Xilinx ISE 7.1i Schematic Design Entry
Reference Guide

Introduction

The goal of this document is to walk the student through schematic entry using Xilinx ISE 7.1i; i.e., Xilinx
FPGA design using schematic entry of logic diagrams. The Project Navigator, within ISE 7.1i, is the main
interface through which FPGA design is accomplished. The basic topics covered are:
e Creating a project and adding source files,
Project Navigator Overview,
Editing a schematic source file,
Assigning Package Pins,
Synthesize the Design,
Generate Programming File (.bit file),
Configuring the Spartan-3 FPGA on the S3SK board, and
Downloading and testing the project.

The Appendix will describe the step to create a module to use within other schematics in order to create a
hierarchical design.

SPARTAN-3 Board

The student will utilize the Xilinx XC3S200 FPGA implemented on the SPARTAN-3 Starter Kit board by
Digilent, Inc. Hereafter referred to as ‘the Board’ or ‘S3SK board’. Make sure the Board is powered-up
using the power cable. Also make sure the JTAG cable is connected, one end to the printer port on the
PC and the other end to the JTAG port J7 on the SPARTAN-3 board. The signal names on the cable
should be matched with the names silk-screened on the board while connecting the JTAG cable.

Project Description
This project implements a 2-input XOR gate. The slider switches SW5 and SW6 are used as inputs and

LED (LD3) is used to observe the output. At the end of this project the Led will glow only if one of the
switches is high (XOR function).
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1. Creating a Project and Adding Source Files:

This section will describe starting a project for schematic design entry. First, lets look a the steps (or
quick reference), then the explicit steps required are shown in pictorial form.

a. Quick Reference:

e C(Click File Menu and select New Project,

e A wizard (New Project Wizard) will appear to aide in setting up the project,

e Enter project name, select appropriate project location, set Top-Level Module Type to
Schematic, then click Next,

e Describe the programmable device used for the project,
o Device Family  Spartan3,
o Device xc3s200,
o Package ft256,
o Speed Grade -4,and
o Leave the other options as defaulted.
e Click Next.

e (Create New Source, click on New Source button,

e New Source dialog box will appear. The new source will be the top-level schematic,

e Enter File Name:, select Location (current project directory) and select Schematic as
source type (large box to the left),

e (Click Next, then Finish.

e Add Sources page will appear. Click Next, unless the student wants to add other
preexisting sources.

e New Project Information page will appear. Confirm that the data was entered correctly,
and then click Finish.
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b. Creating Project Walk-through:

Open the Xilinx Project Navigator, then click on File menu and choose New Project
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New Project window will appear as shown below.
e Enter the project name (ledtoggle) in the Project Name dialog box.
e Choose the project location by clicking on the button next to Project Location dialog box
e Choose the Top-Level Module type as one of four (HDL, Schematic, EDIF, NGC/NGO) as

shown below. For this class, Schematic type is mostly going to be used. Choose Schematic
and click Next.

New Project 5’

—Enter aMame and Location for the Project

Project Mame; Project Losation;
ledtoggle C:ADocuments and SettingshUSERMAW D L, |

~ Select the type of Top-Level module for the Project -
Top-Level Madule Type:

JHOL |

HOL

EDIF
HGC/MGO

<Back I Mext > | Cancel Help
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The following window for selecting the device and design flow will pop-up.

xq
i~ Select the Device and Design Flow for the Project
Froperty Name Yalue
Dievice Family Spartan3
Device woae200
Fackage 256
Speed Grade -4
Top-Level Module Type Schematic
Synthesiz T ool #ST WHDL MY erlog)
Simulatar Fodelsim =
Generated Sirulation Language WHOL
< Eack I Memt = I Cancel Help
e For the Device Family select Spartan3
B
— Select the Device and Design Flow far the Praject
Property Hame Yalue
Crevice Family Spartan3 L[
Device QPro VirtesE bilitar e
Package Spartan2
Speed Grade SpartanZE
Top-Level Module Tepe Spartan3k
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Synthesis Tool i
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e For the Device select xc3s200

