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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 into 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.

= It will not show you how to use the variety of peripheral devices available on the XSA
Boards.

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 groups to specific
CLBs while opening or closing the switches in the routing matrices to connect them
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 the FPGA on the XSA Board.



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
> >
o D1
<> <>
<«»| [00] [Oo] [oo] [0o] le»
Dl i< Map, Place & Route
)
<> >
3 1S
<> <>
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— Bitstream
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look-up table fco igurab'e 101010010101100101
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Generate Bitstream 010101001010101010
101010101001101010
110110110101001010
110100101011001011
001011001010101001
010101101001101001
011001100010101010
101010100110010101

Download and Test
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Installing WebPACK

Getting WebPACK

Before downloading the WebPACK software you will have to Ereate an accounj. 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.htm to begin downloading the WebPACK software.

After entering the WebPACK homepage, click on the Single File Download link as shown
below.

2} Home : I5E Logic Design Tools : Free ISE WebPACK - Microsoft Internet Explorer i [=] 3

J Q- e - 3 . - 2 | v i |J File Edit View Favorites Tools Help | i
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will automatically check for newer Service Packs and update your ISE WebPACK
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http://www.xilinx.com/xlnx/xil_entry2.jsp?sMode=login&group=swreg4&SWR_PRODUCT_ID=WP52
http://www.xilinx.com/webpack/index.htm
http://www.xilinx.com/webpack/index.htm

Next, click on the Eomglete ISE WebPACK Softwarg link. This will initiate the download of all

the WebPACK software modules that cover both FPGA and CPLD designs. After this
download completes, you also need to download Service Pack 3 to get the most current

WebPACK updates.

g http:{ fwww.ilino.com fwebpack findex htm - Microsoft Internet Explorer ;|g|5|
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|@ http:/fdirect. xilinx. com/directfwebpack 63/ MebPACK_63_fcfull _i.exe l_ l_ l_ I_ I_ |Q Internet

Installing WebPACK

After the WebPACK software download completes, double-click the WebPACK_63_fcfull_i.exe file.
The installation script will run and install the software. Accept the default settings for everything
and you shouldn’t have any problems. Then update the WebPACK software by running the

Service Pack 3 install file 6_3_03i_pc.exe.

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 pttp://www.xess.com/ho07000.htm|. Just download the

kstools4 0 5.exd file.

[

&



http://direct.xilinx.com/direct/webpack/61/WebPACK_61_fcfull_i.exe
http://direct.xilinx.com/direct/swhelp/series6/63i_sp3/6_3_03i_pc.exe
http://www.xess.com/ho07000.html
http://www.xess.com/downloads/xstools-4_0_5.exe

Installing XSTOOLs

Double-click the xstools4_0_5.exe file. The installation script will run and install the software.
Accept the default settings for everything.

Getting the Design Examples

You can download the project files for the designs shown in this tutorial from

bttg://www.xess.com/grojects/webgack-6 3-xsa.zig. The ZIP file contains versions of the

project files for each XSA Board model.



http://www.xess.com/projects/webpack-6_3-xsa.zip

Our First Design

An LED Decoder

The first FPGA design you 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:

Four-bit Input Hex Digit LED Display
0000 0

0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

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

LED 7-Segment

Decoder LED
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WebPACK Project Navigator

Project
You start WebPACK by double-clicking the B&4EEEE8 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 your design.
There are three tabs so you can view the functional modules, or HDL libraries for your
project or look at various snapshots of the project.

2. A process pane that lists the various operations you 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 you can enter HDL code. Schematics are entered in a separate

window.
Xilim-: - Project Navigator - No Projeckt - IEIIﬂ
File Edit Wiew Project Source Process Window Help
DEHE FFEEEFE|REE |2 W |4 B8R o o | ]|+
2=l

Sources in Project: |
[Ma Froject Open)

source
pane
editor
N B hodule iew l X Shapshot Wiew J |E Library Wiew I pane

2l x]
Proceszes for Source: |
[Mo Frocesses Available]

process
pane

B2 Process iew I

2|  [Empty Log)
- %| log pane

<
TN 303 CDnSDIEﬂ Find in Files )\ INlamings )’\ Enors ;’

For Help, press F1 =
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To start your design, create a new project by selecting the File=»New Project item from the menu

bar.

xilim-: - Project Navigator - No Projeck

File Edit Wiew Project Source Process  Window  Help

Open Praject. .. [!

Open Example. ..
Close Project

Save Project As...

Mew Chrl+r
Qpen... R+
Cose

Save el s
Save fs..,

Erint .. (b
Saye

Recent Projects
Recent Files

Exit:

=10l x]

AEEEEEEEE

|# el e | |

2=

I

ie_LruJ [T} Library visw |

= x|

I

B Process Yiew I

I Console £ Findin Files __ Wamings i Enors J

Create a new project




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

source files.

New Projeck x|

—Enter a Mame and Location for the Project

Praject Mame: Praject Lacatian:

C:hizeM SEexamples | I

— Select the type of Top-Level module for the Project

Top-Level Module Tope:

HOL =]

¢ Back et = Cancel Help

Click on the ... button next to the Project Location field and use the Browse for Folder window to
select a folder where your project files will be stored. For this tutorial, you will store everything
in the C:\tmp\fpga_designs folder. Click on the OK button after highlighting this folder.

Select a Directory

Ckmpifpoa_designs

{:I cpld_designs

{:l fpoa_desigrig.1
-] fpga_designs 5.2

- UTILS

7] WIADMATOOL

{71 wLahm

- WINDOWS

{7 WUTemp |

(04 I Zancel |




Next you will give your LED decoder design the descriptive title of design1 by typing it into the
Project name field. Then click on the Next button to continue creating this project.

New Projeck x|

—Enter a Mame and Location for the Project

Praject Mame: Praject Lacatian:
Idesignﬂ C:hphfpga_designs'design |

— Select the type of Top-Level module for the Project

Top-Level Module Tope:

HOL =]

¢ Back | Mext = %l Cancel Help

Now you need to tell WebPACK what FPGA you are going to use for your design. The device
family, family member, package and speed grade for the FPGA on each model of XSA Board is
shown below.

XSA Board E:;:ﬁ; Device Package ?;?::g
XSA-50 Spartan2 xc2s50 tq144 -5
XSA-100 Spartan2 xc2s100 tq144 -5
XSA-200 Spartan2 xc2s200 fg256 -5
XSA-351000 Spartan3 xc3s1000 ft256 -4




For this tutorial, you will target your design to the XSA-3S1000 Board. Click in the Value field of
the Device Family property and select the Spartan3 entry in the drop-down menu that appears.

x
— Select the Device and Design Flow for the Project
Property Name Value

Device Famiby Spartan? ot
Device CoolRunner ¥PLA3 CFLDs
Package CoolRunner2 CPLDs
Speed Grade Spartan?

