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What This Is
and Is Not

There are numerous requests on newgroups that go something like this:

"l am new to using programmable logic like FPGAs and CPLDs. How do | start? Is there a tutorial and
some free tools | can use to learn more?"

Xilinx has released their WebPACK on the web so that anyone can download a free set of
tools for CPLD and FPGA-based logic designs. And XESS Corp. has written this tutorial that
attempts to give you a gentle introduction to using the WebPACK tools. (Other programmable
logic manufacturers have also released free toolsets. Someone else will have to write a tutorial
for them.)

This tutorial shows the use of the WebPACK tools on two simple design examples: 1) an LED
decoder and 2) a counter which displays its current value on a seven-segment LED. Along the
way, you will see:

How to start an FPGA project.

= How to target a design to a particular type of FPGA.

= How to describe a logic circuit using VHDL and/or schematics.
» How to detect and fix VHDL syntactical errors.

» How to synthesize a netlist from a circuit description.

= How to fit the netlist into an FPGA.

» How to check device utilization and timing for an FPGA.

* How to generate a bitstream for an FPGA.

* How to download a bitstream to program an FPGA.

» How to test the programmed FPGA.

That said, it is important to say what this tutorial will not teach you:



= |t will not teach you how to design logic with VHDL.
= |t will not teach you how to choose the best type of FPGA or CPLD for your design.

» |t will not teach you how to arrange your logic for the most efficient use of the resources in
an FPGA.

= |t will not teach you what to do if your design doesn't fit in a particular FPGA.

= [t will not show you every feature of the WebPACK software and discuss how to set every
option and property.

In short, this is just a tutorial to get you started using the Xilinx WebPACK FPGA tools. After
you go through this tutorial you should be able to move on to more advanced topics.



FPGA Programming

Implementing a logic design with an FPGA usually consists of the following steps (depicted in
the figure which follows):

1.

You enter a description of your logic circuit using a hardware description language (HDL)
such as VHDL or Verilog. You can also draw your design using a schematic editor.

You use a logic synthesizer program to transform the HDL or schematic into a netlist. The
netlist is just a description of the various logic gates in your design and how they are
interconnected.

You use the implementation tools to map the logic gates and interconnections into the
FPGA. The FPGA consists of many configurable logic blocks which can be further
decomposed into look-up tables that perform logic operations. The CLBs and LUTs are
interwoven with various routing resources. The mapping tool collects your netlist gates into
groups that fit into the LUTs and then the place & route tool assigns the gate collections to
specific CLBs while opening or closing the switches in the routing matrices to connect the
gates together.

Once the implementation phase is complete, a program extracts the state of the switches in
the routing matrices and generates a bitstream where the ones and zeroes correspond to
open or closed switches. (This is a bit of a simplification, but it will serve for the purposes
of this tutorial.)

The bitstream is downloaded into a physical FPGA chip (usually embedded in some larger
system). The electronic switches in the FPGA open or close in response to the binary bits
in the bitstream. Upon completion of the downloading, the FPGA will perform the
operations specified by your HDL code or schematic.

That's really all there is to it. Xilinx WebPACK provides the HDL and schematic editors, logic
synthesizer, fitter, and bitstream generator software. The XSTOOLs from XESS provide
utilities for downloading the bitstream into an[XSA-100 Board| containing a Xilinx XC2S100
Spartanll FPGA.



http://www.xess.com/prod026.php3

VHDL Source Code
entity leddcd is
port(
d: in std_logic_vector(3 downto 0);
s: out std_logic_vector(6 downto 0);
);

end;

Synthesize

architecture leddcd_arch of leddcd is
begin
s <="1110111" when d="0000" else
"0010010" when d="0001" else
"1101101";
end leddcd_arch;

Netlist

routing
resources FPGA
<> <>
oo oo oo od
o B
<> <>
£ [ [ [
(i) [m]m] (i) (]
3 3 Map, Place & Route
<»| [Oo0] [oo] [oo] [oo] [<»
o Dhe
<> <>
oo oo od
DE< [ EENEE kS
[ |
— Bitstream
look-up table configurable
P '9 101010010101100101
function block 010110101010110101
G te Bitst 010110100101101011
enerate bitstream 010101001010101010
101010101001101010
110110110101001010
110100101011001011
001011001010101001
010101101001101001
011001100010101010
101010100110010101

Download and Test
XSA Board



Installing WebPACK

Getting WebPACK

Before downloading the WebPACK software you will have to register at
http://www.Xilinx.com/xInx/xil_entry2.jsp?sMode=login&group=webpack| You will choose a
user ID and password and then you will be allowed to enter the site. Then you can go to
http://www.Xilinx.com/webpack/index.html to begin downloading the WebPACK software. After

entering the WebPACK homepage, click on the Design Configurations button as shown on the
next page.
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Next, click on the Select All button. This will select all the WebPACK software modules that
cover both FPGA and CPLD designs.

< Xilinx WebPACK. - Microzoft Internet Explorer

J File Edit Wiew Favortes Toolz Help |

-2 - DAA Qa B D-I=H-HD

J Address IE btk A A siline. comAwebpack.findex. kitml j ﬁ Go |J Links ﬁ Quick Search.exe >

2. XILINX

Products

PRODUCTS | SUPPORT | EDUCATION | PURCHASE | CONTACT | SEARCH

| Devicas | Design Teels | Intellectual Property | System Solutions | Literature |

Getling Started

& CPLD Desion

Individual Modules FPGA Design

~ your download | module
download | details overview

Yersion 4 .0 [*]
Install Type  [Typicol  [¥]

Latest Updates

Legend:

¥ Primary Chaoice
" Included Modules
Design Type:

Revision History

5
Buy Sample O CPLD Design:

m] FRGADezign
Select All

Leqal |nformnation |Home | Products | Support | Education | Purchaze | Contact | Search |
Privacy Policy | Devices | Design Tools |Intellectual Praperty | Systern Solutions | Literature |

|@ javascript:doSelect(] l_l_lﬂ Internet i




Then click on the Download button to begin downloading the WebPACK software.
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Click on the link to download the WebPACK software in the Download WebPACK window.
You can use either the FTP or the HTTP link. (You can also download the demo version of the
ModelSim HDL simulator but we will not discuss the operation of that software in this tutorial.)

<} Download WebPACK - Microzoft Internet Explorer

Eouun

Based on your module selections, you will need to download the following
VWebPACK installation files. Please select either the FTP or HTTP link and
save each file to your hard disk. Then nan each installer executable.
oy, Speedbit's Download & ccelerator if wou want to optimize your
download and be able to resume intermapted downloads.

WebhPACK 4.1WFPL.0 - October 15, 2001

WebPACK 4lwpll full installer.exe 11025 ETE HTTE
LIEE 4lwpll_full installer exe 3E3EMEFTE HTTE
Total dovenload size: 148 8301

. . Ti: 14 Wlin
Estitnated T otal Download Time: P 354 Min
Diisk 3pace Recuired: 43087

Dl airnam Disk Space Reguired Daring Installatiorn &66. 101

Installing WebPACK

After the WebPACK software download completes, double-click the .EXE file. The installation
script will run and install the software. Accept the default settings for everything and you
shouldn’t have any problems.

Getting XSTOOLs

If you are going to download your FPGA bitstreams into an XSA Board, then you will need to
get the XSTOOLS software from |http://www.xess.com/ho07000.html} Just download the
_ ools4.exeflfile.
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Installing XSTOOLSs

Double-click the xstools4.exe file. The installation script will run and install the software. Accept
the default settings for everything.



Our First Design

An LED Decoder

The first FPGA design we will try is an LED decoder. An LED decoder takes a four-bit input
and outputs seven signals which drive the segments of an LED digit. The LED segments will
be driven to display the digit corresponding to the hexadecimal value of the four input bits as

follows:
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A high-level diagram of the LED decoder looks like this:

LED 7-Segment
Decoder LED
s6
d0— >
s4

dl—
d2— =

a3 - s1
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Starting WebPACK Project Navigator

WwebPALCK

We start WebPACK by double-clicking the IS8 icon, ,on the desktop. This will bring up
an empty project window as shown below. The window has four panes:

1. A source pane that shows the organization of the source files that make up our design.
There are four tabs so we can view the source files, functional modules, or HDL libraries for
our project or look at various snapshots of the project.

2. A process pane that lists the various operations we can perform on a given object in the
source pane.

3. Alog pane that displays the various messages from the currently running process.

4. An editor pane where we can enter HDL code. Schematics are entered in a separate
window.

Xilim: - Project Havigator

File Edit “iew Project Source Process Macro Window Help
s 2= NE N Al EREdE Sl EE Al e = E
==l

Sources in Project: I

[Mao Project Open]
/ source
pane
N B2 hodule .. l A Snapshat... J |E Library ... I
pane
2=

Proceszes for Current Source: I
[Mo Proceszses Available)

process
pane

o

B Process Vien

] =l

For Help, press F1 ﬂ i




To start our design, we must create a new project by selecting the File=»New Project item from
the menu bar.

Xilim: - Project Havigator

File Edit “iew Project Sowrce Process Macro Window Help

L eeraee s SNBSS R A AR B

pen Project...
Open Example... ==l
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Hew Chrl+M
Open... Ctrl+0
Elaze
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Save fEn

Eritat... [t |E Library ... |

Siane Gl

==

Recent Projectz 4 I

Recent Files 4

E =it

B Process Vien I

% =
A =l

J —"_I

Create a new project | | H A

This brings up the New Project window where we can enter the location of our project files,
project name, the target device for this design, and the tools used to synthesize logic from our
source files.

Mew Project |

Project Mame: Project Location:
|| IE:WiIinH_WeI:PﬂEKHbin'\ , |

Project Device Options:

Property Hame Value
Device Family HiZ9500 CPLD=
Device ®C95103 PCE4
Design Flow EDIF

] % Cancel




Click on the ... button next to the Project Location field and use the Browse for Folder window to
select a folder where our project files will be stored. For our design examples, we will store
everything in the C:\tmp\fpga_designs folder.

Browse for Folder E |

Select Directory

& sdram

F-C0 SMAPSHOT
& temp

EII:I tmp

-] cpld_designs

--6%
-0 LB J

-] UTILS

- WiaDMaTOOL

2 Wik

-] whpckes

AT ik 3P d

] I Cancel |

Next we will give our LED decoder design the descriptive title of designi1 by typing it into the
Project name field.

Mew Project |
Project Hame: Froject Location:
Idesigml IE:'\tmp'\fpga_designs'\design1 |
Froject Device Options:
Property Hame Value
Device Family ¥Ca500 CPLDs
Device XCA5108 PCE4
De=ign Flow EDIF

k. I Cancel




To set the family of FPGA devices we will target with this design, click in the Value field of the
Device Family property. Select the Spartan2 entry in the pop-up menu that appears.