=
—Select the Device and Design Flow for the Project
Froperty Hame Yalue
Crevice Family Spartanz
Device wc3shi ;l
Package wc3sh0
Speed Grade
=xc3z400
Top-Level Module Tupe: Hcgs:: 88%
Synthesis T ool RO
e wods] 500
il . ©=2515001
Generated Simulation Language weF=2000
#o3sd 000
wods4000|
=ca=h000
S Eack I Hent = I Cancel I Help I
e For Package select ft256
i
— Select the Device and Design Flow far the Project
Property Mame Yalue
Crevice Family Spartan3
Device =c3z200
Fackage L2586 2
Speed Grade
po208
Top-Level Maodule Type: tql44
Synthesiz Tool wgl00
Simulator Fodelsim
Generated Simulation Language WHDL
£ Eack I Meut » I Cancel Help
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For Speed Grade select -4

i
— Select the Device and Design Flows for the Project
FProperty Hame Yalue

Cevice Family Spartan3

Device =od=200

Fackage fI256

Speed Giade. -4 =]

-5

Top-Level Module Tupe

Synthesis Tool #5T WHDLAYerilog)

Simulator Modelsim

Generated Sirmulation Language WHODL

< Eack I Heut = I Cancel I Help I

For Simulator select Modelsim
x|

—Select the Device and Design Flow for the Project

Property Mame Yalue
Crevice Family Spartan3
Device wdz200
Package fE256
Speed Grade -4
Top-Level Module Type Schematic

Sunthesiz T ool

#ST WHDL Aerilog]

Sirnulator

Generated Simulation Language

[ISE Sirmuilator
Cther

< Eack

I Hest > I

Cancel Help
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Finally VHDL for Generated Simulation Language and click Next

Mew Project B _5!

i~ Select the Device and Design Flow far the Project

Property Hame Yalue
Dievice Family Spartan3
Device w3200
Package ft256
Speed Giade -4
Top-Level Module Tupe Schematic
Synthesiz Tool 5T WHDLMerlog)
Simulator todelzim
Generated Simulation Language

< Eack I Hest » I Cancel Help

Source file window will pop-up. Click on the New Source button. This new source will
become the Top-Level Schematic.

Mew Project i 5!

Create a Mew Source

| I Source File I Type I {MNew Source..

| | |
Hermoye |

Create a hew source to add ta the project [optiohal]. Only ane new souce can be specified now.
Additional new zources can be added after project creation using the "Project->New Source”
command.

Eristing sources can be added on the next page.

< Eack Heat > Cancel Help
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In the New Source window select Schematic and enter the File Name. For current
example, schematic file name is given as test. Choose the file location by clicking the
button next to Location dialog box. Check the box before the Add to Project if not

already checked and click Next.

NewSource x|

{‘3 IF [CorelGen & Architecture Wizard]
@ Schematic

@ State Diagram :
. File M ;
Tezt Bench waveform AN

2] Uszer Dacument Itesd

“erilog Module

“erilog Test Fisture Location:

EVHDL Library IC:'\Documents and SethingstU

[* %HDL Module
[F] ¥HOL Package
3 wHODL Test Bench

v add to project

% Hack I Mext » I Cancel Help

The source info window will pop-up. Click Finish

Mew Source Informaktion [ x|

Project Mavigator will create a new skeleton source with the
following specifications:

Source Type: Schematic AI
Source Mame: test.sch

| Source Directory:  CisDocuments and SettingsSUSE R Sy |

< Back Cancel I Help I
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e Click Next, Next in the next windows. The final window gives the info about the project
click Finish

MNew Project Information B _5!