Spartan2E
Top-Level Module Type
Synthesis Tool it
Simulator VirtexE
Generated Simulation Language ¥C5500 CPLDs

¥CS500XL CPLDs

XCS500XY CPLDs

< Back Mead = Cancel Help

Then click in the Value field of the Device property and select the xc3s1000.

Mew Project El

— Select the Device and Design Fow forthe Project

Property Name Value

Device Famiby Spartand

Device wc3shl 5

Package wcdsh0

Speed Grade wcds200
wcds400

Top-Level Module Type 210001

: NG
: : wc3s 15000

Generated Simulation Language w2000
wc3=4000
e 3s4 000

< Back Mext = Cancel Help




Now click in the Value field of the Package property and choose the ft256 package.

x|
— Select the Device and Design Fow forthe Project

Property Name Value
Device Famiby Spartand
Device xc3= 1000
Fackaoge ftZ56 =
Speed Grade Fg3z0

fgd56
Top-Level Module Type fg&7E
Sythosi Too E——
Simulator Cither kg
Generated Simulation Language WHDL
< Back Meat = Cancel Help
Then set the speed grade property for the FPGA to -4.
x
— Select the Device and Design Fow forthe Project

Property Name Value
Device Famiby Spartand
Device xc 3= 1000
Fackaoge ft 256
Speed Grade 4 -

-B
Top-Level Module Type
Synthesis Tool ¥S5T (WVHDLAVerlog)
Simulator Cther
Generated Simulation Language WHDL
< Back Meat = Cancel Help




The Top-Level Module Type, Synthesis Tool, Simulator and Generated Simulation Language can all be left at
their default values, so you can just click on the Next button to continue creating the project.

=
— Select the Device and Design Fow forthe Project
Property MName Value
Device Famiby Spartand
Device xc 3= 1000
Fackaoge ft 256
Speed Grade -
Top-Level Module Type HOL
Synthesis Tool ¥S5T (WVHDLAVerlog)
Simulator Cther
Generated Simulation Language WHDL
< Back Mext = Cancel Help

Click the Next button on the next window that appears. (You will create the VHDL source code
at a later step.)

New Projeck x|

— Create a Mew Source

Source File Type MNew Source... |

1
Hemowve |

Create a new source bo add to the project [optional]. Only one new source can be specified now.
Additional new sources can be added after project creation uzing the '"Project->Mew Source"
commatd

¢ Back I Mext = ! Cancel Help
b




You have no existing source files to add to this project, so once again click the Next button.

New Projeck x|

—a&dd Exizting Sources

5 Fil T C to Proj -
ource File ype SE m|e-::£ Add Sn:nurn::e...l

— Hemawe |

I ]

oo —

Add exizting sources to the project [optional]. Additional sources can be added after project
creation uging the "Project-»4dd Source' or "Project-»Add Copy of Source" commands.

¢ Back I Mext = [! Cancel Help

The final screen shows the pertinent information for the new project. Click on the Finish button
to complete the creation of the project.

New Project Information x|
Project Mavigator will create a new Project with the following specifications: |
Project:

Project Mame: designl
Project Location: C:Mmp*fpga_designs*design
Project Type: HDL
Device:
Device Famiby: Spartanid
Device: xc3s1000
Package: ft256
Speed Grade: -4

Top-Level Module Type: HOL
Syrthesis Tool: X5T (WHDLVerlog)
Simulator: Cther

Generated Simulation Language: VHDL

< Back I Finishi I Cancel Help




Now the Sources pane in the Project Navigator window contains two items:

1. A project object called design1.

2. A chip object called xc3s1000-4ft256.

}(ilinx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl o ] [
File Edit View Project Source Process Window Help
PSE@ EFEEEREE R ||+ a0 o |m =l
==

N 4% Module .. | g Snapshot . | [T Libeary view |

Al
Processes for Source: "wc3s1000-4f256" |

" process view |

kS|
|

1 |
[4] 4> [M]: Console £ FindinFiless b Wamings ) Emors J
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Describing Your Design With VHDL

Once all the project set-up is complete, you can begin to actually design your LED decoder
circuit. Start by adding a VHDL file to the design1 project. Right-click on the xc3s1000-4{t256
object in the Sources pane and select New Source ... from the pop-up menu as shown below.

£ xilinx - Project Navigator - C:\tmp\fpga_designs\design1\designi.npl =15l
File Edit View Project Source Process Window Help
DS G W7 EHREE([EBEE|(| s oe|o | B
Al
Sources in Project: |
...... E design
Add Source... g Insert
Add Copy of Source... Shift+Hnsert
L Remaye Delete
Wi vosu= . | I Mowe b Likrars ..
—_— DEEn
Processes for Source
ﬁ Toggle Paths
....... = Crest Properties...
..... Design Entry Utilities
N 'ﬁhmh‘iewl
x|
i
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1 |
[ 4[> [#I]: Console £ FindinFiles J Wamings b Emors J

Add a new source to the project Hﬁ




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

New Source x|

E Embedded Processor
IP {Architecturs Wizard)

@ Schematic
File Name:
@ State Diagram & fRame
Test Bench Waveform ||E'I|'2|CE|
@ IUser Document
Verlog Module Location:
EE”;DE JI:St Fodure IC:"-imp"-fpga_design5"-.J:|esign1
rary _‘
EI WHD odule

[F] VHOL Package
8] VHDL Test Bench

IV Addto project

< Back Mext > Cancel Help




The Define VHDL Source window now appears where you can declare the inputs and outputs
to the LED decoder circuit. In the first row, click in the Port Name field and type in d (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 x|

Entity Mame Ileddcd

Architecture Mame IBehavinraI

Port Hame Direction M5B LSB

LI»

< Back I MHext = I Cancel Help |

Perform the same operations to create the seven-bit wide s bus that drives the LEDs.

Define YHDL Source |

Entity M ame Ileddcd
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You must also click in the Direction field for the s bus and select out from the drop-down menu in
order to make the s bus signals into outputs.

Define YHDL Source |

Entity M ame Ileddcd

Architecture Mame IEehaviDral

Port Name Direction MSB LSB |

d in 3 0 -
5 in =|E 0

in

it

in
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i
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it

i - |

< Back I M et = I Cancel Help |

Click on Next in the Define VHDL Source window to get a summary of the information you just
typed in:

Mew Source Information 5[

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

Source Type: YHOL Module ﬂ
Source Mame: ledded.vhd

Entity Mame: ledded

Architecture Mame: Behaviaral

Puart Definitions:

d vector: 30 i
£ vector: B0 falll

i o

Source Directory: o vtmphfpga_designsdesign

< Back I Finizh I Cancel | Help |
by




After clicking on Finish, the editor pane of the Project Navigator window displays a VHDL
skeleton for your LED decoder. (You can 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 11-14. You will describe the logic operations of the decoder in the

architecture section between lines 18 and 21.

