
$11134(MULTB8) hierarchy.

Figaro highlights two instancesin the Map Browser.

Try selecting any of the other product instances. Overriding the Atmel preservation defaults has effectively
doubled the number of instancesin this section of your design. Thisis because the AT40K mapper cannot map
to multi-output macros, only to single-output macros.

Go back to the log file and pull down File>Update to load the | atest version.

Scroll back up to the latest mapping report and note the increase in the total number of instances and the area
required to accommodate them.

Of course, the increase seen over the whole design will not necessarily be double, and you may even find an overall
decrease if the registers/logic can be merged with any of the other components.

Summary

Inthistutorial you saw:

The purpose of the map step and when you might consider using it.

How to set mapping options.

How to map the design.

How to use the Map Browser.

How associ ations are maintained between the original and mapped designs.

The default preservation constraints defined for certain cell typesin the Atmel library.

How to place and remove constraints on selected design instances and effectsthis can have on your
implementation.
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Mapping AT6K Designs to AT40K

If you want to implement older designs on parts belonging to the AT40K family, you can do so using the " AT6K mapped to
AT40K" configuration.

Thisretargets your original design so that its components are compatible with the AT40K architecture, and at the same time
performs some local optimization of the functions defined for any FGEN cells used in your design. For example, if the design
contains the equation:

A*B*IC + A*IB + A*B*C

then the mapper will optimize away the redundant logic driving the B and C inputs and reduce the equation to the more optimal
A

This chapter shows you how to set up your design session for this flow and how you can find information on your retargeted
design. It aso highlights some of the potential pitfalls of using older designs with the new architecture.

Setting up the AT6K to AT40K Mapped Flow

1. Pull downFile>Design Setup to open the Design Setup dial og.
2. Setupthe4BITALU design.

3. Under "Configuration”, select " AT6K mapped to AT40K".

|

Design Directory Setup

Design Name:

Configuration:

[bitatu

[ +][AT6K mapped to ATa0K [

Design Directory:
cMigaroiexamples\dbitalu

New Design._ |

‘:3 LZ ERemove....
Tools Flow: Tools Flow Description-—————————
Wiewlogic-WWIR [ importMet WIR

VIBWIOGIC-POWErVIeWT] | 0t et FlatHier WIR

Wiewlogic-WWIR: AT4(

Mentor-EDIF Export Delay . Flat/Hier. DTBE

|

Design Directory Setup Dialog Box

The map step is compulsory in this configuration, so when you click OK and return to the desktop, you will see that the
Flowbar button |abeled Map has been enabled.
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Before Going Further
Before loading your design, you should consider the following:

Part and package attributes

If you attempt to add an AT6K part to the AT40K flow, Figaro will report an error. So if your Viewlogic design usesthe
part and package attributesin the symbol file to add a part automatically, this should be disabled before you load the
design.

To do this, open the Options dialog and select the topic "Viewlogic Import”. Clear the checkbox labeled "Use
part/package attributes' and click OK to save the new settings.

Repeat constraints files
Similarly, if you auto-import an old repeat constraints file specifying an AT6K part, Figaro will reject the design on import.
Again, open the Optionsdialog, select the topic "Design Constraints’, and make sure the check-box labeled " Auto-import
Repeat Constraints" isclear.

Pin assignments

If you try to transfer existing pin assignments made for an AT6K to an AT40K part, you are likely to encounter problems
asthe pin layouts of the two families are not entirely compatible.

Figaro will report any inconsistenciesit finds and you can resolve these by manually editing the constraintsfile.
However, for improved design layout it is recommended that you either allow Figaro to re-assign pinsfor the new
architecture automatically, or make your own AT40K-specific pin assignments using the procedure outlined in Chapter 8.

Running the AT6K to AT40K Mapped Flow
The AT6K to AT40K mapped flow isrun in the same way as any other:

1. Pull downFile>Open as Design and set "Files of Type" to Viewlogic Wir (*.1).
Figaro entersthefile 4bitalu.1 in the "Existing Design File" field.

2. Click OK to open the design. Figaro opens aDesign Browser.

3. Click the Map button to map the design to the AT40K architecture.
Figaro opens a Map Browser displaying the components of the mapped design:

@ Map Browser - \dbitalu &

—{O] iy dhid) L)
H ] $11187 (3CLKBUF) [
] figl o (FGENT
1 #1185 QBUR)
1 figloz4 FGEMT
1 #1208 (REBUF)
1 figl002 (FGEN1R)
{1 figloo2 (FGEN1R)
] figla0d (FGENTR)
] figlmo (FGENT
] figla (FGENT
H1 #1191 QBUF)
1 fig1002 (FGEN1R)
1 #1192 aBUF)
] fig1005 (FGEN1R)
1 figl a2 FGEMT
H] #1122 0BUF)
] figlay (FGENTR) *

Map Browser
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4. Select oneor two instancesin the Design Browser and use the cross-highlighting feature to see how these are
represented in the mapped version of the design.

Restrictions
The following restrictions apply when mapping AT6K designs to the AT40K architecture.

Multi-output cells
The mapper is designed to map to single-output cellsonly. Any multi-output AT6K cells (for example, FDHA) will be mapped
to two separate single-output AT40K macros

AT6K pads with no AT40K equivalent
There are anumber of AT6K pads that cannot be mapped to an AT40K equivalent:

BCOCEN BTPFEN
BCOCFEN OOCEN

BCPEN OOCFEN
BCPFEN OPEN
BTOCEN OPFEN
BTOCFEN

To map the design successfully, you will have to remove instances of these pads from your design.

Optimization
As mentioned previously, the mapper performs only local optimization of the functions defined for the different FGEN cells. It
does not perform any cross-cell optimization for your design.

User macros and generated macros

AT6K user macros and generated macros cannot be mapped directly to multi-cell equivalents. However, in the case of
generated macros, you can use the Library>Translate Library command to search through an existing AT6K user library,
find all generated components, and invoke the AT40K generator with similar options.

For user macros, each macro must be checked out of itslibrary and recompiled using the " AT6K mapped to AT40K" flow,
before being checked back into anew library containing only AT40K components. To re-import the design, remove the old
library from the search path and add the new library containing the AT40K components. The design will now map
successfully using the " AT6K mapped to AT40K" flow.

Finding Information on the Mapped Design

The Log File
The best source of information on the changes made to the design by mapping isthelog file.

Pull down Window>New Viewer>Log File to open the Log Viewer for thisdesign. If you scroll backwards through thefile,
you will find two mapping reports. Thefirst of these summarizes the pre-mapping design, comprising only AT6K components:

Mapper: info - Mappi ng Report
Cell's Used

#l nsts #l ns #Qut's Cost

B3
§
@
12

Cell Nane (Desc.)
ZERO (Conmb Gnhd Mac)
INV (Conb I nv Mac)
CLKBUF (I np Pad Mac)

19
1
1
27
6
3
105
8
19
52
2

8
9

AN3 (Conb Macr o)
FD (Seq Macro)
(Conb Macr o)
(Conb Pwr Mac)
Qut put Pad Mac)
(

#
1
1
1
1
4
3
1
1
1
1
1
1
1
1 I np Pad Mac)

PRPONWWNNNWR R RO
RPRRRRRRRRRRRRR
RPRRRRRPREPRPOAR R

—

(2]

Q

o

2

Total #lnstances: 284
Total Area: 377
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The second report shows the mapped version, comprising only AT40K components:

Mapper: info - Mappi ng Report
Cell's Used
#l nsts #l ns #Quts
8

Cost #Cor es Cell Nanme (Desc.)
1

CBUF (CQutp. Pad Mac)
IBUF (I np Pad Mac)
FGENL (Conb Macro)
FGENLR (Seq Macro)
RSBUF (I np Pad Mac)
GCLKBUF (| npPad Mac)

9
35
19
1

#
1
1
1
1
1
1 1

R
RPRNR R R
PR RR e

Total #l nstances: 73
Total Area: 73

Note the significant reduction both in the number of instances required for the design (284 to 73) and the arearequiredto
accommodate it on the device (377 to 73).

The Info Window

Y ou will find more detailed information on individual components using the Info window.

For example, you might look at the Map Browser and note the number of FGEN1 and FGENIR components: these are basic
components of the AT40K architecture and can be used to implement any 4-input function. To find out more about the actual
function being performed:

1. Selectinstance figl003in the Map Browser.

2. Pull down Edit>Info to open an Info window on the selected object:

=| Info - Map Browser—\dbitalu| v| -

Instance

Marne: fig1003
Component: FGEMIR (macra)
Input Mets: ‘4_

=

Dutput Mets: ‘G fig1022

Status: Unplaced

Cantends With: ‘1]_

E

Clocked: B
Function G: 14,
Clock Edge: RISING

Set/Reset Level:  LOWY

Set/Reset: RESET
Feedhack: (]
Internal And: U
Tristate : O

Info Window on fig1003(FGEN1R)

Thefield labeled "Function G" shows the Boolean equation for the combinational part of the output.

If the equation overflows the right hand edge of the window, either resize the Info window or position the cursor
somewhere on the equation and use the direction keysto scroll left and right.
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Compiling the Mapped Design

To compile the mapped AT6K design, proceed as follows:
1. Usethe Part Select dialog to add a single AT40K05-2QC device and then partition the logic into the part.
Y ou will see some transcript warnings informing you that some incompatible pin locks have been removed.
2. Click the Compile button to compile the design.
When Figaro is finished, pull down Window>New Compile Window to open a Compile window.
4. UseView>Zoomto Areato magnify an area of nine core cells:

w

CompBe - dhitslu's -

HeE
TGERT

7
I o &
‘I

Compile Window Showing X and Y Direct Connects

Thered and blue lines indicate diagonal and orthogonal direct connects. The addition of diagonal direct connectsin the
AT40K architecture means that a single core cell can now be connected directly to any of the eight cells surrounding it.

Timing
When performing timing analysis or compiling aretargeted design in timing-driven mode, timing assertions and constraints
referring to external signals (for example external clock constraints or 10 assertions) can be re-used in the AT40K flow.

However, since mapping will have changed the names of many of the internal components, any derived clock or
asynchronous delay assertions you try to apply to the design will result in errors being reported to the transcript.

If youimport a T™MG file that contains both legal and illegal constraints, Figaro will apply the legal ones correctly and issue
warnings drawing your attention to the others. Y ou should check and modify any assertions rendered invalid by mapping.
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Partitioning

Partitioning is the process of allocating your design logic to parts on the board. Y ou can partition in two ways:

= Manually
Drag and drop design instances into individual parts from the Design Browser. The emphasis hereis on user control: you
can specify certain logic functions to be performed by a particular part or keep particular components of your design
together.

= Automatically
Figaro allocates design logic for you. Usethis method if there are no constraints on which part instances are placed in.

Y ou can, of course, combine the two methods. Automatic partitioning respects any manual partitioning you have performed.
Thistutorial comprises the following sections:

1. Adding Multiple Parts

2. Assigning Pin Locks

3. Partitioning Design Logic

4. Exporting Partitioning and Pinout |nformation
5. Compiling a Design with Multiple Devices

Although you will use the same design as before, you need not have completed the previous tutorials before starting this one.
However, functions already used in previous tutorials are not described in detail again here, except where considered
particularly relevant. Please refer back to the appropriate sections for detailed information.

Before You Start

This section describes preliminary stepsto check before embarking on the tutorial itself.

Checking the Design Setup

If Figaroisnot already running, open it as described in " Starting up Figaro", then do the following to set up the desktop for
thistutorial:

1. Pull downFile>Design Setup to display the Design Directory Setup dialog box. The Design Directory list contains all the
directories you have worked with so far.

2. Makesurethat the"Tools Flow" is set to "Viewlogic Workview Office and select
\SYSTEMDESIGNER\EXAMPLES\VLOGICUBITALU (AT6K) or
\SY STEMDESIGNER\EXAMPLESAT40K\VLOGIC\TEST40K (AT40K) from the design directory list.

3. Click OK to accept these entries.

Disregarding an Existing Repeat Constraints (.RCT) File

When you saved your design at the end of the previous tutorial, Figaro saved arecord of the part and any pin locks you made
in afile named design.RCT. Thisis called the repeat constraintsfile.

When you open adesign for which arepeat constraints file exists, and the " Auto-import Repeat Constraints" option is
enabled, Figaro automatically adds the part and makes any pin locks specified in that file. Using thisfile can often save time,
especially when you have locked pins.
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However, in thistutorial you want to run the design asif it were new, so you have to make sure that the existing repeat
constraints fileis disregarded during import:

1
2
3.

Open the Options> Optionsdialog and select "Design Constraints".

Make sure " Auto-import Repeat Constraints" isnot checked.

Click OK to accept these options.

Figaro will now ignore any existing repeat constraint files when reading in design netlists.

Y ou will find moreinformation on the repeat constraint filein Appendix B "Figaro Files".

Opening the Design
Toread in the design netlist, proceed as follows

1

Click on the Open button.

Figaro asks whether you want to open the design as adesign or as amacro.

Click Design to display the Open as Design dial og box.

Select \SY STEMDESIGNER\EXAMPLES\VLOGICUBITALU (AT6K) or
\SYSTEMDESIGNER\EXAMPLESAT40K\VLOGIC\TEST40K (AT40K) from the pull-down design directory list. (If you
can't seeit, set it up again using New Design.)

Make sure the "Files of Type" isset to "Viewlogic Wir (*.1)" and then select 4BITALU (AT6K) or TEST40K (AT40K) in
the "Design Name" field.

Figaro displays4BITALU.1 or TEST40K.1 in the "Existing Design File" field.

Click OK to open the design.

The Design Checker writes information and warning messages to the transcript depending on the options set. If thereis
an existing repeat constraintsfile, Figaro issues a message to the transcript informing you that it was ignored.

Mapping is enabled, and you are now ready to start partitioning.

Adding Multiple Parts

Asyou saw in Chapters 3 and 4, the Parts window is arepresentation of the PCB that holds the FPGA and is designed to help
you visualize the orientation of the part.

Y ou use the Part Select dialog to specify the parts you want for your design and these are then displayed aong with the
design's I/O signalsin the Partswindow. The part is represented by aline drawing of the device while I/O connections to the
outside world are represented by stylized drawings of pins, with input functionsto the left and outputsto theright. If you
add multiple parts, the window shows all of these and the connections between them.

To add apart, proceed asfollows:

1
2.

Click on the Parts button. Figaro opens an empty Parts window and the Part Select dialog box.

Select " AT6003-2JC' (AT6K) or "AT40K05-2AJC" (AT40K) in the "Part Name" list and click Add.

Figaro adds the selected part to the Parts window and displays a green bar below each of the gray bars at the base of the
Part Select dialog.

The green bars represent the capacity of the selected part (logic capacity above and memory capacity below). The gray
barsillustrate the (logic and memory) capacity required for the design. Therelative lengths of the bars indicate whether
the part is large enough to accommodate the design. In this example, the design will fit on to asingle part, but we'll add
more |ogic to demonstrate partitioning.

In the Part Select dialog, select " AT6003-2JC' (AT6K) or " AT40K05-2AJC' (AT40K) again.

Y ou see that the capacity of the parts (green bars) now exceeds design size (gray bars), even though Figaro has not yet
added the part to the Parts window. Thisallowsyou to check whether the capacity of the selected part will meet your
requirements.

Now click the Add button twice to add two further partsto the Parts window.

Click OK to close the Part Select dialog box.

The Parts window now contains three parts as shown:
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The Parts Window with Three Parts Added

Changing the P&R Utilization for a Part

Y ou can also the use P& R utilization to change the percentage of a part's resources made available for the placement and
routing of logic and memory. For example, you might lower the utilization to prevent your devices becoming too congested
and therefore more difficult to place and route, or you might increase the utilization of a particular part to alow it to
accommaodate a design that is otherwise just too large.

Y ou change the P& R utilization in the Options dialog under " Partitioner". Usethe slider to set the figure as required and click
OK to accept settings and return to the Parts window.

Change the value for asingle part by selecting the part in the Parts window and using Edit>Constraints.

Assigning Pin Locks

In thistutorial, you are not producing the FPGA in isolation, but need to take account of its position relative to the other
FPGA son the board. This means you need to specify what pins on the device are to perform what |/O functions. Thisis
called assigning pin locks

Locking pins restricts Figaro during placement and routing, so for your own designs you should only do this as the PCB
layout dictates, For exampleif the board design specifiesthat certain 1/Os (for example, a clock input) must be associated with
particular package pins, or that anumber of input or output functions must be handled by adjacent pins.

This section describes how to assign pin locks for the three parts you selected for the design. Y ou'll use the Parts window to
assign different output functions to specified pins on the devices.
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Assign Pin Locks Dialog

Make sure the Parts window is the current window and pull down Edit> Assign Pin Locksto display the following dialog:

ﬁﬁssign Pin Locks
Deszign [0S

Usable Fing =purposes=

ADD_CUTO

n

| emmm——————
AS

-|:!C.5
[ Ll

2

_.Fl

IS [=1 B3

Cancel

Help

1

Hint:
easier to perform.

Assign Pin Locks Dialog

Y ou can enlarge this dialog vertically to display the full list of Design I/Os. This makes the subsequent tasks much

The*Design 1/0s”" box liststhe design's 1/0O functions, while the * Usable Pins” list shows the pins available for these |/Os:
thislist excludes pins reserved for other functions (e.g. VDD).

The pin names are prefixed by the letters"A", "B", and "C" indicating which part they belong to. Some pins havetextin
brackets after their name, showing the pin's dedicated function.

Usethisdialog to lock the output 1/0 "O0" to pin C.56 (AT6K) or "ADD_OUTPUTO" to pin C.72 (AT40K). Do thefollowing:
1. Selectthisentry. Select "O0" 56 (AT6K) or "ADD_OUTPUTO' (AT40K), fromthe I/Olist.

2. Sdecttheentry "C.56" (AT6K) or "C.72" (AT40K) in the "Usable Pins' list.

3. Click Lock. Package pin"C.56" will now carry the"0O0" (AT6K). 72 on part C now carriesthe"ADD_OUTPUTQ' function
(for AT40K). The name of the associated pin or I/O appearsin parentheses after each of the items, like this:

ﬁhssign Pin Locks
Design |03
ADD_OUTD (-=

Uzable Fins =purposes

J BIv
[
ATE =GCKT=
B.75 =GCKT=
G738 =GCHT =
ATS
B.7a

dl I

== lock ==

Il B3

Unlock

| Unlock

Unlack &1 |

Output ADD_OUTPUTOand Pin C.72 Locked

The Parts window provides visual feedback on the actions performed in the Assign Pin Locks dialog: as you selected the
"O0" board 1/0 and pin 56 of part C (AT6K) or "ADD_OUTPUTOQ" board I/O and pin 72 of part C (AT40K), these were
highlighted in the Parts window. When you clicked Lock, the two were connected by aline indicating the pin lock

constraint.

4. Repeat the procedure until the following 1/0s have been assigned:
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Lock design 1/0... To usable pin... Device
01 Cc.57 AT6K
02 C.58 AT6K
03 C.59 AT6K
04 c.62 AT6K
05 C.63 AT6K
06 C.64 AT6K
o7 C.65 AT6K
ADD_OUT1 C.77 AT4K
ADD_OUT2 C.78 AT4K
ADD_OUT3 C.79 AT4K
ADD_OUT4 C.80 AT4K
ADD_OUT5 c.81 AT4K
ADD_OUT6 C.82 AT4K
ADD_OUT7 C.83 AT4K
ADD_OUTS8 C.84 AT4K
Thedialog list will then look like this:
FjAssign Pin Locks M=l B3
D‘;ég” - =] US;%; PI:.i Ap;tri?:'sjm ] Ok |
SRR e
AobouTa (o C) G (> A0D_OUTE) e |
ADD_OUTS  (-= CE1) A3
ADD_OUTE (= C.82) B.a3 =5
ADD_OUTY (= C.E3) _|;! CE3 (= ADD_OUTY) _]:]
4] » 4] | >

== lock ==

Unlock

| Unlock

| Unlack &1

Assigned Pin Locks

Click OK to accept the pin locks you have just assigned and return to the Parts window.

In the Parts window, you'll see lines connecting the |Os and pins: these reflect the pin lock constraints you've placed on the
design and were updated each time you clicked Lock. The package pins themselves remain unchanged until after partitioning
(see next section), when they will also change color to indicate that they are locked. The colors used depend on the settings

in Options>Display Options.
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Undoing Pin Locks

The dialog also incorporates two Unlock buttons, allowing you to unlock individual pinswithout first selecting theitemsin
both lists. Just select one and click the Unlock button under that column.

If you are unhappy with the pin locks you have made, you can undo all the changes since opening the dialog by pressing
Cancel. To savethe pinlocks, pressOK.

Drag and Drop Pin Lock Assignment

The above method is useful if your board layout is strictly predefined. However, you can also use Figaro's drag and drop
facility to reposition parts and 10s and assign pin locks directly in the Parts window.

To move parts:

1

3.

Select part C and click-hold the left mouse button to drag it so that the parts are arranged in a horizontal row in the
sequence A, B and then C.

Rel ease the mouse button to drop the part at your desired location.

Figaro uses the cursor position as areference when positioning the part. 1f the cursor happens to be positioned over
some other resource (i.e. another part or 10) when you release the mouse button, Figaro will return the part to its original
location and report the error in the transcript.

The board 10s are now badly positioned. Pull down Edit>Arrange 10s to redraw them.

To assign pin locks:

1

2,

Use View>Zoomto Area to zoom in on the | eft side of device A and the input board los.

Find pin A.30 on part B (AT6K) 24 on part A (AT40K) (when you move the cursor over apin, the status bar displaysits
name and type).

Select (AT6K) and drag it over to pin A.30. Select IO " AQ" (AT40K) and drag it over pin 24. Thelinejoining thetwo
instances indicates the constraint.

Use this method to lock 1B[2:0] to pins A.29 through A.27 and IA[0:3] to pins A.24 through A.21 (AT6K) or "B0" to 19,
"WEN" to 20, "REN" to 23 and " CLOCK" to pin 29 (or GCK2, shown in green) (AT40K).

A0

pr [

ils
N

CLOCE
REM
WMrEMN

A (AT40

Pin Lock Constraints on Part A
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5.

Pull down View>Zoom Fit to view the final board layout:
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PCB Layout with Assigned Pin Locks

Partitioning Logic

In this section, you will use manual and automatic partitioning to allocate design logic to the three parts on to the board. You
will get to know the Design Info dialog and the Sub-Design Browser, and learn how to interpret the information provided by
Figaro.

Design Info Dialog Box

Make the Parts window active, select Edit>Design Info, and click the More>> button. This opensthe extended Design Info
dialog, providing information while you are carrying out manual partitioning.

Using Manual Partitioning

1
2

Select part B (AT6K) or part A (AT40K) in the Parts window.

Pull down Window>New Sub-Design Browser. Thislistsall the logic instances currently allocated to the selected part.
At the moment it is empty, so only the part name is shown.

Open a sub-design browser for part B as well, and then pull downWindow> Tile so that you can view all your tool
windows.

Make the main Design Browser the current window and select instance $1172(CONTROL) (AT6K) or ADDERS (AT40K).
Click-hold the left mouse button, drag the instance over part B (AT6K) A (AT40K) in the Parts window then rel ease.

The Sub-Design Browser for the selected part is updated to include these instances as is the information displayed in the
Design Info dialog. Figaro adds extra pads as required to carry intermediate signals.

Y ou can aso drag and drop directly between browsers. Using either method, perform the following partitions:

Partition instance... To part... Device
REGISTRA4 (both) A AT6K
MULT8 B AT40K

If, at any stage, you are unhappy with the way your efforts are devel oping, just pull down Edit>Unpartition Design and
Figaro will remove all partitioning information and you can start again.

Y ou cannot partition 10 buffers as these will be automatically partitioned to go with the appropriate logic.
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Modifying the Partition
1. Goto the Partswindow and look at the green arrows showing the interconnect between parts A and C.
The thickness of the arrows reflects the number of signals being carried, with the exact number displayed next toit.

2. Usedrag and drop from either browser to move the" CONTROL" (AT6K) "ADDERS8" (AT40K) component from part B to
part A (AT6K) or from part A to part B (AT40K).

Note that the interconnect line between A and C disappears.
3. The Sub-Design Browser for the selected part displays only the part name, indicating that the part is now empty.
4. Useeither Edit>Remove Unused Parts or select it and use Edit>Remove Part to remove it from the Parts window.
5. Usethe auto-partitioning function to complete the rest of the partitioning of your design.

directly to theinstance you are moving. To unlock pin assignments like these, use the Assign Pin Locks

----- Some manual moves might be restricted, for example, if you have already locked an I/O that connects
NOTH|
‘ dialog described earlier.

Using Automatic Partitioning

Once you have completed the required manual partitioning, click Partition (or pull down Edit> Auto-Partition Design into
Partsin the Parts window) and Figaro will complete the process.

Y ou can exert control over the automatic partitioning function using the following parameters contained in the partitioner's
Optionsdialog:

Quality: Determines the rel ative emphasis given to resolving pin contention and minimizing chip-to-
chip interconnect during partitioning. The higher the quality, the harder Figaro triesto
minimize interconnect.

P&R utilization: Specifies the percentage of the part's|ogic to be made available for placement of design logic.
Dual function Specifies whether any dual function pins on the part are to be made available for placement.
pins:

Pinout contention:  Controls whether Figaro takes account of pinout contention during partitioning

Part swapping: Controls the management of swap filesin multi-chip designs.

Manually partitioned logic is locked and remains unaffected during automatic partitioning. Y ou can also use
Edit>Constraints from the Design Browser and the Parts window to place constraints on particular levels of hierarchy to
ensure these are kept together.

NOTH  how you want to partition your design. Y ou can then modify the results as required using the manual

----- Y ou can also use the auto-partitioner to achieve preliminary resultsif you do not already have afirm plan of
‘ techniques described.
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Exporting Partitioning and Pinout Information

Once you have completed partitioning and pinout, you can export thisinformation in several forms. This section shows you
how to export the information from Figaro and describes the content of the different outputs:

1. Makesurethe Partswindow is the active window.
2. Check that none of the partsis selected (if thereis, click ESC to deselect).
3. Pull downFile>Export to display the following dialog box:

Export Dialog
File base name:

O |
|

cancel I

rConstrailts ——————————————————— ;I

O Help |

[ Locked Pinout (* jin)
-
[ Partition (* jtr)

rReports
|_ H
[T &l Pinaut (* pir)

r Timing
O
O

rBack A tati

& Hone

=

Exporting a Pinout Constraints File and Report

4. Leavethefile base nameasitis.
5. Check the boxesfor the information you want to export:

a)

b)

Constraints

"Locked pinout (*.pin)" creates a constraintsfile listing the pinout locks for use in subsequent sessions (thisisa
subset of the .RCT file you looked at earlier).

"Partition (*.ptn)" produces a constraintsfile listing the design instances and the part to which they have been
allocated.

Reports
"All pinout (*.pir)" isarecord of the full pinout, whether locked or not.

6. Click OK to export the selected files.
Figaro automatically adds the appropriate extensions to the file base name and creates the files requested.

Note that only locked pinouts will be used as constraints the next time you run the design. After
partitioning the design, you can use the Lock All button in the Assign Pin L ocks dialog box to ensure that
all pin assignments are repeated.

Any manual partitioning information is also written to the RCT file and is used the next time you run the
design.

For more information on the individual file types, refer to Appendix B "Figaro Files'.
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Compiling a Design with Multiple Devices

After partitioning, simply click Compile to run the automatic placement and routing functions. These are described in more
detail in Chapters 3 and 4.

With amulti-chip implementation like this one, Figaro compiles one device at atime. When thefirst oneiscompleteitis
"swapped out" to release memory resources and obtain better performance. Figaro createsa.Swpfilefor each part swapped
out. Thesefilesarewritten to adirectory FGSWAPunder the design directory. When it needsto, Figaro moves the part back
into memory.

Y ou can control part swapping using the Partitioner options in the Options>Optionsdiaog box:

Figaro Controlled Figaro swaps parts out of memory as required
On Figaro always swaps parts out
Off Figaro never swaps parts out

When compilation is complete and as long as swapping isnot active (i.e. Figaro Controlled or Off), you can view both
devices at the same time by opening a Compile window for each. If swappingisOn, you will be ableto view only one device
at atime.

Summary

Thistutorial showed you how to:

= Disregard an existing repeat constraintsfile for adesign.
= Adjust the P& R utilization for selected parts.

= Add multiple parts using the Part Select dialog.

= Assignpinlocks.

= Partition the design manually.

= Partition the design automatically.

= Export partitioning and pinout information.

Y ou should now be able to add multiple parts and partition your design logic between them using the techniques described
here.

If you have problems, refer to Chapter 10 “ Troubleshooting and Support”, or from the on-line help Contents page jump to
“Troubleshooting”.

----- Before moving on to any of the other tutorials contained in this guide, open the Partitioner options dialog
again and ensure the P& R utilization is reset to 100%.
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Additional Features

This chapter tells you about afew areas not covered by the tutorials, but which you might need:
=  How to abort atask.

= How to save and restart adesign session, or undo changes made during a session.
=  How to incorporate design changes.
= How to change Figaro options.

Aborting a Task

If you mistakenly start an operation which takes some time to run, you can stop it by pressing CTRL +C keys simultaneously.
This stops the current operation and displays one of two dialogs:

Stop dialog This asks whether you really want to stop the current process. Click Yesor No.

User Interrupt dialog  Click Proceed if you want to continue the process, or Abort if you want to stop it.

In the Compile window this has different effects depending on the task being performed: some operations cannot safely be
interrupted and will stop at the first safe point. Figaro writes a message to the transcript if thisisthe case.

For more details, search for the on-line help on “Aborting an Operation”.

Saving and Restarting a Session

Y ou can save aFigaro design session to afile. The saved session includes arecord of tasks you've performed during the
session and the desktop state, for example, the number, type and size of open windows.

There are two ways of saving a design session:
= Keepasinglefile, updated regularly.

= Makeaseriesof savesto different files, for example one after each design step. This means you can restore the design to
its state at any intermediate stage.

Saving a Design Session

To save your design session, pull down File>Save. Figaro creates a file with the extension FGD (Figaro design), which you
canre-openinthefuture. Thefileisstoredinthe design directory.

Each time you use File>Save, Figaro automatically creates a backup copy of the original savefileto afile with extension .FG~.
It then overwrites the existing FGD file with the |atest state of the design.

Saving a Series of Snapshots of a Session

To make a series of saves within asingle design session, use File> Save As and enter adifferent file name each time. Thefileis
saved in the design directory.

Enter the file name you want in the dialog box shown below:

ﬁ Save As =

Save design 'testd0k' with name:

Design Directory:
examples\at40kvlogictest40k

Cancel

it

Help

Saving a Design Session with aNew Name
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Using File>Save As lets you restart the session at a number of different points. It's best to saveto anew file after major steps
like assigning pin locks or performing placement.

Restarting a Saved Session

To restart asaved design session, click the Open button to display the Open as Macro dialog or the Open as Design dialog
(shown here):

DOpen as Design
Design Directory: Ok |
Ic:\a‘lmeI\examples\a‘léﬂ]k\ulogicuesﬂﬂk ;I

Cancel |
Design Name: Files of Type:
Jtestaoi | [igaro Design ¢ fod). | hew |

Tools Flow: Configuration:

I Wiesvlogic-iorkview Office | I AT40K | ey Design... |

Existing Design File:

[ testaok. fga |

Opening a Saved File

Do thefollowing:

1. Select thedirectory containing the saved design file from the “ Design Directory” list (or use New Design to add it to the
list).

2. Specify “Figaro Design (*.fgd)” in the “Files of Type” box.

3. Specify the name of the saved design session in "Design Name". Figaro enters the appropriate name in the field "Existing
Design File".

4. Click OK to restore the design session at the required stage.

Undoing Changes made during a Session

To go back to the stage at which you last saved the design session, pull down File>Revert to Saved. Y ou are asked “Do you
want to discard your changes to design“yourdesign?’. Click Yes.

If you saved the session to different files at different times and want to go back to an earlier save than the last one, click the
Open button. Y ou are asked whether you want to save any changes to the current design, before Figaro displays the Open as
Design dialog. Usethe dialog to specify the name of the file you want. (Thedialog is described in the previous section,
“Restarting a Saved Session”.)