Project Navigator will create a new Project with the following specifications:

Proiect;
Froject Mame: ledtoggle
Froject Location: C:A\Documents and SettingshUSER My Documentstledioggle
Froject Twpe: Schematic
Dervice:
Device Family: Spartan3
Device: xods200
Fackage: ft256
Speed Grade: -4

Top-Level Maodule Type: Schematic

Synthesiz Tool =5T WHDLAYerlog)

Simulator: Modelsim

Generated Simulation Language: YHDL
Sources:

Schematic test.sch

< Back I Finich I Cancel Help
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2. Project Navigator Overview:

Project Navigator will be updated with the new project info. The Project Navigator is the interface
used to interact with the Xilinx project. There are several Panes that the designer will be using
(1) the Sources Pane (upper left side), (2) Processes/Options Pane (middle left side), (3) Working
Pane (upper right side, largest area) and (4) the Transcript Pane (lowest pane across the bottom
of ProjNav window). Within the panes are tabs that the user will select to perform different tasks.
The various tabs that are utilized are highlighted in the next figure The various tabs and buttons
are

Module View

Snapshot View

Library View

Process view

Schematic File

Design Summary

Windows Expand button

Separate Window button
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Frinkhle Summap [Viet s HTML[|test surmarg hird |
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j \ Desian
Snapshot Wiew Likarary Siew e J
Madule Vi Seperate Windowe button
Process Wiew
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" El Coracla [aFind nFiss | 38 Euces | § waminge |
Raady i

a. Sources Pane:

i. Module View tab — hierarchical tree where the structure of the project is provided.
This tab is used to open a project files, and select modules for selection of

processes.

ii. Symbols tab —tab used to select the various logic components, including modules

that the designer creates.

b. Processes/Options Pane:

i. Process View tab — this tab is used to select the various processes that will be
performed on the module selected in the Module View tab.
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ii. Options tab — the options tab is context sensitive. The options present are for the
current action being performed. Some of the actions are Selection, Adding Wires (or
nets), and renaming Wires (or nets).

Working Pane:

This pane contains the current working file (typically Schematic or VHDL/Verilog files). This
pane can be disconnected (as performed in the following sections) or can be left attached (or
plugged-in to the Project Navigator.)

Transcript Pane:

Information about the current process is displayed in the transcript pane. If an error and/or
warning is present for the current process they will be abbreviated in the Error and/or
Warning tabs in this pane. The Console tab contains the most information about the current
process and can be used to get a more concise description of the Warning and/or Error.
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3. Editing a Schematic Source File:

e Use the Schematic File tab for working within the schematic page. For current example,
schematic file is named test.sch click on that or double click on the schematic file name
in the Module View tab.

e C(Click on the Separate Window button to open the test.sch in a separate window; this
step is optional.

& =10/ ]

File Edit Viequools
R
i el |=] =

F.Opjigns_ |£'Symbors\l

| Wptibns

-Whn_en poy elick o a branch
(¥ Select the entire branch
" Select the line segment

I “\IOI\IDIAI D|©la|nl_| ||| ]
= 1 LS ] [ . ]

| v

S 5 g s Mmoo
o e Tool Bar
© Symbols Tak

‘wihen yau mave an object
+ Keep the connections to other objects
" Break the connections to other objects

.
| il ! o

Ready [-65,171] |spartan3 4

Options Tab

e The Symbols tab is used to add gates, encoders, decoders, multiplexers etc.,
e Add menu or Tool Bar are used to add wires, nets, 10 ports (IO Markers) etc.,
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¢ In the Symbols tab, select Logic in the Categories list box. Xilinx primitive models for
various logic gates are located in the Symbols list box; place two and2, one or2 and two
inv gates within the schematic (as shown below). To place a part, select it in the
Symbols list box and move your mouse cursor to the working schematic, then click on
the schematic to place the part, repeat until all the parts are arranged as shown below.
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File Edit View Add Tools
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e Click on the Add Wire button in the tool bar (or click on Add menu, then select Wire) to
add wires between gates.

& -0l x|

File Edit Wiew add Tools
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e Next add the I/O Markers either using the Add menu or tool Bar button. 10 Markers are

the means of connecting the nets to the next level, in this case the next level is the FPGA
pins.