)(ilinx - Project Navigator - C:\tmp\fpga_designs\design1\designil.npl - [leddcd.vhd] - |EI|5|
[/ Fle Edit view Project Source Process Window Help 2| 18] =l
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PFEI HPE R E[EERR| e o | |+
==l
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o . esign 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
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: 7 -- provided for instantiating Xilinx primitive component
8 --Tlibrary UNISIM;
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10
= 11 entity leddcd 1is
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14 end leddcd;
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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 20-35).

Bl leddcd.vhd - ISE Text Editor | -10| x|
File Edit
H B o | e% %%

1ibrary IEEE; ;I
use IEEE.STD_LOGIC_13164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGHED.ALL;

--  Uncomment the Tollowing 1ines to use the declarations that are
-- provided for instantiating Xilinx primitive components.
--Tibrary UNISIM;

--use UNISIM.vComponents.all;

entity leddcd is
Port ( d @ in std_logic_wector (3 downto 0);
s : out std_logic_wector (& downtao 0));
end Teddcd;

o

architecture Behavioral of Teddcd 1is
begin

5 «£="1110111" when d="0000" else
"0010010" when d="0001" else
"1011101" when d="0010" 2lse
"1011011" when d="0011" else
"0111010" when d="0100" else
"1101011" when d="0101" els
"1101111" when d="0110" else
"1010010" when d="0111" 2ls5e
"11111311" when d="1000" 2lse
"113131011" when d="1001" else
"11111310" when d="1010" 2lse
"0101111" when d="1011" else
"0001101" when d="1100" else
"0011111" when d="1101" else
"1101101" when d="1110" else

(]

gwwwwwwrummmmmmm [ e
MEWKN-2000~0MERNN 2000~ MLORN 00O~ DMEWNMN=

"1101100"]
27 end Behawvioral;
38 R
4| | 3
Far Help, press F1 [ v

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



Checking the VHDL Syntax

You 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.

E 1 Xilinx - Project Navigator - C:\tmp\fpga_designs\design1\designi.npl - [leddcd.vhd] _ O] x
|9
[/ Fle Edit view Project Source Process Window Help 2| 18] =l
Su = o A
PFEI HPE R E[EERR| e o | |+
==l
1 Tibrary IEEE; -
Sources in Project: | 2 use IEEE.STD_LOGIC_1164.ALL; —
B desian 2  use IEEE.STD_LOGIC_ARITH.ALL;
o . esign 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
= xc3s1000-4ft 256 5
L @ leddcd-behavioral (edded vhd) & -- Uncomment the following Tines to use the declarations
: 7 -- provided for instantiating Xilinx primitive component
8 --Tlibrary UNISIM;
o --use LhISIH.\.-'Cn;'por‘er*ts.a";
10
i 11 entity leddcd is
'Ifl.b:l.lle...ln&'lqm::l...‘ @may‘.l'iewl 12 Port ( d : in std_Togic_wector (3 downto 0);
= : out std_logic_vector ownto H
12 t std tor (6 downto 0))
14 end leddcd;
2=l | |is '
16 architecture Behavioral of ledded is
Processes for Source: “leddcd-behavioral” I; 17
Add Exsting Source jlg begin
Create New Source 20 5 =="1110111" when d="0000" &lse
Design Entry Uttes 22 +I012202" When d="0023" o1ac -
- W =
User Constraints B "1011011" when d="0011" else
Syrthesize - X5T 24 "0111010" when d="0100" else
. 125 "1101011" when d="0101" els
View Syrthesis Report o6 "1101111" when d="0110" else
View RTL Schematic =27 1010010 when d="0111" else
22 "1111111" when d="1000" else
frree = AR R E -r.-hnr A="1nN1" elza had
Implement Design - <I | 4

[ ledded vhd I

x| deleting et ;I
i deleting __projnaw/design1.afl
deleting __projnav/design1_flowplus gf _Ij
4 3
[ 4 [ * ¥ ] Console £ FndinFiles }, Wamings } Emors f
For Help, press F1 [niicol 1 | |4

The syntax checking tool grinds away and then displays the result in the process window. In
this 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

You can find the location of the error by scrolling the log pane at the bottom of the Project
Navigator window until you find an error message. In this case, the error is located on line 25
and you can manually scroll there. You can also right-click on the error message in the log
pane to go directly to the erroneous source. (This is most useful in more complicated projects
consisting of multiple source files.)

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl - [leddcd.vhd] o ] [
[A) File Edit view Project Source Process Window Help 2| 18| xl
PEHG EFELREE [RGB |0 @ -]

==
Sources in Project: I

Tibrary IEEE; N
use IEEE.STD_LOGIC_1164.ALL; I
use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

--  Uncomment the following lines to use the declarations
-- provided for instantiating Xilinx primitive component
--Tlibrary UNISIM;

--use UNISIM.VComponents.all;

— entity leddcd is

N_l_l._l
QNN AOMEWUNOOO~DmEWRN =

4
= 1
.'I:I.'Io:l.lle...lua'lmhu...] Emay‘.ﬁew] 1 Port ( d : in std_logic_wvector ({3 downto 0J);
1 s @ out std_logic_vector (e downto 0));
1 end leddcd;
1=l 1 !
1 architecture Behavioral of leddcd is
Processes for Source: "leddcd-behavioral” I;
------- [  Add Edsting Source pegin
"""" E  Create New Source 5 «="1110111" when d="0000" else
..... Design Entry Utiliti 121 "0010010™ when d="0001" else s
& W ssan W_ Hes el "1011101" when d="0010" else
g User Constraints EE "1011011" when d="0011" else
=X Syrithesize - XST 2q "0111010" when d="0100" else
b View Syrithesis R 125 "1101011" when d="0101" els
: iew Synthesis Report 26 "1101111" when d="0110" else
View RTL Schematic 27 "1010010" when d="0111" else
H 25 "113131131" when d="1000" else
- {33 Check Syntax b = "I111011" whan d="10n1" Alsa hd
e Implement Design ‘I I 4
i - |

—'Imec:ess‘.ﬁewl — "M leddcdvhd |

ﬂ "E"‘“"‘ oD 2ot ’[:ﬁmpﬁpga_designsfdesign1;‘13ddcd.vhd Line 25. parse emor, unexpected IDENTIFIER, expecting SEMICOLON d
’ opy

not complete. _Ij
‘ 3
Goto Solution Record %

L ndin Files J, Wamings b Emors J

Select Al v fxst_spriTOstx_td.rsp' failed with code: 00001 lbn 11 Col 1 | L

Sana Ao

Proce

On line 25, you can see that the ‘e’ was left off the end of the e1se keyword. After correcting
this error, double-click the on Check Syntax in the Process pane to re-check the VHDL code. You
will be asked to save the file before the syntax check proceeds. Click on Yes.