Incorporating Engineering Change Orders (ECO)

After you have compiled adesign using Figaro, you may find you need to go back and make some modifications to the
original netlist. Rather than having to rerun all the steps again for the changed design, Figaro supports afunction for making
incremental design changes called Engineering Change Order (ECO).

Y ou can use ECO with single-chip, multi-chip and mapped designs of all netlist formats. Simply specify the extent to which
unchanged instances and routing are to be preserved in the new version (see " ECO Options® below) and read in the modified
netlist using the Open as ECO function.

Figaro compares the new design with the oneiit previously implemented, establishes what changes have been made and
preserves and locks any unchanged elements as stipulated in the ECO options. Y ou can then place and route any altered
sections either manually or automatically. Pressing Compile will compile the remainder of the design for you.
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ECO Options

Before running ECO, take a closer ook at the ECO options: open the Options> Optionsdialog and select the entry " ECO" from
the Topic list. Figaro displays the ECO options asillustrated below:
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Default ECO Options

The"Auto-proceed" option is switched off, meaning that after the modified netlist has been loaded, Figaro will prompt you to
start ECO. This provides you with an opportunity to study the comparison summaries in the transcript before proceeding.

The "Preservation" options specify how much of the original implementation is to be preserved during ECO. Generally the
more you preserve, the faster Figaro will be able to compl ete any subsequent compilation of the design.

The"Locking" options control whether preserved instances and nets are automatically locked in the new version of the
design.

Make sure the options are set asin the picture above i.e. with the maximum level of preservation and all preserved objects
locked.

ECO and Mapping

Y ou can use ECO on mapped designs of all formats, however it isimportant to note the following:

*  Running ECO on mapped designs may not always achieve the expected level of preservation because mapping is not
always able to maintain associations between netlist design instances and Figaro'simplementation of them. Asaresult,
ECO cannot preserve the implementation of someinstances, even if they are identical in the original and new versions.
Asthelevel of instance preservation degrades, so does the preservation of netsand routing.

*  When running ECO on a mapped design, ensure the mapping options match those used when the design was originally
compiled.

ECO and User Macros

Y ou can also run ECO with user macros. Do the following:

Step

Compile the original user macro and check it into a library

Open and compile the design containing the user macro

Check the macro out of the library then make the necessary changes to the netlist

Open the new macro netlist as ECO

Compile the changed macro and check it back into the library

When you restore the original design containing the user macro, Figaro automatically uses the latest version of the macro and
placesit in the same orientation as the old one. It also issues a message warning you that it has used a changed version of
the macro.
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If the new version of the macro is much bigger than or adifferent shape from the old one, you should check the instantiation
of the macro for contention.
Changing Figaro Options

Y ou can change many of the parametersthat control Figaro's operation. Many of these control window displays, some
control the default entriesin dialogs, and others control the way Figaro imports and exportsfiles.

These options can be split into two groups, accessed using different commands in the Optionsmenu. Thefirst of theseisthe
Optionscommand, which accesses the following parameters:

8-4

Option Name

Controls

AT40K Bitstream

Bitstream format

AT6K Bitstream

Bitstream format

Delay Calculator

Delay range, input slew rate, output load

Design Checker

Error checks for opened design

Design Configuration

Rebuild hierarchy

Design Constraints

Auto-import repeat constraints

ECO

ECO flow, preservation, locking

Export Formats

Default selections in export dialog

HDL Planner Parameterization of clock/reset schemes and design customization
Mapping Mapping control and preservation options

MGI Support Automatic macro generation as specified by the EDIF netlist

MGL Editor MGL Editor setup

Part Selection

Sets defaults for the filters in the Part Select dialog

Partitioner

Partitioner quality and control

Place and Route

Compile quality and other options

Synthesis Tool Invocation

Tool flow and interface options for running synthesis

Timing Analysis

Graph type, paths listed, paths to ignore, report format

Viewlogic Import

Processing and use of attributes from ViewLogic netlists

Xilinx

Opening, processing and exporting of the XNF netlists

Parameters Set in the Options Dialog Box
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The Display Options command allows you to view and change the display characteristics of the windows listed in the table
below:

Option Name Controls

Browser Design and Map Browser windows.
Compile Compile window(s) (see below).

Desktop Message colors, toolbar display etc.

Parts Parts windows (see below)

Selecting Selection of nets or ports with an instance.

Parameters Set in the Display Options Dialog Box

Thelist is adapted dynamically depending on the windows open on your desktop. When you first open the dial og, the entry
for the current window is always highlighted.

Window options control the colors and display thresholdsof tool windows. The display threshold isthe magnification at
which a particular item is shown in the window.

Changing window options changes the settings for the specified window and not for all the windows of that type that are
open. It only changes the default settingsif you click the Save As Default button.
Changing Figaro Options: Examples
The following sections show how to change two sets of Figaro options:
=  Thedesign checks carried out when a design isloaded (under Options)
= The Compile window display (under Display Options).
The procedures for changing other optionsare similar. Use on-line help for detailed instructions on a particular set of options.

Changing the Design Checker Options

This section shows how to use the Options dialog to change the checks that are run when you open adesign. For example,
you might want to instruct Figaro on what to do when it finds a net without a source in the design.

This example shows how to make Figaro issue awarning if it finds an unconnected input port in the design. Do the following:

1. Cal upthe Optionsdialog as displayed below:
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Specifying the Options to Change
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2. Select “Design Checker" from the"Topic" list. The current settings are shown, as follows (thisis not the full list):
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Default Design Checker Options

3. Under “Unconnected Ports” click on the "Input Ports" pull-down list and change the setting from “Error" to "Warning”.

The Design Checker will now report unconnected input ports as awarning, write the warning to the transcript and
continue. Previously it would have reported an error and stopped opening the design.

4. Click OK to effect the change.
This comesinto effect immediately and will remain in effect in future sessions.

When you open the design, Figaro’sview of it will be modified by the Design Checker in the way these options specify. For
more information, see the on-line help on "Design Checks".

Changing the Compile Window Display

This example shows how to change the color of nets using express busesin the current Compile window. (Y ou might do this,
for example, to distinguish these nets from others displayed in the same color.) The procedure isthe same for all window
display options. Do thefollowing:

1. Pull down Options>Display Optionsand select "Compile" in thetopic list to display this dialog box:
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Compile Window Display Options

After the miscellaneous parameters, "Unused L ocations" isthefirst instance parameter. Its entry shows acolor entered
as a sequence of three numbersin the range 0-255. These are the valuesfor red, green and blue respectively. Thisisthe
alternativeto typing in acolor by name.
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2. Scroll down thelist until you reach “ Express Bus Routed Nets’:
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Color and Display Threshold for Express Bus Routed Nets

3. Click on the colored button. This displays the palette of colors you can choose from (the “color” radio button will be
selected here):

=-| Select Color | v| -

@ color  contrast
HEEREREEREN t

Color Palette

4, Usethe cursor to select acolor that is easily recognizable and is not being used by another type of net. A black outline
appears around the button and the preview rectangle on the right of the dialog box changes to the selected color.

5. If you want to see what this color looks like in relation to another one, click the “contrast” radio button then choose the
other color. This appears as a border to the main color in the preview box, so you can check the contrast and visibility of
the combination.

Y ou might use thisto test the contrast between two colors used for different routing resources, for example. The
“contrast” color has no effect on the display once you leave this dialog.

6. Click OK (or ENTER) to return to the Display Options dial og.

7. Click Apply to view the new color in the Compile window before you accept it. Click on the Compile window: any express
bus routed nets will change to the color selected.

8. Click OK to accept the change and leave the dialog. (To change settings for future Compile windows as well asthis
window, click Save as Default in the Display Options dialog - this new setting will be added to the FIGARO.INI file and used
the next time you start up Figaro.)

Resetting Figaro Options

If you make changes to Figaro options and then decide you preferred the original settings, you can retrieve these by removing
or editing the file FIGARO.INI stored in your Figaro BIN or startup directory.
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Troubleshooting and Support

This chapter tellsyou:

= Answersto some frequently asked questions.
=  What to do when you see an error message.

= What to check before you report a problem.

= How to report aproblem.

= How toinstall an update (patch) to Figaro.

Using the Transcript and Log File

During a session messages are output to the transcript and log file. Look herefirst if you have problems: refer to the
on-line help on "Error Messages'. Use Window>New Viewer>Log File to open a separate window displaying the
log file: thisis easier to use than the transcript, shows more information and provides useful search and edit
functions.

Introduction
This section lists some common problem areas.

Performance

If Figaro runs slowly in interactive mode, empty memory may still be allocated. Pull downHelp>Compact Memory to
use memory more efficiently.

Mapping
If adesign is not mapped as you'd expected, check the help on "Mapping" or "Retargeting”.

Placement, Routing and Timing

The most common problem isfailure to complete placement and routing of adesign. For details see the help on
"Troubleshooting", particularly the jumps to "Design cannot be placed” and "Design cannot be routed”.

Colors

Figaro uses colors to provide much of itsinformation. If your system has few colors avail able, this may cause
problems, particularly in the Compile window display. For example, if your system only has one shade of green,
express buses may be shown in gray, which normally shows unused routing.

To avoid problems pull down Options>Display Optionsand select "Compile". Click thefirst color buttoninthelist.
This shows the color palette available on your system. If there are very few colors or they are badly distributed (for
example, lots of reds but no greens), do one of the following:

A's a short-term measure, use the color button to change the colors of any resources that look confusingly close.
(For alist of the defaults, see the help on "Colorsin Figaro".)

Consider reconfiguring your system:

= If youareonaPC running Windowsit isagood ideato use adisplay driver with at least 256 colors.

= If you'rerunning X-Windows on a UNIX platform, close down Figaro then use one of the following (see the
xt dcnap "man page” for details.):

"xstdcmap -all" or "xstdcrmap -default".
Restart Figaro, which should now have awider selection of available colors.

Display
If a PC has problems displaying graphics in the Compile window, pull down Options>Display Optionsand select
"Compile", then uncheck the "Faster complex graphics" option.
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Frequently-Asked Questions

Thislist gives answers to some frequent questions asked by Figaro users. (Thislistisalso available on-line: from the
Figaro Overview help screen, click on Troubleshooting, then on Frequently Asked Questions.)

Q.
A.

>0 »0O

©

>0 »0O

The menu option | want to useis grayed out. Why?

Thisis probably because you are not in the correct tool window for the command, or because you have not
selected the object you want to work on. Click-hold the mouse on the command and look at the status bar for a
simple explanation; press SHIFT+F1 for further details.

Elements of the design seem to be hidden from view. Why?

Check the setting of Options>Display Optionsfor the tool window. Y ou may have turned off the display of
some wiring, net, port or other element.

Figarois"hanging". Thelast thing | was doing was using a dialog, which has now disappeared from view.
What should | do?

This occurs when awindow other than the dial og becomes the current window. For example, this happensif you
click inawindow belonging to adifferent application. Use your PC facility for listing open tasks to return to the
open Figaro dialog.

I have several dialogs open, but they keep disappearing below the windows. Why?
Use Window> Dialogsto Front to bring all your dialogs back into view.

I have selected an object in the Edit>Find dialog box and it doesn't show up in the Compile window. Why not?

Not all objects are drawn to prevent the display becoming unnecessarily cluttered. For example the global
clock/reset resources are not shown since they are attached to all core cells.

| displayed information on the same instance in the Design Browser and Parts (or Compile) windows. However,
the instance and net names shown in the two dialogs are different.

Thisis because only the Design Browser shows the original design. Other browsers and windows show Figaro's
implementation of the design: for details, see the on-line help on "Association™.

My design structure is not maintained after compilation. Why?

Y ou can compile individual blocks of your design separately by compiling them as user macros and storing them
in auser macro library. The macros will be used when you compile the whole design.

| can't export the type of file | want. Why not?

Thefilesyou are able to export depend on which is the current window. For example, you can only export a
pinout constraintsfile if the Parts window isthe current window and none of the partsin the window is selected.
See the help on File>Export for more details.

My design has one error on import but it's perfectly all right. Why?

Scroll up the transcript window or check the log file to seeif there are other errors. The design checker givesa
summary of the number of errorsit finds. If you opened as a macro adesign which has pads, there will bea
singleerror.

Multiple design instances are in contention in the Compile window. How can | select just one of them to move it?

Select the location in the Compile window. All the objects placed there will be highlighted in the Design
Browser. Now select just one of them in the Design Browser and drag it to anew location in the Compile
window. Thisleavesthe other object(s) behind. Repeat this as necessary until there's just one object at the
location in question.

| clicked the mouse in the transcript and a small menu appeared. What's this for?
Y ou only need to usethisif you're reporting a problem. It'sfor pasting from the transcript into the report form.

Since | mapped my AT6K design, Figaro's performance has slowed down. Why?

Mapping large AT6K designs can greatly increase the size of the footprint left by Figaro on your computer's
memory, making performance sluggish. Before proceeding, save your mapped design and exit Figaro to free up
this extramemory. Thisdoes not apply for AT40K designs.
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Before you Report a Problem....

If you have a problem, work through this section, point by point, before you report it:

Have you installed Figaro properly?
Check against the Installation section of this manual. Y ou should have all thefileslisted there.

Isthe system set up correctly with all the necessary files? If you're using a PC does it have enough memory?
Did you try to load an illegal or corrupted netlist?
Check the on-line help on "Netlists as I nput”.

Check the transcript or log file for messages beginning "Design Checker:". Some of these mean that the design
cannot beread in by Figaro: see the section "Design Check Error Messages" for details.

Isthefileyou'relooking for really in the directory you think?

Quick checks

Isthere an easy answer to the problem? Check against the list of Frequently Asked Questions (above). This shows
some places where it's possible to misunderstand Figaro.

Has the problem already been reported?

The Figaro Known Problems and Solutionsdocument contains descriptions of problems which Figaro technical
support knows about. Methods of avoiding these are given, allowing you to work around a problem.

This document can be accessed on-line using the Hel p> Review KPSpull down.

Reporting a Problem

Once you're sure your problem is not something you can solve yourself (see above), pull down Help>Report a
Problem ThisdisplaysaReport Form for sending to technical support.

Thelayout of the form, shown below, is straightforward, but if you do need more information, click on itsHelp

button.
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The Problem Report Form
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Enter your details and a summary of the problem. Inthe "Report in Detail” text box, give afuller description,
including:

What you were doing when the problem appeared.
How the problem looked.
A copy of thelog file, design.LOG.

To pasteinthelog file, click the right mouse button and sel ect paste file from the list, then type in the name of
thelog file and pressENTER.

A copy of the Figaro stack file (FIGARO.DMP) which contains arecord of previous functions executed.
Any relevant information from the transcript.

To paste from the transcript, move the cursor over the transcript space, click the right mouse button and select
copy from the menu. Then click inthe report form, click the right mouse button and sel ect paste from the menu.)

Once you've supplied all theinformation, click OK. Clicking OK produces areport file FCR.n, where n is the number
of thisreport. If it'syour first report, it will be FCR.0. Thisfileiswritten to the directory FIGARO\REPORTS and to
the current directory. Fax or e-mail acopy of this report to technical support.

Installing an Update to Figaro

Installing an update means patching your version of Figaro by applying apatch file sent by Technical Support to
solve aproblem. You can patch permanently or just for one session (so that you can try out a patch).

For details of product updates, contact your supplier.

Installing an Update
Toupdateyour Figaro version permanently, do the following:

1

w

If Figaro is open and you have performed any operations since opening it, close it down. (Y ou cannot patch
Figaro after opening adesign.)

Copy your FIGAROQ.INI fileto save it from being overwritten.

Restart Figaro, but don't open adesign.

Pull down Help>Install Update, enter the patch file name and click OK.

Figaro installs the patch and displays the Install Upgrade dial og asking whether you want to update the rel ease.
Click OK to update the release: the patch appliesfor thisand all future Figaro sessions.

directory. If youinstall an upgrade from any directory other than the Figarobi n directory, you will create a

i If you want to make a permanent update on aworkstation, you should only install it from Figaro's home
NOTH|

new FIGARO.IM filein the current directory but the source FIGARO.IM will remain unchanged with the
previous version.

Toupdatethe Figaro version just for one session to evaluate the patch, do the following:

1

If Figarois open and you have performed any operations since opening it, close it down. (Y ou cannot patch
Figaro after opening adesign.)

Restart Figaro, but don't open adesign.

Pull down Help>Install Update, enter the patch file name and click OK.

Figaro installs the patch and displays the Install Upgrade dialog asking whether you want to update the rel ease.

Click Cancel: the patch applies for the current session only. When you close Figaro down, the patch will be
removed.

Installing Library Updates

Thereisaparallel function for updating the package and vendor libraries used by Figaro. Pull downHelp>Update
Library and proceed in asimilar manner as when installing an update.
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A Summary of Menu Commands

This appendix describes the Figaro menu commands and the shortcuts defined for frequently-used commands. For
full information on any command, use the on-line help. There are two easy waysto display help on acommand:

= Pull down the menu, move the cursor onto the command and press the SHIFT and F1 keys simultaneously.

= Pull down Help>Search for Topic and typein thefirst few characters of the command name (on aworkstation,
this field iscase-sensitive: note that most words begin with a capital letter). Select the command name from the
list and click Show Topics. (If the help window is already open, click the Search button at the top of the
window.)

There are al so buttons on the toolbars for commands you might use alot, and keyboard shortcuts for many more
commands. These arelisted in full next to the respective menu commands. If you hit an incorrect key, or acommand
isnot available, Figaro beeps.

NOTE  menu. The entriesin some menus, like Edit and View, change depending on which tool window isthe

----- The window name in parentheses after the headings in the following list shows which tool "owns" the
‘ current window.

Menu Commands and Shortcuts

File Menu (Figaro Window)

Design Setup Specify the design directory.

Open as Design Open a design to compile a bitstream.

Open as Macro Open a design to compile a macro.

Open as ECO Read in new version of a previously- implemented netlist for quick update.
Close Close the current window.

Run Batch Open a Figaro batch file (*.fbf) to be run.

Save Batch File Produce a Figaro batch file for the currently loaded design.
Import Constraints Read in a constraints file.

Export Export a board report, back-annotation file or timing report files.
Save Save the design.

Save As Save the current design to a specified file.

Revert to Saved Discard all changes made to the design since the last save.
Print Print the current window.

Exit Close down Figaro.

A1



IDS Figaro Tutorial

File Menu (Figaro Window)

Command Key Button

File>Open as Design | Ctrl+O

File>Close Ctrl+F4
File>Export Ctrl+E
File>Save Ctrl+S

1l
File>Print Ctrl+P gl

File>Exit Ctrl+Q
Edit Menu
Undo Return your design to the state it was in before you performed the last operation.
Redo Restore changes reversed using Undo.
Select in Area Select all the objects in an area you specify with the cursor.
Deselect in Area Deselect all the objects in a specified area.
Deselect All Deselect all selected items.
Timing Constraints Open the timing constraints editor dialog.
Constraints Edit browser, mapping or part constraints.
10 Pad Attributes Open the 10 pad attributes editor dialog.
Find Find a specified object.
Info Display information on a selected object.
Design Info Display statistics on a design.

Edit Menu (Parts Window only)

Add Part(s) Add or replace the target device.

Change Part Speed or | Replace the target device with another from the same family, but with a different speed or
Application application.

Remove Part(s) Cut selected part(s).

Remove Unused Cut parts which hold no design logic.

Parts

Arrange 1/0Os Display I/Os neatly around part(s).

Rotate Parts Rotates the selected part(s) clockwise through 90 degrees

Assign Pin Locks Define pinout.

Auto-Partition Design Partition automatically.
into Parts

Unpartition Design Undo partitioning.
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Edit Menu
Command Key Button
Edit>Undo Ctrl+Z | )
Edit>Redo Ctrl+Y | Cal
Edit>Select in Area Ctrl+A
Edit>Deselect All Esc
Edit>Constraints @
Edit>Find Ctrl+F ﬁl
Edit>Info

Edit>Design Info

Ctrl+F1

Edit Menu (Compile Window)

Place by Net

Place instances attached to a net.

Next Macro Alternative
(not AT40K)

Replace the selected macro(s) with a functionally equivalent macro.

Next Primitive
Alternative (not AT40K)

Replace the selected primitive (on a single logic block) with an equivalent.

Rotate R90

Rotate selected items 90° clockwise.

Rotate L90

Rotate selected items 90° counterclockwise.

Rotate 180

Rotate selected items 180°.

Flip Horizontal

Reflect selected items on vertical axis.

Flip Vertical

Reflect selected items on horizontal axis.

Close Location

Prevent logic being placed in a location.

Open Location

Re-open a closed location.

Route Unrouted Nets

Route placed instances' nets.

Route Selected Nets

Route the working net automatically.

Discard Route

Discard the route of the working net.

Discard From
(manual route)

Discard the routed part of the working net (from the selection to destination(s)).

Tidy Net (manual
route)

Remove antennae from the working net.

Edit Net Routing
(normal mode)

Mark the selected net as the working net and enter manual routing mode.

Finish Net Routing
(manual route)

End manual routing and return to normal display.

Soften Library Routing

Unlock all locked library routing associated with the selected nets.

Revert to Library

Discard current routing and reinstate library routing for the selected nets.

Routing
Lock Fix the selected object so automatic placement and routing cannot change it.
Unlock Free the selected object so automatic placement and routing can change it.
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Edit Menu (Compile Window)

Command Key Button
Edit>Place By Net N

Edit>Next Macro Ctrl+N

Alternative

Edit>Next Primitive T

Alternative

Edit>Rotate R90 R

Edit>Rotate L90 L

[
ANE

Edit>Rotate 180

Edit>Flip Horizontal

Edit>Flip Vertical \%

Edit>Close Location ]

Edit>Open Location [

Edit>Route Unrouted o
Nets o

&

Edit>Route Selected Ctrl+R

Nets
Edit>Discard Route D
Edit>Discard From Ctrl+D
Edit>Tidy Net C
Edit>Edit Net Routing | W g5
T..0
Edit>Finish Net E ﬂxu
Routing h
Edit>Lock K
@ (toggle)
Edit>Unlock J
(toggle)
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View Menu
Zoom Fit Show the entire contents of the window.
Zoom In Zoom in at x2 on the center of the window.
Zoom Out Zoom out at x0.5 on the center of the window.

Zoom to Previous

Return to the previous zoom setting.

Zoom to Area

Zoom to a given area.

Zoom to Selected

Zoom in on the selected object(s).

Pan to Selected

Pan to the selected object.

Scale Zoom in at a particular scale factor.

Center Center the view on the next place you click.

Refresh Update the window contents.

Push Window Display the contents of this object in a new window.
Push Display the contents of this object in this window.

Return to Previous

Display the level of hierarchy above this one (undo the last Push).

View Menu (Browsers only)

Expand One Level

Expand a single level below this node.

Expand Branch

Expand all levels below this node.

Collapse Branch

Collapse all levels below this node.

View Menu
Command Key Button
View>Zoom Fit F4
View>Zoom In F7 &l
View>Zoom Out F8 a
View>Zoom to F3
Previous
View>Zoom to Area F9 T
View>Zoom to F2
Selected
View>Pan to Selected
View>Scale S
View>Center F6
View>Refresh F5
View>Push Window Ctrl+F7
View>Push Shift+F7
View>Return to Shift+F8
Previous
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View Menu (Browsers only)

Command

Key Button

View>Expand One
Level

+

View>Expand Branch

View>Collapse
Branch

Timing Menu (Compile Window only)

Show Analyzed Paths

Display delays on long/short/critical paths.

Show Net Delays

Display delay information in the transcript.

Measure Delay

Measure delays between two ports.

Timing Display

Change Compile window to timing display.

Options Menu

Transcript Toggle display of the transcript on/off.

Flowbars Toggle flowbar display on/off.

Toolbars Show or hide Figaro and Compile window toolbars (dialog).
Options Display or change Figaro options.

Display Options Set display options for the current window.

Library Menu (Figaro Window)

Library Setup

Change the library search path.

Check-In Macro

Check user macro into user macro library.

Check-Out Macro

Check macro out from user macro library.

Delete Macro

Delete macro from a user macro library.

Translate Macro

Translate macros from an AT6k to AT40k user macro library.

Timing Menu (Compile Window only)

Command

Key Button

Timing>Show Net
Delays

Timing>Measure
Delay

. %,

Timing>Timing
Display

— (toggle)
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Options Menu

Command

Key

Button

Options>Flowbars

F10 (not PC)

Options>Options

o

Options>Display
Options

F11 (PC only)

Flow Menu

Open as Design or
Macro

Open a design to compile a bitstream or user macro.

Map

Implement design mapped to selected vendor architecture.

Parts (sub-menu)

Access commands in the Parts sub-menu.

Compile (sub-menu)

Access commands in the Compile sub-menu.

Parts Sub-Menu

The Parts sub-menu contains the following entries.:

All Steps

Run all the steps in the Parts sub-menu.

Add Part(s)

Add or replace the target device.

Auto-Partition Design
into Parts

Partition automatically.

Compile Sub-Menu

The Compile sub-menu contains the following entries. The placement, routing and bitstreaming commands are part-

specific.

All Steps

Run all the steps in the Compile sub-menu.

Auto Compile All

Automatically program all parts.

Initial Placement

Run initial placement.

Optimize Placement

Run optimized placement.

Initial Route

Run initial routing.

Optimize Route

Run optimized routing.

Bitstream

Output the design as a bitstream (bitstream mode only).

Check-In Macro

Check user macro into user macro library (user macro mode only).

Compile Sub-Menu

The Compile sub-menu contains the following shortcuts. Both are part-specific.

Command

Key

Button

Compile>Optimize
Placement

Shift+F10 (not PC)

Compile>Optimize
Route

Shift+F11 (PC only)
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Window Menu (Figaro Window)

Arrange Icons

Arrange the icons on the Figaro desktop.

Cascade

Reorganize a stacked window display.

Tile

Display all windows without any overlap.

New Design Browser

Open a Design Browser.

New Parts Window

Open a Parts window.

New Map Browser

Open a browser displaying the logic elements of the mapped design

New Sub-Design
Browser

Open a browser displaying the logic partitioned to a selected part

New Compile Window

Open a window on the target device.

New Viewer

Open viewers for log files, path analysis reports, net delay tables, design
statistics.

New Shell Window

Open a DOS, Xterm or cmdtool window.

Dialogs to Front

Make dialog boxes for a tool visible.

Close Dialogs

Close all dialog boxes.

List of open windows

Toggle between windows currently open

Help Menu (Figaro Window)

How to Use Help

Show how to use on-line help.

Figaro Overview

Show the on-line help contents page.

Current Window

Show on-line help tailored to the window.

Search for Topic

Search for specific help information.

Review KPS

Open known problems viewer.

Report a Problem

Report a problem to Technical Support.

Install Update

Install a new version of Figaro.

Update Library

Install a library update.

Compact Memory

Tidy up unused memory.

About Figaro

Display version no. and copyright notice.

Front

Window Menu (Figaro Window)
Command Key Button
Window>Arrange Shift+F6
Icons
Window>Cascade Shift+F5
Window>Tile Shift+F4
Window>Dialogs to Shift+F3

Window>New
Viewer>Log File

Window>New Shell
Window

3|2
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Help Menu (Figaro Window)

Command Key

Button

Help>Figaro Overview | F1

Help>Using the ?
Current Window

Help>Search for Topic | Ctrl+H

Additional Toolbar Buttons

Figaro also provides toolbar buttons for the following options and functions:

Options: Selecting)

Function Button

Select input nets of instances (Display T

Options: Selecting)

Select output nets of instances (Display [
oLk,

Place and Route)

Auto re-route after manual move (Options:

Show or hide unrouted nets

Show or hide routed nets

Show or hide routing resources
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Standard Function Keys
The function keyslabeled "F1to "F11" do the following (F11 isrelevant for PCsonly, F12 isnot used at all):

Key(s) Action
F1 Opens the help window
Ctrl+F1 Edit>Design Info
Shift+F1 Shows help on highlighted command in menu.
F2 View>Zoom to Selected
F3 View>Zoom to Previous
F4 View>Zoom Fit
Ctrl+F4 File>Close
Shift+F4 Window>Tile
F5 View>Refresh
Shift+F5 Window>Cascade
F6 Center in window.
Shift+F6 Window>Arrange Icons
F7 View>Zoom In
Ctrl+F7 View>Push Window
Shift+F7 View>Push
F8 View>Zoom Out
Shift+F8 View>Return to Previous
F9 View>Zoom to Area
F10 Options>Flowbars (not PC)
Shift+F10 Flow>Compile>Optimize Placement (not PC)
F11 Options>Display Options (PC only)
Shift+F11 Flow>Compile>Optimize Route (PC only)
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Figaro Files

This appendix describes the following files:

= The startup filesFIGARO.INI and design.INI.

= Thelogfiledesign.LOG.

= The constraints filesdesign.RCT, design.PTN, design.PIN and design.TMG.
= The pinout report design.PIR.

= Thestatisticsfile design.sTS.

= Thenetstiming report file design.NDL or design.NDS.

= Thepathstiming report file design.PDL or design.PDS.

= User Macrolibrary files* LIB.

Most files are named design.*, where design is the name of the design you opened or, if you have saved the session with a
different name, the new name of the design. Files normally reside in the design directory, though you can write some filesto
other locations.

Wherethefile contains information relevant to only one of the partsin a multi-chip implementation, the naming convention
incorporates the part letter aswell: for example design_part.ext

Other files produced by Figaro are:

= Thebitstream file design.BST
=  Saved design session: design.FGD
= Problem report files: FCR.*.

----- For most files, when you produce a new copy, the previous copy is saved, with a"~" character asthe last character
of the extension. 40KTEST.LOG, for example, would be saved as40KTEST.LO~.

The Startup File: FIGARO.INI

The FIGARO.INI file residesin the directory from which Figaro wasinvoked (usually the bin directory) and records the following
information:

= Any changes you make to default parameters or options using either of the options dialogs. The new values are stored in
the FIGARO.INI file for use in future Figaro sessions.

= Designdirectory locations, and the tools flow and configuration used for each design.

The INIfile iswritten when you close a session during which you changed default parameters and is read in automatically
when you open a new Figaro session.

If you want to revert to Figaro's default values, change the name of the FIGARO.INI file. When thereis no FIGARO.INI filein the
BIN directory the original defaults are reinstated.
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A simple FIGARO.INI file might look likethis:

; Produced by Figaro version Atnel train2. 1.12 on May 8,
1997 at 2:31:54 pm

. Modified Options only

iDesi gn Setup]
Design Data = *c:\figaro\

exanpl es\ at 40K\ vl ogi c\ 40kt est <40kt est ><vi ewl ogi c_wi r _nacr o
_l evel ><at el 40k>c: \ fi gar o\ exanpl es\ 4bi t al u<4bi t al u>
<vi ew ogi c_wi r _nacro_| evel ><at nel 6k>

[Ti m ng Anal ysi s]
Measure Delay Paths Linmit =5

[ Conpi l e, Instances, Routed Locations]
Col or = 204 153 64

[Partitioner, Basic Options]
P&R Wilization = 6

The design.INI File
Theinitiaization file design.INi resides in the design directory and records the following information:

Design Flow Whether the design was compiled for bitstream or user macro.
Library Setup Library search path and library names.
Mapping Options  Whether mapping is enabled or not.

To reset these options to their defaults, you can either change the name of the file or move it out of the design directory.
(When Figaro finds no file with this name, it automatically reverts to the defaults.)

A simple design.INI file might look like this:

Example

; Produced by Figaro version Atnel train2. 1.12 on May 8,
1997 at 2:31:54 pm

Al Design Specific Options

[Place and Rout e]
Conpil e for Wser Macro = fal se

[ Mappi ng, Mappi ng Control ]
Mappi ng Enabl ed = fal se
d ock/ Reset network only = fal se
Map to Milti-Core Macros = fal se

[Library Setup]

Library Search Path = c:\figaro\exanpl es\desi gn
Li brary Names = user

The Log File: design.LOG

Thelog file records what happens during a Figaro session. (A subset of these messagesis also shown in the transcript.) The
fileresidesin the design directory.