Mew Froject |
Project Hame: Froject Location:
Idesigrﬂ IE:'\tmphfpga_designs"-.design1 |
Froject Device Options:
Property Hame Value

Device Family M@ =
Device E
Deszign Flow: SpartanZE

Wirtex2

YirtexE

ak | Cancel CoolRunner? CPLDs
HCA500 CPLDs
N CSS00AL CPLDs  of

Then click in the Value field of the Device property to select a particular device within the device

family. For our designs, we will select the xc2s100-5tq144 since this is the device used in the
XSA-100 Board where we will test our design.

Mew Froject |
Froject Mame: Froject Location:
Idesigrﬂ IE:'\tmphfpga_designs"-.design1 |
Froject Device Options:
Property Hame Value
Device Family Spartanz
Device ’ I
Des=ign Flow: w2esl-Bpg20s =
xc2ssl-Spg20s
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i Lancel pmewprw=pryr |
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Finally, our design will be done using VHDL so click in the Value field of the Design Flow property
and select XST VHDL from the pop-up menu. This enables the Xilinx VHDL synthesizer.

Mew Project

C:htptfpoa_designshdesiagn

_ Propertyllame | = vawe |

Spartanz
221 00-5tg1 44
| ST VE—'I’IlI:Ig
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Once all the fields are set, click on OK in the New Project window. Now the Sources pane in the
Project Navigator window contains two items:

1. A project object called design1.

2. A chip object called xc2s100-5tq144 - XST VHDL.

E¥ilinx - Project Havigator - C:\tmp\fpga_designsidesigniidesignl.npl

Introduction to WebPACK 4.1 for FPGAs 18



Describing Your Design With VHDL

Once all the project set-up is complete, we can begin to actually design our LED decoder
circuit. We start by adding a VHDL file to the design1 project. Right-click on the xc2s100-5tq144
object in the Sources pane and select New Source ... from the pop-up menu as shown below.

Xilim: - Project Havigator - C:\tmpifpga_designshdesignlidesignl.npl
File Edit “iew Project Source Process Macro Window Help

(U@ HFEEEREamkE|ew || me] =%k ¢
Bk

Sources in Project: |

...... E design1
Add Source... ! Inzert

Add Copy of Source... Shift+nzert

L EEmove [E(Ete
hdadule Wiewm | Shapzhat. .. .
) A Snap | aliid=d e i pi i
[per
Processes for Current Source: [Efzs
Dresign Entry Utilities Toogle Paths
Properties...
B Process Vien I
2l (Empty Log) =

i

‘ —"_I

Add a new zource to the project H A




XESS Corporation - www.xess.com ©2001 by XESS Corp.

This causes a window to appear where we must select the type of source file we want to add.
Since we are describing the LED decoder with VHDL, just highlight the VHDL Module item. Then
we type the name of the module, 1eddcd, into the File Name field and click on Next.

Hew

WHDL Module
Schematic

|eddzd |
Test Bench "W aveform

Bt File
State Diagram

c:htmphfpga_designsidesignl |

Introduction to WebPACK 4.1 for FPGAs 20



Then the Define VHDL Source window appears where we declare the inputs and outputs to

the LED decoder circuit. In the first row, click in the Port Name field and type in 4 (the name of
the inputs to the LED decoder). The d input bus has a width of four, so click in the MSB field

and increment the upper range of the input field to 3 while leaving 0 in the LSB field.

Define YHDL Source |
Entity Mame Iledd-:d
Architecture Mame IEehaviDraI
Port Hame Direction MSB s |4
d in q ™o
in ™
in
in
in
in
in
in
in
in
in
in ;I
< Back I Ment » I Cancel | Help |
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Perform the same operations to create the seven-bit wide s bus that drives the LEDs.

Define YHDL Source

leddizd

——— C—

We must also click in the Direction field for the s bus and select out from the pop-up menu in
order to make the s bus signals into outputs.

leddecd
Behavioral
in 3 0
s B 0
in
inout

Introduction to WebPACK 4.1 for FPGAs 22
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Click on Next in the Define VHDL Source window and we will get a summary of the information
we just typed in:

Mew Source Information

T
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After clicking on Finish, the editor pane of the Project Navigator window displays a VHDL
skeleton for our LED decoder. (We also see the leddcd.vhd file has been added to the Sources
pane.) Lines 1-4 create links to the IEEE library and packages that contain various useful
definitions for describing a design. The LED decoder inputs and outputs are declared in the
VHDL entity on lines 6-9. We will describe the logic operations of the decoder in the
architecture section between lines 13 and 16.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
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library IEEE; =]

Sources in Project: |

uze IEEE.3TD LOGIC 1164.ALL:
use IEEE.3TD_LOGIC ARITH.ALL:
uze IEEE.3TD LOGIC UNSIGNED.ALL:

entity ledded is
Port ( d : in =std logic wvector (3 downto 0

— s ! out std logic wector (6 downto O0));
BT hiodule View l m Stipshot... I |E Library ... I end ledded: - -
2=l architecture Behavioral of leddcod i=s
Froceszes for Curent Source:
= B [ =i Entry Utilities begin
; Sunthesize I
Imnplerent D esign
Generate Programming File end Behavioral:

<11 _'I_I
B Process Vien I [] ledded vhd I
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The completed VHDL file for the LED decoder is shown below. The architecture section
contains a single statement which assigns a particular seven-bit pattern to the s output bus for
any given four-bit input on the d bus (lines 15-30).

library IEEE; =
use IEEE.3TD LOGIC 1164.ALL:
use IEEE.3TD LOGIC ARTTH.ALL:
use IEEE.3TD LOGIC UNIIGHED.ALLL:
entity ledded is
Fort { d : in =std logic wvector (3 downto O0);
g : out std logic wvector (6 downto O0));
end ledded;
architecture Behawvioral of ledded is
begin
= <= "1110111" when d="0000" =lse
0010010 when d="0001" =lse
"1011101" when d="0010" =lse
"1011011" when d="0011" =lse
"0111010" when d="0100" =lse
"1101011" when d="0101" =l=se
"1101111" when d="0110" =ls=
"1010010" when d="0111" =lse
"113131111" when d="1000" =lse
"113131011" when d="1001" =lse
"113131110" when d="1010" =lse
"0101111" when d="1011" =l=se
"O0001101" when d="1100" =lse
0011111 when d="1101" =l=se
"1101101" when d="1110" =lse
"iigii1o00"
end Behavioral; -
i o

Once the VHDL source is entered, we click on the & button to save it in the leddcd.vhd file.



Checking the VHDL Syntax

We can check for errors in our VHDL by highlighting the leddcd object in the Sources pane and
then double-clicking on Check Syntax in the Process pane as shown below.

Xilim: - Project Havigator - C:Atmpiipga_designshdesignlidesignl . npl -
|)@ Fil= Edit “iew Project Souce Process Macio Window  Help

[leddcd. vhd =]
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0-Ghg1 4457 VHDL
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use IEEE.3TD_LOGIC ARITH.ALL:
uze IEEE.3TD LOGIC UNSIGNED.ALL:

------ Bl =ddcd (ledded vhd)

entity ledded i
Port | d :
=

N BT hiodule View l m Stipshot... I |E Library ... I end ledded:

=

in std logic wector (3 downto 0):
toout std logic vector (6 downto 0)):

2=l architecture Behavioral of leddcod i=s
Frocesses for Current Source: |
Dresign Entry Utilities begin
Spnthesize g <= "1110111" when d="0000" else |
iew Synthesis Report "0010010" when d="0001" else
finalyze Hierarchy 1011101" when d="0010" else
y f1011011"™ when d="0011" else
*0111010" when d="0100" else
71101011"™ when d="0101" eslse
1101111"™ when d="0110" =1=s
F1010010" when d="0111" eslse -
<11 _'I_I
B Process Vien I [] ledded vhd = I
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L
: .
AT Conzoled  FrinFes
For Help. press F1 |Ln 29, Cal 22 [ 4

The syntax checking tool grinds away and then displays the result in the process window. In
our case, an error was found as indicated by the 3 next to the Check Syntax process. But what is

the error and where is it?



Fixing VHDL Errors

We can find the location of the error by scrolling the log pane at the bottom of the Project
Navigator window until we find an error message. In this case, the error is located on line 20.
You can manually scroll to line 20 in the editor pane, or you can double-click on the error
message in the log pane to go directly to the erroneous line.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help ;lilil
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libhrary IEEE: =
use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD_LOGIC ARITH. ALL:
use IEEE.STD LOGIC UNSIGNED.ALL:

Sources in Project: |

entity ledded is
Port ( d : in =std logic wvector (3 downto 0

— s ! out std logic wector (6 downto O0));
BT hiodule View l nSnapshn‘f...I @Lihranr I end ledded: - -
architecture Behavioral o eddod is
==l hi Eehavioral of ledded i
Frocesses for Current Source: |
----- @F  Design Entry Utiities begin
2y Synthesize g <= "1110111" when d="0000" else |
P iew Spnthesis Report "0010010" when d="0001" else

f1011101"™ when d="0010" else

f1011011" when d="0011" else

"0111010" when d="0100" else

F1101011" when d="0101" else

f1101111" when d="0110" els

10100107 when d="0111" else _I_.I
3

Analyze Hierarchy

<11
B Process Vien I [] ledded vhd I

ﬂiERROR:HDLParSErS:lEZ - C:/twp/fpgs designs/designl/ ledded.vhd Line 2Z0. Read symbol els, 2|
= |

CFU : 0.11 f 0.17 = | Elapsed : 1.00 F 1.00 = 1

: _'l_I
AT Conzoled  FrinFes

Process 'sxewrap -mode pipe -tapkesp -command C: Aing_webPACK binfrtdist exe -fn ledded st -ofn led: [Ln 29, Col 22 [ H i

On line 20, we see that we have left the ‘e’ off the end of the else keyword. After correcting
this error, we can double-click the on Check Syntax in the Process pane to re-check the VHDL
code. We will be asked to save the file before the syntax check proceeds. Click on Yes.

Hiling Project Mavigator |

The faollowing Project files have been edited but not saved:
c:htmphepld_dezignzhdesignl Sedded vhd

Do you want o save theze fles befare continuing?

Mo Cancel




The syntax checker now finds another error on line 31 of the VHDL code.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help ;lilil
D@ HFELEFE [ eEe|2w |2 2e 2 e |G B
S

- - architecture Behavioral of ledded is =l
Sources in Project: |

: hegin
3 #e2sl D0Stal 45T VHDL 5 <= "1110111" when d="00007 else
O010010" when d="000L1" e=lse
1011101" when d="0010" el=se
F1011011™ when d="0011" =l=se
— f0111010" when d="0100" else
.'I:Mndule Wigwn l n Snapshn‘f... I @ Lihranr I "1101011" when dA="0101" else
1101111" when d="0110" else
B F1010010" when d="0111" =lse
Processes for Current Source: | "1111111" when d="1000" else
® §F Desian Enty Uiies "1111011" when d="1001" else
|é| Ty 71111110" when d="1010" else

Y3 Synthesize
o iew Sprthesis Report "0101111" when d="1011" else

Analyze Hisrarchy "OO01101" when d="1100" else
3 - "0011111" when d="1101" else
"1101101" when d="1110" else
"1101100"

Implement D ezign
enerate Programming File

.hnd Eehawvioral:

11 o
B Process Vien I [] ledded vhd I

ﬂiERROR:HDLPaIsers:lEZ - C:/twp/fpga designs/designl/ledded.vhd Line 31. Read symbol END, =
| CFU : 0.06 f O0.17 = | Elapsed : 0.00 F 0.00 = 1

fﬂilllﬂﬂ@ﬂfﬂykﬂﬂﬁr_/ AIJ

Process 'sxewrap -mode pipe -tapkesp -command C:Aling_webPACK Abinfrtdist exe -fn ledded wst -ofn led [Ln 31, Col 1 [ H i




When we look at line 31 we see it is just the end statement for the architecture section. The
VHDL syntax checker was expecting to find a';' and we can see it is missing from the end of
line 29. Adding the semicolon to the end of line 29 and save the file. Now when we double-

click the Check Syntax process, it runs and then displays a & to indicate there are no more
errors.