Xilinx Project Navigator x|

<P The following Project files have been edited but not saved:
\:() C:\tmp\fpoa_designs\design 1Yeddcd. vhd

Do you want to save these files before continuing?

‘fes Mo Cancel




The syntax checker now finds another error on line 37 of the VHDL code.

)(ilinx - Project Navigator - C:\tmp\fpga_designs\design1\designil.npl - [leddcd.vhd]

[/ Fle Edit view Project Source Process Window Help

I [=15
»| 18]

PEHG FFELREEBER || bR o | @

BRI

B

Sources in Project:

B £ xc3s1000-47256

------ [] leddcdbehaviorsl (ledded vhd)

N % oduke .. | i Snapsnot . | [T Library view |

x|

Processes for Source: “leddcd-behavioral”

|-]

Add Exdsting Source
Create New Source
Design Entry Utilities
User Constraints
Synthesize - X5T

Implement Design

.

View Syrthesis Report
ﬁ View RTL Schematic
X3 Check Syntax

L=

|

N 'ﬁﬁm&ss‘.ﬁewl

‘IE ledded vhd I

11 entity leddcd is

12 Port ( d : in std_logic_wector(3 downto 0);
13 5 @ out std_logic_vector (& downto 0));
14 end leddcd;

15

16 architecture Behavioral of leddcd is
17

18 begin

g

20 5 =="1110111" when d="0000" else
121 "0010010" when d="0001" else
22 1011101 when d="0010" else
232 "1011011" when d="0011" else
24 "0111010" when d="0100" else
25 "1101011" when d="0101" else
26 "1101111" when d="0110" else
27 "1010010" when d="0111" else
28 13111111 when d="1000" else
29 1111011 when d="1001" else
20 "13111110" when d="1010" else
21 "0101111" when d="1011" else
32 "0001101" when d="1100" else
23 "0011111" when d="1101" else
34 1101101 when d="1110" else
25 "1101100"

36
=27=melnd Behavioral;
38

KIN

Ik ERROR: XST failed

4

Process "Check Syntax” did not complete.

Eli ERROR:HOLParsers: 164 - C:/Amp/fpga_designs/design1Aedded vhd Line 37. parse emor, unexpected END, expecting SEMICOLON

|
A4 [ [M], Console £ FindinFiles }_ Warmimgs }_Errors [

Process 'xst_spriTOste. tcl _ projnavfxst_spriTOstx_tcl.rsp’ failed with code: 00001 |Lr'| 37Col 1




Examining line 37, you can see it is just the end statement for the architecture section. The
VHDL syntax checker was expecting to find a ';' but it is missing from the end of line 35. Add
the semicolon and save the file. Now when you double-click the Check Syntax process, it runs

and then displays a & to indicate there are no more errors.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl - [leddcd.vhd]
[/ Fle Edit view Project Source Process Window Help

—lol x|
»| 18] ]

NEHE FFELREEBER|®

| me|o o |m

R

B

11 entity leddcd is
Sources in Project: I 12 Port ( d : in std_logic_wvector ({3 downto 0J); :I
- 13 s @ out std_logic_vector (e downto 0));
o[ designt 14 end ledded;
E|E.','3 xc3s1000-4ft 256 15 ) ) )
P @ ledded behavioral (edded vhd) jl? architecture Behavioral of leddcd is
18 begin
9=
20 5 =="1110111" when d="0000" else
= 21 "0010010" when d="0001" else
'ﬁm&...lu&ap@hu_.l Emay'.ﬁewl e "1011101" when d="0010" else
23 "1011011" when d="0011" else
24 "0111010" when d="0100" else
2=l 26 "1101011" when d="0101" else
26 "11011311" wh d="0110" el
Processes for Source: "leddcd-behavioral” I; =7 "1p10010" :.hiﬂ d="p111" :@E
Add Existing Source 28 13111111 when d="1000" else
29 1111011 when d="1001" else
Create New Source 20 "1111110" when d="1010" &lse
i 21 "0101111" when d="1011" else
Design Entry Lkilties
. 32 "0001101" when d="1100" else
User Constraints 23 "0011111" when d="1101" else
Synthesize - X5T 34 "1101101" when d="1110" else
; View Synthesis Report gg 110110075
= View RTL Schematic 37 end Behavioral; |
S - <| | >|
T rocss view | [ leddedvhd |
| Compiling vhdl file C:/tmp/fpga_designs./design1eddcd .vhd in Library work. d
i Entity <leddcd> {Architecture <Behavioral>) compiled.
Completed process "Check Syntax”. -
4 3
[4] 4> [M]: Console £ FindinFiless b Wamings ) Emors J
Process "Check Syntax” is up to date. |Ln 35 Cal 17 | =




Synthesizing the Logic circuitry for Your Design

Now that you have valid VHDL for your design, you 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-XST process as shown below.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl - [leddcd.vhd] o ] [
[A) File Edit view Project Source Process Window Help 2| 18| xl
PEHE EFELREE BGRB[0 @ Eps
2l
115 entity Tedded is ;I
Sources in Project: I 12 Port ( d : in std_logic_wvector({3 downto 0J);
desian 13 s @ out std_logic_vector (e downto 0));
o g esign 14 end leddcd;
- £3 xc3s1000-4f256 15 . . )
" [¥] ledded-behavioral (edded vhd) :‘I? architecture Behavioral of leddcd is
jlg begin
20 5 «="1110111" when d="0000" else
= 121 "0010010" when d="0001" else
'ﬁm&...lu&ap@hu_.l Emay'.ﬁewl e "1011101" when d="0010" else
23 "1011011" when d="0011" else
24 "0111010" when d="0100" else
:Iﬁl 125 "1101011" when d="0101" else
26 "1101111" when d="0110" else
Processes for Source: “leddcd-behavioral” I; =7 "1010010" '::I}"'er" d="0111" &lze
....... ioti 25 "113131131" when d="1000" else
0] Add Busting Source ped=] "1111011" when d="1001" else
------- (| Create Mew Source 30 "1111110" when d="1010" else
..... Design Entry Utiliti 21 "0101111™ when d="1011" else
i Al s 22 "0001301" when d-"1100" e15e
""" 33 "00111311" when d="1101" else
2 24 "1101101" when d="1110" else
H E . 25 "1101100™;
View Syrtledsis Report g !
: @&  View RTL Schematic 27  end Behavioral; L
L Check Syntax — et -
e O Implement Design H ‘I I 'I
—_— Cam ¥ — . n - r -
N B8 Process View | [/ ledded.vhd |
| Compiling vhdl file C:/tmp/fpga_designs./design1eddcd .vhd in Library work. d
i Entity <deddcd> {Architecture <Behavioral>) compiled.
Completed process "Check Synta”. -
4 | 3
[4] 4> [M]: Console £ FindinFiless b Wamings ) Emors J
Process "Check Syntax” is up to date. |n 35 Col 17 | =

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

less than 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 device utilization and timing statistics for the synthesized design. You can
also double-click on View RTL Schematic to see the schematic that was derived from the VHDL
source code, but it's not very interesting in this case.