-itestsch & || x|

File Edit “iew Add Toolks

=1 I e N SN [ A K ]
x| el 22| S|oNO|A| @0 #] | A4 ==
1 x| 1 | 2 | 3 | + [ s

x| I

|»

1 options IE Symbols I ]

| Add 70 Marker Options \ :

- WD marker button

When you click near the end of a g T e o
bratich, what da pou want to do? IR N R
& fdd an automatic marker
" fdd an input marker 1
" Add an output marker

¢~ #dd a bidirectional marker w0y Irc‘?;;)ﬁ

" Remove the marker =5

when you add an 140 marker, get it | . M markers BT SR S
|
‘IAutomatic fes I— 4 | b
Ready [-141,943] |spartan3 &

For this example, SW5, SW6 and LD3 are used as XOR gate inputs and output. The
naming of the signals is arbitrary. However, here the designer chose names that
coincided with the names on the S3SK board.

Now SAVE the schematic and return to the Project Navigator window.
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4. Assigning FPGA Package Pins to 10 Markers:

With the top-level schematic selected in the Sources/Module View tab, expand User
Constraints item in the Process View tab, then double-click on Assign Package Pins

and click Yes in the following pop-up window.

Xilinx Project Navigator

This process requires that an Implementation Conskraint File (UCE) be added to the
project and associated with the selected design module, YWould you like Project
Mavigabar bo automatically create a LCF and add it to the project at this time? IF vou
select “Mo" you will need to create or add an existing UCF to the project before running

2)

this process,

b |

UCF file will be opened within Xilinx PACE (a separate program for assigning constraints)
as shown below. Now enter the Location of the 1/O pins. The Locations or pin numbers
are marked on the S3SK board. For this project, SW5, SW6 and LD3 are being used and
the corresponding pins are noted on the board as J13, K14, and N14. Insert the
respective values in the Loc column for the pins to be assigned or simply click on the 1/0
marker beside I/O Name, drag and drop it in the package view of the FPGA board on the

appropriate pin.

File. Edit Miew IOEs Areas Tools Window Help:

¥ xilin PACE - C;\Documents and Settings | USER' My Documentsledto

(testif =l

IR N G e

[« |

_loix
a 10 Fing
[:| Global Logic
] Logic
1| | »
Design Object List - [/0 Pins -0 x|
170 Name|1/0 Direction| Loc |Bank 170 Std.
L03 Output M14 BANE,
Swih Input 13 BAME
SW/E Input k14 BahE,
1O Markers \

Locations of 10
Markers on
FPA

141

EPackage Pins for ®

=10/

[*]

LICF file

ArrEemeIpTmOCm R
TOEErmeTpTmOCmR

For Help, press FL

Save the .ucf file and close the Xilinx PACE window.
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5. Synthesize the Design:

Synthesis is analogous to compiling a computer program, but for hardware. Errors in the design can
be captured in this step. If errors/warnings occur then correct them and re-synthesize the design.
Repeat this process until no errors and a minimum of warnings are obtained.

Click on the schematic file (test.sch) in Module View tab,

Click on Process View tab,

Double click on Synthesize-XST,

Wait for the synthesis process to complete, at which point, the Synthesize-XST is
checked (in green) which means the schematic file is synthesizable. If it is not
synthesizable a yellow exclamation point or a red X will appear next to Synthesize-XST
in the Processes Pane, in which case, you have to check for warnings and/or errors and
correct them and redo the synthesis until all errors are gone.

; 1Xilin® - Project Navigator - C:Documents and Settings\USERY, Mle itongle) _IEII_I
K File Edit Wisw Project Source Process Simulation Add  Tools _J _IE’I_I

sEEEEE R E R ,clre?ll xlhlal SN e

R afeel=p)-|s| 22 SN OlA| @]e | ‘

< A ]| &S] B

2=

| 1 | ] 3 [

Sounces in Project:
B ledtoggle.ise
B £ #e3s200-4t255 | it Do R Dramedil sul

@ test [test, zch)

-lﬁModuIe._.lnSnaps...J@Libra,},_mlﬁsymbolsl s 5 5 .