If you encounter any problems with the Figaro flow, look at thelog filefirst. The best way to do thisisto pull down
Window>New Viewer>Log File. TheLog Viewer provides basic functions for updating and editing the log file and you can
also highlight error and warning messages in the file to make them easier to locate.



Appendix B: Figaro Files

Log File Format
For each design step in Figaro, the log file records:

= Thename of the step, like this:

Nane

= Thevalues of options used by that design step:

[ Step options]

=  The progress of the design step:
Step: info - text

= Any warnings associated with the design step:
St ep: <<WARN>> - Text

= Any errors:

khkkkhkhkhkhkkhkhhkhkhkhkhkhhhhhkrkrrdxkxhkhkkkxkxx

Step: **ERROR** - Text

khkkkhkhkhkhkdkhkdhkdhkdhkhdhrdhrhkhkhhrdrdhkhhhxd
Saving the Previous Log File
When you produce a new copy of the file design.LOG, the previous copy of thefile is saved asdesign.LO~.

Log File Example
This sample shows messages written to the log by the Optimize Placement step:

ptimze Placenent: info - Starting on June 9, 1997 at 5:58:43 pm

R otions for Place -----------

[Pl ace and Rout €]
Quality = 4
Timng driven = fal se
Route if Place contention = fal se
Auto set parameters = fal se
Equi val ent port swap = true

[Place and Route, Manual Editing]
Auto re-route after manual nove = true

[Place and Route, Atnel 40K]
Al ow gl obal clock/reset signals to use non-gl obal
resources = true
Al ow aut o pi n-swap on | ocked nacros = fal se
Aut o-soften conflicting hard routing in Qotim ze
Route = true

- Qonstraints for Place (device A) ----
Place: info - Oock net $1N41 (external name CLOK1) assigned to global clock |ocation GX4
CcLOK2

Place: info - Derived clock nets: 3COUNT\ ZO, 3COUNT Z1,
Place: info - Reset net figlO00 (external nane R) assi gned to global reset |ocation | 046

Place: info - The quality setting (4) is greater than the estimated nininum (3)
Qptimze Placenent: info - Finished optimze Placenent at June 9 1997 at 6:23:35 pm

The Repeat Constraints File: design.RCT

When you save your design, Figaro writes any pinout and timing constraints to the repeat constraints file design.RCT. Thisfile
lets you reopen adesign with the same pinout or timing, so there's no need to lock pins or import timing constraints again a
second time. The constraints are stored in the same format asin the pinout or timing constraints files.

If you want Figaro to import an existing repeat constraints file when you load a particular design, you should enabl e the auto-
import function in the design constraints options. To do this, open the Options dialog and select "Design Constraints”, check
the box labeled " Auto-import Repeat Constraints" and press OK to accept the setting.

Y ou can create a.RCT file from an existing .RCT file or another constraintsfile, then rename it and use the constraints for other
designs.
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Producing a design.RCT File

If you saved the design, there will be adesign.RCT file already. If you did not, there are two other waysto produce this:;

= |f you produced a pinout constraints file (see below) for adesign, but did not save the design, you will not havea
design.RCT file. Y ou can copy the pinout constraints file design.PIN to design.RCT, then use this as described above.

= If the .RCT file does not have the part/pinout constraints you want, edit it with atext editor. (Take careto preserve the
format.) Thismay be quicker than setting new pinlocksin Figaro. Y ou can copy adifferent .RCT file to the name you
want, then edit this.

Saving the Previous Constraints File

When you produce a new copy of aconstraints file from Figaro, the previous copy of thefileis saved, with a"~" character as
the last character of the file extension: design.RC~, design.Pr, design. TV~ and so on.

The Partition Constraints File: design.PTN

Partition constraints control the partitioning of logic into devices. There are two ways to produce the file:
= Using Figaro, either by partitioning manually or using Edit> Constraints. Output the file using File>Export.
= Create an ASCII text file using an editor.

If you use the latter method, note that all names must be specified as full hierarchical names which include the top level
instance name (i.e. the design name) and that all strings must be enclosed in single quotes ().

Make sure that any partition constraintsin the file are preceded by the appropriate part constraints, because partition locks
require that the part has already been defined.

Preserving Cells or Instances

Y ou can preserve one or more specified design instances/cells, or all design instances/cells.

PartitionPreservel nstances ( 'instNane' )
PartitionPreservel nstances ( ALL )

PartitionPreserveCells ( 'cell Nanme')
PartitionPreserveCells ( ALL )

For example, thistwo line file would preserve the two named instances and all the '<cell_name>' cellsin the current design:

PartitionPreservel nstances ( 'alu/adder/add_1'" 'al u/adder/add_2")
PartitionPreserveCells ( '<cell_name>' )

Whilethisonelinefile would preserve all instances:

PartitionPreservel nstances ( ALL )
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Changing Current Settings
If you have used afile with statements like those above to preserve instances, you can reset the mapping parameters by
importing a new file with an "unpreserve" statement:

PartitionUnpreservelnstances ( [ instName | ALL ] )
PartitionUnpreserveCells ( [ cellName | ALL ] )

----- If you apply partition preserve constraints to particular instances before mapping the design, you must also apply
mapping preserve constraints to the same instances to ensure that they survive the map step unscathed.

Locking or Unlocking Partitioning
To lock partitioning use a PartitionL ock statement.

PartitionLock ( [instNane | cellName ] toPart <letter>)

This example specifies that instance \test\|6' isto be locked in part A:
PartitionLock ( '\test\l16' toPart 'A )

----- When you use partition lock constraintsin your .PTN file, remember to include the relevant part constraints as well.
Y ou cannot apply partition lock constraintsto pads.

Toundo alock set by afileread in earlier, use the "PartitionUnlock” statement:

PartitionUnlock ( '\test\16' )

The Pinout Constraints File: design.PIN

Figaro can read in pinout constraints from afile. Thefileisnameddesign.PIN. It liststhe part used in the design along with any
manual pin locks (whether read in as constraints or assigned using the Parts window.) The file does not include pin locks
assigned by Figaro.

To produce a pinout constraints file, make the Parts window the current window then pull down File>Export and check the
“Locked Pinout (* pin)” box. You can rename the exported file then import it for use in adifferent design. Y ou can also create
or edit afile using atext editor.

Thefile can also be used as arepeat constraints file. To do this, edit the file according to the constraints syntax to add or
remove parts and pinouts, then save it asdesign.RCT. Also, you can read in pinout constraints from a.RCT file:

AddPart Named ( ' AT40K10-2RC ‘A )
AddPart Naned ( ' AT40K10-2RC ' A )

( "AQUTPUTL' toPin 'A 152 )
Pinout ( 'A OJTPUT2' toPin ‘A 153 )
Pinout ( 'A OJTPUT3' toPin ‘A 154' )
Pinout ( 'A OJTPUTA' toPin 'A 155 )

The Pinout Report: design.PIR

Y ou can export areport showing the pinout constraints. Use thisin documents or reports, or tolay out the PCB. The format
is the same as for the pinout constraints file, but the report shows all locks, not just those you lock manually. (If the design
has been placed and routed, the file will include the pinout chosen by Figaro.)
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The Timing Constraints File: design.TMG

Figaro can read in timing assertions and constraints from a timing constraints file, design.TMG using the File>Import
Constraints command. Figaro usesasub-set of these constraintsin timing-driven compilation and all of them when reporting
timing values during interactive timing analysis.

Y ou can create thisfile in one of two ways:

= Using astandard text editor to create afile from scratch.

= Using the File>Export command to output afile of all the timing assertions and constraints currently valid for the design.
These may have been set either by importing an existing .TMG file or using the Figaro constraints editor (Edit>Timing
Constraints).

The following pages show an example timing file and alist of the keywords used. For afull description of the file syntax, open
the on-line help and Search for the keyword " Syntax” then the topic " Timing Constraints File Syntax".

Example Timing Constraints File Contents

This example shows an entry for each type of constraint:
Primaryd ock (
' Lo

dutyCycle (
edge R SING
hal fPeriod ( 30 )
period ( 60 )

Secondar yd ock (
' OLOOK2!

dutyCycle (
edge R SING
hal f Period ( 35 45 )
period ( 120 )

primaryd ock (
edge R SING
offset ( 20)
)

)
Deri vedd ock (
'3C0NTM\ $115 Q
dutyCycle (
edge R SING
hal f Period ( 80 )
period ( 120 )

ot her d ock (
' Lo
edge R SING

Assert! O (
'A

direction | NPUT

clock ' QLOXKL'

edge R SING

rise ( 510)
fall ( 15 20)

AsyncDel ay (
from( "'$1112 Q )
to ( '$1113 A )
rise (10 25)
fall (31)

)
Fal sePat h (
) '$11193 Q
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Valid Keywords Used in the Timing Constraints File
Thetiming constraints file parser iscase-sensitive. It only accepts the following words, valid strings and numbers.

Keyword Function

AssertlO Starts definition of an 1/O assertion.

AsyncDelay Start definition of an asynchronous delay assertion.

clock Starts definition of the clock referenced by an I/O assertion definition.
Cut Specifies the net to be cut disconnecting macro ports
direction Defines the direction of an 1/0 assertion (INPUT or OUTPUT).
dutyCycle Starts definition of the duty cycle.

edge Starts definition of an edge (RISING or FALLING).

fall Starts definition of an 1/0O assertion's fall delay(s).
FalsePath Starts definition of a new false path.

halfPeriod Starts definition of a half period (the rise or fall period).
offset Starts definition of an offset from the primary clock.

period Starts definition of a period.

PrimaryClock

Starts definition of the primary clock.

primaryClock

Starts definition of a secondary clock's relationship with the primary clock.

rise

Starts definition of an I/O assertion's rise delay(s).

SecondaryClock

Starts definition of a secondary clock assertion.
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The Statistics File: design.STS
The statistics file holds information on placement and routing. It isupdated by Figaro at the end of each design step.

FI GARO STATI STI CS FI LE

Date And Tine : June 9, 1997 at 11:15:47 am
Devi ce Type : AT40K10- 2RC

Figaro Version : Atnel train2. 1.19

Design Statistics for " 40ktest "

Design Step : Initial Pl acenent

Nunber of Macros : 359
Nunber of Nets : 386
Nunber of Pins : 1320
Average Pins per Net : 3.42
Maxi mum Pi ns per Net : 11
Nunber of Nets : 386 unrout ed
0 routed
Nunber of Logic only Macros : 0 unpl aced
309 pl aced
Nunber of Logic Cells : 309 used
0 needed
267 free
Nunber of macros with RAM: 0 unpl aced
4 pl aced
Nunber of RAM Cel I's : 4 used
0 needed
32 free
Nunber of 10 Macros : 0 unpl aced
46 pl aced
Nunber of 10 Cells : 46 used
0 needed
144 free
Nunber of Flip-Flops : 223
Nunber of Gates : 90
Nunber of Macro Wres : 0

Nunber of Route Wres :

Nunber of Buses : 0
Local Buses : 0
Express Buses : 0

Nunber of O ock and Reset Conbinations : 1

Nunber of Cell Contentions : 8

Nunber of Net Contentions : 0

Thefieldsin the statistics file are as follows:

Number of Macros
The number of macro design instances placed on the device.

Number of Nets
The number of design nets on the device.

Number of Pins
The total number of pins used (except pins on the global clock and reset nets).

Average Pins per Net
The number of pinsdivided by the number of nets.

Maximum Pins per Net
The number of pinsin the most complex case. Multi-pin nets are more difficult to route.

Number of Nets
How many nets have not been routed, and how many have been.

Number of Logic only Macros
How many logic-only macros have not been placed, and how many have been.

Number of Logic Cells
"Used" shows how many locations are used for routing or logic.

"Needed" shows how many will be needed for logic which has still to be placed, if the default shape from thelibrary is used
for each macro or primitive.

"Free" shows how many locations are still available.
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Number of Macros with RAM
How many of these macros have not been placed, and how many have been.

Number of RAM Cells

"Used" shows how many of the total number of RAM cells have been used. "Needed" shows how many will be required for
thedesign. "Free" indicates how many are still available.

Number of I/O Macros
How many of these macros have not been placed, and how many have been.

Number of I/O Cells

"Used" shows how many of the total number of /O cellsare used for routing or logic. "Needed" shows how many will be
needed. "Free" shows how many are still available.

Number of Flip-Flops

The number of logic locations that are being used as registers. (That is, the number of locations which are configured asflip-
flops and use the flip-flop outputs.)

Number of Gates
The number of logic locations that contain design logic (not used for flip-flops or purely for routing).

Number of Macro Wires
The number of logic locations which are part of amacro but also used for routing.

Number of Route Wires
The number of routed locations.

Number of Buses

Thetotal amount of routing resource used (both internal and external to macros). Local buses and express buses are shown
separately.

Number of Clock and Reset Combinations

The number of different combinations of clock and reset lines used by the flip-flopsin the design. (For example, if the only
combinations used were Clock 1 and Reset 1, Clock 3 and Reset 1, thiswould have avalue of 2). The larger the number, the
more difficult the design isto place and route.

Number of Cell Contentions
The number of logic locations which currently have multiple design instances placed on them.

Number of Net Contentions
The total number of nets currently competing for routing resource.
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The Net Delay Table: design.NDL or .NDS

The net delay table gives alist of the net delaysin the placed and routed design. The table contents are controlled by the
"Timing Analysis" options. Y ou can produce anormal report (.NDL) or areport in spreadsheet format for Microsoft Excel
(.NDS).

The net delay table shows the following information:

= Timeof creation.
= Design name.
= Part.
= Netlist file(s).
= Environmental settings, such as delay range, derating factor, etc.
= Listof netsin order of delay (longest first). Net information in the normal report is shown asfollows:
Net-name
From: source-port
To: destination-port rise-delay (R minimum maximum)
fall-delay (F minimum maxi mum)

Delay values are shown in nanoseconds.

The spreadsheet format presents the datain tabular form, with "R" and "F" as column headers; see the following
examples.

Examples
These examples show truncated files.

Normal Format (.NDL)

Net Delay Table June 6, 1997 at 3:37:56 pm

Desi gn: adder

Part: A (AT40K10- 2RO

Inported from #('c:\figaro\exanpl es\adder\wi r\adder.1")

Del ay cal cul at or
Mode
derating factor

$11 69\ V2
From $1169\A1\G Q
To: $1169\ A2\ QO A
To: $1169\A2\A B
To: $1169\A2\&R3 B

Spreadsheet Format (.NDS)

The spreadsheet format ooks like this:

Net Delay Table June 6, 1997 at 3:37:56 pm

Desi gn: adder

Part: A (AT40K10- 2RO

Inported from #('c:\figaro\exanpl es\adder\w r\adder.1")

Net From To R(mn) R(max) F(mn) F(max)
$1169\W. AN QAINGOA 4.83 11.69 5.55 12.66
$1169\W AO\GG QAI\G3 B 4.43 10.69 5.06 11.56
$1169\W. AO\GG QAI\GA B 3.90 9.17 4.59 9.89
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The Path Analysis Report: design.PDL or .PDS

The Path Analysis report lists the path delaysin the placed and routed design. Its contents are controlled using the " Timing
Analysis' options. Again, you can export anormal report (.PDL) or areport in spreadsheet format for Microsoft Excel (.PDS).

The default values are the long and short path slack values for the 10 most critical paths, the 10 longest paths and the 10
shortest paths. Negative slack values always signify that the timing constraints set for the design have not been met.

Y ou can select whether the times reported are rise/fall values or the maximum delay. The default isfor timing analysisto
choose the values most appropriate for the design. If you have included clock assertionsin the timing constraints file, the
delays obtained for the relevant paths are al so reported.

The path analysisreport is divided into three main sections:

= A general section, including the date and time the file was created, the design name, the part used and the timing analysis
and delay calculator options valid when the report was produced.

= A clock report section, reporting statistics on each asserted clock defined in the timing constraints file.

The clock arrival times show the minimum and maximum times for the clock signal to all the ports controlled by the clock.
Also listed are the asserted (required) period for the design and the current period obtained by the implementation. You
then see a summary of how these figures are computed followed by the individual delaysfor each path segment and
absolute and relative delays through the logic and routing for the overall path.

= Path report sectionssummarizing the required and actual arrival timesfor each path followed by the delays along the
individual sections of the path and absolute and relative delays through the logic and routing.

Example

Thistruncated example shows the header section at the start of the file and atruncated longest path example, but no clock
report section:

Path Analysis June 6, 1997 at 3:37:56 pm

Desi gn: adder

Part: A (AT40K10- 2RC)

Inported from #('c:\figaro\exanpl es\adder\wir\adder.1")

Timng anal ysis options

Del ay Range = MaxMax

Long critical path analysis -> Trace 10 nost critical

Short critical path analysis -> Trace 10 nost critical

Longest path anal ysis -> Trace 10 |ongest paths

Shortest path anal ysis -> Trace 10 shortest paths

Del ay cal cul ator options

Mode
derating factor

d ock Report Section

dock: COK

Mn clock arrival time = 3.42ns
Max clock arrival tine = 3.42ns

Total nunber of setup checks violated = 2 (out of 2)

Asserted period
Qurrent period

2.0ns (500. OMHz)
25.83ns (38. 71M)

Wr st case pat h:

Path #1
Slack = -23.83ns
Type = Input -> Qutput ('"IOVMB 1 A ->'CD1Q)
dock Edge: 'QLK on 'IOMB 2 A _/ 0.00ns

Asserted Reqd Tine: 'QUT" on 'CD 1 Q \_ 2.00ns

Required Arrival Tinme: \_ 2.00ns
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O ock Edge: 'CGLK on 'IOVB 2 A _/ 0.00ns
Asserted Arr. Tine: "IN on 'IOMB1 A \_ 2.00ns
Data Path: '"ICMB 1 A ->'(D1Q \_ 23.83ns
Actual Arrival Time: \_ 25.83ns
Dat a Pat h:
IavB_1 A \_ 0.00
MACRO IOVB R 2.40 F 1.90
IOVB_1 Q \_ 1.90
NET N R5.52 F 6.09
AN2_1 B \_ 7.99
MACRO AN2 R 1.10 F 1.10
AN2_1 Q \_ 9.09
NET N> R4.26 F 4.84
1A \_ 13.93
MMCROC® R 8.70 F 9.90
aD1Q \_ 23.83

logic delay = 12.90ns (54%
route delay = 10.93ns (46%
Short critical path analysis

Path #1
Slack = 5.0ns
Type =Flop ->Fop ("FD.1 QK ->'FD2 D)
d ock Edge: ' ALK on'IGVS 2 A _/ 0.00ns
d ock Del ay: '"ICMB 2 A ->'FD2 ALK _/ 3.42ns
Required Arrival Tine: \_ 3.42ns
d ock Edge: ' ALK on'IOGV5 2 A _/ 0.00ns
Qa ock Del ay: "ICMS 2 A ->'FD 1 AK _/ 3.42ns
Data Pat h: 'FD1 AK ->'FD2 D \_ 5.00ns
Hol d '"FD 2 D \_ 0.00ns
Actual Arrival Tine: \_ 8.4lns
Data Pat h:
FD 1 K _/ 0.00
MACROFD R 1.80 F 2.20
FD1Q _/ 1.80
NET N2 RO0.12 F 0.13
INV_1 A _/ 1.92
MACRO INV R 2.90 F 3.00
INV_1 QN \_4.92
NET N3 R0.07 F 0.07
FD2 D \_ 4.99
logic delay = 4.80ns (96%
route delay = 0.19ns (4%

For more detailed information on the PDL file and the computation of the valuesit contains, refer to the on-line help.

The format of the .PDS file makesit unsuitable for reproduction here. For full information, refer to the on-line help.

User Macro Library files: *.LIB

User macro library files have the extension .LIB and contain information on the macros you have been created and checked
into thislibrary. Itsformat isthe same as that of designFGD files, although it also contains different information required
when an instance of the macro isincorporated in adesign: ports, instances and nets along with placement and routing data for
each macro cell.

When you create a new macro, use Library>Check-In Macro or the Check-In button to add the macro to alibrary using the
cell name you specify. If that cell name already exists, you can overwrite the previous definition, although you cannot create a
macro using the same name as an instance in the vendor library. Y ou can set up a number of different library files.

For adesign which isto use one or more of your macros, use Library>Library Setup to tell Figaro wherethelibrary fileis.
Thisisthen cached by Figaro, making your macros available. Macrosin auser macro library will be used in preference to
netlist symbol s/descriptions which have the same name.

B-12



Appendix B: Figaro Files

For afull description of the files and directory structure used, Search the on-line help for "User Macro™ and jump to the topic
"User Macro Files and Directories®.
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Schematic Entry - OrCAD

Orcad

The Integrated Development System (IDS) is set up to provide a seamlessinterface for the OrCAD Express for Windows
product. The user can switch and choose easily between the OrCAD and IDS systems for design entry, circuit implementation,
and eventual download of the bitstream to an Atmel FPGA . Full VHDL simulation for OrCAD is supported.

This chapter of the “ CAE Interfaces” section will detail the design process using OrCAD Express and the Atmel FPGA
(AT6000 or AT4OK series) library. For details about the OrCAD tools, check the appropriate OrCAD User’ s manuals. Please
refer to the “Figaro” section of this Tutorial for detailed instructions on running Figaro with the example design “test40K”.

The Atmel library filesin this release will alow the user to work with OrCAD tools and target the design to either the AT6000
or AT40K seriesFPGAs. The design flow allows the user to invoke Express with the Figaro Schematic Entry button for design
entry. The design can then be netlisted and placed and routed using Figaro. Specific details on each topic will be discussed
later in this chapter.

Design Flow

This section will explain in detail the Figaro flow when integrating OrCAD tools into the design process. Though there are
different waysto design acircuit with OrCAD toolsin conjunction with the Integrated Devel opment System, the
recommended work sequenceis asfollows:

System Setup(Figaro)

= Setsupthedesign directory and libraries

Design Entry (Or CAD Express)
= Setsup the software environment
=  Entersthe schematic for the design

Netlist Generation (Or CAD Express)
= Outputs EDIF netlist for Figaro

Layout Generation (Figaro)

= Invokes automatic/manual placement

= Invokes automatic/manual routing

= Writesdelay values for back annotation

Post-layout Simulation

Device Programming (Figar o)
= Creates bitstream output
= Downloads onto Atmel part
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The design flow for the Atmel FPGA with OrCAD toolsis graphically shown below.

Figaro Design Setup

y

Design Entry
(OrCAD)

v

Netlist Generation
(EDIF)

v

Placement & Routing
(Figaro)

4

Biststream File
Generation

AT40K FPGA

Design Flow for OrCAD Platform
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System Setup

The Figaro interfaceis built to facilitate user interaction with the required CA E platform from within Figaro. OrCAD tools
required in the design flow with an AT6000 or AT40K series FPGA s can be accessed from the buttons provided in the Figaro

Desktop.
T Figaro - Untitled : [No Design Directory] |_ (O] x] I
File  Ecit “iew Library Flow Tools  Options  Wndow  Help
ﬁ @ﬁ%frﬁ%i}@ L | bopen uap  bParts  FCompile | J‘- ‘
pud
£
| |
Figaro Desktop (Main Screen)
Setup Files

In order to use the Atmel FPGA (AT6000 or AT40K Series) libraries, the design template new.dsn, stored in the
\SystemDesigner\lib\orcad directory must be copied to the design directory. This step isnormally performed by Figaro and is
only required if thefileis missing on completion of the design setup process.

Atmel Library

The Atmel OrCAD library is stored under adirectory called orcad in the\SystemDesigner\lib area. IDSwill automatically set
up the needed pointersto the OrCAD library as specified above. Thislibrary is named at6k.olb (for AT6000) or at40k.olb (for
the AT40K).

File Structure

IDS can be used to manage al filesrelated to adesign and any user libraries that may be associated with it. Most design files
will be found in the design directory that isidentified to Figaro. Also IDS supports the idea of auser library in which all design
files associated with its components are stored in a common sub-directory.

The following two diagrams describe the file structures in the design and library directories respectively.

Dresipn Direetory
(ex:/ At Teor/desivn )

%R

dzxtgm .op] clesiimadsn dariga il f figha

OrCAD Design Directory Structure
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Tolwary Trrcanry
Vs /A sl gy

N T,

s lih T MR 2 VoI,
Jod, b avd Lep files RG] e
LA liles eIV e Nhd macrel VA e 2 e

OrCa
OrCAD Library Structure

Exercise

1) Copy the“test40k” example from the Figaro \SystemDesignenexamples\at40k\orcad\test40k directory to the newly
created design directory location, e.g. \SystemDesi gnen\atuser\test40k

2) InFigaro, select the@ icon or File>Design Setup from the main menu and click on the New Design button. Inside the
New Design dialog box:

=  Set Configuration to AT6K or AT40K.
= Choose Orcad from the Tools Flow list box.
= SetFileof Types as EDIF Netlist (* .edf).

= Enter the absolute path of the Design Directory where the “test40k” example will be copied to such as
“c:\atuser\test40k”.

= Enter “test40k” asthe Design Name.

An example of the dialog box with complete settings is shown below.

Design Hame: Desgn Dirscton: Ll |
testay | toeteetany _ P
i= F =]
fexi
Help |
. j_l 1 ﬂ_l
Files of Typse: Drives:
[ EOUF Bt iy = = =l
Canfiguration:
| wramm =
TWIE mm Tonls Flow Dcsﬂ"ﬂm!
EveresiATHOL Al impartnet  EDF
FPOA Exoress - werlog Espord :
FPOA Erpwess SWHOL L e
o Expaor] Dy . FlabiHier S0F
o

New Design Dialog Box

= Click OK to return to the main screen.

3) Thedesign set up is now complete.
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Design Entry

OrCAD Express for Windows isthe tool used for performing schematic entry. Thistool can beinvoked from the Schematic
Entry button on the Figaro desktop.

Inside Express, the project file (* .opj) of the design will be created and stated as the header of the Design Manager window.
Under the Design Resources folder in the Design Manager window will be shown the design file (test40k.dsn in this example)
and the Library folder. All thelibraries used in the design will be added to thisLibrary folder, and all the schematics of the
design will bein different folders under the design file.

DAL E g los 'wWisakeera !EI
Fle Dworgn B Took decesimies Doses
o [l

bls|@| &) 48aj@| o] Gl

[T e ——— T

= Logeol 1 Prysicdl
LN AT |

[= B Corgn Anmuces -
=R R
= 8 TS
B TEIE
-8 ADDERE
+ % COUMTERS
3 BE EHARLE
5 e

Design Manager in OrCAD Express

Drawing Creation Guidelines

All components placed in the design sheets should be either selected from the Atmel FPGA library (AT6K or AT40K) or
hierarchical blocksthat have been created with Atmel FPGA library components.

It isimportant to attach “hierarchical ports’ to al input and output pins at all levels of the design. The user should also
change the name and type for each port used. This ensuresproper creation of the ports and corresponding directions by the
netlist generator for Figaro to perform placement and routing.

Exercise

For the purpose of this exercise, the stepsinvolved in creating three of the hierarchical components, anoutput pad, an Adder
and a Multiplier for the “test40k” example are shown. The output pad isacomponent in the logic block called out8 in test40k,
and is used to demonstrate the general process for entering a schematic with Express using the Atmel FPGA library. The
Adder and Multiplier, on the other hand, are used to illustrate the automatic macro generation capability of IDS. The
application of “hierarchical ports’ to the top level schematic is also discussed below.

Entering an output hierarchical block

1. Follow the stepsin the previous exercise to compl ete the design set up. The name of the design should be set to
“test40k”.

2. Tostart anew schematic:
= Click on the Schematic Entry button from the Desktop to invoke Express on “test40k”.

= Select test40k.dsn in the Design Manager window. Use Design>New Schematic, and enter “output8” as the new
schematic name.

= Select the output8 folder, use Design>New Schematic Page to set the name of new schematic page as “output8”.
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3. After the schematic page has been set up, output8 can be implemented by following steps:

Open Schematic Page - output8 by double-clicking it, and select Place>Part from the menu bar in Express.

Select the AT40K library from the Place Part dialog box. If it isnot listed, click on the Add Library button and select
thefile At40k.olb stored in the \SystemDesigner\lib\orcad directory.

Select and place the component OBUF in the schematic sheet. Repeat this 7 times. Meanwhile, place all the OBUFs
verticaly in acolumn asillustrated below.

- - OrCAD Express for Windows - [testd0k.opj - TEST40K.DSN - OUTPUTS - DUTPUTS] [_ O[] I
File Edit View Place Macro Accessores Options  Window Help |5 5[
olw|d| 8] 3R 2o sl&ae wivoE S s 5 E $» g”
PasT paLOW o =
2 Es
[ — | =
AF:0] N . -
oBUF e
FAST 1
0BUF3S —_
2 +
- B B ]
Pk
oBUF 7]
T
FAST =]
OBUF3E
] [
E— ——
oBUF E
ther o~
2 [
R . S i
oBUF R
FAST |
OBUF3E . Y
1 N hd oy
4] o | o 2
[ [Ditems selected [Scale=100%  %=250 Y=280 4 ﬁ

The output8 Block Schematic

Select Place>Bus from the menu and use the mouse to create a bus vertically on each side of the OBUFs. Use
Place>Net Aliasto name buses asA[7:0] on the left and PAD[7:0] on theright.

UsePlace>Wireto draw netsfor all pins of OBUFs.

Select Place>Bus Entry to connect each net to abus on either the left or right. Use Place> Net Aliasto name each
bus net.

Note: Hierarchical Ports are required for every net of acomponent referenced in higher levels of hierarchy in the
schematic in order to generate a correct and portable EDIF netlist. Netlist generation will be discussed in alater
section.

Use Place>Hierarchical Portsto create the connectionsto all of the interface pins (two bus pins). Apply
Edit>Properties to change the labels on these connectors to A[7:0] and PAD[7:0] and the Type of pinsto Input, and
Output respectively. This process will place the necessary information in the EDIF netlist for Figaro to determine the
pin direction.

Save the schematic by using File>Save. Switch to the Design Manager window. After selecting the output8 folder,
use Tools> Annotate (with the default settings) to update the part references and Tools>Design Rules Check to
ensure the design has been entered correctly.

Finally use Save to save the design in the Design Manager Window.

4. A library hasto be set up for the creation of the symbol for the schematic, output8. To set up the library and generate the
symbol, follow the steps bel ow:
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= Create anew library by using File>New>Library.

= Pickthelibrary filein the Library folder. Select File>Save as from the menu, and enter the file name (e.g.
“design.olb”). Set Files of Type to Capture Library. Click OK.

= Select thedesign/design.olb folder, click on Design>New Part, and enter “output8” as the part Name.

= Select Attach Implementation in the New Part Properties window. Inside the Attach | mplementation dialog box,
select Schematic View as the Type of Implementation and specify output8 as the Name. Click OK in the dialog boxes
that follow to invoke the symbol editor.

= Create and edit the symbol for the schematic “output8” in the symbol editor

----- Type and Pin Number must be specified for every pin of the component’s symbol in order to generate a correct and
portable EDIF netlist.

The symbol should have two pins, A[7:0] and PAD[7:0]. Specify the Type of pinsas*“Input” and “Output”
respectively, and assign a number to the Number field of the pin properties aswell. Choose Save to save the design.
The completed symbol is shown below.

LIBRARY1.0LB - outputd

uz

— o
Ve I -

OuUTPUTS

Symbol of Output8

----- Tomaintain alibrary that can be reused in other designs, copy the folder “dflop” from the design browser to the
design library “design.olb” browser.

5. Open up the test40k sheet and replace one of the out8 components with the newly created output8 fromdesign.olb.
Select the output8 and use Edit>Propertiesto change the Primitive option from Default to No.
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B-0B) - Mmphuser.ob —

= OUTPUTE hd =
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Schematic of Output8

6. Savethe schematic by using File>Save. Next, switch to the Design Manager window and use Tools>Annotate to update
part references and Tool s> Design Rules Check to ensure the design has been entered correctly. Finally choose Save

Design from the Design Manager Window.
7. Quit Express.

Using the Macro Generators

In this section, the Macro Generatorswill be used to replace a portion of the circuit with functions that have been optimized
for the Atmel architecture. Before using the Macro Generators, a user library must befirst created. The user library is
composed of two parts. Thefirstisalibrary file that stores the layouts created by:
a) the Macro Generators, or b) the user converting parts of the design to ahard layout. The second is a directory holding all
the files used to create the layout. These include various layout-related files as well as netlists that may be used for simulation.