Implementing the Logic Circuitry in the FPGA

You now have a synthesized logic circuit for the LED decoder, but you need to translate, map
and place & route it into the logic resources of the FPGA in order to actually use it. Start this
process by highlighting the leddcd object in the Sources pane and then double-click on the
Implement Design process.

)ﬁlinx - Project Navigator - C:\tmp\fpga_designs\design1\designil.npl - [leddcd.vhd] - |EI|5|
[/ Fle Edit view Project Source Process Window Help 2| 18] =l
Su = o A
NEEG HPEEREE([EERR | e o | |+
lxl _ _
115 entity ledded s ;I
Sources in Project: | 12 Port ( d : in std_logic_wector(3 downto 0);
E design 13 5 @ out std_logic_vector (& downto 0));
. 14  end leddcd;
- £ xc3s1000-4t256 15 i ' ) i
L @ leddcd-behavioral (edded vhd) jl? architecture Behavioral of leddcd is
18 begin
g
20 5 £="1110111" when d="0000" else
= 121 "0010010" when d="0001" else
% oduke .. | i Snapsnot . | [T Library view | 52 “1011101" when d="0010" else
23 "1011011" when d="0011" else
= 24 "0111010" when d="0100" else
= 25 "1101011" when d="0101" else
26 "11011311" wh d="0110" el
Processes for Source: “leddcd-behavioral” I;l =7 "1010010" .::.,,gﬁ d="0111" :—é:
....... 1  Create New Source 28 "1111111" when d="1000" else
29 "113131011" when d="1001" else
@  Design Entry Utilities 20 "1111110" when d-"1010" else
i W |Jser Constraints 21 "0101111" when d="1011" else
32 "0001101" wh d="1100" el
B 3e? Synthesize - X5T 33 "0011111" when d-"1101" else
: | View Svrthesis Report 34 "1101101" when d="1110" else
it p " ",
ﬁ View RTL Schematic gg 11011007
e Check Syntax 37 end Behavioral; |
B o v
B Generate Progra g File = <| | Fl
T Erocsss view | [ leddcdvhd |
= B
Completed process "Synthesize". -
4 3
[ 4[> [#]+ Console £ FindinFiles J Wamings b Emors J
Process "Synthesize - XST" is up to date. [ 35 Col 17 | | 4,




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 implementation
is completed in less than 30 seconds (on a 1.8 GHz Athlon PC with 512 Mbytes or RAM). 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 you 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 FPGA device
you 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 ¥ to indicate a successful completion but some warnings were issued or
not all the subprocesses were enabled.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl - [leddcd.vhd] o ] [
[/ Fle Edit view Project Source Process Window Help 2| 18] =l
r g 5 E BLEREEBRGE R || -BRBR 2 = - A
O =
==l = -
115 entity ledded s :I
Sources in Project: I 12 Port ( d : in std_logic_wvector ({3 downto 0J);
desian 13 s @ out std_logic_vector (e downto 0));
o Bl design 14 end leddcd;
E|E','3 xc3s1000-4ft 256 15 . i .
P @ ledded behavioral (edded vhd) jl? architecture Behavioral of leddcd is
18 begin
9=
20 5 =="1110111" when d="0000" else
= 21 "0010010" when d="0001" else
'ﬁm&...lu&ap@hu_.l Emay'.ﬁewl e "1011101" when d="0010" else
23 "1011011" when d="0011" else
24 "0111010" when d="0100" else
2=l 26 "1101011" when d="0101" else
26 "11011311" wh d="0110" el
Processes for Source: "leddcd-behavioral” I;l =7 "1p10010" :.hiﬂ d="p111" :@E
= 7 - 28 13111111 when d="1000" else
2 U:’ ynthesme *ST . 129 1111011 when d="1001" else
Bl View Syrthesis Report 30 "1111110" when d="1010" &lse
ﬁ View RTL Schematic 21 "0101111™ when d="1011" else
— 32 "0001101" when d="1100" else
-0 Check Syrtax 33 "0011111" when d="1101" else
34 1101101 when d="1110" else
35 "1101100";
35
37 end Behavioral;
23 =
Generate Programming File ﬂ <| | 'l
T rocss view | [ leddcd.vhd I
x| B
| Place & Route Module leddcd . . .
PaR, command 1ine: par —w -intstyle ise -0l std -t 1 Teddcd_map.ncd leddcd.ncd Tedded. pef
PAR completed successfullv -
4 3
[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Process Tmplement Design”is up to date. |Ln 35 Cal 17 | | 4,




Checking the Implementation

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

)ﬁlinx - Project Navigator - C:\tmp\fpga_designs\design1\designil.npl - [leddcd.vhd] - |EI|5|
[/ Fle Edit view Project Source Process Window Help 2| 18] =l
n'] = > L
PFEI HPE R E[EERR| e o | |+
x| _ _
115 entity ledded s ;I
Sources in Project: | 12 Port ( d : in std_logic_wector(3 downto 0);
[j design 13 5 @ out std_logic_vector (& downto 0));
. 14  end leddcd;
- £ xc3s1000-4t256 15 i ' ) i
L Eﬂ leddcd-behavioral (edded vhd) 1? architecture Behavioral of leddcd is
18 begin
g
20 5 £="1110111" when d="0000" else
= 121 "0010010" when d="0001" else
% oduke .. | i Snapsnot . | [T Library view | 52 “1011101" when d="0010" else
23 "1011011" when d="0011" else
24 "0111010" when d="0100" else
2=l 25 "1101011" when d="0101" else
26 "11011311" wh d="0110" el
Processes for Source: “leddcd-behavioral” I;l =7 "1010010" .::.,,gﬁ d="0111" :—é:
= X3¢/ implement Design s 110117 When da"1002" o1ac
H L =
""" Gs Translate =0 "1111110" when d="1010" else
m--y Map 21 "0101111" when d="1011" else
: 32 "0001101" wh d="1100" el
=--¥3e# Place & Route 33 "0011111" when d-"1101" 1se
: “ Place & Route Report 24 ':1101101': when d="1110" else
Asynchronous :N— F gg 11011007
/ Pad Report 37 end Behavioral; | |
- Guide Results Report B -
= — h-1 e ok Pl n|____'c|l;‘ ‘I I ’I
T Erocsss view | [ leddcd.vhd I
x| B
| Place & Route Module Tedded . . .
PAR command line: par -w -intstyle ise -0l std -t 1 Teddcd_map.ncd leddcd.ncd leddcd.pcf _Ij
PAR completed successfullv
4 3
“ [4[ 4 [ *[* ]+ Console £ FindinFiles }, Wamings } Emoes f
Process Tmplement Design”is up to date. |Ln 35 Cal 17 | | 4,