Xilim: - Project Havigator - C:Atmpi\fpga_designshdeszignlidesignl npl - [leddcd. vhd]

|a® File Edit “iew Project Source Process Macro Window Help =171 x|
DEHG FFELEFE [ EE&(2R =R e Efan r
2l
Siauees b g et I architecture Behavioral of ledded is =l
B designl )
H hegin
3 w2l IBa1 44545 T VHDL g <= 711101117 when d="00007 else

o Eﬂ ledded [ledded. whd]

fO010010" when d="0001" slse
f1011101"™ when d="0010" else
f1011011" when d="0011" else
"0111010" when d="0100" else

'ﬁModuIeUiewlnSnapsho’c...I @Lihrar}.r...l "1101011" when d="0101" else
f1101111" when d="0110" eslse

== 10100107 when d="0111" else

Proceszes for Current Source: | "1111111" when d="1000" else
Design Entry Lltiities "1111011" when d="1001" else

Sprthesize "1111110" when d="1010" else

"O0101111"™ when d="1011" eslse
"O001101" when d="1100" else
TO0011111™ when d="1101" eslse

Yiew Spnthesis Report
Analyze Higrarchy

..... 3 Implement Design "1101101" when d="1110" else
----- 3 Generate Pragramming File "1101100";

end Behavioral;

kil o
B Process Vien I [ ledded vhd I

x| Done: cowmpleted successfully.

i

=l
‘ Ilh‘d:onsoly( FranFs J ;Ij

Process "Check Spntax" iz up to date. |Ln 29, Col 23 [ =




Synthesizing the Logic circuitry for Your Design

Now that we have valid VHDL for our design, we need to convert it into a logic circuit. This is
done by highlighting the leddcd object in the Sources pane and then double-clicking on the
Synthesize process as shown below.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]
|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
D@ HFELEF D[ eme|ew |[»2e 2 e | @ r
2=
5 2 P~ architecture Behawioral of leddcd i=s ;l
ources in Project: |
B designl begin
25100-50g144-<5T WHDL
el wels . s <= "1110111" when d="00007 else
fe @ |E=|:||:||::|:|||E|:||:||::|:|_'-.-'}'|l:||
- - FO010010" when d="0001" else
1011101" when d="0010" el=se
F1011011"™ when d="0011" eslse
— f0111010" when d="0100" else
'I:Mnduleh’ieuulﬂﬁnapshnt..] @Llhﬁﬂfl "1101011" when dA="0101" else
1101111" when d="0110" else
B F1010010" when d="0111" =lse
Processes for Current Source: | "1111111" when d="1000" else
..... &F  Design Entry Utiities *1111011" when d="1001" else
El ..... G 71111110" when d="1010" else
P iew Sprthesis Report "0101111" when d="1011" else
3 nalyze Hierarchy "OOD1101" when d="1100" else
X3 Check Syntax "0011111" when d="1101" else
..... 3 Implement Design ®1101101" when d="1110" else
----- O enerate Programming File Tiio1i0on;
end Behavioral: =
Kl 0
B Process Vien I [] ledded vhd I
x| Done: completed successfully. ;l
A |
: A
AT Conzoled  FrinFes
Process "Check Syntax' is up to date. |Ln 29, Cal 23 [ n i

The synthesizer will read the VHDL code and transform it into a netlist of gates. This will take

only a minute. If no problems are detected, a o will appear next to the Synthesize process.
You can double-click on the View Synthesis Report to see the various synthesizer options that
were enabled and some simple statistics for the synthesized design.



Implementing the Logic Circuitry in the FPGA

We now have a synthesized logic circuit for the LED decoder, but we need to map, place &
route it into the logic resources of the FPGA in order to actually use it. We start this process
by highlighting the xc2s100-5tq144 object in the Sources pane and then double-clicking on the

Implement Design process.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
D@ HFELEF D[ eme|ew |[»2e 2 e | @ r
2=
Saurces in Project I architecture Behavioral of leddecd is ;l
B designl begin
EIEE wezsl00 Stqlado s VHOL s <= "1110111" when d="00007 else
= . FO010010" when d="0001" else
1011101" when d="0010" el=se
F1011011"™ when d="0011" eslse
— f0111010" when d="0100" else
.'I:Mndule Uiewlﬂﬁnapshn‘r...] @Llhﬁﬂfl "1101011" when dA="0101" else
1101111" when d="0110" else
B F1010010" when d="0111" =lse
Processes for Current Source: |=l "1111111" when d="1000" else
23 Synthssize "1111011" when d="1001" else
[ o View Sunthesis Fieport "1111110" when d="1010" else
Y Anabze Hierarchy "0101111" when d="1011" else
" CaaP Check Syntas "OO0L101" when d="1100" else
- fO0011111" when d="1101" else
f1101101" when d="1110" eslse
Map fFiioii1o0t;
Place & Route ) |
¥ Generate Programming File end Behavioral: -
= L O
B Process Vien I [] ledded vhd I
f'l Done: completed successfully. ;l
¥
: .
AT Conzoled  FrinFes
Process "Synthesize'" is up to date. |Ln 29, Cal 23 [ H i




You can watch the progress of the implementation process in the status bar at the bottom of
the Project Navigator window. For a simple design like the LED decoder, the fitting is
completed in seconds (on a 850 MHz Athlon PC with 768 MBytes). A successful

implementation is indicated by the @ next to the Implement Design process. You can expand the
Implement Design process to see the subprocesses within it. The Translate process converts the
netlist output by the synthesizer into a Xilinx-specific format and annotates it with any design
constraints we may specify (more on that later). The Map process decomposes the netlist and
rearranges it so it fits nicely into the circuitry elements contained in the device we selected.
Then the Place & Route process assigns the mapped elements to specific locations in the FPGA
and sets the switches to route the logic signals between them. If the Implement Design provcess
had failed, a 3 would appear next to the subprocess where the error occured. You may also

see a ¥ toindicate a successful completion but some warnings were issued or not all the
subprocesses were enabled.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help ;lilil
D@ HFELEF D[ eme|ew |[»2e 2 e | @ B
2=
5 in Proiect I architecture Behawvioral of ledded is 1=
ources in Project:
o B designi begin
FEd re2el DD Bl a4 ST VHDL s <= "1110111" when d="00007 else
""" e "O010010" when d="0001" else
1011101" when d="0010" el=se
F1011011™ when d="0011" =l=se
— f0111010" when d="0100" else
'I:Mnduleh’ieuulﬂﬁnapshnt..] @Llhﬁﬂfl "1101011" when dA="0101" else
1101111" when d="0110" else
B F1010010" when d="0111" =lse
Processes for Current Source: |=l "1111111" when d="1000" else
=¥ 3g? Sunthesize "1111011" when d="1001" else
Bl o View Sunthesis Report "1111110" when d="1010" =lse
Oy Analyze Hierarchy "0101111" when d="1011" else
FOO01101"™ when d=m"1100" =lse
fO0011111" when d="1101" else
w3 Translate "1101101" when d="1110" else
i C3af Map ®1101100";
#--¥% 7 Place & Routs
¥ Generate Programming File end Behavioral: =
= L 2
B Process Vien I [] ledded vhd I
x| Done: completed successfully. ;l

i

‘ I‘dh\tonsolyﬂ FrdnFim

Process “Implement Design' is up ta date. |Ln 29, Cal 23 [ H i

S




Checking the Implementation

We have our design fitted into the XC2S100 FPGA, but how much of the chip does it use?
Which pins are the inputs and outputs assigned to? We can find answers to these questions
by double-clicking on the Place & Route Report and the Pad Report in the Process pane.

Xilim: - Project Havigator - C:Atmpiipga_designshdesignlidesignl.npl - [leddcd.par [READ OMLY]]
|)@ Fil= Edit “iew Project Souce Process Macio Window  Help

FH@ HFE(HBFE [BEE (2w (L 2o = |E-r E
=z
Sources in Project I Besolved that IOE <d<l:>> mwust be placed at site pae]
______ E desian] - Fe=zolved that TOB <d<2>> must be placed at site P4:-
EI o Hc23005tq144-X5TVHDL Rezolwved that IOB <d<3>> must he placed at site P45
----- @ ledded [|E=|:||:||::|:|_'-.-'hl:l]
Device utilization summary:
— - - - Nurkber of External IOEs 11 out of 292
'ﬁhﬂﬂdu'e“'ewlﬂﬁnapshﬂw---J ELIMW“'EWI Nurmber of LOCed External IOEs 11 out of 11
==l HNutrber of SLICEs 4 out of 12C
F'ru:u:esses fiar Current Source: |;|
oy F'Iac:e&Floute I
....... .(ﬂ Pad Repart Crrerall effort lewvel [(-ol): 2 [set by user)
[ Gererate Pozt-Place & Be Placer effort lewvel (-pl): Z [3et by user)
....... O Wiew/E dit Placed Design Placer cost table entry (-t): 1
....... B finalyze Power [<Power] Router effort lewvel (-rl): Z [=zet by user)
....... O Geherate Post-Place & Fic Extra effort lewvel [(-xe): 0 iset by user)
H-¥3  Generate IBIS Model - =
| = | .H KXl i
B Process U’iewl [ leddedvhd [2]  ledded par
:":I| Done: completed successfully. ;l
. .
AT Conzoled  FrinFes
For Help, press F1 |Ln 40, Cal 1 H i

The device utilization of the LED decoder circuit can be found near the top of the place & route
report. The circuit only uses 4 of the 1200 available slices in the XC2S100 FPGA. Each slice
contains two CLBs and each CLB can compute the logic function for one LED segment output.

Device utilization summary:

Number of External IOBs
Number of LOCed External IOBs

Number of SLICEs

11 out of 92
0 out of 11

4 out of 1200



The pad report shows what pins the inputs and outputs use. The d inputs have been assigned
to pins 121, 122, 123 and 112. The s outputs which drive the LED segments have been routed
through pins 113, 114, 115, 116, 117, 118 and 120.