2l x| I
Pr.ocessesforSource' test” li' Y Rl SR Bl B
y Sunthesize - X5T _—
: ¢V|ew5ynth88|sﬂeport —:-:------"""'-:'-:Y
o Wiew RTL Schematic ad| | | _IJ
d R | -
B Frocess View'l fFU Dptions] & Design Sum... K test zch |

# : 4]
i Minimum period: Ho path found ! il 22
Minimum input arrival time before . found
| Mamimum mmtrmt remired tiwme after .1r]ﬁk - Hm math fonnd B
4 4

7 Cansole l_% Find in Files | x Encﬁ’s’] i Warni’rfg.jsl
Ready (87,996 i
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6. Generate Programming File (.bit file)

Right click on Generate Programming File in Process View tab,

[ )
e C(Click on properties,
e (Click on Startup Options tab,
e Select JTAG clock in the drop-down menu of FPGA start-up clock,
e Then click OK.
x
General Dption&l Configuration Options  Startup Options I Readback Options I
Property Name Yalue
FFGA Start-Up Clock CCLK 7
Enable Internal Done Pipe: CCLE
Dane [Dutput Events) |Jzer Clack
Enable Dutputs [Dutput Events)
Releaze ‘Wite Enable [Jutput Events] Default (B]
Releaze DLL [Output Events] Default [Mow ait]
Match Cycle: At
Dirive Done Pin High ]
Property dizplay lzwel |Slandard j
()% I Cancel | [ErSult | Help |

e Next, double click on Generate Programming File and wait until the Implement Design
and Generate Programming File are checked in green, again if they are not checked,
check for errors and warnings as explained above and repeat this step.
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7. Configuring the FPGA:

Configuring the FPGA consists of downloading the .bit file to the FPGA. Once power is lost then
restored the FPGA will be configured from the EEPROM IC located on the S3SK board. For this
class, the student will not need to download the code to the EEPROM. Thus, the steps for
programming the EEPROM are not included here.

e Start by expand the Generate Programming File item in the processes view and
double-click on Configure Device (iMPACT),

e On the Configure Devices dialog box that appears, ensure Boundary Scan Mode is
selected.

Configure Devices B x|

€ Slave Serial Mode:
1 SelecttAP Mode
i Dasktnp Configuration Mode

< Back I Hext > I Cancel Help

e Click Next, select Automatically connect to cable and identify Boundary Scan chain
and then click Finish

Boundary-Scan Mode Selection i x|

= dutomatically connect to cable and identify
Boundary-Soan chain

" Enter 5 Boundany Sean Chain

< Back. I Firish I Cancel Help
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e Then, click OK in the Boundary-Scan Chain Contents Summary dialog box.

Boundary-5can Chain Contents Summary _

There were 2 devices detected in the boundary-scan chain.
\:5) MPACT will now direct vou to associate a programming or
BSOL file with each device, skarting with the first, ..

The following application window (iIMPACT) will appear.

[=

c,documents and settings'usermy documents'logic design;

- o] x|
File Edt Wiew Made

Dperations  Output  Debug  Help

ID BEH R R N HESSD EH B
Boundary-Scan ISIave Seriall SeIEmMAF‘l Desktop Cunfiguratinnl

Right click device to select operations

TS

TDI E.:EILIHEI

T

SHLHL

wc3z200 wcil2s
- File:? - - File ? -
TLDO

Boundarvy—=can chain walidated successfullwy.
e

IDCODE i= '0O0000001010000010100000010010011°
'1': IDCODE i= '01414093' {(in he=x).

pARLL Manufacturer's ID =Xilinx =c3=200, Version : 0
Dewvice #1 =selected

-
< | ’
For Help, press F1

|Configuration Mode  [Boundary-Scan |Parallel 111 %

L3 KA

The first IC in the chain is the FPGA and second is the EPROM. Double —click on the
x¢3s200 IC to assign the configuration file and select the bit file (test.bit) and click open.
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Now, right-click on the xe3s200 and then click program and click OK

2]
= Eraze Before Frogramnng
I “erifp
™ Head Frotect

I~ Eurchonal Tiest

T Or:THeFiv Prooranm

I frite Protect
—itemdll [ERE
T Load FPGA
I Earallel HMode
™ Use 04 forCE

™ Pulse PROG

™ Secure Mods

I Frogram Eey

I | PR/ CaaiRurmerl Heersnde (BH s Dimts)
| FRFFFFFF
I =ELa UES! Entertipto 12 characters
Cancel Help

Then, the bit file will be downloaded onto FPGA

Operation Staktus

Executing command...