To create alibrary, follow the procedures below.

= Select Library>Library Setup from the Figaro menu. The Library Setup dialog box will come up asfollows.

FjLibrary Setup

M= 3

rLibrary Search Path———— =

Add Before... | St
Add After...

Remove 3

4l

Help

r Lihrary Names

Add..
Create..

Remove 3 ||

Library Setup Dialog Box
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From the Library Setup dialog box, select Add Before and bring up the Add Library dialog box. Fill it in to specify the

location and name of the user library. To simplify design archival and file maintenance, adesign specific user library

should be stored in the design directory. The following is a sample dialog box for this exercise where the Library Name is
set to “user.lib” and Directories set to “\SystemDesigner\atuser\test40k”.

Click OK tofinishthelibrary set up.

TjAdd Library and Path

Library Mame:

M= B

Directaries:

i Lizer i

Ok

o testtest40k

compile Cancel
figha
timed
- Help
-
List Files of Type: Drives:
Libraries t* iin) e ~|

Add Al

ik

Library Dialog Box

Macro Generation

Two macros, mult8new and add8new, are going to be generated in this section with the use of Macro Generators. They will
be used to replace the original multiplier, MULT8, and adder, ADDERS, in the test40k design.

Oncethelibrary has been set up, press the Macro Generatorsicon on the Flowbar to bring up the Generatorsinterface. The
notebook dialog box is shown below.

™ overtflow

Ahzolute Yalue |

EAT-!I]K Macio Generators =l E¥ I

Wictth El [[H]]]

Adder-Ripple Carry

Comparstar

Deductor

Increment/Decrement by 1

IncrementDecrement by value

Multiplier-Serial Parallel

Multiplier-Signed

Multiplier-Unsigned

Options

Macro Hame |
"

| ¥ Hard Macro

Pin Map File Hame |

| [T Generate Schemstic

User Library |user.lih - I Browrse... | Batch
Size
Add to Batch | Generate | cancel | Help | iew Batch | o

Macro Generators Dialog Box
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To generate the mult8new macro,

1. Under the Arithmetic category, select the Multiplier-Unsigned tab on the notebook.
2 Enter “mult8new” asthe Macro Name.

3 Enter “8” for both WidthA and WidthB. A sample of the completed dialog box is shown below.

ﬁATill]K Macro Generators =] E3 I
-l
Widtha I 2 g

Adder-Carry Select
Truncate result to I 1] least significant bits (0 =all)

Adder-Ripple Carry

Comparatar

Deductor

Increment/Decrement by 1

Increment/Decrement by value

Multiplier-Serial Parallel

Multiplier-Signed

Multiplier-Unsigned |

Avithmetic |

Options
Macro Name ImuItBnew‘ | ¥ Hard Macro
[V Generate Schematic

Pin Map File Namel |

User Library |user4l]k.|ih LI Browse... | Batch

Size
AddtoElatchl Generate | Cancel | Help | | 0

Complete setup for mult8new

For details about the macro’ s properties, pressthe ADD TO BATCH button then the VIEW BATCH button. Thiswill provide
information on the Generator parameters, pin names and functions, aswell as either a description of the function or atruth
table.

4. Press GENERATE toinitiate the process.

The Macro Generators will then create alayout, an EDIF netlist, and an OrCAD symbol. Upon completion, a dialog box will be
displayed with statistics about the macro that was created. These statistics are stored in afilein the library aslibName.sts.

AT40K Macro Generator Statistics

FHTE LA AT T3P

rMacro Performance (dsing -2 speed grade)
Speed : 318 MHz
Critical Path Delay : M 4ns
Power Consumption : 0.4908 mAMHZ
rMacro Di
Logic Size (x'y) : x5 logic cells
Equivalent TTL Gates : [
Average Gates per Cell S,

Mult8new Statistics Box

Create the 8-bit adder macro, add8new, in asimilar manner.

1. Under the same Arithmetic category, select the Adder-Ripple Carry tab on the notebook.
2. Enter “add8new” asthe Macro Name.
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3. Select Disabled for the Carryln option.
4. Enter “8” for Width.

information will not be provided.

These statistics only appear after asingle macro has been generated. If an entire batch has been generated, statistical

EAT-!I]K Macio Generators | _ (O] =] I
"Carryln
' MoReuist ) Regist % Disabled ‘
oRegister edister isable heaiis van
Lo Ot E
e . . . Accumulator
[ MoRegister @ Register O Disabled L
Adder-Carry Select
Register r -
( @ Mone  Cinpt O Output € Both ‘ adder-Ripple Carry |
Comparstor |
[l Signed Overflow Pn|mEE
Deductor
Wicth |8 Pitch ID Aspect Ratio Io.oo InorementiDecroment by 1
I_ |7 IncrementDecrement by value

Multiplier-Signed

Multiplier-Unsigned

Options
Macro Hame IaddSnew p Hard Macto
A

Pin Map File Hame I O

User Library Iuser.lih LI Browse... | Batch
Size

A to Batch | Generate | Cancel | Help | | i
Complete setup for add8new

5. Click GENERATE inthe Macro Generators dialog box to initiate the generation process.

6. After both macros have been created, click CANCEL to exit the Macro Generators notebook dial og box.

Entering Top-level Schematics

The “test40k” schematic isthe top-level schematic in this example. In this part of the exercise, the macros created in the
previous section will be used to replace the multiplier and adder that are currently in the schematic. Finally, anetlist containing
the design test40k will be generated for placement and routing in Figaro.

Setting up the Design

1. FromFigaro usethe@ icon or select File>Design Setup from the pull down menu.
2. Select test40k as the Design Name. Click on OK to return to the main screen.
3. Completethelibrary set up as outlined above. Check that the user.lib created for the Macro Generatorsis specified

correctly.

4. Click onthe Schematic Entry button from the Figaro Desktop. Express will be invoked on the design test40k.

Replacing macros in the Schematic

The multiplier and adder macros, mult8new and add8new, can be placed into the schematic with the following steps.

1. Addthelibrary file “\SystemDesigner\user\user.olb to the Library folder of the designtest40k. It can be done by
selecting the Library folder in the Design Manager window, clicking on the right button of the mouse and choosing
user.olb inside the library directory, user.

2. Select mult8new from user.olb and placeit in the schematic.
3. Madify the symbol mult8new according to the section, Modifying Symbols, below.
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10-12

----- Tomaintain alibrary that can be reused in other designs, modify the template of the symbolsin thelibrary file, e.g.
user.olb in this example, and instantiate them in the schematics, instead of modifying the same ones after they have

been instantiated.

4. Connect the pins of mult8new to the same buses that were hooked up to mult8.

5. Deletemult8.

6. Repeat steps 2 to 5 to replace the 8-bit adder with add8new.

----- Since the symbols for the macros are automatically generated according to OrCAD configurations, some modification
may be needed for symbols. The symbol can be edited to provide information needed for creating a netlist, or provide

correct connectivity for the replacement macros.

Modifying Symbols

To modify the symbols, follow the steps described bel ow:

1. Select the symbol after being instantiated in the schematic and use Edit>Part, or double-click on the symbol in the library

fileto bring up the symbol Editor.

2. Specify the name of the symbol by double-clicking on{value} in the schematic and enter the Value field.
Number each pin of the symbol by selecting the pin, using Edit>Properties and entering the number in the Number field.
4. Closethe symbol Editor and choose Update Current in the Save Part Instance dialog box. This section of the schematic

w

should look like the following when compl eted.
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7. Savethe schematic by using File>Save. Next, switch to the Design Manager window, use Tools>Annotate to update
part references and Tool s> Design Rules Check to ensure the design has been entered correctly.

Using mult8new and add8new in Schematic

8. Choose Save Design from the Design Manager Window.
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Netlist Generation

An EDIF netlist fileis needed asinput prior to Placement and Routing. This file must be generated from within the OrCAD
Express for Windows tool.

To generate anetlist, test40k.edf, from the OrCAD schematic tool, do the following steps:

1. Switchtothe Design Manager window and sel ect test40k.dsn.

2. Select Tools>Create Netlist. A dialog box should be invoked allowing the creation of an EDIF 2.00 netlist. Check the
following itemsin the Options field: Output pin names (instead of pin numbers) and Output Part Properties.

3. Changethe Output File Extension from “.edn” to “ .edf’. Click OK.

4. UseFile>Exit to quit.

The design “test40k” is how ready to be imported into Figaro for compilation.

Figaro Place & Route

An EDIF netlist produced by OrCAD can be read into Figaro viathe Open as Design pop-up box. Select the Open button or
File>Open as Design from the menu. Confirm the design directory and design name and specify the Files of Type as EDIF
Netlist (* .edf). Verify the input file name astest40k.edf and click on DESIGN to read in the design.

DOpen as Design I
Deszign Directory: Ok |
ciitestitestdk -
I —I Cancel |
Design Mame: Filez of Type:
[testaok -

= |
Help

Tools Flow: ion:

IOrcad-Schemaﬁc IAT4DK ey Design... |

Existing Design File:

Ites‘t40k.edf

Open as Design Dialog Box

Press the Compile button to complete the design from placement and routing to bitstream generation. For step by step
instructions on how to select the Atmel part and implement adesign in Figaro, please refer to the “Figaro” section of the IDS
Tutorial.

Post Layout Simulation

After the design has been implemented with the Compile function, Post-layout Simulation can be performed. OrCAD
simulation tools can be invoked with the provided post-layout wire delays, including pin-to-pin delays, setup and hold times,
aswell as actual wire delaysfor evaluating the device timing and performance.

Please refer to the OrCAD tutorial for more details on S mulation of this design.

Engineering Change Order (ECO)

Figaro’s ECO feature supports revisions to the schematic, while recompiling only the modified areas of the chip. The process

allows repeated design changes to be compiled quickly and efficiently, while ensuring minimal changesto the timing of the
circuit.

For this exercise, aminor change will be made to the “test40k” schematic using ECO. In this case, the polarity of the RESET
signal will be reversed.
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1. Bring up the “test40k” schematic by pressing on the Schematic Entry button. Once in Express, add an inverter to the
output of the RSBUF (which isbringing in the RESET signal) as shown below.

WCAD Expruzy For & mdaws

Fis Edt YWima Placa Waow fGrossione: Opbon: Winoes Hap

Blwlu] &) 40|08 o) Sl os) v @|nE) s & #) e

“
% ieabdlk. oy - TESTSIED5H - TESTHE - TEST40K O] [

L3
l—] .
HABLE
SSTE T ;
=l
cLack L
GLLKRLF
Fla o
Cuos
{T¥] na
RERUF . :
" REEEEL 1 e I S
— 1

11| I gJ :

[Feany [wrc caecied [ScakelO0R.  We230 =780 =

Modified Schematic with Inverter

2. Proceed with Tool> Annotate and Tool>Design Rules Check. Save the schematic.

3. When completed, write out the EDIF netlist to test40k.edf, the file previously generated. Save the design and then exit
Express.

4. Toincorporate the change into Figaro use the File>Open as ECO option. The existing layout must already be loaded into
Figaro. It will then request to save the design as follows.

Do you want to save the changes to design ‘test40k'?

Mo | Cancel |

ECO Diaog Box

5. Answey Yesand bring up the Open as ECO dialog box. Change Files of Type to EDIF (* .edf) and ensure that test40k.edf
is specified asthe input file name.

Open as ECO I

ECO Directory: Ok |
c:itesttestdik -

I —I Cancel |
ECO Mame: Files of Type:
|test4ok -] IEDIF Hetlist (*.edf) | Help |
Tools Flow: Configuration:
[ orcac-schematic [araor

Existing ECO File:

[testank.zot

ECO Diaog Box

6. PressOK toinitiate ECO. During this process, Figaro will report all differences and then request confirmation to proceed.
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D you weart o procesd wiEhtre OO veesion of His desgns

ECO Pop Up Box

7. PressYesto execute changesto the design.

The Design Browser below shows that with the exception of the new inverter, which isinside a highlighted box, all
original instances are now locked and identified by a solid square preceding their names.

EFigam - test40k - c:\testhtest40k EE E ||
B S iR o B = | bopen | butap|| brarts | & E 310 8

B3 ser - festdlk
—3] testdik (TEST40K) ]

=] GCLKBUF1 (GCLEKBUF)
=] 1BUF1 CIBUF)

=] 1BUF2 (IBUF)

[—El INW3 (INW)

=] RSBUF1 (RSBUF)
7 U14 (muttnew)

=7 U15 (addanew])

=] U6 (outpura) L]

=] U1 Me
=] U149 (oUTIE)
=] Uz (INE) O
[l
]

L |0

Changed Instance in Figaro Browser

8. Proceed with Compile after this point and the program will place and route the inverter while leaving everything else
locked down.

of the unchanged macrosin the original design. Use Manual placement to resolve any placement contentions left on

----- In some cases placement contention that cannot be resolved automatically, can occur after ECO dueto the locking
NOTH|
‘ the device if the Compile step fails after ECO

Bitstream Generation

Besides performing placement and routing, the Compile button will also generate a bitstream file. The file can be found in the
design directory and is named test40k.bst.
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Viewlogic

Figaro is set up to provide a seamless interface for Viewlogic Workview Office. The user can move easily between the
Viewlogic and Figaro tools for design entry, functional verification, circuit implementation, post-layout simulation, and the
eventual download of the bitstream to an Atmel device.

Thistutorial will step the user through the various phases of entering a design using the Integrated Development Systemwith
Viewlogic Workview Office. System setup requirements should be met before working on the tutorial example.

This chapter is a supplement to the Viewlogic documentation. For information on tool functions, check the respective
Viewlogic manuals. Please refer to the “Figaro” section of the AT40K IDS Tutorial for detailed instructions on running Figaro
with the example design “test40k” .

System Setup

It isimportant that the Design and Library files, with their respective root paths, be in place prior to opening adesign. The
correct setup of the environment variablesis also needed for proper execution of the programs.
Environment Variables

For IDS, there are 2 environment variables which must be set in order for the software to function properly. Also, the programs
must be specified in the user’ s path. As an example, the following must be set.

ATMELDIR =\SystemDesigner\etc
FIGARO_HOME = \SystemDesigner
PATH =\SystemDesigner\bin;....

For Workview Office, the environment variableswbDIR and LM_LICENSE_FILE must be set for the Viewlogic software to work
properly. The path must point to the location where the Viewlogic software isinstalled, as shown in the examples below.

PATH =\SystemDesigner\wvoffice;...

WDIR Thisvariableisused by the Viewlogic toolsto find important files, such asthe license and message files. Thisvariable
must be set before invoking Windows. By default, the installation program will set WDIR to point to the directory where
Viewlogic wasinstalled, typically thiswould be:

\SystemDesigner\wvoffice\standard

The current setting of this variable can be retrieved by typing “set” at the DOS prompt. If it is required to have multiple paths
specified in the WDIR variable, a“;” should be used to separate the entries such as:

set WDIR=\SystemDesigner\wvoffice\standard;d:\wvoffice\standard

LM_LICENSE_FILE Thisvariableisused by the Viewlogic toolsto point to the licensefile. This variable must be set before
invoking Windows. By default, the installation program will set LM_LICENSE_FILE to point to the license.dat file in the WDIR
directory:

\SystemDesigner\wvoffice\standard\license.dat

Setup Files

There are two important setup files that Viewlogic uses to accessdesign information. These are the designName.vpj and
viewdraw.ini files. These files are typically maintained by the IDS software. If the user prefers to maintain these files using the
Viewlogic tools, use Options> Optionsand clear the Figaro Controlled option under Viewlogic |mport.

designName.vpj The designName.vpj file containsthe locations of all design and library paths required to work on the
current design (which isanalogousto “project” in Viewlogic terminology). Thisfile is maintained by IDS, and updates by the
Viewlogic project management utilities, though possible, are unnecessary.
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The designName.vpj file can be found in the current design directory (analogous to “project directory” in Viewlogic
terminology). Upon setup of anew design, anew designName.vpj filewill be created. The directory section will be updated to
contain the primary directory, any user libraries, and then the Atmel libraries. Any other directory settings that werein the
initial template will be placed at the end of thisfile. Any duplicate aliases will be del eted.

viewdraw.ini The viewdraw.ini file contains the locations of all design and library paths required for the current design
(which isanalogousto “project” in Viewlogic terminology). Thisfileis also maintained by IDS and updating is unnecessary.

The viewdraw.ini file will belocated in the current design directory (analogousto “project directory” in Viewlogic
terminology). Upon setup of anew design, anew viewdraw.ini filewill be created. Theinitial template will be taken from either
the current design directory, or the WDIR, whichever comesfirst. The directory section (found at the end of the viewdraw.ini
file) will be updated to contain the primary directory, any user libraries, and then the Atmel libraries. Any other directory
settings that werein theinitial template will be placed at the end of thisfile. Any duplicate aliases will be deleted. The
following is an example of this section of the viewdraw.ini file.

Example:
DIR [p] \SystemDesigner\AtUser\test40k
DIR [r] \SystemDesigner\AtUser\test40k\user (user)
DIR [m] \SystemDesigner\lib\at40k (at40k)

Atmel Library

In order to use Viewlogic schematic capture and simulation tools for the Atmel FPGA, a pointer to the Atmel library must be
set up in the viewdraw.ini file. Thisis automatically done when anew design is specified to IDS. Thislibrary can be found in
the IDSinstallation directory under the sub-directorieslib\at40k. Thelibrary filesare in the Viewlogic megafile format for ease
of management.

Thislibrary iswhere all schematic symbols are found. The alias/at40k should be used when referring to thislibrary in
Viewlogic. Thisisspecified by the following entry in the viewdraw.ini file:

DIR [m] \SystemDesigner\lib\macro (at6k) or \SystemDesigner\lib\at40k (at40k)

Example Design

11-2

Thefirst step in preparing for the tutorial isto copy the example design from itsinstallation directory to a suitable location.

Copying the Example

The example design can be found in the IDSinstallation directory under the sub-directory examples\vlogic\test40k.

Design Setup

Once everything has been set up, the Figaro program can be invoked. Select START > ATMEL > IDS

If everything has been set up correctly, the Figaro Desktop should be shown as follows.



Schematic Entry - Viewlogic Workview Office

P - Lnisiid : Mo Docgn Dinsciong]

L e S L
AETROTE M | ow b b boores | gy 3
[,
=]
=
oad
I
Figaro Desktop

The next step in the tutorial isto set up the design directory for Figaro to archive and retrieve all thefilesrelated to the design.
The Design Setup dialog box can be brought up by clicking on the@ icon on the Flowbar or under the File menu as follows:

ﬂ Design Zetup...
Open as Design...  CTRL+O

Open as Macro...

Fun Batch...
Save Batch File...

Exit CTRL+G

File Menu Dialog Box

Choose the NEW DESIGN button and bring up the New Design dialog box.

In the Design Directory input box, enter the directory/path of the “test40k” example (\SystemDesigner\atuser\test40k). Enter
“test40k” asthe Design Name. The Files of Typelist box should show the Viewlogic WIR (*.1) selection. All the Wir files
created for “test40k” will be displayed under the Design Name pane. If thisisanew design, no fileswill be shown.

The Tools Flow list box will show which CAEsystem is being used. The Tools Flow choice for this tutorial should be
Viewlogic-Workview Office. Tools Flow Description shows what files are used as input and what types of output will be
available from Figaro for back annotation to the simulator.

Once the information has been provided, click on the OK button.
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Thiswill bring back the Design Directory Setup dialog box to show the following:

Mew Design

Design Hame:

Design Directony:

Ites‘t40k

I ciatuzertestdok

acders 1
courterd 1

Orcad-Schematic

enakle.1
ing.1
1
Files of Type: Drives:
| Viewlogic Wir (*.1) ;I | e ;I
Configuration:
ATAOK, =
Tools Flow: Tools Flow Description:
FPGA Express - Verilog ;l Import Met SR
FPGA Express -WHDL | Export Met  : FlatMier . WiIR

Export Delay : FlatHier. DTB

|
OK |
Cancel |
Help |

Design Directory Setup Dialog Box

Select OK to execute.

The sch/sym/wir directoriesin Viewlogic contain the “test40k” schematic, symbol, and netlist files respectively. The
viewdraw.ini, viewsim.ini, test40k.var and test40k.vpj fileswill be set up automatically, accompanied by other files used for

running various parts of IDS.

Library Setup

The next item to be set up isthe user library. See“ System Basics, User Libraries’ of the User’s Guide for adetailed explanation
onthetopic. A user library consists of adirectory and afile where all the data about user-defined macrosis stored. These
macros can be created with either the schematic entry tool or Macro Generators function in the Figaro Desktop. Both subjects
will be covered in thistutorial. To facilitate file management and design archival, it is advisable to keep the library in the same

directory asthe design.

To create alibrary, the Library Setup option must be selected from the Library menu.

Library Setup...

Library Info...

Check-0Out Macro...
Delete Macro...

Tranzlate Macro...

Library Setup Pull Down Menu

Once selected, the Library Setup dialog box is displayed.
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E Library Setup HE B
— Library Search Fath * | oK I
S Acid Before. . |
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— Library Hames
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Library Setup Dialog Box

Select the Add Before button in the “Library Search Path” pane to specify the path of the library. Enter information in the Add
Library and Path dialog box by using the path browser to point to the \SystemDesigner\atuser\test40k directory and set the
Library Name field to user.lib. Press OK.

=jAdd Library ard Path
Library Nama: Diractorias:
| umer kb | o:vtuserite std0k SoeT
A Aald AR
............ atumer 4] —

3yl
war Help

Lzt Filag ol Type Criag
Libwarios 5} [+ e [+]

Add Library and Path Dialog Box

At this point, adialog box should pop up to confirm the creation of the library. Press Y ES to continue.

Do you want to create library 'c:\atuser\testd0k\user. lib*?

A e |

Create Library Confirmation Box
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The Library Setup dialog box is show below.

[Lissrary Search Fath Ed | oK I

*|

Library Setup Dialog Box

Press OK to havethelibrary structure created. At this point, another dialog box will pop up to confirm updating of the cached
library. Press Y ES to continue.

Cached library user is out of date - do you want to update it?

_m |

Update Cached LibraryDialog Box

The system should have created afile called user.lib in the design directory as well as a sub-directory called user. Thefile
user.lib is used to store the hard layouts of any macros created. The directory user will contain the sch, sym, and wir filesfor
each macro inthelibrary. It will also contain a sub-directory for each macro where important design datais stored for future
modifications of the component.

Finally, the viewdraw.ini and the test40k.vpj fileswill be updated to point to this new library. The Integrated Devel opment
System controls the read/write access of all filesin thelibrary. Thelibrary isassigned aread only attribute[r], asitis
unnecessary for the user to update entriesin the library.
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| examples:

|

| DIR [p] .

| DIR [r] /workview/wvlibs/741s {v1741s)
| DIR [r] /workview/wvlibs/builtin (builtin)
| DIR [w] under/development/alu {newalu}

|

DIR [p] c:hatuserid4Oktest

DIE [r] c:hatuserhd0ktestiuser (user
DIR [m] c:\ATMEL\lib\at40klib {at40k)

C:\atuser\40ktest>dir/w
Volume in drive C is SCOTT EVANS

Volume Serial Number is 2035-1ZDD
Directory of C:\atuser\40ktest

[-] [.-] [SCH] [5vM] [USER]
[WIR] 40KTEST.INT 40KTEST.LOG 40KTEST . TMG 40KTEST. VAR
40KTEST.VRT 40KTEST.VE~ CMDPRMET .BAT USER.LIB VIEWDRAW.INT
VIEWDRAW. IN~ VIEWIIM.INI

11 file(s) 21,150 bytes

6 dirc(s) 83,361,792 bytes free

C:\atuser\40ktest>

Viewdraw.ini and Directory after System Setup

Schematic Entry

Figaro works with a number of Viewlogic CAEsystems and allows the user to launch into Viewlogic schematic capture and
simulation tools. ThisTutorial isbased on the Viewdraw tool from Workview Office. The following section briefly introduces
some of the major concepts of using Viewlogic for schematic entry. It covers design hierarchy, file structure, commonly used
commands, and illustrates use of the Viewlogic tools by making some modifications to “test40k”.

For best results, it isrecommended that the user first go through the Viewl ogic Workview Office Viewdraw tutorial .

Viewdraw Schematics and Hierarchy
Schematic hierarchy in Viewlogic has the following attributes:

=  Every schematic may use several symbols.
= Every symbol may contain a schematic.
= Each schematic level may contain 1 or more sheets.

It isimportant to plan before starting the design. The way the hierarchy is constructed will have an effect on the hard macros
and layout.

Actual DOS File Structure

Thefile structures for Figaro and Viewlogic are shown in the following table;

Directory File Structure

ATA40K Project Directory \SystemDesigner\AtUser\Project
Symbol Directory \SystemDesigner\AtUser\Project\Sym
Schematic Directory \SystemDesigner\AtUser\Project\Sch
Netlist Directory \SystemDesigner\AtUser\Project\Wir

Figaro File Structures

= Every Symbol and Schematic is stored in the sub-directories Sym and Sch, respectively.

= After every writing of the schematic sheet, that single sheet is checked and an associated wirefile (or netlist) is created in
the Wir sub-directory.
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Viewdraw Commands

The following table contains alist of the most commonly used Viewlogic Viewdraw commands.

Workview Office Commands

Command Keybd Entry Function
View Pan <F6> Center the view to the cursor.
View In <F7> Zoom in one view level.
View Out <F8> Zoom out one view level.
View Area Select <F9> Zoom in on area as selected.
View Full Out <F4> Zoom out to entire sheet.
Add Component c Add the component named name.
Select Component Edit>Select> Select component(s) named name.
Component
Replace Component | Edit>Replace> Change to named component.
Component
Draw Net n Enter a wire (net) drawing mode.
Draw Bus b Enter a bus drawing mode.
Copy ~C Copy currently selected component.
Move Drag the selected component.
Delete Object <Del Key> Remove, erase, delete se-lected item.
Label Double Click Label the “clicked on” component.
List Labels Project>Block> List labels.
Labels
Text T Enter random text creation mode.
Attribute Double Click Enter Attribute addition mode.
Attributes Visible Project>Settings | Check to make Attributes Visible.
>Attributes Dis-
play Attributes
Attributes Invisible Project>Settings | UnCheck to make Attributes Invisible.
>Attributes Dis-
play Attributes
Change String Double Click Enter String (label,text,attr) mode.
Select Label Edit>Select>Lab | Find and select a label(s).
e
Select Group Edit>Select> Enter group selection mode.
Expression
Make Global Label Double Click Make a net accessible through hierarchy by changing scope to global.
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Enter Symbol's Sch | Push Sch Button | Push into the symbol's schematic.

Enter Symbol Edit Push Sym Push into the symbol for editing.
Button

Enter the next Next Sheet Push into next schematic sheet.

sheet Button

Return to level Close Window Pop back to symbol or schematic level.

Enter any Sch File>Open Enter a schematic by name.

Enter any Sym File>Open Enter a symbol by name.

Go back to last V4 Undo the last action.

action

Save or Write file w Save+Check the schematic.

Quit Viewdraw File>Exit Exit Viewdraw.

Symbol Commands

Change Sheet Size | Double Click Change avoidance area (symbol) using sheet size in dialog.
Background

Draw Box B Enter a box drawing mode (symbol).

Add Symbol Pin p Enter a symbol pin drawing mode (symbol).

Special Commands

Information Help>Viewdraw | Bring up on-line help. Selecting a menu item in Help mode will yield information.
Help Topics
Mouse - LEFT: MIDDLE: RIGHT:
Select Short Cut Menu
Exercise

This part of the chapter will show the user how to create both ablock of hierarchy (enable circuit), and 2 components (adder
and counter) with the Macro Generators, and place them in the “test40k” design. The enable circuit is used to demonstrate
the general process for entering a schematic with Viewlogic Viewdraw. The second exercise uses the IDS Macro Generatorsto
create acounter and an adder.

Entering a Schematic

To enter adesign or amacro, click on the Schematic Entry button in the Figaro Flowbar. Thiswill invoke Viewdraw on the
“test40k” design (see the*Example Design” section in this chapter for setting up the design). The following shows a
completed schematic of the “test40k” design.
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test40k Schematic

1. Thedefault Viewlogic colors can be changed by choosing the menu option Project> Settings Thiswill bring up a tabbed
dialog box. Choose the “ Color Palette” tab and the window will show the colors of various display objects that can be

changed. For the purposes of this exercise choose the Color Scheme Classic Black.

Project Sethtings

Project I Block I Components | Mty I Aftributes I Labels I
Temt | Object Propertie: | Color Palette | Fonts

- Fresiew
Choose Color. | N ~ |

Screen Color: -
pirted Color. [ £ |

W Map all print colars to black

Color Scheme:  [(MEER=]Fl= S

Irprt Schemel Export Schemel ¥ Screen " Prinker

ak. I Cancel | Apply | Help

Project Settings Dialog Box

2. Thisexercise will go through the steps to create a schematic for alevel of hierarchy in the design. In this example, it will be
one of output padsin the “test40k” design. The schematic of the output pad is shown below.
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ENEEN

Schematic of output padsout8

3. Tocreate aschematic,

= Usethe File>New dialog box and enter the name “outpads”. This should bring up ablank window for usein entering
the above schematic.

4. Get acomponent,
= Select Add>Component from the menu. Choose the FD macro from the at6k Library

or

Choose the OBUF macro from the at40k library as shown below.

Add Component

Symbol Directory

iobufl [atdllk)

nrail.1 :j chatuzertestd 0k

rrdi2. 1 Lzerd Ok

rrgid.l !ﬁm!_
rrd. 1
rrdil. 1
rrdiz. 1

rrdia 1l
| nrdid 1

[ Cbufe. 1

obufod. 1 “j
ohufos.1

one. 1

ard. 1 ;’j

Add Component Dialog Box

= Click first on the symboal in the dialog box and then move the cursor to the blank schematic sheet. The symbol should
now be attached to the cursor. Use the mouse and click to place the component in the schematic.

= Close Add Component dialog box.

5. Toaddabus,
=  Select Add>Bus.
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=  Usethe mouseto add abusto the 2 pins. Buses are drawn by first clicking (and holding down the mouse button) on
one of the macro pins, dragging the mouse to the end point and then releasing the mouse button. Click on the Cursor
button in the upper left corner of the screen to exit the “bus’ mode.

6. Toadd thelabelsA[7:0] and PAD[7:Q], double click onany net or bus and a dialog box should then be displayed for
entering the net or bus name.

= Typetheappropriate string into the label box and then press OK.

7. To add the Array attribute, double click on the OBUF macro, go to the Attribute tab and enter the name as“ $ARRAY” and
thevalue as“8”. The Array attribute creates 8 instances of the OBUF macro.

8. Savethe schematic using “w” or File>Save+ Check.

9. Create asymbol for the output pads as shown below,

= Usethe File>New dialog box and enter the name “outpads”. Also changethe “New” field to “ Symbol”. This should
bring up ablank window for use in entering the following symbol.

10. Draw abox,

= Type: “B” and use the mouse to drag out abox by first clicking in the upper left hand corner of the symbol block and
releasing the mouse in the lower right corner. To modify the symbol border, double click on the background, change
the sheet sizeto “Z”, width to 140, and height to 70.

11. Toadd pinsand labels:

= Type: “p” and use the mouse to define the pins. The pins are lines drawn by dragging the mouse from the start point
to the end point.

= Exitthe“pin” mode by selecting the Cursor button in the upper |eft corner of the screen. Select the pin by double
clicking onit.

= Type: “A[7:0]” inthelabel field to label the pin.

=  Repeat this process for the PAD[7:0] pins. When asked to expand the |abel, select the Y ES button.

11-12



Schematic Entry - Viewlogic Workview Office

13.

14.

15.

16.

17.

To add text,
= Type: “T” andthen click at the location the text isto be placed.

=  Type “OUTPUT PADS’ inthelabel fieldand press OK to enter the text. To move the text block, exit the “text” mode
and drag it to the desired | ocation.

To save and close the symbol window when done,
= UseFile>Save, close the information window, and then use File> Close.