Pinout by Signal Name:

Signal Name Pin Name Pin Direction IO Standard |IO Ban
Number
d<0> P121 INPUT LVTTL 6
d<1> VREF P122 INPUT LVTTL 6
d<2> P123 INPUT LVTTL 6
d<3> P112 INPUT LVTTL 6
s<0> P113 OUTPUT LVTTL 6
s<1> P114 OUTPUT LVTTL 6
S<2> VREF P115 OUTPUT LVTTL 6
S<3> P1l16 OUTPUT LVTTL 6
s<4> VREF P117 OUTPUT LVTTL 6
s<5> P118 OUTPUT LVTTL 6
S<6> P120 OUTPUT LVTTL 6

Constraining the Fit

The problem we have now is that the inputs and outputs for the LED decoder were assigned to
pins picked by the implementation process, but these are not the pins we actually want to use
on the XSA Board. The FPGA on the XSA Board has eight inputs which are driven by the PC
parallel port and we would like to assign the LED decoder inputs to four of these as follows:

LED Decoder Input XSA-100 XC2S100
FPGA Pin
do P50
d1 P48
d2 P42
d3 P47

Likewise, the XSA Board has a seven-segment LED attached to the following pins of the
FPGA:

LED Decoder Output XSA-100 XC2S100

FPGA Pin
s0 P67
s1 P39
s2 P62
s3 P60
s4 P46
s5 P57
s6 P49




How do we constrain the fitting process so it assigns the inputs and outputs to the pins we
want to use? We start by highlighting the leddcd object in the Sources pane and then double-
clicking the Edit Implementation Constraints (Constraints Editor) process.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd.pad [READ ONHLY]]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help - |5’ |i|
DEU@ HFELEFE [ ame|2w |[r2e 2 e | r
2=l -
Sources in Project: | . .
Pinout by Signal Name:
__________________________ I —_————————]
Signal Name | Pin IJ
|
__________________________ I ————— —
d<0> I
L d<ix | VREF
BT hiodule View l 2 Shapzhat View I E Library Wi I A<z I
d<ds |
A=l =<0> |
Pracesses for Current Source: |= s<l> |
- §F  Design Entry Utiities Rty | WREF
EIW Uzer Constraints SRtk I
i Edit Irnplernentation Conztraints File 54 | WREF
Edit Implementation Constrai :traints Editar) 5<5> I
Create Schematic Symbol <6 I
Launch ModelSim Sirmulater L} | TTTTTTTTTTTTTTTTTTTTTTTTTT [=====—==
Yiew WHOL [nztantiation Template ] ]
Ay Syrithesize FPinout by Pin Nuwber:
B G 'Q‘ Implement D esign Bl | | | ——— |- -
- Generate Programming File = EXl] -
B Process View I [ ledded.vhd | [ leddedpar (2] ledded pad |
f'l Done: completed successfully. ;l
¥

For Help. press F1 |Ln 36, Cal 13 [ 4




XESS Corporation - www.xess.com ©2001 by XESS Corp.

The Constraints Editor window appears. Click on the Ports tab in the upper pane. A list of the
inputs and outputs for the LED decoder will appear. We can enter our pin assigments here.

47 Xilinx Constraints Editor - [Ports - ledded.ngd / ledded.uck]
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We start by clicking in the Location field for the d<0> input. Then just type in the pin assignment
for this input: P50. Do this for each of the inputs and outputs using the pin assignments from
the tables shown above. After doing this, the Constraints Editor window appears as follows.

.;;y]XiIinx Constraints Editor - [Ports - leddcd.ngd / leddcd. ucf=]
File Edt Wiew Window Help

D|@E] x| =[=|0]x| 2%

Port Hame Port Direction Location Pad to Setup Clock to Pad
d=0= IMPLIT Ps0 A,
d=1= IMPLIT P43 MIA,
d=2= IMPLIT P42 M,
d=3= IMPLIT P47 RN
s<0= QUTPUT PEY MR,
== QUTPUT P39 A,
E=d= QUTPUT PG2 A,
F=3= QUTPUT PEO MR,
F=d= QUTPUT PaG MR,
s=5= OUTPUT P5Y M2,
s=f>= QUTPUT F49 I RN
Fad Groups %Iil_g‘
[~ 1/0 Configuration Options Giroup Name: I l_IEreate EIEe)
. : Pad to Setup... |
Frohibit 1/0 Locations. . | Select Group: I j
Clock to Pad... |
Global Forts I Advanced | Misc I
MWET "s<B>" LOC = "P49"; =l
L I
UGF Gonziraintz [read-write] |UCF Constraints [read-anky] Source Congtraints [read-only) I
For Help, press F1 l_l_l_ i

After the pin assignments are entered, click on the |E| button to save the pin assignment
constraints. Then select File=»Exit in the Constraints Editor window.



Since we are changing the constraints on our design, we are asked to reset the
implementation process so it will be re-run with our new constraints. This just means we have
to re-run the implementation process again if we want the design to use the pin assignments
we just made. Click on Reset and then double-click the Implement Design process to re-fit the
design with the new pin assignments.

Fiezet the Implement Dezign process so that vour UCF changes wil
be read?

The User Conzstraint File [UCF] has changed. Az a rezult, it may not
be pozzible to reproduce the zame implementation resulks uzing the
new LICF.

To incorparate the new LICF at this time, choose RESET
to mark the Implement Dezign process: out of date. Then re-run the
Implement Design proceszs. Othemwize, choose RETAIN to keep the
current implementation rezults intact and not incorporate the new
LICF at thig tirne.

Retain |

Next double-click on the Pad Report to view the pin assignments made during the
implementation process. Now the pad report contains the following pin assignments:

Pinout by Signal Name:

Signal Name Pin Name Pin Direction IO Standard |IO Ban
Number
d<0> P50 INPUT LVTTL 2
d<1> VREF P48 INPUT LVTTL 2
d<2> P42 INPUT LVTTL 2
d<3> P47 INPUT LVTTL 2
s<0> D7 P67 OUTPUT LVTTL 3
s<1> DIN DO P39 OUTPUT LVTTL 2
S<2> D6 P62 OUTPUT LVTTL 3
S<3> D5 P60 OUTPUT LVTTL 3
s<4> D2 P46 OUTPUT LVTTL 2
s<5> D4 P57 OUTPUT LVTTL 3
S<6> D3 P49 OUTPUT LVTTL 2

The reported pin assignments match the assignments we made in the Constraints Editor
window so it appears we accomplished what we wanted.



Viewing the Chip

After the implementation process completes, you can get a graphical depiction of how the logic
circuitry and 1/O are assigned to the FPGA CLBs and pins. Just highlight the leddcd object in
the Sources pane and then double-click the View/Edit Placed Design (FloorPlanner) process.

Xilim: - Project Havigator - C:Atmpifpga_designshdesignlidesignl.npl - [leddcd.pad [READ ONHLY]]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help ;lilil
DEU@ HFELEFE [ ame|2w |[r2e 2 e | B
Il
Sources in Project: | T | === 2l
Aicnmal Name | Pin MName
|
__________________________ ]
d<0> |
d<1> | WREF
d<z> |
= d<3x |
BT hiodule View l 2 Shapzhat View I E Library Wi I <0 | D7
SR e | DIN_DO
2= s<i> | D&
Processes far Current Source: | 343> | D=
E--¥3 Y Place & Route 5<4x | Dz
------- @ Place & Route Report <5 | D%
- [2] @ Aswnchionous Delay Report 56> | D3
------- @” Pad Fiepor ittt et
(3 ] Generate Post-Place & Route Static Timing
------- L8 y Edit Placed Design [FloorPlanner] Finout by Pin Nunber:
------- [ Analyze Power (<Power) Sl e il Rt
------- Y3  Generate Post-Place & Boute Simulation k¢ Fin | Sigmal Nawme I :
H-¥3  Generate IBIS Model = Muwber | I _I_-|
1] B | LlJ x| ¥
B Process tiew | [A leddcdvhd [[D) leddedpar [2) ledded pad |

x| Done: completed successfully.

i

“

For Help. press F1 |Lr 30, Cal 10 [ 4

gt




The FloorPlanner window will appear containing three panes:

1. The Design Hierarchy pane lists the LED decoder inputs, outputs and LUTs

assigned to the various CLBs in the FPGA.

2. The Design Nets pane lists the various signal nets in the LED decoder.

3. The Placement pane shows the 30 x 20 array of slices in the FPGA. The I/O
pins are also shown around the periphery. (The pins used for Vcc, GND, and

programming are not shown.)

& ¥ilinx Floorplanner - leddcd. fnf

File Edit Yiew Hierarchy Pattern Floorplan Window  Help

i [=] Y

DEE| 22 = = slz=f] 2] EE 2l4 % faa®q®

"leddcd” [1110Bs, 7 FGs ] —

leddcd. Inf Dezign Hierarchy !E

Mrom_= inst_lutd G[FG ] 0z f
Mrom_z inst_lutd S5[FG ] 0z f
Mrom_=_inst_lutd 4 [FG ] O:s_:
Mrom_= inst_lutd 3[FG ] 0z ]
Mrom_z inst_lutd 2[FG ] Oz !
Mrom_=_inst_lutd 1[FG ] 0:x "
Mrom_= inst_lutd O[FG ] 02 [
s<6> [10B ] 0:z_E_OBUF

s<b> [10B ] 0:¢ 5 _0OBUF

s<d> [10B ] 0:2_4_OBUF

s<3> [10B ] 0:z_3 OBUF

s<2> [10B ] 0:¢_2_0OBUF

s<1> [10B ] O0:z_1_OBUF

s<0> [10B ] 0:s_0_OBUF

d<3> [I0B ] I.d_3 |BUF

d<2> [I0B ] I:'d_ 2 |BUF s
d<1> [10B ] I:)d_1_IBUF -

L — o

141

eddcd._inf Deszign Nets =] 9

d_3_IBUF i—
d_2_IBUF =
d_1_IEUF

d_0_IBUF

s B _OBUF

s & OBUF

s 4 OBUF

s 3 OBUF

s 2 OBUF

s 1_0BUF —
s 0 OBUF =

[R20co




The CLBs used by the LED decoder circuit are highlighted in light-green and are clustered

near the right-hand edge of the CLB array. To enlarge this region of the array, click on the |g|
button and then draw a rectangle around the highlighted CLBs in the Placement pane. The
enlarged view of the CLBs used by the LED decoder will appear as shown below.