I

B ¢ documents and settingsiuserimy documents'jogic des edtoggle, 5 ||:||£|
File Edit Wiew Mode Operstions Cutput Debug  Help

ID BEH LR R N HEISSO H B
Boundary-Scan ISIave Seriall SeIEmMAPl Desktop Cunfiguratinnl

TDI

TDO

=

INFO: iMPACT:579 — '1':

Completed downloading bit file to dev;l
INFO:1iMPACT:580 — '1':Checking done pin ... .done.
'l': Programmed succes=sfully.
FROGEESS_END — End Operation.
Elap=zed time = 10 =sec.

-
< | »
For Help, press F1

|Configuration Mode  [Boundary-Scan |Parallel 111 %
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e Testing: Now we can check the XOR gate operation using the slider switches SW6 and SW5
as inputs and LED (LD3) to observe the output. When one of the switches is high the LED
should be on and otherwise LED should be OFF.

8. Finishing Up:

e Close the IMPACT application, you will be asked to save your work; select Yes.
e Close the Project Navigator application; if you have not done so you will be asked to save
any or all files, select Yes.

The project can be downloaded to the S3SK board at a later date by starting the IMPACT application
from the Windows Start Menu, then right clicking on the FPGA in the boundary-scan chain and

assigning the appropriate .bit file.
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APPENDIX

Creating a Module (or model) Using Schematic Entry

Schematics can be used to create a model (or module) for use in other schematics. This is desired
when the same block is to be repeated several times or for making the design more readable. When
the designer creates modules to be used within other schematics, it is referred to as a hierarchical
design. Whether the student realizes it or not this has already happened. The AND, OR and INV
gates used in this document are primitive models with a symbol file attached. The following steps
should be used to make a schematic sheet into a model with a symbol file associated to it:

Create a new schematic with the functionality desired,

Ensure that all I/O signals for the model have 10 Markers attached,
Save schematic sheet to be converted,

Create a symbol for that sheet,

Go to the schematic sheet that will receive the new module and
Place the new module in the upper level schematics.

1. Creating a new schematic sheet:
a. Right-click on a module in the current project,
b. Select New Source,
i. Make the new source a schematic,
i. Ensure that it will reside in the current project directory (this is a default setting),
iii. Click Finish, and the new sheet appears. It will show up as a new module in the
Sources window with the same level as the top-level schematic.
c. Enter the desired functionality in the schematic sheet,
d. All signals that are required external to the module should contain IO Markers.
e. Save the file.

2. Creating a symbol from a schematic

a. Select the schematic that will have a symbol created in the Sources Pane,

b. Make the Process View tab visible,

c. Expand Design Utilities option under in the Process Pane, and

d. Select Create Schematic Symbol.
i. If no errors were found then the symbol is now created within the project directory,
ii. Else, correct errors and retry.

e. The module is now ready to be used in this or any other project.
To use the new module and symbol, the .sch and the .sym files must be placed in the
new project directory.

3. Placing the symbol a higher level schematic sheet
a. Select the schematic sheet to receive the new module in the Working Pane,
b. Select the Symbols tab,
c. Under Categories in the Sources Pane, select the project directory,
d. Click on the new module, and
e. Place the symbol in the upper level schematic sheet.
4. Once the part is placed and all files are saved for the project the new module will appear under the
sheet where the module was placed.

NOTE: if the module that you want to use in a design resides in another directory (i.e., a library directory),
then right click on any module in the sources pane and select Add Copy of Source option. Browse to the
location of the module and select it. Both the symbol and the schematic sheet will be copied to the
current project directory.
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