Save and close the OUTPADS schematic using “w” and File>Close.

To place the symbol just created into the “test40k” design,
= Select oneor both of the ouT8 symbols.

= Usethe Edit>Replace dialog box to replace the component.

= Thisisdone by setting the Object Type field to Component, setting the Expression field to < Selected Components>,
setting the Replace With field to OUTPADS and then pressing the REPLACE button.

Select/Replace I

Object Type: E spression: Select |
- |< Selected Components > j Browze... | Al Select |

Repl |
Replace With: Heplace

outpads. 1 Close |
Find or Edit/Replace Dialog Box
When compl ete,

=  Type “w” tosavethe sheet.

To exit Viewdraw,
= UseFile>Exit.

Using the Macro Generators

1

Thisexercisefirst creates amultiplier, MULTSNEW, with the Macro Generators, which is then used to replace the MULTS
component in the “test40k” design. The user should do the same for the ADDERS component.

Thelibrary should be set up in Figaro before proceeding with the Macro Generators. Seethe “Library Setup” sectionin
this chapter for information.
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3. Click on the Macro Generator s button on the Figaro Flowbar, and bring up the following dial og box.

EAT-!I]K Macio Generators = O] x] I

Wit ID— [[[H]]

Abzolute Yalue |

[ overflow

Adder-Ripple Carry |

Eomparator |
Deductor |

Increment/Decrement by 1

Increment/Decrement by value

Multiplier-Setial Parallel

Multiplier-Signed

Multiplier-Unsigned

Arithmetic

A

optiong ——————————
Macro Hame I ¥ Hard Macro
Pin Map File Hame I V| Generate Schematic
User Library | user.lib Batch
Size
Add to Batch Generate Cancel | Help o

Macro Generators Dialog Box

= Select the Arithmetic tab on the bottom of the notebook and then select the Multiplier-Unsigned tab along the side.
= Type “mult8new” for Macro Name.
= Type “8" for WidthA and WidthB. A sample of the conpleted dialog box is shown below.

EAT-!I]K Macio Generators = O] x] I

Wicith, IS WicthB |8

Truncate resul to ID least significant hits (0 = all)

Ahzolute Yalue

Accumulator

Adder-Carry Select

Adder-Ripple Carry

Comparstor

Deductor

Increment/Decrement by 1

Increment/Decrement by value

Multiplier-Setial Parallel

Multiplier-Signed

Muttiplier-Unsigned |

Arithmetic 5 -
Options ——————————
Macro Hame Imunﬁnew ¥ Hard Macro
a
Pin Map File Hame I ¥ Gererate Schematic
User Library Iuser_ﬁb - | Browse... | Batch
Size
Addd to Batch Generate Cancel | Help | | o

Completed “Multiplier” Dialog Box

To get more details about the Macro Generators, the HEL P button can be used. All Generators have Help
descriptions which describe the parameters of the Generator, the pin names and pin functions, and either a
description of the function or atruth table.

= PressADD TO BATCH toinitiate the program. On completion, the following statistical data window will be shown.
Review the information and press OK to exit.
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Statistics Data Window

The same process should be followed for creating an 8 bit adder.

Select the Arithmetic tab on the bottom of the notebook.

Select the Adder - Ripple Carry tab on the side of the notebook.
Type: “add8new” for Macro Name.

Select the Disabled option for the Carry In.

Type: “8" for Width.

Generate the component.

Click onthe OK button in the Macro Generators dialog box to exit.

Besides creating ahard layout (fully placed and routed) for the multiplier and the adder, this step has also created three
files (symbol, schematic, and WIR) that contain all the functional information needed for simulation.

4. The newly generated macros, MULTSNEW and ADDSNEW can now be used to replace the existing components, MULT8 and
ADDERS, in the “test40k” schematic respectively. Press the Schematic Entry button on the Figaro Flowbar to bring up the
design schematic.

5. Locate the existing MULTS in the schematic. The new component will have a different shape and the Edit> Replace
command cannot be used.

Select Add>Component from the menu.
Select the library (user).

From the menu select the component mult8new.1. Click on the symbol and then place MULTSNEW bel ow the existing
MULT8 macro in the schematic.

Connect MULTSNEW to the same nets for MULTS.
Select the existing MULT8 and press <Del> to remove it from the schematic.

6. Repeat step 5 to replace adder8 with add8new.

7. Tosaveand exit,

Type: “w” and use File> Exit.

Functional Simulation

The design can be verified with Workview Office Simulation usingthe Functional Simulation button from Figaro. Functional
Simulation executes two programs, check and vsm, before running ViewSim. The check program ensures that al wirefilesare
current, and vsm creates input files for the simulator.

It is highly recommended that the user first go through the Workview Office Simulation on-line tutorials (Help>Tutorials) to
learn about its event driven digital simulator before proceeding to the following exercise.
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Please refer to the “ Simulation, Viewlogic Workview Office” chapter in the CAE Interfaces section of thisTutorial for more
details on simulating this design.

Netlist Generation

The Netlist button extracts a net list from the completed Viewdraw schematic for use by the system. By pressing this button,
Figaro verifiesthat all Viewlogic Wir files are up to date prior to loading the design. The net list file created will have the
correct format and physical information necessary for proceeding to the place and route phase of the design.

The Netlist button will also create an EDIF netlist. Thisfile should be used when Bus Rippers are employed in the Viewlogic
schematic.

Figaro

When the user isready to create the design by automatic or manual placement and routing, click on the Open button in the
Flowbar and answer the first dialog box with the Design option.

Open a3 a Design of a Macra?

‘ Macro ‘ Cancel

Open as Design or Macro Dialog Box

Once specified, the Open as Design dialog box will be displayed. Verify that Files of Typeis set to Viewlogic Wir (*.1) so the
files can be processed to create a Figaro database. However, Files of Type should be set to EDIF (* .edf) when employing Bus
Rippersin Viewdraw. A correctly set up Open as Design dialog box is shown below.

After the design is opened, follow the flow to go through the Parts and Compile buttons to finish placement, routing, and
bitstream generation.

Open as Design
Design Directory: | 1]4 a
|c:\alusm\lesl4l]k I * g i
Design Mame: Files of Type: .
[testank | 2| [Viewlogic wir (~.1) | +]

Tools Flow: Configuration:
| Yiewlogic-‘workview Office | | AT40K |

Mew Design...

Exigting Design File in gsubdirectory "wir":

| test40k_1 |

Open as Design Dialog Box

Details on the Figaro processes asillustrated by the “test40k” example design can be found in the Figaro section of the IDS
Tutorial.

Post-layout Simulation

After the design has been implemented with the Compile function, Post-layout Simulation can be performed. Viewlogic
simulation tools can be invoked with the provided post-layout wire delays, including pin-to-pin delays, setup and hold times,
aswell as actual wire delays, to predict device timing and performance.
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Please refer to the “ Simulation, Viewlogic Workview Office” chapter in the CAE Interfaces section of thisTutorial for more
details on Post-layout Simulation of this design.

Engineering Change Order (ECO)

Figaro's ECO feature supports revisions to the schematic, while recompiling only the modified areas of the chip. The process
allows repeated design changes to be compiled quickly and efficiently, while ensuring minimal changesto the circuit’ s timing.

For this exercise, aminor change will be made to the “test40k” schematic using ECO. In this case, the polarity of the REN
signal will be reversed.

1. Bring up the “test40k” schematic by pressing on the Schematic Entry button. Oncein Viewdraw, add an inverter to the
output of the I/O buffer (whichisbringing in the REN signal) as shown below.

B ViewDiaw - [sch'\ADktest] EA I FEEA R mEE
A Fle Edi Wiew Add Projest ook Window Help =l81x|
| Djw|E| 4[=(B 2 || @l 2] 2))olses| =]
B
M EXTRADELAY =0
» THRESAOLD-TTL SERIAL TOD PARALLEL
CONVERTER
ﬁ TEUF AINT T
1 0 IN
| PAD A_TOPLT_|
x| LR SPLT 0] —
|l . L -
ajl: . L L
L2l . ool
14 _ Lrl
vis|msslsl glelelel|
| 5 |
|Fu.Ha|p,p.assr1 [Select [72877  [Shest1 [ [

Modified Schematic with Inverter

2. When completed, write the design using “w” and then exit Viewdraw.
3. Usethe icon on the Flowbar to create an updated netlist.

4. Toincorporate the change into Figaro use the File>Open as ECO option. The existing layout must already be |loaded into
Figaro. It will then request to save the design as follows.

Do yvou want to save the changes to design 'test40k'?

Mo 1 Cancel 1

ECO Diaog Box

5. Answer YES and bring up the Open as ECO dia og box. Change Files of Type to Viewlogic WIRfiles (*.1) and ensure
that test40k.1 is specified as theinput file name.

For designs which employ Bus Rippers, change Files of Type to EDIF (* .edf) and verify that design.edf is shown as the
input file name.
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Open asz ECO ;
ECiO Directory: Cif; 1
clatuseritestdik -
i ‘““‘j Cancel 1
ECO Mame: Files of Type:
[testaak | [iewiogic Var ¢ = e |
Tools Flow: Configuration:

[ wiewlogic-wiariview Office [aTaor Mewe Desian... ]

Ezxisting ECO File in subidirectory “wir":
[testani

ECO Diaog Box

6. PressOK toinitiate ECO. During this process, Figaro will report all differences and then request confirmation to proceed.

D yau wart te procasd WERTRE ECO waesinn of His desgns

=1 =]

ECO Pop Up Box

7. PressYES to execute changesto the design.

The Design Browser below shows that except for the new inverter, which isinside a highlight box, all original instances
are now locked and identified by a solid square preceding their names.

EFigam - test40k - c:hatuseritestd0k [ ||

-

o =] $11194 (DUTIE)
=] $11196 (M)

=] $11197 (M)

=] 11206 (OUTI)
-{m] $11208 (DUTPADS)
=] $11z00 (DUTE)
7 11213 (mutEnew)
=7 $11214 (add8new)

[—EI F1215 (IHV)

-
-
-
] —EI FIFQ (RACONT)

b e — |
N

il

Changed Instance in Figaro Browser

8. Proceed with Compile after this point and the program will place and route the inverter while leaving everything else
locked down. The resulting design is shown below.
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[P Figaro - 40ktest : ciatuser\dOktest EARIE IR L RS mMEE
Il D= et view Lprary Diming  Flow  Tools  QOpfions indow el =

“E@EE } open | brap | b rarts | b compie ﬂﬂg

FaEnR
2 o E
[l
=)
Keybaard: infa - Zoom ta Aeed” Rot 3ctive for Browser 1]
Keybeard: info - "Zoom to Aea’ not active for Browser 3|
I[ [5=14] | Bl | 548 a1 20

ECO Resault

In some cases unresolvable placement contention can occur after the ECO compile phase as the tool locks the
placement of the unchanged macros from the original design. To resolve these contentions manually move the
components or unlock some instances around the contention region and re-run the automatic placement.
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HDLPlanner

HDLPlanner isadesign entry software for entering VHDL or Verilog designs. It has a user interface to define and instantiate
frequently used components such as register banks and counters. Thereisalso a user interface to automatically generate
layouts for macros that are instantiated in HDLPlanner. Please refer to the Design Entry chapter of the User’s Guide for details
on HDLPlanner capabilities and a description of the user interface options.

Inthistutorial, a data averager designisfirst created in VHDL. The design will then be optimized using Exemplar’s Leonardo
software.

Thistutorial assumes that the user isfamiliar with Atmel specific synthesis flow using the one of the following software tools:
Synopsys, Exemplar or Design Compiler. Refer to the HDL Entry, Design Entry chapter in the User’s Guide and CAE
Interfaces section inthe IDS Tutorial for details.

Example Design

For thistutorial, the “averager” design will be used. This design implements awaveform smoothing function represented by:
- M7
vin] ='§7}i X
{i=

The smoothing function is used in many DSP applications to filter out high frequency spikes. These spikes are the source of
noise commonly found in communication channels. They can be eliminated by taking the moving average of sample values
arriving at the input of the system.

Thedesign in this exampleisan “averager” circuit with eight moving points. The hardware specific details of the design are
described below.

Interface The“averager” design has eight bit input and output data lines. The design also hasaclock pin and areset pin.

Assumptions and Other Details Only positive values can appear on the input data lines (the input is assumed to be level -
shifted). During the implementation of the system, avalid output waveform can be expected on the 9th clock. However, since
the outputs of the last and intermediate stages are registered, the actual output waveform starts occurring from the 11th clock
cycle onwards.

Invoking Figaro

Figaro can be started by selecting START > ATMEL > IDS

Figaro Design Setup

In the Figaro window, usethe@ icon or File>Design Setup menu to set up the design and select its associated Tools Flow.
The Design Directory Setup dialog box will be brought up.
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Des=ign Directory Setup E I
Design Hame: Configuration:

[ | |aTsk 1 LI
Design Directony: Cancel |

2 |
Help
x .
41 » Merwy Design... |
'.:'f.‘:'::':. 2.

Tools Flow: Tools Flow Description: -

Exemplar-MTI Import Met : EDIF
Exemplar-‘/erilog Export Mt Flat vHDL

Everest-Verilog . :
Everest-WHOL Export Delay : FlatHier. SDF

#

Design Directory Setup Dialog Box

To create anew design click on the New Design button. The New Design dialog box is shown below.

D iy Bl e De-mign Dire-cd oyt

I-:meral;:r |_|:'m'.ner-5mr

Files of Type: Dirivess:
Err— =l
Condhguration:
[mram -]
Tininl&: Fhivia Toots Flow Bescription:

[ : EDF
Eenplnreriog Ergoi Ml Flat vHOL

Eatastdarlog

Esereg]- DL ‘-J Expoit Daksy | FialHar, S0F

New Design Dialog Box

In the New Design dialog box, type the name of the design as “averager” . Select the appropriate tool from the Tools Flow
menu. See the table below:

Tool Tool Flow Selection
Exemplar VHDL Exemplar-MTI
Synopsys VHDL Synopsys-VSS
Exemplar Verilog Exemplar-Verilog
Synopsys Verilog Synopsys-Verilog

Tools Flow Selection

Dismissthe New Design and Design Directory dialog boxes by pressing the respective OK buttons.

13-2



HDLPIlanner

Library Setup

The*averager” design, once synthesized, will contain the macros that are either inferred automatically or instantiated in the
HDLPlanner software. These components will then be created automatically with the Macro Generators. The associated

FPGA layout and simulation models will aso be produced. Figaro treats these components as library modules and inserts them
inthelibrary. Consequently, a user library must be set up.

A design library can be established by executing the Library>Library Setup menu.

ﬁLihrary Setup !li[

—Likrary Search Path :l

Ok I
j_::u_a_\;_e_r_a;;r Add Before... | Cancel I

____________ | Add.

Creste.. |

=

Library Setup Dialog Box

In Library Setup, press the Add Before button to display the Add Library and Path dialog box.

7 Add Library and Path

Library Mame: Directaries:

[ averager, | averager

List Files of Type: Drives:

[Libraries i) | =l

Add Library and Path Dialog Box

Inthe Add Library and Path dialog box, enter Library Name as “averager.lib” (or any name of choice). Dismiss the box by
pressing OK.

Dismissthe Library Setup dialog box by pressing OK.

So far, the design name has been entered as “averager” and the library name as “averager.lib”.
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Design Entry Using HDLPlanner
After the design and libraries are set up, HDLPlanner can be invoked by pressing the HDL button on the Flowbar.
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HDL Button on Figaro Flowbar

The next two figures will be brought up for Verilog designs.

[ T R T
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B eateaar T |

Filx wridind 1 Tl =11

HDL Planner User Interface for VHDL
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HDLPIanner User Interface for Verilog

Important menus and interface components are described below:

VHDL Contains predefined templates of commonly used constructs

Verilog Contains predefined templates of commonly used constructs

Tools Allowsthe user to invoke the Macro Generators on instantiated components and collect information on them.
Synopsys  This can be used to access Synopsys specific synthesis tips.

Exemplar  Thiscan be used to access Exemplar specific synthesis tips.

Define Can be used to insert the definition of the macro displayed in the Component list box.

Instance Instantiates a component that is displayed in the Component list box.

----- A VHDL package called components isautomatically created by the HDL Planner software when adesignis

saved. Thisis saved inthe atmel.vhd filein the current directory and contains all components that are
automatically defined using HDL Planner. The default package and file names can be overwritten by using the
parameter VHDL Package Name in the Tool s> Options window.

Organization of the Averager Design
The “averager” designis hierarchically organized into the following components.

module initadd This module adds two unit delaysto the path of the input signal, which isthen output viathe dataout port.
The delayed signals are added together and sent out on the result port.

This modul e uses two register banks and an adder to implement delays and perform the addition.

module averager The averager module containsaserial chain of four initadd modules. The dataout port of the previous
moduleis connected to the datain port of the next module. The outputs of the adjacent modules are added using 9 bit adders.

The 2 resulting outputs are then added together using a 10 bit adder, and shifted right 3 bitsto divide by eight. The shifted
sum is registered, which forms the moving average.
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Creating an initadd module

Defining Entity
On bringing up HDLPlanner, the Module/Entity template is displayed on the screen. Modify the template to add port
definitionsfor the initadd module.

T i Sorivvat e A TS0 T

G BH WHIL Teok  Fawew  Wews Bl Hen

BB S LR o -AR(FE RS

Tk [ 1k ek . — -
[Laegs )| [Becisser v||wh¢m-llmmtm.mwnh lefns || Fertnod

brary atme, =
e almel componants &l

EHTITY inkadd 5
oenarc[WIDTH - mager =8},

FORT

elk, rat IH st logae

datain I st Jogc_w@ctorfWWIDTH-1 dowmito 0
daEou CUT 28 s _wecton WIDTH1 dowado 0
reau SUT sbd oo _wesobor( WIDTH dowarbo 0]

EnC initada

Filic uniilkal i Cal EDMmeE

Defining Entity

Defining Components

Theinitadd module contains two register banks and one adder. To add a register, set Category to Register and Component to
dff. Click on the Define button. Upon pressing Define, a parameterized modul e of the register bank will be inserted into the
design file as shown in the following. Use asimilar method to insert the adder module.

L g Soever s far AT T

G BH VHIL Teok  Fawew Ve Bl Hen

BP0 &S|t B oA T8 |2 0a

Tt AR rapreal
[iarga = IiE&mm =] [ Pk 1 g 7] e | rewenn |
— HOLFtanner Start drt_on e

— D not ""Diekda™ previois Ine

hbrary 1Bes ;

ke ieae std_|ogic_1164 al;
use aas. std_lnoic_anthal;

e feas st Jogic_insignad al,;

ENTITY dif_prl |15
SERERIC 'WIDTH ineger = 4y,
PORT |
DaTe b std loge_wector {(WACTH-1 downke 0]
RN M sid_kagic,
CLK 1 shd_kagic,
5] T st logie_vechor (ACTH-1 dowwndo 0]
N =]
Filke uniilked it Gl EDmG

Defining Components
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Defining Signals

Using Verilog>Wire or VHDL>Signal (as appropriate for your specific design), insert the signal templates. Modify them to

look like the figure below.

Instantiating Components

B BA VWL Tool  Fawwle  WiEet Bl Hen
B0 E& L B0 AR FE | R A

Tt ARy {payreat .
[iorze 2] [Amaoh =] [stsaned Asmrsipotarh smvmez] _ e | _poves |

EMTITY initadd =
CENencWIDTH | nleger =3}

FORT

clh, ret IH shd_lngac

datan IN-st_tngac_vactor] WILTH-1 dowio O);
dataout QLT sbd_ koo _westhon WIDTH-1 dowenbo 01,
resil LT ebed g weschor WIDTH dosanta 0]

EnRD inilsdd;

BETHTECTURE bahmaour OF inikadd 15

Sl e termp_cebaoul : shd e yeckor WILITH-1 dosmin 0,
SIEMAL Tera  sd_kgic

SHAAL wnussd | std o,

Fili unfilkal n gy Cal

EDmkS

Defining Signals

The components, once defined, can be instantiated in the modul e/architecture section of the initadd module. Select dff from
the Component list box. Position the cursor at the desired location in the file and pressinstance. At the click of the button, an
instantiation statement for the dff module will be inserted. Modify the instantiation statement to create an 8 bit wide dff register
and connect the pinsto the netsin the design.

T i Sorivvat e A TS0 T

G BH WHIL Teok  Fawew  Wews Bl Hen

BN S | B - AT BB

L [ 1k Crapreal
= | IiP&mm =] [# Fhsins 0w 7] e | rewee |

— HOLFanner Instance di_pr
O not **DELETE* prawiows ine

i dffpd
GEHERKC W™ [WIDTH == B
FORT RaP|

DATS, =3 datain

RN == rd,

CLK == ak,

D= rka

— D ok ""DELETE"™ next ling
— HOLFtanner End nckance 4ir_pi

Filic uniilkal Lin 107 Cal

EDMmeE

I nstantiating Components

Comments containing the word “HDLPlanner” have special meaning to the software. Do not del ete those lines.
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Instantiate another dff register and an adder module. The complete the design using VHDL is shown below:

-- Do not delete following library and use cl auses.
library atnel;

use atnel . conponents. all;

LI BRARY i eeeg;

USE i eee. std_| ogi c_1164. ALL;

ENTITY initadd IS

generic(WDTH : integer :=8);
PORT (
clk, rst : IN std_l ogic;
datai n : IN std_|l ogi c_vector (WDTH 1 downto 0);
dat aout : QUT std_l ogi c_vector (WDTH 1 downto 0);
resul t : QUT std_l ogi c_vector (WDTH downt o 0)
)i

END i ni t add;

ARCH TECTURE behaviour OF initadd IS

SIGNAL inta,tenp_dataout : std_|ogic_vector(WDTH 1 downto 0);
SI GNAL zero : std_|logic;
SI GNAL unused : std_l ogic;

BEGA N
zero <= '0";

-- HDLPI anner Instance dff_prl
-- Do not **DELETE** previous |line

ul : dff_prl
CGENERI C MAP (WDTH => 8)
PORT MAP(
DATA => datai n,
RN => rst,
CLK => cl k,
Q=>inta

)

-- Do not **DELETE** next |ine
-- HDLPI anner End Instance dff_prl

-- HDLPI anner Instance dff_prl
-- Do not **DELETE** previous |line

u2 : dff_prl
GENERI C VAP (WDTH => 8)
PORT  MAP(

DATA => inta,

RN => rst,

CLK => cl k,

Q => tenp_dat aout

)i

-- Do not **DELETE** next |ine
-- HDLPI anner End Instance dff_prl

-- HDLPl anner |nstance addSi gned
-- Do not **DELETE** previous |line

u3 : addSi gned

GENERI C MAP (WDTH => 8)

PCRT MAP (
DATAA => inta,
DATAB => t enp_dat aout,
AN => zero,
SUM => resul t (WDTH 1 downto 0),
CQUT => result (WDTH),
OVERFLOW => unused
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)
-- Do not **DELETE** next |ine
-- HDLPI anner End Instance addSi gned

dat aout <= tenp_dat aout;

END behavi our;
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The complete the design using VHDL is shown below:

nodul e initadd (CLK, rst, datain, dataout, result);
paranmeter DATAWDIH = 8 ;

input CLK;

input rst;

i nput [ DATAWDTH 1: 0] datain;
out put [ DATAWDTH 1: 0] dat aout ;
out put [ DATAWDTH 0] result;

wire [7:0] inta;
wire [7:0] tenp_dataout;

/1 HDLPl anner |nstance dff_prl
/1 Do not **DELETE** previous |ine

def paramul.width = 8;

dff_prl ul (.DATA(datain), .RN(rst), .CQLK(QLK), .Qinta) );
/1 Do not **DELETE** next line

/1 HDLP anner End I nstance dff_prl

/1 HDLPl anner |nstance dff_prl
// Do not **DELETE** previous |ine

def paramu2.width = 8;

dff _prl u2 (.DATA(inta), .R\(rst), .CLK(CLK), .Qtenp_dataout) );
/1 Do not **DELETE** next line

/1 HDLPl anner End | nstance dff_prl

// HDLP anner | nstance addSi gned

/1 Do not **DELETE** previous |ine

def paramu3.width = 8;

addSi gned u3 (.DATAA(inta), .DATAB(tenp_dataout), .C N1'b0),
.SWMresul t[ DATAWDTH-1: 0] ), .QQUT(resul t[ DATAWDTH) );

/1 Do not **DELETE** next line
/1 HDLP anner End | nstance addSi gned

assi gn
dat aout = tenp_dataout;

endnodul e

Listing 1 using Verilog

Creating the Averager Module

Using Verilog>Module Definition, or VHDL> Entity and VHDL> Architecture modules, define the entity and architecture of
the averager. In addition to the initadd module, the averager design uses a shift register, registered signed adder, and
register bank with enable. Add the following modulesto thefile:

shiftReglserOser
addSignedReg
dfflen

Once defined, these modules can be instantiated in the architecture body and connected to each other.

Components that are user-defined and inserted automatically (such asinitadd) must be declared explicitly before they
can be used in the architecture. The components defined and instantiated using HDL Planner are declared in the
package file atmel.vhd that is created automatically when the design is saved.
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Listing 2 using VHDL

-- Do not delete following library and use cl auses.

LI BRARY at nel ;

USE at nel . conponent s. ALL;
library ieee;

use ieee.std_|ogic_1164.all;

ENTI TY averager 1S

CENER C (WDTH : integer :=8);

PORT (

clk, rst : INstd_|ogic;

dat ai n : IN std_l ogic_vector(WDTH 1 downto 0);
dat aout : QUT std_l ogi c_vector (WDTH 1 downto 0)
)

END aver ager;
ARCH TECTURE behavi our OF averager |S

COVPONENT i ni t add

GENER C (WDTH : integer := 8);

PORT (

clk, rst : INstd_logic;

dat ai n : IN std_l ogi c_vector(WDTH 1 downto 0);
dat aout : QUT std_l ogi c_vector (WDTH 1 downto 0);
resul t : QUT std_l ogi c_vect or (WDTH downt o 0)
)

END COVPONENT;,

SIGNAL resulta,resultb,resultc,resultd : std_l ogi c_vector (WDIH downto 0);
SI GNAL resul t 9adda, resul t 9addb : std_l ogi c_vector (WDTH+1 downto  0);

SI GNAL dout : std_l ogi c_vector(WDTH+2 downto 0);

SIAGNAL inta,intb,intc : std_|logic_vector(WDTH 1 downto 0);

SIGNAL zero : std_l ogic;

SIGNAL enabl e : std_l ogic;

SIGNAL clkarrived : std_|l ogic;

BEG N

PROCESS (cl k, rst)
BEG N
IF (rst ='0") THEN
clkarrived <= '0';
ELSI F(cl k' event AND clk ='1") THEN
clkarrived <= '1';

END I F;
END PROCESS;
ul : initadd
GENER C MAP (WDTH => 8)
PORT MAP (
clk => clk,
rst =>rst,

datain => datain,
dataout => inta,
result =>resulta

):

u2 : initadd
GENER C MAP (WDTH => 8)
PORT MAP (
clk => clk,
rst =>rst,
datain => inta,
dataout => intb,
result =>resultb

):

u3 : initadd
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S@g_RMSPI\/(\P (WDTH => 8)
clk => clk,
rst =>rst,
datain => intb,
dataout => intc,
result =>resultc

)
u4 : initadd
GENERI C MAP (W DTH => 8)
PORT MAP (
clk => clk,
rst =>rst,
datain => intc,
| result => resultd
)

-- HDLPl anner |nstance addSi gnedReg_pr|
-- Do not **DELETE** previous |ine

u5 : addSi gnedReg_pr|
CGENER C MAP (WDTH => 9)
PORT MAP (
aK => clk,
RN  =>rst,
AN => zero,
DATAA => resul ta,
DATAB => resul th,
SUM => resul t 9adda(8 downto 0),
CQUT => resul t 9adda(9)
)

-- Do not **DELETE** next line
-- HDLPl anner End I nstance addSi gnedReg_prl

-- HDLPl anner |nstance addS gnedReg_pr|
-- Do not **DELETE** previous line

ué : addSi gnedReg_pr|
CENER C MAP (WDTH => 9)

PCRT MAP (
AK => clk,
RN =>rst,
AN => zero,
DATAA => resul tc,
DATAB => resul td,
S => resul t 9addb(8 downto 0),
OQUT  => resul t 9addb(9)
)

-- Do not **DELETE** next |ine
-- HDLPl anner End | nstance addS gnedReg_prl

-- HDLPl anner |nstance addSi gnedReg_pr|
-- Do not **DELETE** previous |ine

u7 : addSi gnedReg_pr|
CENER C MAP (WDTH => 10)
PORT MAP (
aK => clk,
RN  =>rst,
AN => zero,
DATAA => resul t 9adda,
DATAB => resul t 9addb,
SUM => dout (9 downto 0),
OQQUT  => dout (10)
)

-- Do not **DELETE** next line
-- HDLPl anner End I nstance addSi gnedReg_pr|
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-- HDLPI anner Instance dfflen_prl
-- Do not **DELETE** previous |line

ug : dfflen_prl
GENERI C VAP (WDTH => 8)

PORT MAP(
DATA => dout (10 downto 3),
RN => rst,
QLK => cl k,
ENABLE => enabl e,
Q => dat aout
)

-- Do not **DELETE** next |ine
-- HDLPI anner End Instance dfflen_prl

-- HDLPl anner |nstance shiftRegl serGser_prl
-- Do not **DELETE** previous |line

u9 : shiftRegl serGser_prl
GENERI C MAP (W DTH => 9)

PORT MAP(
RN => rst,
QLK = clk,
ENABLE => zero,
SHFTIN => clkarrived,
SH FTQUT => enabl e
)

-- Do not **DELETE** next |ine

-- HDLPl anner End Instance shiftRegl serGser_prl

END behavi our ;

Listing 2 using Verilog

nodul e averager (CLK, rst, datain, dataout);
“define DATAWDIH 8

input CLK;

input rst;

input [  DATAWDTH 1:0] datain;
out put [ DATAWDTH 1: 0] dat aout ;

reg clkarrived;

re [ DATAWDIH 1: 0] inta;
re [ DATAWDIH 1: 0] intb;
re [ DATAWDIH 1: 0] intc;
re [ DATAWDTH 1: 0] j unk;
re [ DATAWDTH 0] resulta;
re [ DATAWDTH 0] resul tb;
re [ DATAWDTH 0] resultc;
re [ DATAWDTH 0] resul td;
re [  DATAWDTH+1: 0] resul t 9adda;
re [  DATAWDTH+1: 0] resul t 9addb;
re [ DATAWDTH+2: 0] dout;

S s ssssss¢s &=

al ways @posedge CLK or negedge rst)

begi n
if(rst == "'b0)
clkarrived = 'bo0;
el se
clkarrived = 'bil;
end

initadd ul (.CQLK(CLK), .rst(rst), .datain(datain),

.dat aout (i nta),
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i heeHbb(LeSK BRK OLK), . rst(rst), .datain(inta),

.result(resulth));

initadd u3 (.CLK(CLK), .rst(rst), .datain(intb),

.result(resultc));

initadd u4 (.CLK(CLK), .rst(rst), .datain(intc),

.result(resultd));

/1 HDLPl anner |nstance addSi gnedReg_pr|
/1 Do not **DELETE** previous |ine

def paramu5.width = 9;

addSi gnedReg_prl  u5 (. DATAA(resulta),. DATAB(resultb), .CLK(CLK),

. dat aout (i ntb),
.dataout (intc),

. dat aout (j unk),

.G N1 b0), . SUMresul t9adda[ 8: 0] ), .COQJT(resul t9adda[9]));

.R\(rst),
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/1 Do not **DELETE** next line
/1 HDLP anner End | nstance addSi gnedReg_pr |

/1 HDLPl anner |nstance addSi gnedReg_pr|
/1 Do not **DELETE** previous |ine

def paramu6.width = 9;
addSi gnedReg_prl  u6 (.DATAA(resultc),. DATAB(resultd), .CLK(CLK), .R\(rst),
. A N1 b0), . SUMresul t 9addb[ 8: 0] ), .OQUT(resul t9addb[9]));

/1 Do not **DELETE** next line
/1 HDOLP anner End | nstance addSi gnedReg_pr |

/1 HDLPl anner |nstance addSi gnedReg_pr|
// Do not **DELETE** previous |ine

def param u7.width = 10;
addSi gnedReg_prl  u7 (. DATAA(resul t 9adda),. DATAB(resul t9addb), .CLK(CLK),
.RN(rst), .A N1 b0), . SUM(dout[9:0]), .CQUT(dout[10]));

/1 Do not **DELETE** next line
/1 HDLP anner End | nstance addSi gnedReg_pr |

/1 HDLP anner Instance dfflen_prl
/1 Do not **DELETE** previous |ine

def paramu8.wi dth = 8;

dfflen_prl u8 (.DATA(dout[10:3]), .RN\(rst), .CLK(CLK), .ENABLE(enable),
.Qdataout) );

/1 Do not **DELETE** next line

/1 HDLPl anner End | nstance dfflen_prl

/1 HDLP anner | nstance shiftRegl serGser_prl
/1 Do not **DELETE** previous |ine

def paramu9.width = 9;

shiftRegl serGser_prl u9 (.RN(rst), .CLK(CLK), .ENABLE(1' b0),
. SH FTIN(cl karrived), .SH FTQUT(enabl e) );

/1 Do not **DELETE** next line

/1 HDLPl anner End | nstance shiftRegl serGser_prl

endnodul e
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Invoking Macro Generators

After the design is entered, the macros that are instantiated in the design can be generated by accessing the Tool s> Invoke

Macro Generators panel.
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Macro Generators Dialog Box

Press the GENERATE button to create the macros. On completion, Figaro will return to the HDL Planner user interface. Save
the file asaverager.vhd.