& ¥ilinx Floorplanner - leddcd. fnf =] E3
File Edit Yiew Hierarchy Pattern Floorplan Window  Help

DEE| 22 = = slz=f] 2] EE 2l4 % faa®q®

leddcd. Inf Dezign Hierarchy !E

= "leddcd” [1110Bs, 7 FGs ] =
— Mrom_= inst_lutd G[FG ] 0z f
— Mrom_z inst_lutd S5[FG ] 0z f i
— Mrom_=_inst_lutd 4 [FG ] O:s_:
— Mrom_s_inst_lutd_3[FG | O:s ! D D
— Mrom_z inst_lutd 2[FG ] Oz !
— Mrom_=_inst_lutd 1[FG ] 0:x " D
— Mrom_= inst_lutd O[FG ] 02 [
— =<6> [10B ] O:s_6_OBUF

- «<h> [10B ] 0. 5_0BUF

— s<d> [10B ] O:5_4_0OBUF

— =<3> [10B ] 0:5_3_0BUF

- e<2> [10B ] O:=_2_0OBUF

— =<1> [10B ] O:5_1_0BUF

— <0 [10B ] O:s 0_OBUF

- d<3> [IDB ] I.d_3_|BUF

— d<2> [10B ] I:d_2_IBUF -
— d<1> [10B ] I:d_1_IBUF =
1 N oy

B leddcd.inf Design Nets O] x|
d 3 IBUF —
d 2 IBUF —
d 1_IBUF
d 0 IBUF
= B OBUF
z b _OBUF
= 4 OBUF
= 3 OBUF
¢ 2 OBUF
= 1_0OBUF —
+ 0 OBUF E _

[0 | N ES Ay
[R14C3 [ S

O




Clicking on a CLB will cause the inputs and output for the CLB to appear as shown below.
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In an analogous manner, we can click on an input pin to highlight which CLBs are dependent
on the input.

& ¥ilinx Floorplanner - leddcd. fnf =] E3
File Edit Yiew Hierarchy Pattern Floorplan Window  Help

DEE| 22 = s/ slz=s] 2] @ 2]4 % faaaq®

leddcd. Inf Dezign Hierarchy o (=] B3 [ ddcd.Inf Placement for xc2s100-5tq144

— Mrom_= inst_lutd B[FG ] O:x
— Mrom_=_inst_lutd B[ FG ] 0. !
— Mrom_s inst_lutd_4[FG ] 0z ¢
— Mrom_s= inst_lutd 3[FG ] O]
— Mrom_=_inst_lutd 2[FG ] 0. !
— Mrom_s inst_lutd_1[FG ] 0z~
— Mrom_= inst_lutd O[FG ] O [
— s<6> [10B ] 0:¢_E_OBUF

— s<5> [10B ] O0:z 5 OBUF

— s<4> [10B ] O0:¢_4_OBUF

— s¢3> [10B ] 0:¢_3 OBUF

— s<Z2> [10B ] O0:5_2 OBUF

— s<1> [10B ] 0:¢_1_OBUF

— s<0> [10B ] O0:¢ 0_OBUF

— d<3> [I0B ] I:'d_3 IBUF

— d<2> [I0B ] I.d_2_|BEUF

A7 dc1s [ 10B | |d 1 IBUF

— d<0> [10B ] I:d_0_IBUF
1 FR— 07
B leddcd.inf Design Nets =] E3

d 3 IBUF —
4 2 IBUF =
4 1 IBUF
d_ (CIBUF
s 5_0BUF
s 5 DBUF
s 4 DBUF
s_3_OBUF
s 2 0BUF
s 1_DBUF ~
s 0_DBUF . .

Il | N ES o
|R15C3 | [ o




XESS Corporation - www.xess.com ©2001 by XESS Corp.

By default, the Placement pane only shows FPGA resources that are used by the design. To
see all the logic resources in each CLB, click on View=»Options... and check all the boxes as
shown below.

Yiew Options
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Now the Placement pane shows all the LUTSs, flip-flops, carry-chains and tristate buffers

included in each CLB.
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Viewing the placement of circuit elements after the place & route process can give you insights
into the resource usage of certain VHDL language constructs. In addition to viewing the
placement of the design, the Floorplanner can be used to re-arrange and optimize the

placement. This is akin to the software technique of hand-optimizing assembly code output by
a compiler. We won'’t do this here, but it is an option for designs which push at the extremes of

the capabilities of FPGAs.



Generating the Bitstream

Now that we have synthesized our design and mapped it to the FPGA with the correct pin
assignments, we are ready to generate the bitstream that is used to program the actual chip.
To initiate the programmer, we highlight the leddcd object in the Sources pane and double-click
on the Generate Programming File process.
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Within a few seconds, a o will appear next to the Generate Programming File process and a file
detailing the bitstream generation process will be created. A bitstream file named leddcd.bit can

now be found in the design1 folder.
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Downloading the Bitstream

Now we have to get the bitstream file programmed into the FPGA on the XSA Board. The XSA

Board is powered with a 9 VDC power supply and is attached to the PC parallel port with a
standard 25-wire cable as shown below.




The XSA Board is programmed using the gxsload utility. We double click the

bring up the following window:
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Then we open a window that shows the contents of the folder where we have stored our LED
decoder design (C:\tmp\fpga_designs in this case). We just drag the leddcd.bit file from the

design1 window into the gxsload window.
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Then we click on the Load button to initiate the programming of the XSA Board. Downloading
the leddcd.bit file will take a few seconds.

X gxsload [_|=] |
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Testing the Circuit

Once the FPGA on the XSA Board is programmed, we can begin testing the LED decoder.
The eight data pins of the PC parallel port connect to the FPGA through the downloading
cable. We have assigned the inputs of the LED decoder to pins which are connected to the
parallel port data pins. The gxsport utility lets us control the logic values on these pins. By
placing different bit patterns on the pins, we can observe the outputs of the LED decoder
through the seven-segment LED on the XSA Board.

X

7|
Double-clicking the EEEEEIEN icon initiates the gxsport utility. The d0, d1, d2, and d3 inputs of
the LED decoder are assigned to the pins controlled by the D0, D1, D2, and D3 buttons of the
gxsport window. To apply a given input bit pattern to the LED decoder, click on the D buttons
to toggle their values. Then click on the Strobe button to send the new bit pattern to the pins of
the parallel port and on to the FPGA. For example, setting (D3,02,D1,D0) = (1,1,1,0) will cause
E to appear on the seven-segment LED of the XSA Board.

X gxsport M= E3
o of of of of of of[E _ex |
LY DE D5 D4 D3 D2 D1 DO
Strobe | W Count Port ILF'T2 vI




If you check the Count box in the gxsport window, then each click on the Strobe button
increments the eight-bit value represented by D7-D0. This makes it easy to check all sixteen
input combinations.



Hierarchical Design

A Displayable Counter

We went through a lot of work for our first FPGA design, so we will reuse it in this design: a
four-bit counter whose value is displayed on a seven-segment display. The counter will
increment on a rising edge of the clock. The four-bit output from the counter enters the LED
decoder whereupon the counter value is displayed on the seven-segment LED. A high-level
diagram of the displayable counter looks like this:

4-Bit LED 7-Segment
Counter Decoder LED
sb
t0 do sl
count] d1, —S2 s4
clk count2 d2,. 3o
count3 d3 - J—Af—>5 » st

This design is hierarchical in nature. The LED decoder and counter are modules which are
interconnected within a top-level module.



Starting a New Design

We can start a new project using the File=»New Project... menu item. We name the project
design2 and store it in the same folder as the previous design: C:\tmp\fpga_designs. The other
properties in the New Project window retain the same values we set in the previous project.

Mew Project |
Project Hame: Froject Location:
IdesignE Il::'\.tmp'\fpga_designs'\designE |
Froject Device Options:
Property Hame Value
Device Family Spartanz
Device xc2e100-5tg144
De=ign Flow #=T WHDL

k. I Cancel

Once we click on OK in the New Project window, the Project Navigator window appears as
shown below.
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Adding the LED Decoder

The first thing we do after getting the design2 project started is to add the LED decoder
module. We do this by right-clicking on the xc2s100-5tq144 object in the Sources pane and
selecting Add Source ... from the pop-up menu.

Xilim: - Project Havigator - c:Atmphipga_designs\design2idesignZ. npl
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The Add Existing Sources window appears and we move to the C:\tmp\fpga_designs\design1
folder. Then we highlight the leddcd.vhd file that contains the VHDL source code for the LED

decoder.

Add Existing 5ources
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e

After clicking on Open, a window appears that asks us the type of file we are adding to the

project.

Choose Source Type |

leddzd. vhd iz which zource tppe?
The zuffix iz ambiguous as to type.

YWHOL Package
WHOL Test Bench

Ear‘u:el |

We select VHDL Module since the leddcd.vhd file contains a standard VHDL description of a
circuit. (Packages contain extra syntactical elements for modules meant to be used as a
library. Test benches contain VHDL code that exercises other VHDL modules through a
sequence of tests.) After clicking OK, we see that the LED decoder module has been added to

the Source pane of the Project Navigator window on the next page.
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B ilinx - Project Havigator - c:\tmphfpga_designshdesign2idesignZ.npl
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Adding a Counter

Now we have to add the counter to our design. We don't have a counter module yet, so we

have to build one with VHDL. Right-click on the xc2s100-5tq144 object and select New Source...
from the pop-up menu.

Xilim: - Project Havigator - c:Atmphipga_designs\design2idesignZ. npl
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As in the previous example, we are prompted for the type of file we want to add to the project.
Once again, we select the VHDL Module menu item. Then we type counter into the File Name
field and click on the Next button.

Hew

WHDL Module
Schematic

T
Test Bench "W aveform

Bt File
State Diagram

c:htmphfpga_designsdesign |
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Then we declare the inputs and outputs for the counter in the Define VHDL Source window as
shown below. The counter module receives a single input, clk, and has a four-bit output bus,
count, which outputs the current counter value.

Define YHDL Source

Click on Next and check the information about the module.

Hew Source Information

BT
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After clicking Finish in the New Source Information window, we are presented with a VHDL
skeleton for the counter. We flesh-out the skeleton as follows:

library IEEE; |
use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL:

use IEEE.STD LOGIC UNSIGNED.ALL:

entity counter is
Fort [ clk : in =std logic:
count : out std logic vector (3 downto 0));
end counter;

architecture Behawvioral of counter is
Signal cnt: std logic vector (27 downto 0O ;
begin
processiclk)
begin
if clk'event and clk='0' then
cnt <= cnt + 1;
end if;
end process;
count (3 downto 0O) <= cnt (27 downto 24);

end Behawvioral: -
Kl >
rﬂ counter.vhd
[

Line 12 declares a 28-bit signal, cnt, that is the current value of the counter. The process on
lines 15-20 controls when counter increments. The condition clause of line 16 is only true
when the value on the clk input goes from 0 to 1. Then the statement on line 17 replaces the
value in ent with its incremented value. (We can use the high-level addition operator instead
of having to describe a 28-bit adder because on line 4 we have linked into the
ieee.std_logic_unsigned.all package that supports unsigned arithmetic.) Finally, line 22 places the
upper four bits of the current counter value onto the outputs of the module.

Why are we building a 28-bit counter and using only the upper four bits? The counter will be
driven by the oscillator on the XSA Board which has a default frequency of 50 MHz. The LED
display would be changing much too quickly at this frequency. By connecting the LED decoder
to the upper four bits of the 28-bit counter, the display will only change once in every 2** clock
cycles. So the LED display will change every 2** / (50 x 10°%) = 0.336 seconds which is slow
enough to be seen.



