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Overview

This document serves as an example based tutorial to programming the Spartan 3
FPGA included in your parts kit using Xilinx ISE Tools. A Basic working
knowledge of how to create schematics in Xilinx is required.

The Spartan 3 FPGA can be programming directly from the Xilinx ISE package,
greatly simplifying and expediting the design process. Programming the FPGA
using a schematic, state diagram, or verilog module is a universally simple and
straightforward process.

What you need

In order to complete this tutorial you will need the following skills and resources:

Xilinx ISE Software (available in lab and on the web [see Xilinx Tutorial]

Computer (available in lab).

Digilent Spartan 3 FPGA (available in your parts Kit).

Digilent Spartan 3 FPGA Reference Manual -
http://www.digilentinc.com/Data/Products/S3BOARD/S3BOARD-rm.pdf
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The Spartan 3 FPGA board is a robust board containing many features. A list of
key features and their location on the board is listed below, and all of these
features are explained in great detail in the manual provided with the FPGA.

_ I i| ﬂ l l | E
b Eol B
VGA (HD-15) Monitor Port 10.
9-pin (DB-9) 11.
Power Connector 12.
Al Expansion Port 13.
A2 Expansion Port 14.

B1 Expansion Port

Seven Segment Displays
Switches (8)

CoNor~wNE

PS/2 Port 15.

Buttons (4)
LEDs (8)
Power LED

Spartan 3 FPGA Core

Program LED (Lit when the FPGA
is programmed)

JTAG Port (used to program the
FPGA)

You will notice that next to each component on the board, a label and pin number
is printed on the board. For example, the leftmost button has “BTN3 (L14)”
printed on it, the “L14” is the pin number we will use in Xilinx. There are also 3,
40-pin expansion ports along the edges of the board that we can use for wiring the
FPGA to external devices. Note that not all of these pins can be used (see the
Spartan 3 Reference manual, page 49 for a complete list).
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Part Il — Creating a Test Circuit

Before we can create a test circuit, we need to make sure our project is setup
correctly. When creating a new project, make sure to choose the options as shown

below.

New Project g‘

Select the Device and Design Flow for the Project

FProperty Hame | Value
Drevice Farnily |Spartand
Device w3z200
Package ft266
Speed Grade B

I

Top-Level Module Type HOL
Synthesiz Tool =5T WHDLAYerilog)
Simulator b odelzim
Generated Simulation Language Yerilog

< Back | Mest » | Cancel | Help ‘

Device Family: Choose Spartan 3, the device we will be using.
Device: xs3s200, the specific Spartan 3 device we use. This is actually printed

(very small) on the FPGA core.
Package: ft256, this is the package type of our device (Ball Grid Array, 256 pins)

Speed Grade: The speed grade for this device is -5.

Complete the new project wizard and create a new schematic (see Xilinx
Tutorial).

We will create a very simple design, a
4-input AND gate, as shown.
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Draw the gate and label the I/0O markers as shown. The names are important to
remember, as we will see shortly. Save your schematic and return to the main
Xilinx ISE window.

With our schematic drawn, we now want to tell Xilinx what FPGA pins to attach
to the 1/0 markers of our design. For the sake of using different types of input, we
will use 2 switches, 1 button, and an external input for the inputs of the AND
gate. We will also use one of the on-board LEDs for the output.

Within the main window, with our iews HOL Instantiation Template
schematic file selected, choose the - User Canstraints - _
“Edit Constraints [Text]” option % E’E?‘te ;'m'zg EDSF“E'”“
from within the “User Constraints” = e

bmenu. Press “Yes” to the EE Create Area Constraints
su . . ) [  Edit Constraints [Text)
question about adding a UCF file. 583 Synthesize -XST

= Wiaia Cimbhasic Ranark

You should be presented with an empty text window. This is where we will type
in the relationships our 1/0 markers have with the FPGA pins. Type the
constraints file as follows.