Synthesizing the Design

Oncethe design is created, it can be synthesized using Exemplar Logic’s Leonardo software.

Invoke the Leonardo synthesistool.
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Leonardo Spectrum
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Click open files and select averager.vhd

Click Run Flow

An averager.edffile which can be read into Figaro will be created.

Netlist Import

Oncethenetlist is created by synthesis, it can beimported into Figaro for gate level placement and routing.

On the Flowbar, press the Open button. Select Open as Design dialog box.

I

Open as Design

Design Directory:

I!sjo_' ignifpgalpeople’

;I . Cancel |

;I Help |

Existing Design File:

f Eerager
Design Name: Files of Type:
[averager _~| |EDIF Hetiist (*.edr)
Tools Flow: Configuration:
| Exemplar-mTI | | AT40K

| Hew Design... |

I averager.edf

Open as Design Dialog Box

Set the Files of Type field to EDIF Netlist (*.edf). Thiswill display the string “averager.edf’ in the Existing Design Filefield.
Dismissthe dialog box by pressing the OK button.

Placement and Routing

Press the Compile button to automatically complete the placement and routing of the design.

Specify the Atmel part by clicking on the Parts button. The Figaro interactive tool allows pin preplacement and pin lock
assignments on the device chosen. Select the appropriate part to fit the design.

Initiate placement and routing by clicking on the Compile button. The four phasesare: Initial Placement, Optimized
Placement, Initial Route, and Optimized Route. For more detail ed instructions on how to select the Atmel part and implement
adesignin Figaro, please refer to the “Figaro” section of thisTutorial.

A complete listing of the averager.vhd and averager.v files can be found in the following directories:
/SystemDesigner/examples/at6k/hdlplan/verilog-sy or /atmel/examples/at40k/hdIplan/verilog-sy (for synopsys)

| SystemDesigner /examples/at40k/hdlplan/verilog-ex

(for exemplar)
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Exemplar

This Tutorial outlines the methodology for optimizing VHDL and Verilog designs using Exemplar Logic’ s Synthesis System in
the workstation environment. A method of integrating components created by the Macro Generators and Module Generators
from Exemplar’s synthesis tool isalso outlined. The Macro Generatorsinstantiated in the VHDL/V erilog design and the
components inferred by Exemplar’ sModule Generator s are automatically identified by Figaro, which then creates an area or
speed efficient hard macro layout. The results are used to create more efficient placement and routing in Figaro.

The design flow suggested in thisTutorial spans across two tools: Figaro is responsible for the design management and back
end layout, while Exemplar Logic's Galileo Extreme or Leonardo are used for synthesis and optimization of the design. A
suitable simulator such as the Model Sim from Model Technology Inc. (MTI) isrequired if functional simulation and/or post-
layout simulation of the optimized netlist is desired.

The following tools must be installed and running before starting thisTutorial.

1. Figaro
2. Exemplar Logic's Leonardo with the Atmel Exemplar library
3. Simulator (optional) Model Technology VHDL simulator with the Atmel MTI Vital smulation library

Design Flow

The design flow is briefly summarized below.

System Setup (Figaro)
= Setsupthedesign directory and libraries

Design Entry (Figaro)
= EntersthedesigninVHDL or Verilog

Design Synthesis (Exemplar)

= Setsup the software environment for synthesis
= Readsinthedesign

= Optimizesthe design

= Writes the post-synthesis VHDL/Verilog netlist

Functional Simulation (Any available simulator. MTI isused in thisTutorial)
= Verifiesfunctionality of the design

EDIF Netlist Generation

= Convertsthe post-synthesis structural VHDU/Verilogtoan ~ EDIF netlist

Layout Generation (Figaro)
= Invokes automatic/manual placement and routing
= Writesdelay valuesfor back annotation

Post-layout Simulation (Any available smulator, MTI isused in thisTutorial)
= Readsindelay filefor simulation

Device Programming (Figar o)
=  OutputsBitstream file
= Downloads onto Atmel part (PC only)
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Tutorial Example

13-2

To work through the Tutorial, adesign describing amoving point “averager” circuit is used. Both Verilog and VHDL versions
of the design are provided.

The“averager” has input and output ports which are 8 bits wide. The circuit smoothes out a noisy waveform arriving at an
input port by averaging the adjacent 8 values of the signal amplitude, and generating the averaged waveform at the output
port.

The“averager” exampleis partitioned into design components, each of which can be generated automatically using the Macro
Generators module in Figaro. While synthesis will still produce gate level connectivity for the components, Figaro will select
the hard layouts of these components from the layout library. In thisway, atruly technology independent VHDL design can
be written for simulation and retargeting, and the optimized netlist can use the best layout implementations to produce
superior results.

Leonardo Spectrum can infer ModGen Components for arithmetic and relational operatorsin a design from the Module
Generation Library provided for the Atmel FPGA . Atmel FPGA ModGen Library components are black boxes and hence
designs using ModGen components cannot be simulated until the design netlist is read into Figaro. Once the design netlist is
read into Figaro, the ModGen components are automatically identified and the Macro Generators (also called MGI) dialog box
will be brought up. The MGl dialog box lists all the ModGen components and their parameters like width, function etc. In the
MGI dialog box, users can change layout related parameters like area/speed optimization, layout folding etc. and create a hard
layout for the ModGen components.

The VHDL files of the example design are located in / SystemDesigner/examples/at6k/exemplar/averager/vhdl or
/SystemDesigner/examples/at40k/exemplar/averager/vhdl directory which come as part of the Figaro installation.

The Verilog files of the example design are located in /SystemDesigner/examples/at6k/exemplar/averager/verilog or
/SystemDesigner/examples/at40k/exemplar/averager/verilog directory which come as part of the Figaro installation.

Creating and Setting up the Design Directory

Inthisfirst step, the user creates adesign directory and assigns a CAEplatform to the design so that tasks meaningful to the
chosen platform can be applied automatically during processing.

To create anew design, select the@ icon on the Flowbar or use File>Design Setup from the menu.
Select the New Design button to open the New Design dia og box.

Figaro will input the “averager” designin EDIF format for use Use the steps outlined as followsto set up the environment.
The dialog box will resemble that shown below.

1. Under Design Directory, enter the path where the VHDL/Verilog files are to be |ocated.

2. Enter the Design Name as “averager”.

3. Set Configuration to AT6K or AT40K.

4. Set Tools Flow to Exemplar-MTI if the design sourceisVHDL, or to Exemplar-Verilog if the design sourceis Verilog.
5. Under Files of Type, select EDIF Netlist (*.edf) and press OK.

6. PressOK again to complete the Design Setup.
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New Design Dialog Box

The synthesis tool Leonardo Spectrum, can be selected using Options> Optionsfrom the menu.

1. Select Synthesis Tool Invocation from the Topic listin the Optionsdialog box as shown below.
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Options Dialog Box

2. Select the appropriate synthesis tool from the Exemplar group in the dialog box and press OK
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Library Setup

Figaro supports application of auser library in which hard macro layouts can be stored for usein current or future designs.
The Macro Generators create such hard layouts and require alibrary for storage of the information. Besides the hard layouts,
simulation information and other important files are stored in thislibrary directory. A library for the “averager” design can be
created asfollows:

Select the Library>Library Setup module to activate the Library Setup dia og box.

Press the Add Before button in the Library Search Path panel to activate the Add Library and Path dialog box.

Enter the Library Name as “ user.lib” and press OK.

Proceed to create the library by pressing OK

Press OK again to complete the Library Setup.

Confirm Updated Cache Library by pressing OK

o bk WP

Component Generation

The“averager” design makes use of anumber of components that can be automatically created using the Macro Generators
in Figaro. This function produces a component or design that is more compact in size and efficient in speed.

Examination of the averager.vhd file will reveal avery simple method of incorporating the Macro Generators in VHDL. The
process involves identifying the components that are going to be part of the design and inserting them one level deeper in the
design hierarchy. Care must be taken to ensure correspondence between the port namesin the VHDL/Verilog designs and the
macros created by the Generators. It is also imperative to maintain the component namesin the VHDL/Verilog design during
macro generation.

The following components must be generated for the “averager” design viathe Macro Generators button on the Flowbar.
Thiswill bring up the Generator Notebook. Choose the category of macros using the bottom tabs and the desired Generator
using theright side tabs.

To generate the macros one by one:

1. Choose the Generator according the type of macro.

2. Input the parameters for the macro.

3. Click Generateto start creating the macro. A statistics dialog box about that macro will appear upon completion.
4. Do the same procedures for all the other macros.

5. Click Cancel when all macros have been generated.

The macro names and their appropriate parameters are mentioned below. All other parameters should be left to their default
settings.

Generator Register
Register Type = Hip-Flop D-type,
Macro Name=reg8,
Width=8.

Generator Register
Register Type=Flip-Flop D-type,
Macro Name= reg8en,
Width=8,

Register Bank Enable=Group Enable.

The Macro Generators are designed to exploit Atmel’ s register rich FPGA architecture, and produce a component that is more
compact in size and efficient in speed. The hard layouts for the above-generated components are stored in the user defined
library. They will be used by Figaro during Compile, when the EDIF netlist of the design is being processed.
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Design Entry

Once adesign has been set up, the VHDL or Verilog files of the design description must be set up in the Design Directory for

synthesisto proceed. For the “averager” design, these files have been copied to the Design Directory from

/SystemDesigner/examples/at6k/exemplar or /SystemDesigner/examples /at40k/exemplar.

Exemplar’s Leonardo can now be brought up by clicking on the Synthesis Tool Invocation push button from the Flowbar on

the IDS desktop.

Optimization and Netlist Generation

Oncethe design files are created, optimization of the completed design can proceed hierarchically in atop-down fashion.

Oncethe designis created, it can be synthesized using Exemplar Logic’s Leonardo software.

1. Invokethe Leonardo synthesistool.
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2. Click open files and select averager.vhd

3. Click Run Flow

An averager.edffile that can be read into Figaro will be created.

Functional Simulation

During the synthesis phase a structural VHDL/Verilog netlist can be output from the Exemplar tools. Pre-layout simulation can

be done on the post-synthesis Verilog/VHDL netlist generated by the synthesistool. The Verilog simulation libraries are
provided along with IDS and are installed in/SystemDesigner/lib/verilog/at40k. The VITAL libraries provided with IDS are
installed in/SystemDesigner/lib/mti/at6k02 and /SystemDesigner/lib/mti/at6k04 or /SystemDesigner/lib/mti/at40k
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Netlist Creation

13-6

The structural VHDL/Verilog netlist created during the synthesis phase of the design flow can be converted into an EDIF
netlist using Exemplar’s synthesistool.

1. Click onthe Netlist icon on the Flowbar.
2. Select the VHDL or Verilog (structural VHDL/Verilog netlist from the synthesis tool) file to be converted to EDIF.

----- When translating a structural Verilog netlist into EDIF, please note that Exemplar’ s Leonardo Spectrum will generate
errorsif any hierarchical modulesin the Verilog netlist are not fully defined.

3. Click on OK inthe Select VHDL/Verilog File dialog box to create the EDIF netlist.

¥ Select VHOL File 10

File Marme: Directaries:

Iposisyn.vhd : javerager
P ~iokiad L Al Cancel

averager.vh
fac whiel

Help

it

averager
figka

List Files of Type: Drives:

[ ¥HDL (*.vhly i )

Select VHDL File Dialog Box

Netlist Import

Oncethe design is verified with Pre-layout Simulation and netlisted, it can be imported into Figaro for compilation. To read
the averager.edffile into Figaro, click on the Open button in the tool bar and proceed with Open as Design. Specify Files of
Typeto be EDIF Netlist (* .edf) and verify that the Existing Design File isaverager.edf.

Open as Degign I
Design Directary: Cif; |
Ij:\auerager ;I cancel |

Design Mame:

I averager -

= Help |
Tools Flow: Configuration:
I Exemplar-Yerilog I AT40K New Design |

Ezisting Design File:

I averager.edf

Open as Design Dialog Box for “averager” in VHDL

Click on OK for Figaro to load the EDIF file and generate a database file for the design. While loading the EDIF file, Figaro
identifies the ModGen components inferred by the synthesistool (if any) and brings up a Macro Generators Interface dialog
box when applicable. The box displays the macro names as notebook tabs. The user can change the layout-rel ated parameters
of the ModGen components. For more details onthe list of ModGen components supported by the Macro Generators and
MGI, please refer to “Macro Generators Interface” chapter in the Technical Reference. The MGl dialog box for the examplein
this Tutorial is shown below.
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MGI Dialog Box

Thefollowing isabrief description of the various buttonsin the MGI diaog box:

Component Exists

Thisbox will be checked if amacro with the same name already residesin the library. This may happen if the design has gone
through oneiteration. If the component exists and it matches the displayed parameters, its generation is skipped.

Updated

Thisbox is checked if the default settings of the macro have been changed. By default, the user interface displays options per
the following guideline. If the component existsin the library, the options that it was run with are displayed. If the component
does not exist in the library, the default settings that minimize the component areawill be chosen.

Generate

This button is used to proceed with the generation of the macros.

Cancel

This button is used to skip the generation of the macros. If this button is pressed, the design will not contain the hard layout
of the macro. Instead, its soft implementation will be chosen.

Click on GENERATE to create the hard macros for the listed corrponents and proceed with the EDIF netlist processing for the
design.

To automatically generate hard macros for the identified Macro Generators components without bringing up the
graphical user interface, use the Options> Optionsmenu. In the Optionsdialog box, check the Automatically
Generate Components option under MGl Support.

NOT!

Mapping

In order to optimize the design and collect better synthesisresults, it is recommended that mapping be performed. The netlist
from the synthesistools contains functional macros that can be packed into Look Up Tables by the technology mapper in
Figaro. After opening the design, use Options> Options>Mapping and activate the Mapping Enabled option. Then push the
Map button on the Flowbar to map the design. Pleases refer to the Mapping section in the “ Figaro” chapter of thisTutorial
for more details about this process and the options available.
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Placement and Routing

1. Specify an Atmel part by clicking on the Parts button. The Figaro interactive tool allows pin preplacement and pin lock
assignments on the device chosen. Select the appropriate part to fit the design.

2. Use Window>New Compile Window to bring up the Compile window. Step-by-step placement and routing can be
performed by clicking corresponding buttons in this window.

3. Perform initiate placement and routing by clicking on the Compile button. The four phases feature Initial Placement,
Optimized Placement, Initial Route, and Optimized Route. The last button can be either Bitstream (for designs) or
Check-in (for macros). Depending on theinitial design setup, Figaro will create a bitstream file for download to the device,
or instantiate the component and storeit in the user-specified library.

Details on the Parts Assembler and Compile modules are covered in the “ Figaro” chapter in the Tutorial.

Post-layout Simulation

Post-layout Simulation can be performed by using the delay values extracted during Compile. The back annotation
information is then read into the design in the specified export file format. Figaro determines the file types to be exported based
on the selected tool flow and design implementation (whether the design is mapped or not, and if the implementation isfor one
or more chips). If the design is mapped or partitioned into multiple chips, aflat VHDL (or Verilog) netlist and the
corresponding SDF netlist will be created. Otherwise a hierarchical SDFfile will be generated and back annotated to the
structural post-synthesis VHDL (or Verilog) netlist from the synthesistool. However even if the design isimplemented on a
single chip and not mapped, the user can export aflat simulation netlist by using File>Export.

Click on the Post-layout Simulation button on the Flowbar. Thiswill export the required simulation netlist and a SDF back
annotation fileinto adirectory calledfigba in the current design directory. A pop up dialog box will appear as shown below.

I

Figaro has generated the following simulation and back annotation files.
Simulation Files:
J-averager figbasaverager.vhd

SDF Files:
Javerager figba‘averager.sdf

Please compile the design files and invoke the simulator from a shell window
with the appropriate SOF annotation option

Exported Netlists Dialog Box

The box will give the name of the exported netlists. These netlists have to be compiled and the simulator invoked on them from
acommand shell outside Figaro.

of flat Verilog and flat SDF using File>Export. Figaro will generate adesign.v file and SDF file containing delay

----- For Verilog users, if Post-layout Simulation is to be performed after Compile is completed, specify the export format
ﬁ information.

DownlLoad Bit Stream

For more information on downloading and bitstream utilities, refer to the “ Device Programming” and “Figaro” chaptersin the
User’s Guide and Tutorial respectively.
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Synopsis

Thistutorial outlines the methodol ogy for optimizing HDL based designs with the Synopsys Design compiler or FPGA
Compiler. Atmel supplies asynthesislibrary, at40k.syn, for the ATA0K FPGA series.

Design Flow

Figaro supports two design flows using Synopsys tools to compile the design. In thefirst flow, Synopsystools are used to
perform synthesis, and aVITAL simulator is used to perform simulations. The second flow isidentical, except any Verilog
simulator is used to perform design verification. These flows can be specified by selecting the appropriate Tools Flow while
setting up the design. The output simulation files, generated by Figaro, will depend on the selected flow. A typical flow is
given below.

System Setup (Figaro)

= Setsupthedesign directory and libraries

Design Entry (Command Shell)
=  EntersthedesigninVHDL or Verilog

Functional Simulation (VITAL or Verilog)
= Veifiesfunctionality of the design

Design Synthesis (Synopsys)

= Setsup the software environment
= Readsinthedesign

= Optimizesthe design

= Writesthe netlist

GatelLevel Smulation (VITAL or Verilog)
= Verifiesfunctionality of the design

Layout Generation (Figaro)

= Invokes automatic/manual placement

= Invokes automatic/manual routing

=  Writesdelay valuesfor back annotation

Post-layout Simulation (VITAL or Verilog)
= Readsindelay filefor simulation

Device Programming (Figar o)
=  Createsbhitstream
=  Downloads onto Atmel part

System Setup

Atmel Library

A library for AT40K FPGA, at40k.syn, is supplied by Atmel. Thislibrary islocated in the/SystemDesigner/install/lib/synopsys
directory.
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Environment Variables

The synopsys_dc.setup file contains the environment variables which set up the execution environment during synthesis. A
sample template of thisfileis provided in the directory /SystemDesigner/examples/at40k/synopsys/averager/vhdl, where all
other tutorial files are kept. Optionally, thisfile can aso be kept in the directory /SystemDesigner/lib/synopsys . Thisfile can be
used by the Design Compiler aswell asthe FPGA Design Compiler.

To usethisfile, copy it from either of the above locations. M ake substitutions as needed for the paths of the various libraries.
Copy thefileto either the home directory as.synopsys_dc.setup or the current directory as.synopsys_dc.setup.

Some variables of interest are search_path and link_library, target_library. The following is a description of these variables.

search_path Thisvariable defines the directory search order for the various libraries. It is functionally equivalent to the
UNIX path variable. It should be set to:

search_path = { Synopsys libraries,

/install/atmel/lib/synopsys }
Thefirst directory should point to the libraries that are installed with the Synopsys software, the second correspondsto a
path where the Atmel synthesis library (at40k.syn) islocated.

link_library Thisvariableisused to link the gate level componentsin the source HDL to the target technology library so that
those components can participate functionally during synthesis.

link_library= {at40k.syn}

target_library Thisvariableisused to set the target technology in which the output gate level netlist isto be produced.
target_library= {at40k.syn}

Edifout variables:

These variables are used to produce an EDIF netlist in the desired format.

edifout_netlist_only = “true”
edifout_power_and_ground_representation = “cell”
edifout_merge_libraries = “false”

Example Design
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For thistutorial, the “averager” design will be used. This design implements a waveform smoothing function represented by:

- M7
Vinl=v X xni
{i=0)
The smoothing function is used in many DSP applications to filter out high frequency spikes. These spikes are the source of
noise commonly found in communication channels. They can be eliminated by taking the moving average of sample values
arriving at the input of the system.

Thedesign in thisexampleisan “averager” circuit with eight moving points. The hardware specific details of the design are
described below.

Interface The“averager” design has eight bit input and output data lines. The design also has aclock pin and areset pin.

Assumptions and Other Details Only positive values can appear on the input data lines (the input is assumed to be level -
shifted). During the implementation of the system, avalid output waveform can be expected on the 9th clock. However, since
the outputs of the last and intermediate stages are registered, the actual output waveform starts occurring from the 11th clock
cycle onwards.
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Design Files

The “averager” design consists of several design files:

= Designvhdl files
= Testbenchfile
= Input stimulusfile
= Synopsys simulation and synthesis scripts
Thefiles are kept in the /SystemDesigner/atmel/examples/at40k/synopsys/averager/vhdl directory. (A Verilog version of the

“averager” design is also available in the /SystemDesigner/atmel/examples/at40k/synopsys/averager/verilog directory.)
Perform the following commands to copy them to the local directory:

$ mkdir averager
$ cd averager

$ cp /SystemDesigner/atmel/examples/at40k/synopsys/averager/vhdl/* .
Thefollowing isabrief description of the design files.

averager.vhd Containsthe top-level design. It hasinstantiations of the other modules of the design.

averager_tb.vhd Thismodule containsthe test bench file for the “averager” design (the file may not be needed for this
tutorial).

averager_tb.vhg Thismodule containsthe test bench file for the “averager” design. Thistest bench isto be used with Post-
layout gatelevel netlist only (the file may not be needed for this tutorial).

Invoking Figaro

Figaro can be started in the averager directory by typing “figaro” on the command-line.

$ cd averager
$ figaro

Figaro Design Setup

In the Figaro window, usethe@ icon or File>Design Setup menu to set up the design and select its associated Tools Flow.
The Design Directory Setup dialog box will be brought up.

Design Name: Configuration:
OK |
| =l [aTa0K =

Design Directory:

Kl

Tools Flow:

Tools Flow Description:

Exemplar-mTI

: EDIF

Exetiplar-¥etilog
Everest-Verilog
Everest- ¥HDL

Impart Met
Expart Met

: Flat ¥HDL

Export Delay : FlatHier. SDF

=

Design Setup Dialog Box

To create anew design click on the New Design button. The New Design Directory dialog box is shown below.
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Design Name: Design Directory: oK |
averager | I fsjn_des'gru‘l‘pgaﬂpeuples‘ewanfaved cancel |
|
Help

[l

Files of Type: Drives:
|EDIF Netlist {*.2df) 4 =l
Configuration:
|aTa0K =
Tools Flow: Tools Flow Description:

Exemplar-“erilog | Import et : EDIF

u. napsys_verilog Export Net  : Flat YHDL

ewlog Poweryiew ;[ Export Delay : Flat'Hier. SDF

New Design Directory Dialog Box

Inside the New Design dialog box:

Set Configuration to AT40K.

Enter the Design Name as “averager”.

Select Tools Flow as Synopsys-VSS or Synopsys-Verilog for the VHDL or verilog design respectively.
Verify Files of Type as EDIF Netlist.

Dismissthe New Design and Design Directory dialog boxes by pressing the respective OK buttons.

The synthesistool, FPFGA Compiler or Design Compiler, can be selected using Options> Optionsfrom the menu.

1. Select Synthesis Tool Invocation from the Topic listin the Optionsdialog box as shown below.

x| Options

Topic: -
____________ ~ Synopsy = oK
AT40k Bitstream ] Tool Aovert 1o Dofaits
evel eraul
ATEK Bitstream P., FPGa Campiler

»

Delay Calculator
Design Checker
Design Configuration
Design Constraints —Exemplar
ECO
Expon Formats Tool

HOL Planner ’7(3‘ Leanardo O Galileo ‘
Help

Mappin
MGFIJpSungrt Interface

MGL Editor ((‘ shell & Gl ‘
Part Selection
Partitioner

Place and Route
synthesis Tool Invocati
Timing Analysis
Viewlogic Import =

j{\linx _,lll 9

@ Design Compiler Cancel |

Help

Options Dialog Box

2. Select the appropriate synthesis tool from the Synopsys group in the dialog box and press OK.

Library Setup

The“averager” design, once synthesized, will contain the macros inferred automatically by the Synopsys Design Compiler.
These components are created automatically with the Macro Generators. The associated FPGA |layout and simulation models
will also be produced. Figaro treats these components as library modules and inserts them in the library. Consequently, auser

library must be set up.

1. A designlibrary can be established by executing the Library> Library Setup menu.
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~ Library Search Path 2 oK |

Remove |

r— Library Mames
““““““ Add.. |
Create.. |

Remove |

=

Library Setup Dialog Box

2. InLibrary Setup, press the Add Before button to display the Add Library and Path dialog box.

Library Mame: Directories: oK |
averagerlib | .dpeoplefewansaverager
- - Add All |
____________ sjo_design =
____________ fhgal |
people Cancel

BWan

List Files of Type: Drives:
|Libraries (*.lib) =G |

Add Library and Path Dialog Box

3. Inthe Add Library and Path dialog box, enter Library Name as “averager.lib” (or any name of choice).
4. Dismissthe box by pressing OK.

5. Proceed to create thelibrary by pressing OK.

6. Dismissthe Library Setup dialog box by pressing OK.

The design name has been entered as “averager” and the library name as “averager .lib".

Component Generation

The“averager” design makes use of anumber of components that can be automatically created using the Macro Generators
in Figaro. This macro generation function is designed to exploit Atmel’ s register rich FPGA architecture, and produce a
component that is more compact in size and efficient in speed.

An examination of the averager.vhd file will reveal avery simple method of incorporating the Macro GeneratorsinVHDL. The
processinvolvesidentifying the components that are going to be part of the design and inserting them one level deeper in the
design hierarchy. Care must be taken to ensure correspondence between the port namesin the VHDL designs and the macros
created by the Generators. It is aso imperative to maintain the component names in the VHDL design during macro
generation.

The following components must be generated for the “averager” design viathe Macro Generators button on the Flowbar.
Thiswill bring up the Generator Notebook as show below. Choose the category of macros using the bottom tabs and the
desired Generator using the right side tabs.
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Canyln
’V % MoRegister ' Register ' Disabled ‘

Absolute Value |

CanryOut L

’V % MoRegister ' Register ' Disabled ‘ Accumulator I
Regist Adder-Carry Sekect |
‘ i Mone O Input {0 Output i Baoth ‘ Adlder-Fl'pple carry I

[ Signed Overflaw Fin Iggmparatur I

Width IS Pitch ID Aspect Ratio ID.DD Deductor I
O [

Increment/Decrement by 1 |
o tby value I
Multiplier-Serial Paraliel |

Multiplier-Signed |

Options
Macro Name I adds | [¥ Hard Macro
Pin Map File Name | | O
User Library |averager.li:| LI Browse... | Batch
Size
Add to Bainhl Cancel | Help | | 0

Macro Generators Interface Dialog Box

To generate the macros one by one:

1. Choose the Generator according the type of macro.

2. Input the parameters for the macro.

3. Click GENERATE to start creating the macro. A statistics dialog box about that macro will appear upon completion.
4. Do the same procedures for all the other macros.

5. Click OK when all macros have been generated.

—
AT40K Macro Generator Statistics

Macro - addg
r Macro Performance (usirg -2 speed grage)
Speed : 64.1 MHz
Critical Path Delay : 156 ns
Power Consumption : 0.0586 mArMHz
Macro Di
Logic Size (x*y): 1x8 logic cells

Statistics Dialog Box for Add8

The macro names and their appropriate parameters are mentioned below. All other parameters should be left to their default
settings.

Generator Arithmetic
Macro Type = Adder-Ripple Carry,
Macro Name = add8,
Width =8.
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Generator Arithmetic
Macro Type = Adder-Ripple Carry,
Macro Name = add9reg,
CarryOut = Register,
Register = Input,
Width=9.

Generator Arithmetic
Macro Type = Adder-Ripple Carry,
Macro Name = add10reg,
CarryOut = Register,
Register = Input,
Width = 10.

Generator Register
Register Type = Flip-Flop D-type,
Macro Name = reg8,
Width=8.

Generator Register
Register Type = Flip-Flop D-type,
Macro Name = reg8en,
Register Bank Enable = Group Enable,
Width =8.

Generator Register
Register Type = Shift Register,
Macro Name = sr9,
Width =9.

The hard layouts for the above-generated components are stored in the user defined library. They will be used by Figaro
during Compile, when the EDIF netlist of the design is being processed.

' AT40K Macro Generators

’V 0 Nane

Register Bank Enable [[IID

& Group Enable 0 Indlividual Enables |

Aip-FAop D-type |

Flip-Fop Toggle |

Tri-state control

’V i None ) Group OE pin 7 Individual OE pins

Shift Register |

Width g

™1 Invert clock

Pitch |p

¥ Azynch. Initialization Folarity = Low

Transparent Latch

’75' Feset (O Set (O Mone (O Preset Walue —» I

|(? Mone € suxiliary Input € Const Value —» I ‘

| 170 || Logic || Memory

Macro Name Iregﬁen‘

Fin Map File Hame I

Options ———————————
¥ Hard Macro
O

User Library Iaverager.lib

Add to Batchl Generate |

Cancel |

;I Browse... | Batch

Size

Help | View Batch | 4

Setting for Reg8en using Add To Batch Function

14-7



IDS Figaro Tutorial

14-8

The Add to Batch Function

To usethe Macro Generators Add To Batch function for building several macros at atime, follow the steps below.

1. Input the parameters for the macro into the Generator page.

2. Storethe macro settingsin the batch by pressing Add To Batch after each configuration. The Batch Size on the lower

right corner of the Macro Generators dialog box will get incremented by one.

3. Review the macros by pressing View Batch to bring up the following dial
properties of the macro, and press Remove. Press Close to return to MGl.

og box. To edit the list, select amacro or the

Component Name Selected Options
Marme

Walue

Generatar

Adder-Ripple Carry |

Fin hap File

Hard Macro

true

Generate Schematic

false

register

input

carryln

disabled -|

|

| o

Close

View Batch Dialog Box

4. Press GENERATE to start the process when all macros are configured to the appropriate settings. The Batch Size field will

show the final count.
5 Upon successful completion, a message box as the following will appear.

Macro Generator batch run completed succesfully

Add To Batch Message Box
6. ClickOK to continue.

Design Synthesis

Oncethefiles are copied to the design directory and the library has been set up, the Design Compiler can be brought up. Press
the [HE] icon on the Flowbar in the desktop to invoke the Synopsys synthesis tool. Depending on the interface chosen in the
Options>Options> Synthesis Tool Invocation dialog box, the Command-shell Design compiler or the GUI Design Analyzer
will be invoked accordingly. The Design Compiler can aso be brought up in a Shell window with adc_shell command.

in the Design Compiler Shell to expedite synthesisruns.

i All synthesis commands to follow are given in the Synopsys script file synth.script. The user can include that script
NOTH|
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For Command-shell users

Use the read command to enter the HDL design into the Design Compiler environment. All design files can be read
simultaneously into the Design Compiler using the following command:

dc_shell>read -format vhdl averager.vhd

----- The Design Compiler will issue warnings about the use of genericsin the design. These warnings can be ignored.
Please consult the Synopsys documentation for more details.