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 7680 available slices in the XC3S1000 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 11 out of 173 6
Number of LOCed External IOBs 0 out of 11 0%

Number of Slices 4 out of 7680 1%



The pad report shows what pins the inputs and outputs use to enter and exit the FPGA. (The
pad report was edited to remove unused pins and fields so it would fit into this document.)

Pin Number|Signal Name |Pin Usage |Direction |IO Standard |

M6 |d<1> | IOB | INPUT | LVCMOS25 |
M7 | d<3> | IOB | INPUT | LVCMOS25 |
N5 | s<4> | IOB | OUTPUT | LVCMOS25 |
N6 | s<1> | I0B | OUTPUT | LVCMOS25 |
N7 | s<6> | IOB | OUTPUT | LVCMOS25 |
P5 | s<5> | IOB | OUTPUT | LVCMOS25 |
P6 | s<2> | IOB | OUTPUT | LVCMOS25 [
P7 | d<0> | I0B | INPUT | LVCMOS25 |
R5 |d<2> | IOB | INPUT | LVCMOS25 |
R6 | s<3> | IOB | OUTPUT | LVCMOS25 |
R7 | s<0> | TOB | OUTPUT | LVCMOS25 [

Assigning Pins with Constraints

The problem 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 you actually want to use on

the FPGA. The FPGA on each XSA Board has eight inputs which are driven by the PC parallel
port and you should assign the LED decoder inputs to four of these as follows:

LED Decoder

XSA-50 XSA-100 XSA-200 XSA-351000
do P50 P50 E13 N14
d1 P48 P48 C16 P15
dz2 P42 P42 E14 R16
d3 P47 P47 D16 P14

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

LED Decoder

XSA-100 XSA-200 XSA-3S1000
Output
sO P67 P67 N14 M6
s1 P39 P39 D14 M11
s2 P62 P62 N16 N6
s3 P60 P60 M16 R7
s4 P46 P46 F15 P10
s5 P57 P57 J16 T7
s6 P49 P49 G16 R10

How do you direct the implementation process so it assigns the inputs and outputs to the pins
you want to use? This is done by using constraints. In this case, you would be constraining




the implementation process so it assigns the inputs and outputs only to the pins shown in the
previous tables. Start creating these constraints by right-clicking the leddcd object in the Sources
pane and selecting New Source... from the pop-up menu.

)(ilinx - Project Navigator - C:\tmp\fpga_designs\designl\designl.npl - [leddcd.pad_txt ( - |EI|5|
[2] Fle Edit view Project Source Process Window Help 2| 18] =l
Su = o L
FHD FFEERREEBERE| 2R (o |n -] e
Al
22 N14 I0B IO_L13P_3 UNU
ources in Project: 223 N1S I0B I0_Li7P_3/VREF_3 UNU
5 in Project
[ ¢ ] 24  Nis 108 TO_L17N_3 UNU
""" esign 225 Pl 108 I0_LO1P_&,/VRN_& UKU
E| £ xc3s1000-4t256 beis el I0E I0_L16N_& UNU
T T ——— 227 P3 MO
------ [¥] ‘edded behavioral fedded vhd} B R Mz
Add Source.. Insert Sz I0B I0_L23IP_5 /VREF_S ouT
i 108 I0 INP
. Add Copy of Source... Shift+Insert I0B I0_L3I2N_5,/GCLK3 UNU
B Module ... | 0¥ Snapshos ... |E L | I0B I0_L31P_4,/DOUT/EUSY | UNU
Remaove Delete I0E TO_L30N_4,/Dz UNU
I0B IO_L28N_4 UNU
Maove to Library... I0B TO_L25N_4 UNU
108 IO/ VREF_4 UNU
Processes for Source: "leddcd-behavic e I0B IGiLlEP:3 UNU
e I0B TO_L16N_3 UNU
= /A"plemem Design I0B IO_LOLIN_3/VRP_3 UNU
Gio# Translats Toggle Paths I0E IO_LDIN_6/VRP_& UNU
Tan® Mg Properties, . GND
U' P 5 I0B I0_LO1P_5,/C5 B UNU
""" ' Place & Route 1 R4 108 I0_L10P_5 /VRN_S UNU
[21e# Place & Route Report RS dez= I0B I0_L27N_5/VREF_S INP
h Delay E RE <3 I0B I0_L23N_5 ouT
Asynchronous Delay R7 S<0= 108 I0_L31P_5 /D5 ouT
o Pad Report R.E GND
: R3 108 TO_L3ZN_4/GCLKL UNU
Guide Results Report B0 ThR TnTL ane arna 1K1 _I'
l—| [ P PR N | PR . ’
. .| LlJ
o [ — I [A) leddcdvhd | [2) leddcd par (... [2] ledded pad t...

x|
| Place & Route Module ledded .
PAR command line:
PAR completed successfullv
4

par -w —1ntsty1e ise -0l std -t 1 leddcd_map.ncd leddcd.ncd leddcd.pcf

[ 4[> [#]+ Console £ FindinFiles J Wamings b Emors J

Add a new source to the project
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Select Implementation Constraints File as the type of source file you want to add and type 1eddcd in
the File Name field. Then click on the Next button.

MNew Source il

EMM File
E Embedded Processor
@ Implementation Constraints File

R File Name:

IP (Architecturs Wizard) 1= eme

MEM File [leddcd

@ Schematic

@ State Diagram Location:

Test Bench Waveform IC:"-imp"-fpga_u:lesign5"-.J:Iesign'I

@ |User Document
Werlog Module
Verlog Test Fodure
) VHDL Library

[+] VHDL Module

[¥] VHDL Package
2] VHDL Test Bench

V¥ Addto project

< Back Mend = Cancel Help

Then you are asked to pick the file that the constraints apply to. For this design there is only
one choice, so click on the Next button and proceed.

setect x|

Source File

leddzd

< Back I MHext = r ! Cancel Help
b




You will receive a feedback window that shows the name and type of the file you created and
the file to which it is associated. Click on the Finish button to complete the addition of the

leddcd.ucf constraint file to this project.