After entering the VHDL shown above and saving it, we see that the counter module has been
added to the Sources pane of the Project Navigator window.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]
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library IEEE:

use IEEE.STD LOGIC 1164.A4LL;

use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGHNED.ALL:

entity counter is
Port | clk :
count
end counter;

in std_logic:
out =td logic vector (3 downto 0O)):

architecture Behavioral of counter is
gignal ent: std logic wvector (27 downto 0);

hegin
process (clk)
hegin
if elk'ewvent and clk='0' then

cnt
end if:
end process;
count (3 downto 0)
end Behawvioral;
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Tying Them Together

We have the LED decoder and the counter, but now we need to tie them together to build the
displayable counter. We will do this by connecting the counter to the LED decoder in a top-
level schematic. Before we can do this, we have to create schematic symbols for both the
counter and LED decoder modules. To create the counter schematic symbol, highlight the
counter object in the Sources pane and then double-click the Create Schematic Symbol process.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]
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library IEEE:

use IEEE.STD LOGIC 1164.A4LL;

use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGHNED.ALL:

entity counter is
Port | clk :
count
end counter;

in std_logic:
toout =td logic vector (3 downto 0));

architecture Behavioral of counter is
gignal ent: std logic wvector (27 downto 0);
hegin
process (clk)
hegin
if eclk'ewvent and clk='0"
ont <= cnt + 1;
end if:
end process;
count (3 downto 0)
end Behawvioral;

then

<= cnt (27 downto Z4);
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A will appear next to the Create Schematic Symbol process after the symbol is created.

this procedure to create the schematic symbol for the LED decoder.
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library IEEE:

use IEEE.STD LOGIC 1164.A4LL;

use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGHNED.ALL:

entity counter is
Port | clk :
count
end counter;

in std_logic:
out =td logic vector (3 downto 0O)):

architecture Behavioral of counter is
gignal ent: std logic wvector (27 downto 0);
hegin
process (clk)
hegin
if eclk'ewvent and clk='0"
ont <= cnt + 1;
end if:
end process;
count (3 downto 0)
end Behawvioral;
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then

<= cnt (27 downto Z4);

[] countervhd I
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Once the schematic symbols for the lower-level modules are built, we can add the top-level
schematic to the project. Right-click on the xc2s100-5tq144 object and select New Source... from

the pop-up menu. Then highlight the Schematic entry in the New window and name the
schematic disp_cnt. Then click on Next.

Mew |

IJzer Docurment
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There is very little to do when setting-up a schematic, so just click on the Finish button in the
New Source Information window that appears.

Mew Source Information

T
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Now the disp_cnt schematic object has been added to the Sources pane. Double-click it to open
a schematic window.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]
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The schematic editor window has a drawing area and a list of categories for various logic
circuit elements that can be used in a schematic. Below that is the list of symbols for circuit

elements in a highlighted category.

FT= Xilinx ECS - [disp_cnt_sch]
= Eile Edit “Wiew Add Tools Window Help _|5’|£|

[czmaasze|[fe=escH||laax=znE [=2s=22em)
JF‘ﬂ%@F%|R%|@|WO\DA|O Alee ‘N.|~/ J_ISelectEranches j

| LCateqoriez
| B

<ol Symbols:

: <oftmpdopld_designs/desi
category list Arithinetic

TN Buffer

S | Comparatar
I Counter
- Decoder

Flip_Flop

General -
4 I I [

Symbaols

cclb g

drawingarea | - - - | symbol list a

accd
T TN accdu?
. . . . . accd
N\ accdusd
add1
s T Yaddte

add16x1

add1 B2 -

/.

Symbol Mame Filter

Orientation

dizp_crt.sch I IHDtatE 1] j

Fieady [2846,2938] .+




To start creating the top-level schematic, highlight the second entry in the category list. The
c:/tmp/fpga_designs/design2 category contains the schematic symbols for the design2 project’s
counter and LED decoder modules. We can see the names of these modules in the symbol

list.
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Click on the counter entry in the Symbols list. Then move the mouse cursor into the drawing area
and left-click to place an instance of the counter into the schematic. Repeat this process with
the leddcd module to arrive at the result shown below.
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Next, click on the

FT= Xilinx ECS - [disp_cnt_sch]

button to begin adding wires to the schematic.
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Left-click the mouse on the count(3:0) bus on the right-hand edge of the counter module.
Then left-click on the d(3:0) bus on the left-hand edge of the ledded module. As a result of
this procedure, a four-bit bus is created between the output of the counter module and the
input of the LED decoder module. Either click in the same endpoint or hit the ESC key to stop
adding segments to the bus.
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Now highlight the 10 category and select a byte-wide output buffer (OBUF8) from the list of
symbols. Attach the output buffer to the output of the LED decoder as shown below.
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Next attach a short bus segment to the output of the byte-wide buffer.
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Now click on the = button for adding 1/0 markers.
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Then click on the other end of the newly-added bus segment to create a byte-wide set of

output pins.
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The output pins automatically assume the same name as the bus to which they are attached
but this name was automatically generated and doesn’t carry a lot of meaning. To change the
name of the outputs (and the associated bus), right-click on the 1/0 marker and select Object
Properties... from the pop-up menu.
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The Object Properties window allows us to set the name and direction of the pins.
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Replace the existing bus name with a seven-bit bus for driving the LED segments: $(6:0).
Then set the direction of the bus pins to Output.
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Next click on the OK button to close the Object Properties window.
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The output pins now appear with their new name, width, and direction.
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At this point it makes sense to check the schematic to see if there are any errors such as

unterminated wire stubs or mismatched bus widths. Click on the - button to perform a
schematic check.
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The Schematic Check Errors window will appear showing two errors. We can find the place
in the schematic where the error occurs by clicking on the associated error message. Then
clicking on the Zoom In button to see an enlarged view of the area where the error lies.
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Help |




The first error indicates that the seven-bit output of the LED decoder does not match with the
byte-wide input of the output buffer symbol. Note how the output of the leddcd symbol is
highlighted to indicate the error. The second error is similar to the first in that the byte-wide
output of the OBUF8 symbol does not match the width of the seven-bit output pin marker.
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We could try solve these problems by using subsets of the buses or by adjusting the width of
the output buffers. But the simplest solution is to remove the byte-wide output buffer and

replace it with a group of seven output buffers. To start this process, click on the % button

and then click on the OBUF8 symbol. Then press the delete key. Then click on the u button
and add bus segments to the schematic as shown below.
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At this point it is a good idea to rename the bus connected to the LED decoder output so it has
a less cumbersome name. Double-click on the bus and the Object Properties window will

appear.
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Replace the automatically-assigned name for the seven-bit bus, XLXN_11(6:0), with the bus
name A(6:0). Then click on the OK button.
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Next select a single-bit output buffer, obuf, from the list of symbols and drop seven of them into
the schematic drawing area.
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Now the output buffers have to be attached to the buses. Click on the = button and attach
seven bus taps to each bus as shown below. (Use the rotation button to rotate the bus tap
symbol.)
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Once all the bus taps are in place, attach the output buffers to the taps using wire segments.
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Now the question becomes: “How do we know each output buffer is attached to the right LED
decoder output and output pin?” The answer is: “We don’t!” We have to manually set the
connections to the buses to make sure they are correct. Double-click on the wire segment
connecting the output buffer to the S(6:0) output bus. (Make sure you double-click the wire
segment and not the bus tap symbol or the OBUF symbol.) The Object Properties window will
appear with the name for the wire segment that was automatically assigned by the schematic
editor.
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Change the name of the wire segment to S(0) which is the least-significant bit of the output bus.
Then click on OK.
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Repeat the process to rename each wire segment as shown below. (The visible labels for
each wire segment were added afterward. The wire segment labels will not be shown by the
schematic editor.)
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Now when we click on the schematic check button, . we see the errors have been
corrected.

i Schematic Check Ermors

Mo errors detected
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Once the outputs from the circuit are in place, we can create the analogous circuitry for the
input. We connect a single, low-skew input buffer module to the clock input of the counter and
then we connect a single input I/O marker to the IBUFG symbol. After this, perform another
schematic check to detect any errors, save the schematic using the File=»Save command and

then close the schematic editor.
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Once we save the schematic for the top-level module, we see the updated hierarchy in the
Sources pane of the Project Navigator window. Now the counter and leddcd modules are
shown as lower-level modules that are included within the top-level disp_cnt module.
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count
end counter;

in std_logic:
toout =td logic vector (3 downto 0));

architecture Behavioral of counter is
gignal ent: std logic wvector (27 downto 0);
hegin
process (clk)
hegin
if clk'ewvent and
cnt <= ont +
end if:
end process;
count (3 downto 0)
end Behawvioral;

11

clk='0"'" then

1:;

<= cnt (27 downto Z4);

[] countervhd I

_bld
JJ

Hierarchy iz up to date.
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Checking the VHDL Syntax

We can check the entire design by highlighting the disp_cnt object in the Sources pane and then
double-clicking the Analyze Hierarchy process. This checks the VHDL for each module and their

interconnections with each other. The

completes shows we have no syntax problems in our modules.

Xilim: - Project Havigator - c-A\tmphfpga_designzidezign?idezign? npl - [counter vhd]

o that appears after the Analyze Hierarchy process

|_.®, File Edit “iew Project Source Process Macro Window Help =] x|
D@ =7 AR E BER|ee |08 G r
2l : 5
Sources in Project: I library IEEE;
______ E design? use IEEE.3TD_LOGIC 116&4.ALL;
i use IEEE.STD LOGIC ARTTH. ALL:
= chs-ts VH use IEEE.STD LOGIC UNSIGNED.ALL:
i I_I_: |__I =] I_I_ |_ - -
M counter [counter vhd) entity counter is
e @ ledded [C: M tmphipga_designs's Port { elk : in std_logic:
1] | D count @ out std logic wector (3 downto 0));

N B2 hodule .. l 2 Shapsho... J @ Library ... I

S|

Frocesszes for Curent Source;

Drezign Entry Utilities
Synthesize
Yiew Spnthesiz Report
Analyze Higrarchy
Implement D ezign
Generate Programming File

end counter:

architecture Behawioral of counter is
signal ent: std logic wvector (27 downto 0);

hegin
process (clk)
hegin
if elk'ewvent and clk='0' then
cht <= cnt + 1;
end 1f;

end process:
count (3 downto 0]
end Behavioral;

Kl

<= cnt (27 downto £4);

rﬂ counter, vhd I

_Pli
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Constraining the Design

Before synthesizing the displayable counter, we need to assign the pins which the inputs and
outputs will use. Highlight the disp_cnt object in the Sources pane and then double-click the Edit

Implementation Constraints (Constraints Editor) process.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]

|.@ File Edit “iew Project Sowce Process Macmo  Window  Help _|5’|i|
D@ HFELEFE [ eEe|2w |2 2e 2 e |G r
BEY _ -
Sources in Project: | libracy IEEE;
uze IEEE.3TD LOGIC 1164.ALL:
: use IEEE.3TD LOGIC ARITH. ALL:
= ”Czst'Etm'XSWHD use IEEE.STD LOGIC UNSIGNED.ALL;
,_ _ _
“[¥ counter [counter, vhd) entity counter is
o ledded [C:\trph deszignzsidesignT Yeddod. vhd
[ tedded (C:\mp\pga_designs'desin! edded.vhd] Port | clk : in =std logic:
count out std logic ve
B hodule View l I8 Shapzhit i I |E Library Wi I end counter:
B architecture Behavioral of counter

Froceszes for Curent Source:

=
o

Dezign Entry Utilities
User Conztraints
E dit Implernentation Canstraints File

E dit Implernentation C

Create Schematic Symbol
Launch ModelSim Simulator

¥3  Check Design Fules

@ View WHDL Functional Mods!