Optimization

Optimization of the previously read in design modules consists of: @) going through the design hierarchy, and b) optimizing
the individual modules by setting the appropriate constraints. Some constraints to consider are set_max_area,
set_max_delay, max_period, set_min_delay, set_clock, and create_clock. The actual optimization is done using the Compile
command. During optimization, the Design Compiler examines many design alternatives and chooses one that meets the
specified constraints. The amount of effort the Design Compiler uses can be controlled by the map_effort switch of the
Compile command. If constraints cannot be satisfied, the Design Compiler outputs the best design and issues appropriate
warnings. The commandsreport_area, report_timing and report_constraint are used to collect statistics on the design.
Optimization Recommendations

For inserting clock and reset buffers, the commandinsert_pads can be used to connect the ports to the pads of the design.
The port_is_pad attribute must be attached to the ports for the insert_pads command to work correctly.

To connect global clock and global reset signals to pads, two special buffers GCLKBUF and RSBUF are provided in the libraries.
These buffers must be attached to global clock and reset pins of the FPGA.

The Design Compiler can automatically connect GCLKBUF to aglobal clock signal of the FPFGA when the command
insert_pads is used. To attach RSBUF to a global reset, the following command must be used: (for the exact command used in
this example design, please refer to the section 1/0 Pad Synthesis below.)

set_pad_type -exact rsbuf GlobalReset

Attaching GCLKBUF and RSBUF buffers are mandatory to ensure correct back annotation of the delay data during Post-layout
verification.

Performing Optimization

Once the design files are read in, optimization of the complete design can proceed hierarchically. Performing optimization hier-
archically is not mandatory but recommended. This allows strict control over the cellsthat are reported in the output netlist
(e.g. the user may want to preserve the counter in the output netlist and substitute its hard implementation during Place and
Route).

The sequence in which synthesis of the components should proceed isillustrated below.
Optimization of the Leaf Nodes
Use the command current_design to set sr9 asthe active design in the Compiler asfollows:

dc_shell> current_design sr9

The sr9 design may now be optionally optimized by specifying the constraints as follows:

1. dc_shell> set_max_area 0.0
2. dc_shell> compile -map_effort high

On completion of optimization, the Design Compiler will store agate level netlist of sr9 initsinternal database.

Compilation of leaf designsadd8, add9reg, add10reg, reg8, and reg8en can be performed similar to the sequence mentioned
above.
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Optimization of the Non-Leaf Nodes

The optimization of the non-leaf nodes can proceed in the same way except the attribute dont_touch should be set on all the
leaf components of the design. For the initadd module, the following sequence of commands can be taken.

1. dc_shell> current_design initadd

2. dc_shell> set_dont_touch {add8 reg8}

3. dc_shell> set_max_area 0.0

4. dc_shell> compile -map_effort high

Similarly, optimization of the top-level design “averager” can proceed in the following fashion.

1. dc_shell> current_design averager

2. dc_shell> set_dont_touch {initadd add9reg add10reg sr9 reg8en}
3. dc_shell> set_max_area 0.0

4. dc_shell> compile -map_effort high

I/O Pad Synthesis

The final phase of optimization isto connect I/O pads to the pinsof the “averager” design.

1. Todothis, the attribute set_port_is_pad must be added to all pinsthat are connected to the I/O buffers as follows.
dc_shell> set_port_is_pad find(port)

2. Aftertheset_port_is_pad attributeis set, aglobal reset pin must be connected to the RSBUF buffer using the following
command.

dc_shell> set_pad_type -exact rsbuf rst

3. Padsareinserted using the following command.
dc_shell> insert_pads

Netlist Generation

Two netlists must be written: onein EDIF to act as the interface between the Design Compiler and Figaro for placement and
routing, and another from a choice of formats to prepare for simulation. The Design Compiler command write can be used to
write the design into the outpuit file.

For the “averager” design, these netlists can be generated using the following two commands.

1. Towritethe netlist for Figaro, the following options must be specified:
dc_shell> write -format edif -hierarchy -output averager.edf

2. Towritethenetlist for Functional and Post-layout Simulation the following options must be specified:
write -format vhdl -hierarchy -output averager.vhg

Please refer to the chapter “ Simulation-Synopsys® in thisTutorial for details on gate level simulation using the VITAL
libraries.

Netlist Import
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Oncethenetlist is created by synthesis, it can beimported into Figaro for gate level placement and routing.
On the Flowbar, press the Open button and choose to Open as Design. Thiswill bring up the Open as Design dialog box.



Synthesis - Synopsys

Design Directory: oK |
|'sjo_designipga/peoplelewaniaverager |~ carcel |
Design Name: Files of Type:

[averager =| [EDIF Netiist (* edn) = hep |
Tools Flow: Configuration:

[ synopsys-vss | | aTaok | New Design... |

Existing Design File:

I averager.edf |

Open as Design Dialog Box

Set the Files of Type field to EDIF Netlist (*.edf). Thiswill display the string “averager.edf’ in the Existing Design File field.
Dismissthe dialog box by pressing the OK button.

While loading the EDIF file, Figaro recognizes the user defined components that have been generated by the Macro
Generators and applies those optimized hard macros from the user library, averager.lib, to the design .

For the “averager” design, Figaro hasidentified the following macros:

add10reg
add9reg
add8
reg8en
reg8

sr9

Mapping

In order to optimize the design and obtain better synthesisresults, it is recommended that mapping be performed. The netlist
from the synthesistools contains functional macros that can be packed into Look Up Tables by the technology mapper in
Figaro. After opening the design, use Options> Options>Mapping and activate the Mapping Enabled option. Then push the
Map button on the Flowbar to map the design. Pleases refer to the Mapping section in the “ Figaro” chapter of thisTutorial
for more details about this process and the options available.

Placement and Routing

Specify the Atmel part by clicking on the Parts button. The Figaro interactive tool allows pin preplacement and pin lock
assignments on the device chosen. Select the appropriate part to fit the design. The “averager” design should fit on an
AT40K10 or higger device. Click on the Add button and then OK to finish part selection.

Use Window>New Compile Window to bring up the Compile window. Initiate placement and routing by clicking on the
Compile button. The four phasesin placement and routing are: Initial Placement, Optimized Placement, Initial Route, and
Optimized Route. Step-by-step placement and routing can be performed by clicking on the buttonsin sequence. The last
button can be either Bitstream (for designs) or Check-in (for macros). Depending on theinitial design setup, Figaro will create
abitstream file for download to the device, or instantiate the component and store it in the user-specified library.

For more details on how to select the Atmel part and implement adesign in Figaro, please refer to the “Figaro” section of this
Tutorial.

Post-layout Simulation

Post-layout Simulation can be performed by using the delay values extracted during Compile. The back annotation
information is then read into the design in the specified export file format. Figaro determines the file types to be exported based
on the selected tool flow and design implementation (whether the design is mapped or not, and if the implementation isfor one
or more chips). If the design is mapped or partitioned into multiple chips, aflat VHDL (or Verilog) netlist and the
corresponding SDF netlist will be created. Otherwise ahierarchical SDF file will be generated and back annotated to the
structural post-synthesis VHDL (or Verilog) netlist from the synthesis tool. However even if the designisimplemented on a
single chip and not mapped, the user can export aflat simulation netlist by using File> Export.
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Click on the Post-layout Simulation button on the Flowbar. Thiswill export the required simulation netlist and a SDF back
annotation fileinto adirectory calledfigba in the current design directory. A pop up dialog box will appear as shown below.

I =

Figaro has generated the following simulation and back annotation files.
Simulation Files:
fsjo_design{fpgal fpeoplefewan/atuserfaveragerifigha‘averager.vhd

SDF Fles:
sjo_design/fpgal jpeoplefewanfatuserfaveragerifighafaverager.sdf

Please compile the design files and invoke the simulator from a shell window
with the appropriate SDF annotation option

Exported Netlists Dialog Box

The box will give the name of the exported netlists. These netlists have to be compiled and the simulator invoked on them from
acommand Shell outside Figaro.

of flat Verilog and flat SDF using File>Export. Figaro will generate adesign.v file and SDF file containing delay

----- For Verilog users, if Post-layout Simulation is to be performed after Compile is completed, specify the export format
NOTH|
‘ information.

DownLoad Bitstream

After Post-layout Simulation with the appropriate simulator, the design is ready for downloading. For more information on
downloading and bitstream utilities, refer to the “ Device Programming” chapter of the User’s Guide, and “Figaro” section of
this Tutorial.
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Synopsys

This Tutorial outlines the methodology for optimizing VHDL and V erilog designs using the Synopsys FPGA Express
Synthesis System in the PC environment. A method of integrating components created by the Macro Generatorsisalso
outlined. The Macro Generatorsinstantiated in the VHDL/V erilog design are identified by Figaro which then creates an area
or speed efficient hard macro layout. The results are used to create more efficient placement and routing in Figaro.

The design flow suggested in thisTutorial spans across two tools: Figaro is responsible for the design management and back
end layout, while Synopsys FPFGA Expressis used for synthesis and optimization of the design.

The following tools must be installed and running before starting thisTutorial.

1. Figaro
2. Synopsys FPGA Express

Design Flow

The design flow is briefly summarized below.

System Setup (Figaro)
= Setsupthedesign directory and libraries

Design Entry (Figaro)
= Entersthedesignin VHDL or Verilog

Design Synthesis (FPGA Express)

= Setsup the software environment for synthesis
= Readsinthedesign

= Optimizesthedesign

= Writes the post-synthesis EDIF netlist

Functional Simulation (Any available smulator)
= Verifiesfunctionality of the design

Layout Generation (Figaro)
= Invokes automatic/manual placement and routing
= Writesdelay values for back annotation

Post-layout Simulation (Any available simulator)
= Readsindelay filefor simulation

Device Programming (Figaro)
= Outputs Bitstream in the PC
= Downloads onto Atmel part
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Tutorial Example
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To work through the Tutorial, adesign describing amoving point “averager” circuit is used. Both Verilog and VHDL versions
of the design are provided.

The“averager” has input and output ports which are 8 bits wide. The circuit smoothes out a noisy waveform arriving at an
input port by averaging the adjacent 8 values of the signal amplitude, and generating the averaged waveform at the output
port.

The“averager” exampleis partitioned into design components, each of which can be generated automatically using the Macro
Generators module in Figaro. While synthesis will still produce gate level connectivity for the components, Figaro will select
the hard layouts of these components from the layout library. In thisway, atruly technology independent VHDL design can
be written for simulation and retargeting. The optimized netlist can use the best layout implementations to produce superior
results.

The VHDL files of the “averager” design can be copied from \SystemDesigner\atmel\examples\at6k\fpgaexp\averager\vhdl or
\SystemDesigner\examples\at40k\fpgaexp\averager\vhdl, which come as part of the Figaro installation.

The Verilog files of the “averager” design can be found in\SystemDesigner\Examples\AT40K\FPGAEXP\AVERAGER\VDHL
Or \SystemDesigner\Examples\AT40K\FPGAEXP\AVERAGER\Verilog

Creating and Setting up the Design Directory

Inthisfirst step, the user creates adesign directory and assigns a CAEplatform to the design so that tasks meaningful to the
chosen platform can be applied automatically during processing.

To create anew design, select the@ icon on the Flowbar or use File>Design Setup from the menu.
Select the New Design button to open the New Design Directory dialog box.

Figaro will input the “averager” design in EDIF format for use Use the steps outlined as follows to set up the environment.
The dialog box will resemble that shown below.

New Design x|
Design Name: Design Directory: Ok |
averager | | chatusenaverager, | Cancel |
A fen -
atuser
Help |

-
4 3 4

Files of Type: Drives:

"

|EDIF Netlist (.edf)  [~] |e: I~
Configuration:

|AT40K -
Tools Flow: Tools Flow Description:
Exermplar-MTI 21| import Nt : EDIF
Exemplar-erilog J Export Met : Flat WHOL

FPGEA Express -wHD Export Delay : Flat/Hier. SDF
Synario-Yerilog |

New Design Directory Dialog Box

Under Design Directory, enter the path where the VHDL/Verilog files are to be located.
Enter the Design Name as “averager”.
Set Configuration to AT6K or AT40K.

Set Tools Flow to FPGA Express - VHDL if the design source isVHDL, or to FPGA Express - Verilog if the design source
isVerilog.
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5. Under Files of Type, select EDIF Netlist (*.edf).
6. PressOK to completethe Design Setup.

New Design =
Design Name: Design Directory: Ok |
averager | I chatuseraverager, | cancel |
A fen -

atuser
Help |
1 >| 1

Files of Type: Drives:

o

|EDIF Netlist (.edf)  [~] |e: I~
Configuration:

[aT40K |
Tools Flow: Tools Flow Description:

Exermplar-MTI Al | import Net - EDIF
Exemplar-Verilog J Export Met : Flat WHOL
Export Delay : Flat/Hier. SDF

Syario-

New Design Directory Dialog Box

Figaro supports application of auser library in which hard macro layouts can be stored for usein current or future designs.
The Macro Generators create such hard layouts and require alibrary for storage of the information. Besides the hard layouts,
simulation information and other important files are stored in thislibrary directory. A library for the “averager” designis
created asfollows:

Select the Library>Library Setup modul e to activate the Library Setup dia og box.

Press the Add Before button in the Library Search Path pane to activate the Add Library and Path dialog box.
Enter the Library Name as “averager.lib” and press OK.

Press OK again to complete the Library Setup.

A wDbdhpE

Component Generation

The“averager” design makes use of a number of components that can be automatically created using the Macro Generators
in Figaro. This function produces a component or design that is more compact in size and efficient in speed.

An examination of the averager.vhd file will reveal avery simple method of incorporating the Macro Generatorsin VHDL. The
processinvolvesidentifying the components that are going to be part of the design and inserting them one level deeper in the
design hierarchy. Care must be taken to ensure correspondence between the port namesin the VHDL designs and the macros
created by the Generators. It is aso imperative to maintain the component names in the VHDL design during macro
generation.

The following components must be generated for the “averager” design viathe Macro Generators button on the Flowbar.
Thiswill bring up the Generator Notebook. Choose the category of macros using the bottom tabs and the desired Generator
using the right side tabs. The macro names and their appropriate parameters are mentioned below. All other parameters should
be |eft to their default settings.

Generator Flip-Flop D-type, Width=8, Macro Name=reg8.

Generator Adder-Ripple Carry, Carryln=Disabled, Register=Input, Width=9, Macro Name=add9reg.
Generator Adder-Ripple Carry, Carryln=Disabled, Register=Input, Width=10, Macro Name=add10reg.
Generator Flip-Flop D-type, Width=8, Macro Name=reg8en, Register Bank Enable=Group Enable.
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The Macro Generators are designed to exploit Atmel’ s register rich FPGA architecture, and produce a component that is more
compact in size and efficient in speed. The hard layouts for the above-generated components are stored in the user defined
library. They will be used by Figaro during Compile, when the EDIF netlist of the design is being processed.

Design Entry

Once adesign has been set up, the VHDL or Verilog files of the design description must be set up in the Design Directory for
synthesisto proceed. For the “averager” design, these files are located the Design Directory.

Synopsys FPGA Express can now be brought up by clicking on the Synthesis Tool Invocation push button from the Flowbar
on the IDS desktop.

Optimization and Netlist Generation

Oncethe design files are created, optimization of the completed design can proceed hierarchically in atop-down fashion.

Follow the sequence of commands mentioned bel ow to set the appropriate options during synthesis.

1. Create anew project namedtutorial using File>New from the menu bar in FPGA Express.

2. Specify the sourcefiles (VHDL or Verilog) using the menu selection Synthesis> | dentify Sources. This step will automati-
cally analyze the VHDL or Verilog sourcefiles.

3. Select averager asthetop-level from the Implementation Name drop down list and specify Atmel asthetarget devicein
the Create |mplementation dialog box as shown below.

Create Implementation - averager

X
-
Implementation Mame Iaverager
Cancel |
— Target devi |
arget device - Help
Yendor Device
I.-’-‘-.lmel j Iatmel j I~ Auto-optimize
alter linking
Family Speed grade
I™ Donaotingert
[aTHEL o [-atmel | /0 pads

Clack frequency IED hHz

Create Implementation dialog box

4. By default FPGA Express eliminates hierarchy. In order to preserve the hierarchy, select the chip and right click the mouse
button to bring up the pop-up menu to edit the constraints.

In the Modules page of the Constraints window set Hierarchy to Preserve by default.
5. Close the Constraints window and select the chip. Right click the mouse button again and chose Optimize chip.

6. Select the optimized chip and chose Export Netlist to write out an EDIF netlist which will beread into Figaro for final
implementation in the Atmel device.
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Placement and Routing

Oncethe design isnetlisted, it isready for placement and routing. To read the averager.edffile into Figaro, click on the Open
button in the tool bar and proceed with Open as Design. Specify Files of Typeto be EDIF Netlist (*.edf) and verify that the
Existing Design File isaverager .edf.

Dpen as Design x|
Design Directory: oK |
|c:\atuser\avera_qer ;|

- Cancel |
Design Marne: Files of Type:
[averager | [EDIF Netlist (~.edf) = Help |
Tools Flow: Configuration:

[ FPGA Express -vHDL | | AT4OK | New Design. |

Existing Design File:

| averager.edf |

Open as Design Dialog Box for design “averager”

1. Click OK for Figaro to load the EDIF file and generate a database file for the design. While loading the EDIF file, Figaro
identifies the Macro Generators that were generated in the previous steps and uses their hard layouts during placement
and routing.

In order to better optimize the synthesis results, it is recommended that mapping be performed. The netlist from the
synthesis tools contain functional macros that can be packed into Look Up Tables by the technology mapper in Figaro.
After opening the design, use Options> Options>Mapping and select the Mapping Enabled option. Then push the Map
button on the Flowbar to map the design. Please refer to the “Figaro - Mapping” section of thisTutorial for more details
about this process and the options available.

2. Specify an Atmel part by clicking on the Parts button. The Figaro interactive tool allows pin preplacement and pin lock
assignments on the device chosen. Select the appropriate part to fit the design. The “averager” design should fit on an
AT6005 or AT40K05 part but can be run on any device.

3. Initiate placement and routing by clicking on the Compile button. The four phases include Initial Placement, Optimized
Placement, Initial Route, and Optimized Route. The last button can be either Bitstream (for designs) or Check-in (for
macros). Depending on the initial design setup, Figaro will create a bitstream file for download to the device, or instantiate
the component and store it in the user-specified library.

Details on the Parts Assembler and Compile modules are covered in the “ Figaro” chapter in the Tutorial.

Post-layout Simulation

Post-layout Simulation can be performed by using the delay values extracted during Compile. The back annotation
information is then read into the design in the specified export file format. Figaro determines the file types to be exported based
on the selected tool flow and design implementation (whether the design is mapped or not, and if the implementation isfor one
or more chips). If the design is mapped or partitioned into multiple chips, aflat VHDL (or Verilog) netlist and the
corresponding SDF netlist will be created. Otherwise a hierarchical SDFfile will be generated and back annotated to the
structural post-synthesis VHDL (or Verilog) netlist from the synthesistool. However even if the design isimplemented on a
single chip and not mapped, the user can export aflat simulation netlist by using File>Export.
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Click on the Post-layout Simulation button on the Flowbar. Thiswill export the required simulation netlist and a SDF back
annotation fileinto adirectory calledfigba in the current design directory. A pop-up dialog box will appear as shown below.

X
Figaro has generated the following simulation and back annotation files.
Simulation Files:
chatuser.averayerfigha/averager.vhd

SDF Files:
clatuseriaverager/figha/averager.sdf

Please compile the design files and invoke the simulator from a shell window
with the appropriate SDF annotation option

Exported Netlists Dialog Box

The dialog box will give the name of the exported netlists. These netlists have to be compiled and the simulator invoked on
them from a command Shell outside Figaro.

of flat Verilog and flat SDF using File>Export. Figaro will generate adesign.v file and SDF file containing delay

----- For Verilog users, if Post-layout Simulation isto be performed after Compile is completed, specify the export format
NOTH|
‘ information.

DownlLoad Bit Stream

For more information on downloading and bitstream utilities, refer to the “ Device Programming” and “Figaro” chaptersinthe
User’s Guide and Tutorial respectively.
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Model Technology

Thistutorial demonstrates the various stepsinvolved in simulating VHDL designs using Model Technology’sVSIM V-
System VHDL Simulator.

Design simulation is performed at various stages as the design is transformed from a behavioral description to the FPGA
layout. This ensures that the functional and timing integrity of the design is within acceptabl e parameters of the original
specifications.

Design Flow

A well-integrated design flow that supports easy verification is provided in the Figaro software. Thisflow is outlined below.

= Functional (Pre-synthesis) Simulation.
= Synthesis.

= Gate Level Netlist Creation.

= Placement and Routing.

= Post-layout Simulation.

The simulator supports numerous timing checks, recovery and error reporting mechanisms. For details on the default settings
inthe VITAL libraries, please refer to the“ Simulation - Exemplar” chapter of the CAE Interfaces section in the Technical
Reference.

Thistutorial focuses more on the tools and methodol ogy developed to perform simulation within the Figaro environment.

Thistutorial assumesthat the user isfamiliar with synthesis using Exemplar’s Leonardo Spectrum. Those unfamiliar with the
process are encouraged to go through the separate Exemplar synthesis tutorial.

Example Design

For thistutorial, the “averager” design will be used. This design implements a waveform smoothing function represented by:

- M7
Vinl=vV Y xn i)
{i=01
The smoothing function is used in many DSP applications to filter out high frequency spikes. These spikes are the source of
noise commonly found in communication channels. They can be eliminated by taking the moving average of sample values
arriving at the input of the system.

The design in this example is an averager circuit with eight moving points. The hardware specific details of the design are
described below.

Interface The “averager” design has 8-bit input and output data lines. The design also has a clock pin and areset pin.

Assumptions and Other Details Only positive values can appear on the input data lines (the input is assumed to be level -
shifted). During the implementation of the system, avalid output waveform can be expected on the 9th clock. However, since
the outputs of the last and intermediate stages are registered, the actual output waveform starts occurring from the 11th clock
cycle onwards.
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Design Files
The“averager” design consists of many design files
= Testbenchfile
= Input stimulusfile

Thefiles are kept under / SystemDesigner/examples/at40k/exemplar/averager/vhdl the
/SystemDesigner/examples/averager/vhdl directory.

Copy thesefilesto the following directory: /SystemDesigner/examples/mti/averager/vhdI/* .

The averager design is kept inaverager.vhd. Thisfile has numerous entity-architecture pairsin them. The following is a brief
description of each of them.

averager - Contains the top-level design. It hasinstantiations of the other modules of the design.
initadd - This module adds two delayed signals. It instantiates reg8 and add8 modules.

reg8 - This module contains an 8-hit register.

add8 - Thismodule contains an 8-bit adder and produces a 9-bit sum.

add9reg - This module adds two 9-bit numbers and produces a 10-bit registered sum.

add10reg - Thismodule adds two 10-bit numbers and produces an 11-bit registered sum.

sr9 - Thismodule isashift register. It is used to implement adivide by 8 operation.

A description of other vhdl filesis given below.

aver_th.vhd - This module contains the testbench file for the “averager” design. Thistest bench should be used for functional
simulation.

post_th.vhd - This module contains the testbench file for the “averager” design. Thistest bench should be used for post-
layout gate level simulation.

Invoking Figaro
Figaro can be started in the averager directory by selecting START > ATMEL > IDS
Figaro Design Setup

In the Figaro window, usethe@ icon or File>Design Setup menu to set up the design and select its associated Tools Flow.
The Design Directory Setup dialog box will be brought up.

Design Name: Configuration:

| =] |aTa0K
Design Directory:

Kl

Tools Flow: Tools Flow Description:
Exgmplar-MTI Import Met  : EDIF
Eig"&'ﬁ:gﬁlg'gg Export Net : Flat VHDL
Evarest-vHOL Export Delay : Flat'Hier. SDF

=

Design Setup Dialog Box

1. Tocreate anew design click on the New Design button. The New Design Directory dialog box is shown below.
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Design Name: Design Directory: []4

averager, | I fsp_des'gru‘l‘pgaﬂpeq:les‘ewanfaved Cancel
2l
Help

1

Files of Type: Drives:

|EDIF Netlist ¢* ed) =l |

Configuration:

|aTa0KC =]

Tools Flow: Tools Flow Description:

Exermplar— Tl Impart Met  : EDIF

Eﬁ';;”ﬂi::ﬁlg';g Expart Met  : Flat WHDL

Evarast- VHOL - Export Delay : FlavHier. SOF

|

New Design Directory Dialog Box

2. Inthe New Design dialog box, type the name of the design as “averager”. Set Configuration to AT6K/AT40K. Select

Tools Flow as Exemplar-MTI.

3. Dismissthe New Design and Design Directory dial og boxes by pressing the respective OK buttons.

Library Setup

The “averager” design, once synthesized, will contain the macros inferred automatically by Exemplar’s ModGen module
generation system. These components are created automatically with the Macro Generators. The associated FPGA |ayout and
simulation modelswill also be produced. Figaro treats these components as library modules and inserts them in the library.

Consequently, auser library must be set up.

1. A design library can be established by executing the Library>Library Setup menu.

r— Library Search Path

-l

Remove |

r Library Mames

Add.. |
Create.. |

Remove |

=

i

Cancel

Help

Library Setup Dialog Box

2. InLibrary Setup, press the Add Before button to display the Add Library and Path dialog box.
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Library Mame: Directories: oK |
averager.lib Lfpeopledewandaverager
| s | .fpeop 9 st |
sjo_design =

____________ fhgal GCancel |
people

N
Help
List Files of Type: Drives:

[Gbraries (.iib) = =

Add Library and Path Dialog Box

3. Inthe Add Library and Path dialog box, enter Library Name as “averager.lib” (or any name of choice). Dismiss the box
by pressing OK.

4. Dismissthe Library Setup dialog box by pressing OK.

The design name has been set as “averager” and the library name as “ averager.lib”. The next step isto create the environment
in the simulation setup files and carry out the simulation at the functional level.

Functional (Pre-synthesis) Simulation

The command vsim is used for simulating the design. Normally, this command will bring up the user interface. However, if this
command isinvoked with the -c switch, a Shell interface will be invoked. For the purpose of thistutorial, the Shell interface
will be used.

Before starting simulation, a brief discussion of the stimulus and response files used and created by the simulator is provided
below.

Thetest scaffold, specified in the aver_tb.vhd file, readsthefile averager.sen that contains the waveform to be smoothed out.
Any waveform can be specified in that file. Upon completion of the simulation, afile averager.outis created. Thisfile contains
the output values of the waveform.

The simulation script, “run -all; quit’, passed viathe -do switch, executes the simulation and quits the simulator at its
conclusion.

CFG_AVER_TB isthe name of the top-level configuration specification, which points to the simulation model that is built into
the work directory.

At the end of the simulation, edit the averager.out file and examine the output waveform.

Synthesis

16-4

After the design has been validated, it is ready for synthesis. At the end of synthesis, two fileswill be created in the design
directory: the averager.edf and averager.vhg. The former isthe EDIF netlist for the synthesized design, and will be imported
into Figaro for placement and routing followed by the creation of the needed files for Post-layout Simulation. Thefile
averager.vhg will contain the gate level VHDL netlist. This netlist will be used for post-synthesis gate level simulation.

1. Invoke Leonardo from the Invoke Synthesis Tool button on the Figaro Flowbar. Refer to the CAE Interfaces section in the
IDSTutorial on Exemplar Synthesisfor more details.

2. InLeonardo, dothefollowing:

= Setthelnput Design, File Name and Format to “averager.vhd” and “VHDL” respectively.
= Set the Output Design, File Name and Format to “averager.vhg” and “VHDL” respectively.
= Set the Output Design, Technology to “ Atmel AT6K02/AT40K".
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File Options Reports Tools Preferences Run Help
[— |
m Start Run I View Report File I View Schematic I Time Explorer... I
INPUT DESIGN OUTPUT DESIGN
Filename:  |ewan/averager/averager vt @| %| | Filename:  [ewanfaverager/averager.vhg @[ B
Format: WHOL ﬂ Format: "WHDL g
Technology: g Technology: |Atmel AT40K ﬂ
VHDL Options... Atmel AT40K Options... |
RUNTIME OPFTIONS
Optimize for: -, area 4 delay I Extended Optimization Effort
Report Summary Level: - brief 4 full W Freserve Hierarchy (do not flatten)
Synthesis Options... Control Files...
Working Directory: /sjo_design/ipgal/people/ewaniaverager

Leonardo Diaog Box

3. Under RUNTIME OPTIONS, check Preserve Hierarchy (do not flatten).
4. Click onthe Synthesis Options... button of the Leonardo interface.

5.

6.

STATE MACHINE OPTIONS

Encoding: - Binary # CneHot «, Random ~, Gray

OPERATOR OPTIONS
W Use Technology Specific Module Generation Library

Operator Select: # Auto - Smallest « Small - Fast - Fastest
W Extract Clock Enables W Extract Counters
W Extract Decoders W Extract AAMs

TIMING OPTIONS

Wire Table: W Use Default Wire Table

Wire Tree: - Best . Balanced # ‘Worst

Temperature: Voltage: ﬂ Process: g
RUNTIME OPTIONS

Max Delay: Max Area:

Optimization CPU Limit (secs): d1 12 15 1

Special Options: |-modgen atdlk

oK | Cancel |

Synthesis Options Dialog Box

In the Special Optionsfield, set the switch-modgen at40k or -modgen at6k.

Complete the synthesis session by executing the Start Run button of the Leonardo user interface.

Translating Gate level VHDL file to EDIF netlist

Leonardo cannot produce the EDIF and vhdl files simultaneously. To translate from averager.vhg to averager.edf file format,
do the following in the main window:

1

g~ wN

Set Input Design, Technology and Output Design, Technology to “ Atmel AT6K02/AT40K” .

Set Input Design, File Name and Output Design, File Name to “averager.vhg” and “averager.edf’ respectively.
Set the Input Design, Format and Output Design, Format to “VvHDL” and “EDIF’ respectively.

Check RUNTIME OPTIONS, Preserve Hierarchy (do not flatten).

Complete the file translation by initiating Start Run from the Leonardo user interface.
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INPUT DESIGN QUTPUT DESIGN
Filename:  [ewan/averager/averager vhg @ ®| | Filename: |fewaniaverageraverager. edf @ B
Format: IVHDL—g Format: IED\F—ﬂ
Technology: |Atmel AT40K ﬂ Technology: |Atmel AT40K ﬂ
VHDL Options... Atmel AT40K Options... |

RUNTIME OPTIONS
Optimize for: ~, area 4 delay

Report Summary Level: - brief 4 ful

Synthesis Options...

I Extended Optimization Effort
W Freserve Hierarchy {do not flatten)

Control Files...

Working Directory: /sjo_design/pgal/peoplefewan/averager

Translation Setup Dialog Box

6. Alternatively, use the Create Netlist for Open button on the Figaro Flowbar. Enter the gate level VHDL netlist file namein
the Select VHDL File dialog box and press OK. Thiswill convert the VHDL netlist into an EDIF file by invoking the

Exemplar tool in the command mode.

Exemplar tools can be dismissed after synthesis and translation is compl ete.

Gate Level Netlist Creation

The gate level VHDL and EDIF netlists created in the last step cannot be used directly for post-synthesis simulation as they
make use of macros which must be created by IDS. In order to compl ete these netlists certain macros must be created
interactively and others automatically from the EDIF netlist viathe Macro Generators Interface (MGl).

Leonardo must be specified in Figaro as the input source. Access Options>Optionsfrom the menu and select Synthesis Tool
Invocation. Under the settings for Exemplar, set the Tool to Leonardo.

Interactive Macro Generation

The “averager” design gate level netlist contains components that are treated by the Leonardo as hard macros. These macros
are declared asNOMAP componentsin the averager.vhd design.

reg8: 8 bitregister bank
reg8en: 8 bit register bank with enable
sr9: 9 bit shift register

These macros should be created using the Macro Generators. Click on the Macro Generators button in the user interface.
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For the reg8 macro:

7. Select the Register tab along the bottom of the Macro Generators notebook.
8. Select the Flip-Flop D-type tab along the side of the Macro Generator s notebook.