2 - The pin names are tied to specific
L2 [ K (BT 2] ] e pin numbers using this format.
TN D Y iy
|zl connected to the pin “F12” which
:| © NET "IN1" LOC = "Flz"; is connected to the rightmost
= NET "IN2" LOC = "Gla™; switch on the FPGA. “IN2” is
- NET "IN3" LOC = "HI3™; connected to another switch
4 NET "IN4"™ LOC = "D5"; (SW1). “IN3” is connected to the
3 NET "OUT1™ LOC = "P11%; rightmost button. “IN4” is
connected to an external input
(according to the Spartan 3
reference manual, pin 5 on
T expansion connector A2).
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Save the constraints file and run the “Generate Programming File” option.

If all goes well, you should be
rewarded with several green
checkmarks. Yellow “warning”
checks are sometimes okay as well.
A red exclamation point means
something went wrong.

Proceszes for Source: ''fpoatest' I;

I1zer Conztraints
% Create Timing Congtraintz
2

S
Agzign Package Pins
B  Create Area Constraints
|.v$- Edit Congtraints [T ext)
- G(}? Synthesize - #5T
(}" Wiew Spnthesiz Report
B  viewRTL Schematic
B  view Technology Schematic
+ %% Generate Post-Syrthesis Simulatio
Implement Design
Generate Programming File
@/ Programming File Generation Flepe
Generate PROM, ACE, or JTAG Fi
Configure Device [IMPACT] =

-

« | BN
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Part |1l - Programming the FPGA

Now hook up the FGPA to the PC using the supplied JTAG cable as shown
below. We will also use a black box to supply our external switch. Hook one of
the black box switches to our input on connector A2 (at pin 5). Be sure to have a
common ground between the FPGA and black box by connecting a wire from
the ground on the black box to pin 1 on any of the expansion connectors.
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With the FPGA powered and ready, follow the steps to program it with your generated

programming file.

1. Start the IMPACT program by
selecting it in the main Xilinx
window under “Generate
Programming File”.

2. When the “Configure Devices”
dialog appears, select “Boundary-
Scan Mode” and press “Next”.

3. Inthe next dialog select
“Automatically connect to cable”
and press “Next”.

4. iIMPACT should autodetect the
FPGA and alert you that 2 devices
were found, press “OK”.

5. When the select file menu appears,
select the .bit file you generated
earlier. You should have only one of
these files in your project directory
and it should have the same name as
your schematic. Select that file and
press “Open”.

A LR T R e R N T N [ Iy [T TR TN TE)

+ G(ﬁ Implement Dezign
= G(? Generate Programming File
@ Programming File Generation Repe
Generate PROM, ACE, or JTAG Fi_

Configure Device [iMPALCT]

Configure Devices

| waant to configure device wia :
¢ Boundamy-Scan Mode
" Slave Serial Made
" SelecttAP Mode
" Desktop Configuration Mode

Boundary-Scan Mode Selection

| * idutomatically connect to cable and identify
E Boundany-Scan chain

™ Erter a Boundary-Scan Chain

MPACT will now direct vou ko associake a programming or
BSOL File with each device, starting with the First, ..

j) There were 2 devices detected in the boundary-scan chain,

rit | _xmsas
kg st
fpgatest.bit
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6.

If IMPACT warns you about
the “JTagCIk” being changed,
simply press “OK” and move
on.

Another “Open File” dialog
will appear. This is used for
programming the Flash-rom
on the board and will not be
used here. Select the “Bypass”
button on this dialog.

With the programming files
assigned, right click on the
leftmost device and select
“Program..”

Within the Program menu,
unselect the “Verify” check if
it is checked. If you try to
program this FPGA with
verify turned on, the
programming will fail.

Digital Logic Design
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WARNIMNGHMPACT: 2257 - Startup Clock has been changed to "tagClk!
bt the original bitskream file remains unchanged.

j Open |
—L| Cancel |

el All | Bypazs |

o ﬁ o -
Program. ..
Werify
wods20l Get Device ID
fpaatest| gt Device SignatureUsercode
TDO————  IDCODE Looping. .

Assign Mew Configuration File, .,

Program Options

r

[ “Yerify
-

r
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10. Select “OK”. The FPGA will
take a moment to program,
and should return with a
“Programming Successful”
message.
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E wecuting command...

]

woflZ2s
BYPASS

Programming Succeeded

At this point the FPGA should be programmed and ready. Test this by turning on
all of our switches and button. You should see LED7 turn on.