Yiew WYHOL Instantiation Template

w—

B Process Vien I

Signal cnt: =std logic vector (27
hegin
process (clk)
hegin
if clk'ewvent and clk='0"
cnt <= cnt + 1;
end if;
end process;
count (3 downto 0)
end Behawvioral;

kil

[/ countervhd I

th

<= ohnt (27 dow
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In the Ports tab of the Constraint Editor window, set the pin assignments for the clock input
and LED segment drivers as follows:

.;E\EXilinx Constraints Editor - [Ports - disp_cnt.ngd / disp_cnt.ucf]
File Edit Yiew “Window Help

D= x| =l==o] 2%

Port Hame Port Direction Location Pad to Setup Clock to Pad
clk IMPLIT Paag MR, IR,
s<0= QUTPUT PEY [{t)
s<l= QUTPUT P39 U
g=2= QUTPUT PG2 U
g=3= QUTPUT PEO A
gad= QUTPUT PaG A
=5 OUTPUT P5Y M2,
56z OUTRUT P48 B,

Pad Groups
[~ 140 Configuration O phions BIET S I l_IEreate EIEe)
Brohibit /0 Locations.. | | Gefect Group | r __PadioSetip..|
Clock to Pad... |

Global Forts I Advanced | bizc I
MET "s<2»" LOC = "PE2"; ]
MET "s¢33" LOC = "PED";
MET "seds' LOC = "P4E"; j
UGCF Constraints [read-write] |UGF Constraints [read-only] Source Constraints [read-only) I
For Help, press F1 I i

Assigning the clk input to pin P88 lets us use the onboard oscillator of the XSA Board to drive
the counter. The output assignments connect the displayable counter to the seven-segment
LED on the XSA Board as in the previous design example.



Synthesizing the Logic Circuitry for the Design

Now we can synthesize the logic circuit netlist by highlighting the top-level disp_cnt module in
the Sources pane and double-clicking the Synthesize process.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
DERE HFELEF D[ eEe|2w |[» 28 2 e | B
2=
library LEEE; =]

Sources in Project: |

use IEEE.STD LOGIC 1164.ALL;

: use IEEE.STD_LOGIC ARITH.ALL;

23100-5ig144-<5T WHDL - -

= E‘é gs _ ; use IEEE.STD LOGIC UNSIGNED.ALL:
, _ _

counter [counter, vhd)

[ ledded (Chmpipga_designsidesi entity counter is

Port ( elk : in =td logic:

| | | count @ out =td logic vector (3 downto 0));
B odule V.. | i Snapshot... | [ Library ... | end counter;
(x| x| architecture Behavioral of counter is

signal cnt: std logic wvector (27 downto Q)
Processes for Current Source: | begin - B
Dezign Entry Utilities process (clk)
5 begin
(2] @ View Spnithesis Fieport if clk'event and clk='0' then
Cao# Analpze Higrarchy cnt <= cnt 4+ 1;
Implement D esign end if:
Generate Progranmming File end process;
count (3 downto 0) <= cnt (27 downto 24):;
end EBehavioral; -
<11 —’|_I
B Process Vien I [ counter vhd I
x| =l

l; s
JJ

Process "Synthesize'' iz up to date. |Ln 15, Col 10 [ B




Implementing the Logic Circuitry in the FPGA

Once the netlist is synthesized, we can begin the process of mapping, placing and routing it
into the FPGA. Highlight the disp_cnt object in the Sources pane and then double-click the
Implement Design process. There should be no problems implementing the design in the FPGA.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
FHE HFE(MEFE [BEE (2R (L 28 o |Gl B
B _
Sources in Project: | library IEEE; I—
______ E desian? use IEEE.3TD LOGIC 1164.ALL:
E ﬂE m2§ﬂﬂﬂﬂ44X5TVHDL use IEEE.3TD_LOGIC ARITH.ALL:

use IEEE.3TD LOGIC UMNSIGNED.ALL:

@ counter [cnunter vhd]

i [ ledded (C:\mp\fpga_designshdesi entity counter is

Port ( elk : in =td logic:

_‘l | i count @ out std logic wvector (3 downto 0));
B hdadule V.. l I8 Shapshot... J |E Library ... I end counter;
B architecture Behavioral of counter is
signal cnt: std logic wvector (27 downto Q)
Proceszes for Current Source: | ) - -
hegin
----- W DESIgnEhlI’}IUtIhtIES process (clk)
begin
: : if clk'event and clk='0' then
cnt <= cnt + 1; =
----- G@f' ImplemenlDBS|gn end if:
..... oy f 4
A Generate Programming File end process: -
Kl _*I_I
B Process Vien I @ counter. whd I
x| =
A =l

Done: completed successfully.

Ly o8
A [ F[FIfsConsoles FunFes

Process "Analyze Hierarchy' is up to date. |Ln 15, Col 10 [ B

Checking the Implementation

After the implementation process is done, we can check the logic utilization by double-clicking
on the Place & Route Report process. Near the top of the file we find:

Device utilization summary:

Number of External GCLKIOBs 1 out of 4 25%
Number of External IOBs 7 out of 92 7%
Number of LOCed External IOBs 7 out of 7 100%

Number of SLICEs 18 out of 1200 1%



The displayable counter consumes 18 of the 1200 slices in the FPGA. Each slice contains two
CLBs, so the displayable counter uses a maximum of 36 CLBs. The 28-bit counter requires at
least 28 CLBs and the LED decoder requires 7 CLBs so this totals to 35 CLBs.

As a precaution, we should also double-click the Pads Report and check that the pin
assignments for the clock input and LED decoder outputs match the assignments we made

with the Constraint Editor:

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [dizp_cnt.par [READ ONLY]]

|)@ File Edit “iew Project Sowce Process Macro Window Help 181
FU@ HFE(BEFE [ BEE (2% L bR o |G r
21z
Saurces in Project I Fesolwved that IOE <s5<3>> must be placed at site Pa&0. ;l
E design? - Resolwved that GCLEIOB <clk:> must he placed at site PSE
Fesolwved that IOE <s<4>> must be placed at site P46,
25100-50g144-<5T WHDL
EI E‘E e :Ii' 'PI':li' p— Resolwed that IOE <s5<5x» must he placed at site P57,
disp Cchl |diEp ChLsCcn
@ounernuntewhd] Pesolwved that IOBE <s<f>> must be placed at site P40,
i @ ledded [C:\mphfpaa_designzhdesi
. | & Device utilization sSumnary:
'ﬁMUduleU---ltISnapshﬂt--J [y Library “I HNumber of External GCLEIOEs 1 out of 4
MNuwiler of External IOEBs 7 out of 92
| HNurber of LOCed External IOEs T out of 7
Frocesses for Current Source: |;|
El ,,,,, uﬁ? Implement Design MNumber of 3LICEs 15 out of 1zZ00
o ag? Translate
: - \JG? bap
(f Place & Route
. @ Place & Routs Repo
(y Asynchronous Delay verall effort lewvel (-aol): Z Iset by user)
Placer effort level ([-pl): 2 [8et by user)
y anPmrFE%ﬂph,P r‘lacer cogt table entrw (—-ti: 1 _I_'l
‘I' 4 L4

BT Process View I

[] countervhd (2] disp_cntpar

Done:

completed successfullwy.

JJ |<4 [ F[FI[:Conzale

For Help, press F1 |Ln 37, Cold [ B
Pinout by Signal Name:
Signal Name Pin Name Pin Direction IO Standard |IO Ban
Number
clk P88 INPUT LVTTL 4
s<0> D7 P67 OUTPUT LVTTL 3
s<1l> DIN DO P39 OUTPUT LVTTL 2
S<2> D6 P62 OUTPUT LVTTL 3
S<3> D5 P60 OUTPUT LVTTL 3
s<4> D2 P46 OUTPUT LVTTL 2
s<5> D4 P57 OUTPUT LVTTL 3
S<6> D3 P49 OUTPUT LVTTL 2




Checking the Timing

We have the displayable counter synthesized and implemented in the XC2S100 FPGA with the
correct pin assignments. But how fast can we run the counter? To find out, double-click on
the Generate Post-Place & Route Static Timing process. This will determine the maximum delays
between logic elements in the design taking into account logic and wiring delays for the routed
circuit.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [dizp_cnt.pad [READ OMLY]]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help _|5’|i|
DEU@ HFELEF D[ eEe|2W [P bE 2 e |G B
2=
Sources in Project: |
B design2
E-Ed »c2s100-8g144-25T WHD

dizp_cnt [disp_c k)
B @ counter [counter, vhd)

N BT hiodule View l 2 Shapzhat View I |E Library Wi I

== Pinout by Pin Number:
Froceszes for Curent Source: I;I —————— |- | ==-
E--¥3g# Place & Route Pin | Signal Name |
@ Place & Route Report Mudber | [
———— | __________________________ | _
F1 | | W
Pz | | Tt
i - B3 | |
: e Analyze Post-Place & Route Static Timir P4 | |
Wirna/F dit Plared Nesion (FlonPlannes - PS5 ' I H;'
| ? 9 LLI +

B Process Vien I [¥] counter.vhd I [£) disp_entpar 2] disp_cnt.pad |

Done: completed successfully.
4

JJ A [ F[FIfsConsoles FunFes

For Help, press F1 |Ln 23, Cold [ B
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After the static timing delays are calculated, double-click the Post-Place & Route Static Timing Report
to view the results of the analysis.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [dizp_cnt.pad [READ OMLY]]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help ;lilil
FU@ HFE(BEFE [ BEE (2% L bR o |G r
B

Sources in Project: |

...... E design2
EI EE wc2g100-5kg1 44257 \IHDL

DIN DO
il

@ counter [counter, vhd]
------ @ ledded [C:hmphipaa_designstdesigntedded. vhd)

N BT hiodule View l 2 Shapzhat View I |E Library Wi I

== Pinout by Pin Number:
Frocesses for Current Source: I;I
B 3a# Place & Route Fin

@ Place & Route Report Hurber

|
|
|
@ Asprchronous Delay Report J ________ == I
P1 |
Pz |
|
I
|

- P5 =
. .|“ EX ] _"_I
B Process Vien I [\ countervhd | [2 disp_crtpar [2) disp_cnt.pad |

_.I -

Process "Post-Place & Route Static Timing Report iz up to date, |Ln 29, Col | n L




Now the Timing Analyzer window appears. From the information shown in the right-hand
pane we see the minimum clock period for this design is 6.247 ns which means the maximum
clock frequency is 160.1 MHz. The maximum clock frequency on the XSA Board is 100 MHz
which is well below the maximum allowable frequency for this design.