9. Set Width of themacroto“8".
10. Set Macro Name to “reg8”.

Register Bank Enable
’V @& Maone

Tri-state control
’V @& Maone

Width | g

[ Inwert clock

Pitch I il

ol Azynch. Initialization Folarity = Low

’7(3' Reset € Set €0 Mone O Preset Walue —» IU |‘

@ More € suxiliary nput O Const Walue —» |g |‘

O Growp Erable € Indivicual Enables ‘ Fiip—Fiop D-type
Flip-Flop Toggle

€0 Group OEpin € Indivicual O pins ‘ Shift Register
Transparent Laich

Options ——————————
| ¥ Hard Macro
Pin Map File Name | || D
User Library Iaverager.lb LI Browse Batch
Size
Add to Batchl Generate | Cancel | Help | | 0

Generating the reg8 Macro

For the reg8en macro:

1. Usethe same notebook page as above.

Set Width of the macroto “8”.

Set the Register Bank Enable to Group Enable.
Set Macro Name to “reg8en”.

A wN

Register Bank Enable
’V O Maone

Tri-state control
’V @& Maone

Width | g

[ Irvvert clock

Pitch I il

ol Azynch. Initialization Polarity = Low

’7(3' Reset € Set € Mone € Preset Walue —» IU |‘

@ More O Auxiliary Input € Const Walue —» |g |‘

& Group Enable ¢ Individual Enables ‘ f.'.?'th D-type |
Flip-Fiop Toggle |
¢ Group OEpin € Individual OE pins ‘ Shift Register
Transparent Laich

Options ———————————
Macro Name I reggen | ¥ Hard Macro
Pin Map File Name | || E
User Library |averager.ll:| LI Browse. Batch
_ Size
Add to Bainhl Cancel | Help | | 0
Generating the reg8en Macro
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16-8

For the sr9 macro:

1. Select the “ Shift Register” tab in the Macro Generators notebook.
2. Set Width of themacroto “9”.
3. Set Macro Name to “sr9”.

Input Type -
’V @ Serial (O Parallel (Var) O ParaJIeI(Const.)—>|D ‘ IFIP_FW D-type I
Flip-F e

Output Type r ip-Flop Togg I

[ & Serial 0 Parallel ‘ Shift Register |
Transparent Latch |

Width |9 [T Enabie

[ Irwert clock [V Initialization Polarity = Low

Initializati
’7(3' Feset 7 Set (O Mone {0 Preset Value —» Ig ‘

Optians
| ¥ Hard Macro
Pin Map File Name | || D
User Library Iaverager.lb LI Browse... | Batch
Size
Add to Batchl Generate | Cancel | Help | | 0

Generating the sr9 macro

The Macro Generators user interface can be dismissed now.

MGI Macro Generation

In addition to these components, the synthesized gate level netlist contains components that are inferred automatically by the
ModGen module generation system. ModGen does not create a VHDL description of these automatically generated
components. Consequently, the gate level models for these components must be created. Figaro automatically creates the gate
level models at the time of netlist import, and is described below.

Design Direciory: — per :
'sjo_desi 1 le/ewan'a -

| jo_designipgatpeople/ewan/averager = Cancel |
Design Name: Files of Type:

|averager [~ |EDIF Netiist * edf) | Help
Tools Flow: Configuration:

IEXEMPIEIT-MTl | IAT‘WK | New Design... |

Existing Design File:

| averageredf |

Open as Design Dialog Box

1. Onthe Flowbar, pressthe Open button. Thiswill bring up the Open as Design dialog box.

2. SettheFilesof Typefield, to EDIF Netlist (*.edf). Thiswill display the string “ averager.edf’ in the Existing Design File
field. Start the import process by pressing the OK button.

3. Theautomatic generation of inferred macros is undertaken by the Macro Generators Interface, and will be discussed
below.
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Macro Generators Interface (MGI)

( ® O o) | mg_aa_% |
mg_aa_10 |

’V & e - | mg_aa_8 |
’V o) [ o [ ‘
o

Ig Pitch IU Aspect Ratio ID.DD
O 2
’76‘ o [ |

Macro Type |Ad:|er-nipp|e Garry | [ updated

Pin Map File Name | | O

User Library Iaverager.li: ;I Browse... |
| Generate | Cancel | Help | |

Macro Generators Interface Dialog Box

During netlist import, Figaro recognizes the functions inferred automatically by the ModGen interface and displays themin the
user interface as shown above. For the “averager” design, Figaro has identified the following macros:

mg_aa 9
mg_aa_10
mg_aa_8

These macros can be generated via user specification by supplying the appropriate options, such asLayout Optimization
used for optimizing the layout. Note that options that determine the component’ s functionality cannot be changed.

Press the GENERATE button and proceed with the macro generation.

The created components will be placed in thelibrary displayed in the User Library field. In this case, they will be placed in
averager.lib.

NOTE  graphical user interface, use the Options>Optionsmenu. In the Global Optionsdialog box, check Automatically

----- To automatically generate hard macros for the identified Macro Generators components without bringing up the
‘ Generate Components under the topic MGI Support.

Placement and Routing

Once the design is verified with Gate Level Smulation, and the automatically inferred components are generated, it is ready
for placement and routing. Press the Compile button to implement the design.

Specify the Atmel part by clicking on the Parts button. The Figaro interactive tool allows pin preplacement and pin lock
assignments on the device chosen. For this exercise an AT6003/AT40K 10 or larger device should be used.

Initiate placement and routing by clicking on the Compile button. The four phases are: Initial Placement, Optimize
Placement, Initial Route, and Optimize Route. For more detailed instructions on how to select the Atmel part and implement a
designin Figaro, pleaserefer to the “Figaro” section of the IDSTutorial.
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Post-layout Simulation

After placement and routing is complete, a post-layout gate level vhdl netlist and SDF file containing delay information should
be generated.

To create thesefiles, press the Post-Layout Simulation button on the Flowbar.

Post-layout Simulation can be done along the same lines as Functional Simulation. The various stepsinvolved are
described below.
Post-layout Simulation Files

To eliminate the possibility of gate level files from being overwritten, Figaro creates a separate directory, caledfigba, in the
design directory and places the post-layout simulation filesinit.

In the Shell Window, change the directory tofigba.

Therewill be anumber of vhdl filesin thisdirectory. For the “averager” design, thelist of files and a description of them are
given below.

averager.vhd

Thisisthetop-level design for the entire circuit. If adesign has multiple partitions, thisfile contains instantiations of the
individual designsthat make up the circuit. Since the “averager” design has only one partition, only one design will be
instantiated in averager.vhd.

*mg_*.vhd

These are the design files that correspond to the macros identified automatically by the MGl. These components are
instantiated in the top-level vhdl file(s). In the case of the “averager”, these macros are instantiated in averager.vhd.

reg8.vhd, reg8en.vhd, sr9.vhd
These are the files corresponding to the reg8, reg8en and sr9 cormponents generated using the Macro Generators.

In addition to the vhdl files, Figaro also outputs the SDF delay files corresponding to each partition. Since thereisonly one
partition in the “averager”, only averager.sdfis created.

Creating the modelsim.ini File

Whilein thefigba directory, follow the procedure for creating the modelsim.ini file as outlined in the section “ Simulation
Setup” above.

searches the modelsim.ini filein al directoriesin the search path and may pick up the settings from the

----- Please ensure that the modelsim.ini fileis deleted from, or renamed in, the project directory. The program vsim
‘ modelsim.ini filein the project directory.

Copying Files to the figha Directory
Copy thetestbench filespost_tb.vhd and averager.sen from the design directory to the fighba directory.
Analyzing the Design Files
Analyze the gate level design file averager.vhd and the testbench file by typing the following command at the Shell prompt.
$ vcom mg_* reg8.vhd reg8en.vhd sr9.vhd averager.vhd post_tb.vhd

The regular expression mg* will evaluate the vhdl file names of all components generated automatically by the Macro
Generators. At the end of this command, asimulation model for the “averager” will be built into the work directory.
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Simulating the Design

The Post-layout netlist is annotated using delays reported in the averager.sdffile. The design can be simulated by executing
the following command.

$ vsim -c -do “run -all; quit” \
-sdftyp aver_test=averager.sdf CFG_AVER_TB

At the end of the simulation run, the output file averager.out will be created.
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PLA Optinization

The PLA Optimization module translates and optimizesPLD designs described inthe PLA format. A design can be described
in equations, truth tables, state diagrams or any combination of all three with the equation entry method. DATA 1/0's ABEL
supports this design methodology, providing avery convenient and fast way of targeting PLA filesfor the Atmel FPGA . The
Integrated Development System offers awell-defined design flow for easy, efficient synthesis and optimization of ABEL
designs. Thistutorial containsan example of how to create a design using both an ABEL translation and a schematic netlist.
Optimization recommendations for ABEL designs using the PLA2Cdb software are included below. Files compiled in CUPL
also observe similar processes.

Meeting performance specificationsin an optimal way is determined in most cases by the ability to partition asystem into its
logical sub-components. The system partitioned in thisway can then be represented as an interconnection of blocksin which
the blocks themselves are specified at the behavioral level.

The design can be synthesized into a technology specific database and provided with multiple options to maximize a design
centered on such user criteriaas areaor speed. PLA Optimization generates components with better timing characteristics,
superior utilization, and supports a partitioning model that uses a schematic to tie the design together.

Using PLA Optimization, the PLA design can be translated into either a soft macro or acomplete design. A complete design
has its pins connected to I/O buffers. A soft macro can be instantiated in atop-level schematic or optionally translated into a
hard macro using the Macro Check-in feature of IDS. Once aPLA fileisturned into adesign, it isready for placement and
routing.

System Setup

Itisimportant that the Design and Library files, with their respective root paths, bein place prior to opening a design. The cor-
rect setup of the environmental variablesis also needed for proper execution of the programs.

Setup Files

Figaro can optimize the PLA-formatted files generated by ABEL or CUPL. The resulting component can be turned into a soft
macro forusein alarger circuit. The user can also translate the PLA file into acomplete design, and generate a bitstream within
Figaro.

After entering the design with atext editor, the ABEL or CUPL compiler isinvoked. Depending on whether the design was
optimized or not, the user can have either a*.tt1, *.tt2, or *.pla file asinput to IDS. A brief explanation of the extensionsis
shown in the Table below.

PLA Filesfor Figaro Interface

PLA File Extension Description

* il ABEL unoptimized *.pla file

* 12 ABEL optimized *.pla file

* ttx PLA file optimized by REEDMUL
* pla CUPL *.pla file

Atmel Libraries

Please refer to the Figaro Tutorial for step by step information on setting up alibrary, creating, using, and managing macros.
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Copying the Example

The examplefilesfor thistutorial can be found in the directory \ SystemDesigner\examples\at40k\abel or

\SystemDesigner\examples\at6k\abel for AT40k and AT 6k users respectively. There are 3 files that must be copied over once
the design directory has been created.

Design Entry

17-2

Inthistutorial, the design flow isillustrated with the synthesis and optimization of an example digital system. The exampleis
chosen to provide insight into creating adesign via Equation Entry using ABEL-HDL, and Schematic Entry with Viewlogic
PROcapture. A similar flow can be supported on other platforms as well.

Creating a Design

The example digital system performs arithmetic operations by decoding a string of numeric charactersreceived on its serial
port. The numeric operands (undergoing computations) are read from the 2 n bit parallel ports of a system. The output is
placed on a1l n bit output port.

If string 110 is placed on the control line, the function will add the two 4-bit input values to produce the 4-bit output.

If string 111 is placed on the control line, the function will subtract the two 4-bit input values to produce the 4-bit output.

System Partitioning

The system can be divided into three sub-modules.

1. Anadder

2. A subtractor

3. A seguence detector to identify 110 and 111 sequences.

The process of creating a design starts with partitioning it into sub-modules and writing an ABEL description for each of
them.

1. SetupaDesign Directory using File>Design Setup and select New Design. Fill in the dialog box to ook like the following
and select OK. Then select OK for the Design Setup dialog box aswell.

|
Design Name: Design Directory: QK |
|adder | |c:\atuser\abe| | Cancel |
A fen -
atuser
Help |

|viewlogic wir 1) [~|  [en:

Configuration:

4 ¥ 4 |
Files of Type: Drives:

|AT40K

Tools Flow: Tools Flow Description:
Synario-Yerilog Al | import Net - WIR

Synario - YHDOL . .
Viewlomic-Workyiew Office Export Met : Flat/Hier. WIR
YWiewlogic-Pro Series Export Delay : Flat/Hier. DTE
Wiewlogic-Workview Plus +

New Design Directory Dialog Box
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2. Todescribeadesignin ABEL:

= Click on the Open Shell Window button on the vertical toolbar to access the DOS environment in the design
directory.

=  Enterthe ABEL description of the adder as specified below.

= Invoke ABEL to translate the description. Thisis done by starting ABEL, opening up the adder.abl file, and then
choosing the Compile>Compile menuitem. A PLA file with the extension*.tt1 will be created in the design directory.

3. Dothedesign setup again for the “sub” module. Again, run ABEL to create the *.tt1 file for the “sub” macro.

4. Repeat the same process for the “control” module. Additionally, run the optimization step in ABEL Thiswill produce a
*1t2 file.

The ABEL description of these three modulesis given in the figures below.

nodul e adder;
title "4 bit adder';

"inputs
al,a2,a3,a4 pin 1,2, 3,4
b1, b2,b3,b4 pin 5,6,7,8;

"out puts
0l,02,03,04 pin 9,10,11, 12;

"sets

A = [al, a2, a3, a4] ;
B = [bl, b2, b3, b4];
O = [o0l, 02,03, 04];

equat i ons
O= A+ B;
end

ABEL Description of 4-bit Adder

nodul e sub;
title "4 bit subtractor';

"inputs
al,a2,a3,a4 pinl ;
b1, b2,b3,b4 pin 5,6,7,8;

"out puts
0l,02,03,04 pin 910,11, 12;

"sets

A = [al, a2, a3, a4] ;
B = [bl, b2, b3, b4];
O = [01, 02,03, 04];

equat i ons
O=A- B
end

ABEL Description of 4-bit Subtractor
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modul e control
title 'Control state diagram for add/sub operation';

"inputs
clock, reset pin 1,2;
sin pin 3;

"out puts
sub, add pin 4,5;

"states
gl, g2 node istype 'reg_d, buffer’;
add_sub_control = [q1l,g2];

"state val ues
sl = 0; s2 = 2; s3 = 3; s4 =4,

equati ons
add_sub_control.clk = clock;

add_sub_control.ar = reset;
stat e_di agram add_sub_contr ol

State sl1: sub = 0;
add = 0;
if (sin == 0) then s1 ;
else if(sin) then s2;
el se s1i;

State s2:
sub = 0;
add = 0;
if(sin) then s3;
el se s1i;

State s3:
if(sin) then sl with add = 0; sub = 1;
else if(!sin) then s2 with add = 1; sub =0;
end

ABEL Description of Sequence Detector

Optimizing in the ABEL Environment

Some designs can be more efficiently optimized asAND-OR equations as opposed to AND-XOR equations. AND-XOR

optimi zation consists of reading a PLA file and optimizing it using AND-XOR optimization techniques. AND-OR minimization is
not done in PLA optimization. However, mapping of aready optimized AND-OR equationsis provided. If AND-OR
optimization is chosen, a*.tt2 file must aready exist in the design directory.

Notes to ABEL 5.X users

In version 5.1 ABEL, a*.tt2 file can be generated by setting the PLA file option in the Xfer>Translate Optionsdialog box and
pressing the Xfer>Translate button.

The ABEL compiler from version 5.1 onwards does not produce a*.ttl file. If AND-XOR optimization isdesired, a*.tt2 file can
be renamed to *.tt1 before invoking the PLA optimization user interface.
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Optimizing with Figaro

The 3 designs will now be brought back into Figaro to minimize logic and perform technology mapping. The first step to

minimi zation consists of setting the optimization criteria. Knowledge of the design will help in this determination. Since adders
and subtractors are arithmetic functions, AND-XOR technology may work most efficiently, while the control state machine can
work better with AND-OR technol ogy.

Once the optimization criteriais determined, the next step is to minimize and map an ABEL modul e to the FPGA layout. Steps
involved in optimizing and transl ating the adder are listed below. Similar steps should be taken to optimize the “sub” and
“control” modules.

1. UseFile>Design Setup to select the adder again.

2. Click on the PLA Optimization button. The PLA2Cdb window will appear. Complete the screen settings as described
below.

EPLA Dptimization and Mapping M=l I
Active Project:
adder : cihatuserabal OK |
Design Name:l adder |
Cancel

Technology: IANDOR |J

Hel
[0 CUPL [T Generate YiewLogic Schematic il

PLA2Cdb Dialog Box

3. Specify the Technology as AndOr.
4. Click OK.

The program runs are displayed on screen that shows a summary of al warnings and errors. Details of the process can be
found in thefile pla2cdb.st.

For afull explanation of IDS messages, refer to the Technical Reference manual.

Complete running pla2cdb on the other 2 modules, specifying the Technology to be AndOr for the “ control” block.
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Creating A Top-level Design

Once all sub-modules are created, they can be connected to each other and to 1/0 pads in the top-level schematic. Steps
involved in creating atop-level design arelisted below.

1. UseFile>Design Setup to create anew design called “ Toplevel”.
2. Pressthe Schematic Entry button to bring up the Viewlogic schematic editor and create the top-level schematic.
3. Interconnect the modules and 1/Os.

Once the modul es are connected, a design can be placed and routed using IDS programs.

Recommendations for describing a design in ABEL

1. Partition the system carefully to produce medium sized modules. Medium sized modul es produce optimal logic minimi-
zation and efficient implementation in alayout.

2. Decide onthe optimization criteriafirst.
3. Avoid using X flip-flops.

4. Useof tri-state nodesis discouraged. Tri-stating of non-combinatorial nodes, with the exception of a D-type flip-flop, is
not supported.

5. Theuse of multiple clocks and resetsis discouraged.

It should be noted that some syntactic conventions related to ABEL extensions must be followed when designs are targeted
to AT6000 FPGA s. Refer to the “ CAEInterfaces” section of the Technical Reference for alist of supported extensions and
their meanings.
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QuickChange

The QuickChange software is used to access the Cache Logic capability of the Atmel FPGAs.

The design used in the tutorial contains a number of pul se generators. The QuickChange software is used to select the output
of one of the pulse generators. This output is fed toa LED, which blinks at arate equal to the frequency of that pulse

generator.

The design created in this tutorial contains 4 pulse generators. The outputs of these pul se generators are multiplexed together
using a4 to 1 MUX macro. The output of this macro is assumed to be connected to an LED, which will blink at an interval
equal to the selected frequency. The two select lines of the 4 to 1 MUX are connected to atwo-bit array of constants. The

constants are modified using QuickChange to make the appropriate selection.
The output of each individual pulse generator should also be connected to its own LEDs. Thisfacilitates observation of the
QuickChange LED versus the original setup.

Software Requirements
The following software setup is needed to create the demonstration design:
= WorkView Office or other Viewlogic schematic capture software to view the schematic.
= Atmd IDS

Hardware Requirements
In addition to the software setup, the following hardware components are needed:

= 32 HZ square wave frequency source
= S5LEDs

TARE Em - m Fugeol Took Wwilas  Helg
[ =g = TR L] B [ i

e = Y Y

L] 4 |
P L= ) e A A
FLREER 1 wad

Ealect 255 K Eraal 1 HLMA

The Blinker Schematic
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Thecircuit used in the tutorial is shown in the schematic diagram above. This example uses four counters to divide the input
frequency of 32 Hz. cnt2 is a 2-hit counter and itsRCO pin toggles every 8 Hz. cnt3 is a 3-bit counter and itsRCO pin toggles
every 4 Hz. cnt4 is a 4-bit counter and itsRCO pin toggles every 2 Hz. Finally, cnt5 is a 5-bit counter and itsRCO pin toggles
every 1 Hz. The four outputs of these counters are multiplexed using a4 to 1 MUX macro. The select lines of this macro are
controlled by an array of constant cells with the output bus called BLINK_FREQUENCY[1:Q].

----- Thedesign filesfor Viewlogic can be copied from the\SystemDesigner\atmel\examples\at6k\clogic directory or
generated by following the stepsin thistutorial.

Design Setup
To set up the environment for this exercise, follow the steps bel ow:

1. Start IDShy clicking on the Figaro.

2. InFigaro, usethe@ icon or File>Design Setup menu to set up the design and select the associated tool flow for it. The
Design Directory Setup dialog box will be brought up.

Design Directory Setup I

Design Name: Configuration:

| L] |aTEK |

-

. . Cancel |
Design Directory:

-

Help |
- Mew Design. .. |

4] 8
Tools Flow: Tools Flow Description:
Synario-Verilog Al | import Net - WiIR

Synario - %HOL ) .
Viewlogic-Waorkview Ofice Export Met  : Flat/Hier. WIR
W i ] Expart Delay : Flat/Hier. DTE

3. Click onNew Design to invoke the New Design dialog box. Set the Design Directory and Design Name fields to\gchange
and “blinker” respectively. Set Tools Flow to Viewlogic - WorkView Office or the appropriate tool flow.
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|
Design Name: Design Directory:
|b|inker | |h:\qchange | Cancel |
N |

-
4 3 4

Files of Type:

Drives:

Help |

o

[viewlogic wir ) (=] |h:

Configuration:

L

|ATEK

Tools Flow: Tools Flow Description:
Syrario-verilag Al | import Net - WIR
\Sffgrl\flgzi'cmgtview Offca Export Net : Flat/Hier. WIR
Yiewlogic-Pro Series Export Delay : Flat/Hier. DTE

L

Wiewlogic-WWorkview Plusg

New Design Directory Dialog Box
4. Dismiss New Design Directory and Design Setup dialog boxes by clicking on OK.

Library Setup

The design consists of components (counters and an array of constants) that are to be created using the Macro Generators.
Figaro treats these macros as library modules and inserts them into the library. Consequently, auser library must be set up.
Thislibrary can be established by selecting the Library> Library Setup menu.

@& Library Setup

— Library Search Path 1+

Add Before...

Cancel
Add After...

il

Remove

— Library Names

Create..

Remove

| EEL G

Library Setup Dialog Box

1. Click on Add Beforeto invoke the Add Library and Path dialog box. Enter the Library Name as “gchange.lib”.
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@ Add Library and Path

x|

Library WNarme:

Directaries:

| qghange lib

| h:qzhangs

qehangs

pht
qehange
=ch
sml

=ym
synth
wir

Add All

Cancel

P L)

List Filaz of Type:

Libraries [*lib]

Add Library and Path Dialog Box

2. Dismissthe Add Library and Path and Library Setup dialog boxes by pressing OK.

Generating Components

Select the Macro Generatorsicon from the Figaro Flowbar to bring up the user interface.

Generating Counters

@& Macro Generators

b

=1o] =|

Direction
’V @ up ) Down ) Up Down ICounter - Johnson |
Counter - LFSR |
Width | 2 Counter - Pre-Scaled |
Counter - Ripple Carry
[J Enable [ Loadable O Fold o |

o
o
£
2
@
g
z
b}
2
®
=

g
|3
5
o
a

Counter - Terminal

Incrementer/Decrementer by 1 |

Options

Macro Hame |

| [ Hard Macro

| [ Generate Schematic

cnt,
Pin Map File Hame |
User Library |qchange.lih * I Browse... I
|Genera‘te| | Cancel I | Help |

Generating Counters

1. Select the COUNTERStab in the Macro Generators user interface. Then select the Counter-Ripple Carry tab. To gen-
erate a 2-bit counter, set the various fields as shown in the figure above (Direction UP, Width 2, Macro Name cnt2.)
Create the macro by pressing the GENERATE button.

2. Using the same procedure, generate the 3, 4, and 5 bit counters and name them cnt3, cnt4 and cnt5 respectively.

Generating Constants

1. Changethe Generators page of the Macro Generators Interface to MISC and select the Constant generator.

2. Setthefields of the Generators as shown in the figure below (Width 2 and Macro Name const2).
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& Macro Generators

Pitch

Lo | Constant |

CRC |

Width | 5 | ..... |
Constant Value | 0 | “Elliuide by H |
Gray Code |
IIl_t:ngit: Gates |

Priority Encoder

Shifter - Barrel

|
|
IPuIse Generator |
|
|

Tri-State Bus Connection

Options
Macro Hame | const2, | [ Hard Macro
Gi ate Schemati
Pin Map File Hame | | [ Generate Schematic
User Library |qchange.lih * I Browse... I

|Generate| | Cancel I | Help |

Generating Constants

3. Createthe macro by pressing the GENERATE button. Dismiss the Macro Generators User Interface. Note that the
default value of const2 is set to 00.

Creating the Schematic

The“blinker” schematic has been provided in the \SystemDesigner\atmel\examples\clogic directory in Viewlogic format. If
another CAEsystem isto be used, the schematic must be created.

Components cnt2, cnt3, cnt4, cnt5 and const2 are accessed from the “gchange” library. The remaining components, ITTL, OD,
CLKBUF, RSTBUF and MUX41 are accessed from the “ AT6K” library.

Label the output bus name of const2 to BLINK_FREQUENCY] 1:0]. This bus name will be displayed in the QuickChange user
interface.

Placement and Routing

The netlist file can be read into Figaro by clicking on the Open button on the toolbar. Answer the Macro or Design dialog box
with the Design option. Specify Files of Type as Viewlogic Wir (*.1) and verify that Existing Design Fileis set toblinker.1.

Selecting Parts

1. Presson the Parts button on the toolbar.

2. Select AT6002-2JC part and add it to the Device Browser by pressing the Add button. Dismiss the Part Select dialog box
by pressing the OK button.
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& Pant Select _lolxl
Architectura: Part Hame: (# uzable pins)
Atrel G000 E ............ =
FES— ATEODZ-2AC  (32) o
ckage: ATEOOZ-ZAL (B2 -
Ay 2] L )
A ATEODZ-2Q0 (38)
o] |z o
Speed: ATEODZ-48 (B2
ATEODZ-480d  (32)
20
(] [ .
* +

Relative Design Size [Grey)and Part Capacity [Green)

1

ATEOOZ2-2TT

The Part Select Dialog Box

Assigning Pin Locks
1. Invokethe Assign Pin Locksdialog box by selecting Edit>Assign Pin Locksfrom the menu bar.

3. Assign the pins to BLINK1, BLINK2, BLINK4, BLINK8 and BLINKOUT signals as shown below. These pinswill be
connected to the LED pinson an actual hardware set up.

BLINKOUT  (-> A7)
CLKIZHZ  (-+ AT)
RET (> ASE) AB
------------ AD
AD
A2
¥] | 21z +

- > - >

A

AV

> BLINKS)
(-> BLINKOUT)

I Assign Pin Locks =lo] x|
Design |.4/0s Usable Pins <purpose:
------------ = ,
BLINK1 (- AZ) A1 <CLOCK: (> CLK3ZHZ) [T
BLIMKES (- AS) A2 -r BLINKZ)
BLINKE (=¥ AB) A5 (¥ BLINKS

| < Lock x> | Lock All

Unlock || Unlock I | Unlock All I

Assign Pin Locks Dialog Box

Placement and Routing
Press the Compile button on the Flowbar to complete the placement and routing of the design.

Setting Up the Hardware
The hardware should be set up asfollows:

1. Install an AT6002-2JC device on the FPGA prototype board supplied by Atmel.

2. Install 5 LEDs on the board.

3. Connect apin of each LED to system ground.

4. Connect the other LED pinsto pins 1, 2, 3, 4 and 5 of the FPGA (or whichever pinswere assigned during the layout
process).

5. Connect a 32 Hz clock sourceto Pin 1 of the FPGA . The user may optionally connect the RST pin (pin 53) to VDD.
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Reconfiguring with QuickChange

After the hardwareis properly set up, the FPGA can be reconfigured to create the flickering of the LED connected to the net

labeled “ BLINKOUT”.

Thefirst step in the download sequence isto configure a complete FPGA with the bitstream produced from the design.

1. Power up the FPGA prototype board.

2. Pressthe Download button provided on the Figaro Flowbar, to display the Bitstream Download dialog box.

@ Bitztream Download

Active Design:
blinker : hi\qchange

Design Bitstreams:

JT

higchange'blinker bst

-

-+

Download Port: LPT1 n

o]

| Cancel I | Help I

Bitstream Download Dialog Box

3. Select the blinker.bst hitstream displayed in the Design Bitstreams list. Press the OK button to download theinitial

bitstream.

4. Sincethe value of the BLINK_FREQUENCYis00, the BLINKOUT LED should flicker with a1 Hz frequency (tied to the 5

bit or divide by 32 counter).

5. Invoke the QuickChange software by pressing the QuickChange button provided on the Figaro Flowbar.

QuickChange I
Design Information
Current Project - blinker : h:\gchange
Design - |h:iqchange\blinker |M%§
Output
Design - [ blink2z |
O Configure Differences Onhy i
Configuration Information
Instance - [BLINK_FREQUENCY1..BLINK_FREQUENCYD [+]
Location - [ (5,23).45.24 |
Old Value - [o0 |
Hew Yalue - [0 |
| oK | Cancel | Help 3
QuickChange Dialog Box
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The settings on the user interface above will create anew bitstream named blink2z, which changes the blinking frequency of
the LED from 1 Hz (original blinking frequency) to 2 Hz. Thisis done by changing the BLINK_FREQUENCY constant to select
the output of the 4 bit counter. Thiswill divide the 32 Hz clock by 16 to produce a 2 Hz signal. Make sure that the Download
LPT1 box is checked to automatically download the results to the prototype board. Execute the bitstream generation by

pressing OK. The BLINK LED should blink twice as fast as before.

Using the same procedure, generate blink4z (new value 10) and blink8z (new value 11) bitstreams and download them onto the
FPGA.

Retrieving and Downloading Old Bitstreams

If required, the bitstreams can be created with QuickChange in one session and downloaded | ater.

The QuickChange software produces two bitstreams:

1
2

OutputDesign.bst, acompl ete bitstream which contains the original design with the changed constants.
OutputDesign.win, awindowed bitstream which contains only the constants (absolute) or only the changed constants

(relative).

If the bitstreams generated in the steps above are to be downloaded onto an FPGA in a separate session, power down the

chip at this point.

Power up the device when ready to resume the session and invoke the Bitstream Download dialog box.

Active Design:

Design Bitstreams:

@ Bitstream Download

blinker : h:\gchange

T

higchange'blinker bst

h:igchangeiblink?z bst
higehangeiblink®z bst
h:igehangeiblinkdz bst
h:igehangeiblink2z win

-

+

Download Port: | LPT1 n

OK

I | Cancel I

| Help

Bitstream Download with *.bst and * .win Files

5. Select blinker.bst from the list and press OK. The bitstream will be downloaded onto the FPGA .

6. Scroll down to the bitstreams with the *.win extensions.

Active Design:

Design Bitstreams:

& Bitstream Download

blinker : h:\gchange

T

h:igehangeiblinkdz bst
h:iqehangeiblinkdz bst
h:igehangeiblink2z win
hiqehangeiblinkdz win
h:iqehangeiblink®z win

-

+

Download Port: | LPT1 u

OK

| Cancel I

Help

Bitstream Download with *.win Files
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6. Select the blink2z.win bitstream and download it onto the FPGA . Other bitstreams can be sel ected and downloaded in the
same fashion.

Making Relative Bitstreams

The configuration contents of any bitstream that was previously generated by the QuickChange software can be displayed by
choosing the appropriate name in the Design field of the QuickChange dia og box.

For example, to inspect the configuration of blink2z, scroll the design list and select the blink2z design. The information in the
Configuration Information fields below changes immediately to reflect the newly selected design.

In relative cache logic, when abase line bitstream is sel ected and displayed in the Design field, its associated Old Valueis
shown. Information entered in the New Value field isimplemented relative to that specified in the Old Value field. For absolute
cachelogic, the Design nameisirrelevant because the bitstream location is changed in an absol ute fashion.
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