Mew Source Information il

Froject Mawvigator will create a new skeleton zource with the
following zpecifications:

Source Type: Implementation Conzstraints File ﬂ
Source Mame: ledded. uct
Azzociation: leddcd

b o

Source Directory: ¢ hmpsfpoa_designshdezign

< Back I Firizh il Cancel | Help |




Now highlight the leddcd.ucf object in the Sources pane and double-click the Assign Package Pins in
the Process pane to begin adding pin assignment constraints to the design.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\designl\designl.npl - [leddcd.pad_txt (READ

@ File Edit Wiew Project Source Process Window Help

NEEE BFELREE BR[|

|t me|o o &

x|

Sources in Project:

= £ xc3s1000-4256
- [¥] leddedbehavioral (ledded vhd)

N 4% Module .. | g Snapshot . | [T Libeary view |

S

Processes for Source: "ledded ucf”

-B  Add Existing Source

-8B  Create New Source

User Constraints

Create Timing Constraints

Edit Constraints (Texd)

" process view |

222 N14 I0B
2232 W15 I0B
224 N1& I0B
226 P1 I0B
226 P2 I0B
227 P3
228 P4
220 P5 5<5> I0B
230 P& S22 I0B
231 P7 dezl I0B
232 P& 10B
2332 =] I0B
234 P10 I0B
236 P11 I0B
1236 P12z I0B
237 P13 108
238 P14 I0B
230 P15 I0B
240 P16 I0B
241 R1 I0B
242 R2
2432 RZ I0B
(24 R4 I0B
246 RE dz= I0B
246 R& 53> I0B
247 R7 s<0> I0B
242 RE
249 R3 I0B
BAN TR

AN
BT

[A) ledded.vhd | [2) ledded par ... [2)ledded pad_t..

_1O x|

2| =] x|

-l .
I0O_Li19P_3 UNU &
I0O_L17P_3/VREF_3 UKNU
IO_L17N_3 UKU
IO_LO1P_&/VRN_& UNL
I0O_L1laN_& UKU
MO
M2
IO _L27P_5 ouUT
IO_L29P_5 /VREF_S ouT
IO IKP
IO_L3ZN_5/GCLKS UKD
I0_L21P_4,/DOUT/BUSY | UNU
IO_L3I0ON_4,/D2 UKU
IO_L28N_4 UNL
IO_L25N_4 UKU
IO/ VREF_4 UNU
I0O_LiaP_3 UNL
IO_L1lanN_3 UKU
IO_LOIN_32/VRP_3 UNL
IO_LO1IN_&/VRP_& UKU
GHD
IO_LO1P_5/C5_B UNL
IO_L10P_5 /WRN_E UKD
TIO_L27N_5 /VREF_5 INP
I0_LZ3N_5 ouT:
I0_L31P_5,/DE ouUT
GMD
IO_L3Z2N_4,/GCLEKL UKD =
T 1 2NP_ 4/ M=z 1IN
]

kS|
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Launching application for process "Assign Package Pins [UCF)™.

T

M\ Console £ Findin Files  } Wamings } Emors f

Process "Assign Package Pins” is up to date,
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The Xilinx PACE window now appears. Click on the Ports tab in the upper pane. A list of the
current inputs and outputs for the LED decoder will appear in the Design Object List — 1/0
Pins pane. You can change your pin assigments here.

; Xilinx PACE - C\tmp\fpga_designs\designl\leddcd.uck - 10| x|
File Edit View IOBs Areas Tools Window Help

D E (&S| |n £ (EHD (LIRS

EldlnmemED|Xaaxam||C

o] x| evice Architecture S =l 4 x|
| || Symbal | Pin Type I
= User IO
[ ] Lser Prohibit
[ | GND
| | WCCINT
WCCALK
[ | WCCO
L4 COMFIG
Design Object List - I/0 Pins =101 x| ) :;T:ﬁ J GCK
150 Name| /O Direction)| Loc Bank 170 Std. Power Management
|=s<6: Output Mot Connected
=5 Output Bank0
Chs<d: Output
ID 543> OutEut gank1
=2 Output Bank2
|=sa: Output Bank3
sl Output Bank4
1 4 Bank5
Group)| I/0 Direction| Loc I/0 Std. | Vel Banks
B 75 |Oupat Bank7
4 |d Input
1| | ¥ | | LI Paciage View ), Archites I

For Help, press F1 i




You start by clicking in the Location field for the d<0> input. Then just type in the pin assignment
for this input: N14. Do this for all of the inputs and outputs using the pin assignments from the
tables shown previously. The Xilinx PACE window now appears as follows.

#§ xilinx PACE - [Design Object List - I/0 Pins] =101 x|
File Edit View IOBs Areas Tools Window Help =] x|
[DEE|E|-|(n £|n a2 Bdnre®me | RaasaB||C
- —
170 Name: |70 Direction| Loc |Bank 170 Sid. Vref| Voco| Drive Str.| Termination =l
des input N4 [BANK Symbol_| Pin Type |
d<1x Inpt P15 BAME User IO
d<2> Input R16 BAME | User Prohibit
S YT —— S
s<ll utput ] VCCINT
31> Output M11 BANK VCCALX
g2 Output NE BAMNK '
s<3> Dutput R7 BANK _ veco
g Output P10 BAME COMFIG
50> Output T7 BAMK ITAG
s<6z Output R10 BANK tjl GCLK [ GCK
Power Management
Mot Connected
d I I D BankD
Group| /0 Direction| Loc 1/0 Std. Vref| Vcco| Drive Str.| Termination | Slew Bank1
7ls Output Bank2
4|d Input Bank3
Bank4
Bank5
Banks
Bank7
4| | 3
4

After the pin assignments are entered, click on the IE| button to save the pin assignment
constraints. Then select File=>Exit to close the Xilinx PACE window.