Xilink Timing Analyzer - [dizp_cnt_twx]
=] File Edit Wiew Analze 'wWindow Help _|E’|5|

ols(E| > & (=[] BlolEE] 2]
Timing Repart Dezcription
[+ Warhings

Timing Constraints
Congtraint compliance

Timing Report Description

Data Sh i Release 4 .1WF0.x — Trace E. 30

k- Data Shest report Copyright (c) 1995-2001 Xilinz, Inc. All rights re
i Timing surmmmary
trce —2 3 -1 3 —=ml di=p _cnt disp_cnt . nocd —o disp o

De=zign file: di=p cht . nod
FPhv=sical constraint file: disp_cnt . pcf
Device. spead: ¥c2=100, -5 (PRELIMIHARY 1
Feport lewel: Error report

WARHING:Timing — Ho timing constraints found., doinc

Timing constraint: Default period analvsis

462 item= analwvzed. 0 timning errors detected.
Minimum period 1= 6.247n=.
MHazimum delay iz 11.75Zn= |

For Help, prezs F1 <MOME:> 2




Generating the Bitstream

Now that we have synthesized our design and mapped it to the FPGA with the correct pin
assignments, we are ready to generate the bitstream that is used to program the actual chip.
In this example, rather than use the gxsload utility we will employ the downloading utilities built
into WebPACK. The iMPACT programming tool downloads the bitstream through the JTAG
interface of the FPGA so we need to adjust the way the bitstream is generated to account for
this. Right click on the Generate Programming File process and select the Properties... entry from the

pop-up menu.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help

DERE HFELEF D[ eEe|2w |[» 28 2 e | r
x| :
Sources in Project: I library IEEE; =
use IEEE.STD LOGIC 1164.ALL;
use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGNED.LLL:
entity counter is
Port ( eclk : in =std logic:
count @ out std logic wector (3 d
end counter;
architecture Behavioral of counter is
| signal cnt: std logic vector (27 downto
Processes for Current Source: | begin
Dresign Entry Utilities process (clk)
Synthesize begin
. 1 1 =1 1
Implerment D esigr if clk'ewvent and clk='0' then
- cnt <= cnt + 1;
Pragrarnrning File C Bur end if;
-] Generate PROMF  Remn end process; -
B Configure Device | Rerun Al caunt_[S downto 0] <= cnt(27 downto 24);
Stap : Fnd Eehavioral: i
1= et H
B Process View I [ countervhd I
x| =
A =l
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Select the Startup options tab of the Process Properties window. Change the Start-Up Clock property
to JTAG Clock so the FPGA will react to the clock pulses put out by the IMPACT tool during the
final phase of the downloading process. If this option is not selected, the FPGA will not finish
its configuration process and it will fail to operate after the downloading completes. Note that
the startup clock is only used to complete the configuration process; it has no affect on the
clock that is used to drive the actual circuit after the FPGA is configured.

Process Properties |

General Dptinnsl Configuration options ~ Startup options | Feadback options I

Property Hame Value
Start-Up Clock 72 clock ERE |
Enakle Internal Done Pipe CCLK
Done (Cutput Events) Llser C-:u:

Enakle Outputs (Output Events)

Releaze Set/Reset (Output Events) Default (5) N
Releaze Write Enakle (Output Events) Default (5)

Releaze DLL (Output Events) Default (Moait)
Crive Done Pin High I

] Cancel | Default | Help




After setting the Start-Up Clock option, click on the OK button. Then highlight the disp_cnt object in

the Sources pane and double-click on the Generate Programming File process to create the
bitstream file.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [dizp_cnt.pad [READ OMLY]]

|)@ Fil= Edit “iew Project Souce Process Macio Window  Help

DEU@ HFELEF D[ eEe|2W [P bE 2 e |G B
2lx]

Sources in Project: |

dizp_cnt [disp_c k)
B @ counter [counter, vhd)

N BT hiodule View l 2 Shapzhat View I |E Library Wi I

S
Frocesses for Current Source: |
----- #F  Design Entry Utiities

Xap? Synthesize

Generate PROM File
Canfigure Device [iMPACT)

o of

| p— oL
A [ [ Conzoled FrinFes

Process "Post-Place & Route Static Timing Report iz up to date, |Ln 29, Col | ﬂ L




Within a few seconds, a o will appear next to the Generate Programming File process and a file
detailing the bitstream generation process will be created. A bitstream file named disp_cnt.bit
can now be found in the design2 folder.

Xilim: - Project Havigator - c-A\tmphfpga_designzidezign?idezign? npl - [dizp_cnt.pad [READ OMNLY]]

|a® File Edit “iew Project Source Process Macro Window Help =] x|
DE U@ =7 2B EER|2e |58 G r
2l -
Sources in Project: | __________________________ iy
clk |
=<0> | D7
s34l | DIN_DO J
<2 | D&
<3 | DS
s<d> | Dz
5<5> | D4
L S<E | D3
BT Wodule View l I8 Snhapzhot iew I |E Library Wiew I __________________________ | ————————-
2=l Pinout by Pin Nuwber:
Frocesszes for Curent Source: | Tt | TTTTTTTTTT T |
----- W Drezign Entry Utilities Fin I dignal Name |
Aig# Swnthesize Number | I
' X Implemert Design W4} TTTTTTTo [ === |
B G' Generate Programming File Pl I I
‘- [E1 @ Programming File Generation Repart Pz I I
~ Generate PROM File & I |
“F  Configure Device (MPACT) P4 I [
PS | d
KXl _‘>
B Process View I [¥] counter.vhd | [E] disp_cntpar () disp_cntpad |
= B
- E

JjjﬁhlIuFEﬂﬂﬁﬁjﬂﬂz_/ i

Process "Generate Programming File' is up bo date. |Ln 34, Cal 13 [ n i




Downloading the Bitstream

Before downloading the disp_cnt.bit file, we must configure the interface CPLD on the XSA

aX

board so it will work with the IMPACT programming tool. Double click the RE&EEEaE icon and
then drag & drop the piiijtag.svf file from the C:\XSTOOLS4\XSA folder into the gxsload window.
Then click on the Load button and the CPLD will be reprogrammed in less than a minute.

X gxsload I =]

& XSA X
= IR Board Type [<54-100 = Load |

File Edit “ew Go *
EE-T N Ty

| Address [ CwsTOOLS#xSA ] FPGA/CPLD Flash/EEPROM

dwnldpar. swf
fonfgl 00 svi
fintf1 00, 3t

piiijtag. zwvF
ram 00 bit A s | |

usats1 00 it Low Address | |

|1 object(z] zelected Uplaad Format IHEK j (] IHEK j 1

After the piiijtag.svf file is loaded into the XSA Board, move the shunt on jumper J9 from the xs
to the xi position. The XSA Board is now setup so the FPGA can be programmed with the
iIMPACT programming tool. Note that this process only needs to be done once because the
CPLD on the XSA Board will retain its configuration even when power is removed from the
board. (If we want to go back to using the gxsload programming utility, we must move the
shunt on J9 back to the xs position and download the dwnldpar.svf file into the CPLD.)



Now double-click on the Configure Device (IMPACT) process.

Xilim: - Project Havigator - c:Atmphipga_designsidesign2idesignZ.npl - [counter. vhd]
|)@ Fil= Edit “iew Project Souce Process Macio Window  Help

FHO EFTEEHREE DR 2R

JJ‘;"I‘: E‘E’ = |%|cs_n

=l

Sources in Project:

...... E design2
EI E,',E w2100 5tq144 =57 \IHDL

@ counter [counter, vhd]

------ @ ledded [C:hmphipaa_designstdesigntedded. vhd)

N BT hiodule View l 2 Shapzhat View I |E Library Wi I

2z

Froceszes for Curent Source:

Dezign Entry Utilities
Xap? Synthesize
A Implement Design

E ----- / Generate Programming File
i . / Fragramiing File Generation Fepart
Genelate PHDM File

likbrary IEEE:

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD_LOGIC ARITH.ALL:
use IEEE.STD LOGIC UNSIGNED.LLL:

entity counter is
Port | clk
count
end counter;

in std_logic:

architecture Behavioral of counter is
signal cnt:
begin
process (clk)
hegin
if clk'ewvent and clk='0' then
cnt <= cnt + 1;
end if;
end process;

BT Process View I

Fnd EBehavioral:
4

out std logic vector (3 d

std logic wector (27 downto

count (3 downto 0) <= cnt(27 downto 24);

-

F

[ countervhd I
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The iMPACT window will appear. Within a few seconds the XSA Board will be probed and the
JTAG chain consisting of a single XC2S100 FPGA will be detected.

D Untitled - iMPACT _ 3] x]
File Edit Operations Output “iew Help

[DSH| 5 e asen e 30 5w
Boundary Scan |5Iaw: St:riall Select Mapl

Right click dewice to select operations

TDI

xcds100
disp_cnt hit
TDOD
(Cahle conmection established. |

Elapsed tirne = 0 sec.
'1': Loading file 'disp_cntbit' ...

For Help, press F1 |Parallel |Ipt2 | 4




Click on the xc2s100 object in the IMPACT window to select this device as the target for

configuration.

D Untitled - iMPACT
File Edit Operations Output “iew Help

=] 3

[DSHE| & =0 2%

TDI

xc2z100
disp_cnt hit

TDO

D E[(W

Boundary Scan | Slave Serial I Select Map |

'1": Loading file 'disp_cnt bit' .
done.

Dewvice #1 selected
Device #1 selected

==

]

For Help, presz F1

|Parallel

|Ipt2

S
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Now select the Operations=»Program... menu item.
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The Program Options window will appear. All we need to do at this point is click on the OK
button to begin loading the disp_cnt.bit file into the FPGA.

Program Options E |

™| Eraze Betare Frogramming

[ Werify

™| Bead Pratest

™| wirite Fratect
— Wirtex2

™| Secure Mode

I} Friogram key

™| Eunctional Test

—PROk
™| Skip wser anay

™| Load Fpga
I"| Earallel Miode

™| Uze W4 fonEk

I BRGH Usercade (6 Her Chars) | FFFFRFFE

™| Bl ES: Brterupta. 0 characters

Cancel

Help

The progress of the bitstream download will be displayed. The download operation should

complete within several seconds.

Operation Status |

Executing command. .

Testing the Circuit

Once the XC2S100 FPGA on the XSA Board is programmed, the circuit will begin operating
without any further action from us. The LED display should repeatedly count through the
sequence &, 1,2, 3,4, 5,6, 48 5 R B 5 L, E F with a complete cycle taking 5.4 seconds.



Going Further...

OK! You made it to the end! You have scratched the surface of programmable logic design,
but how do you learn even more? Here are a few easy things to do:

» |n the Project Navigator window, select Help=ISE Help Contents. You will be presented with a
browser window containing topics that will let you learn more about the WebPACK
software.

» Get Essential VHDL (ISBN:0-9669590-0-0) or The Designer's Guide to VHDL (ISBN:1-
55860-270-4) to learn more about VHDL for logic design.

» Go to the Xilinx web site and read their application notes and data sheets.

» Read the comp.arch.fpga newsgroup for helpful questions and answers about
programmable logic design.
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