Now you can re-implement your design by highlighting the leddcd object in the Sources pane and
double-clicking on the Implement Design process.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\designl\designl.npl - [leddcd.vhd] o ] [
[A) File Edit view Project Source Process Window Help 2| 18| xl
a = o L
PEHE EFELREE BGRB[0 @ - 4
2l _ _
115 entity Tedded is ;I
Sources in Project: I 12 Port ( d : in std_logic_wvector({3 downto 0J);
13 s @ out std_logic_vector (e downto 0));
14 end leddcd;
15
16 architecture Behavioral of ledded is
17
18 begin
19
20 5 «="1110111" when d="0000" else
= 121 0010010 when d="0001" else
'ﬁm&...lu&ap@hu_.l Emay'.ﬁewl e "1011101" when d="0010" else
23 "1011011" when d="0011" else
24 "0111010" when d="0100" else
2= 25 1101011 when d="0101" else
26 "1101111" when d="0110" else
Processes for Source: "leddcd-behavioral” I;l =7 "1010010" when d="0111" slze
........ = . 28 13111111 when d="1000" else
View RTL Schematic 29 "13111011" when d="1001" else
&7 Check Syntax 20 "11311110" when d="1010" else
21 "0101111" when d="1011" else
B J 32 "0001101" when d="1100" else
Ay Translats 23 "0011111" when d="1101" else
Map 34 "1101101" when d="1110" else
Flace & Route gg 1101100%;
% Place & Route Report 37 end Behavioral; o
] Asynchronous Delay B = G hd
[0 T T T
Potn ,|—| NN o

L

N B8 Process View | [/ ledded.vhd |
x|
x B
Launching application for process "Assign Package Pins [UCF)™. -
4 3
[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J
For Help, press F1 |Ln 35 Col 17 Bl

After the implementation process completes, double-click on Pad Report to view the pin

assignments. Now the pad report shows the following pin assignments:

—————————— |- | ]
|Direction |IO Standard |

Pin Number|Signal Name

M6 | s<0>
M11 | s<1>
N6 | s<2>
N14 | d<0>
P10 | s<4>
P14 | d<3>
P15 |d<1>
R7 | s<3>
R10 | s<6>
R16 |d<2>
T7 | s<5>

| IOB
| IOB
| IOB
| IOB
| IOB
| I0B
| IOB
| IOB
| IOB
| IOB
| IOB

|Pin Usage

| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| INPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| INPUT | LVCMOS25 |
| INPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| INPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |

The reported pin assignments match the assignments you made in the Constraints Editor

window, so it appears you have constrained the 1/0 to the appropriate pins.




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.

Jﬁlinx - Project Navigator - CG\tmp\fpga_designs\design1\designi.npl - [leddcd.pad_t - o ] [
|4 File Edit View Project Source Process Window Help 2| 18| xl
a = o L
ZHE EFEEREE(EER|(e B o -l
==
E=21 P7 I0B 10 UNU o
Sources in Project: | 23z P8 I0B TO_L3ZN_5/GCLKS LML
@ d 1 232 P2 I0E IO_L31P_4,/DOUT,/BUSY | UNU
""" lesign 234 P10 S<dn 108 TO_L30N_4,D2 ouT
E £ wc3s1000-4256 235 P11 I0E IO_LZ8N_4 UNU
: 236 P12 I0B TO_LZ5N_4 UNU
= @ ledded-behavioral (ledded.vhd) 537 P13 I0E TO7VREF_4 UNLU
------ [ ledded ucf 238 P14 d=3= I0B I0_L16P_3 INP
229 Pis dt= I0B IO_L16N_3 INP
240 Pile I0E IO_LOIN_3,/VRP_3 UNU
— 241 R1 I0B I0_LOIN_6,/VRF_& UNU
B Module ... l Im Gnaoshot I Iy Li:a-y'.ﬁew] 242 R2 GND
242  R3 I0E I0_LO1P_5,/C5_B UNU
244 R4 I0B I0_L10P_5 /VRN_S UNU
2= 245 RS I0E I0_L27N_5 /VREF_S UNU
; — 246 RE I0B IO_LZ3N_S UNU
PI'OCESSES fOI' SOIJI'CE 'leddcd-beha\nolal I;l 247 RT ST I0B I0_L31P_5 /D5 ouT
- 242 RS GHD
' Place & Route 249 R39 108 TO_L3ZN_4,/GCLKL UNU
) @ Place & Route Report 250 R1D S<6> 108 I0_L30P_4,/D3 ouT
B  Asynchronous Delay F 251 Ri1 I0E I0_LZ8P_4 UNU
S o 252 RiZ I0B IO_L25P_4 UNU
Pad Repart 53 Ri3 108 IO_LOLIN_4,/VRP_4 UNU
Guide Results Report J %g; Eig I:éﬁr[;E J
Yy
G/ Generate Post-Place & s R1G dez> 108 I0_LO1P_3,/VRN_3 INP
o o) Vi [IF--sign { 3 ) T1 GND
. - k L T2 M1
¥ T=Z TNR T I NAN E /RNOWR R 1IN
- = oSN » TRUPUUIN . S 4 [
4 [ »
o B Process View I [ ledded.whd leddcd pad_t...

x| 2l

| Place & Route Module leddcd . .

PAR command line: par -w —'|r1t5ty'le ise -0l std -t 1 leddcd_map.ncd leddcd.ncd Teddcd.pcf _lj
3

PAR completed successfullwy

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J
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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 array of CLBs in the FPGA. The I/O pins are
also shown around the periphery. (The pins used for Vcc, GND, and
programming are not shown.)

& Xilinx Floorplanner - leddcd.fnf oy ]
File Edit View Hierarchy Pattern Floorplan Window Help

D@ 840 |m s cDF |20 2R
I=IE
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The CLBs used by the LED decoder circuit are highlighted in light-green and are clustered near

the lower right-hand edge of the CLB array. To enlarge this region of the array, click on the ==
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.

#) Xilinx Floorplanner - leddecd.fnf oy =] [
File Edit View Hierarchy Pattern Floorplan Window Help
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—  s<2>[IOB]O1s_2_0BUF
—  s<I>[IOB]01s_1_0BUF
—  s<0>[IOB]O1s_0_OBUF
—  d<3>[IOB]Id_3_BUF -

O T T
o

-

iE
L« |21 [ L | M
esyo | | [ 4




You can enable the display of the connections between 1/O pins and CLBs by selecting the
Edit=»Preferences menu item and then checking the boxes in the Ratsnest tab of the Edit

Preferences window as shown below.

Edit Preferences |

Resources | Logic  Patsnest I

— Floorplan and Placement Yigws
v Dizplay netz connected to selected logic

v Direction arraws ilode
ISDurce To Load j
v Rubberbands

[™ tlax Fanout: ID

— M et Wiew

[ List orly nets visible
iti the Floorplan Yigw

Enable [izable

" Selected Mets:

Cloze Help |




Now clicking on a CLB will highlight the nets connecting the inputs and output to the CLB.

&) Xilinx Floorplanner - ledded.fnf =10l x]
File Edit View Hierarchy Pattern Floorplan Window Help
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In an analogous manner, you can click on an input pin to highlight which CLBs are dependent
on that input. (For this design, each input affects every CLB.)
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The Placement pane may be showing too many details of the FPGA internal structure. To
view only the FPGA resources that are used by the design, select Edit=»Preferences and uncheck
all the boxes in the Resources tab as shown below.

Edit Preferences K|

Resources I Lagic I Hatsnestl

— Floorplan and Placement Yiews
™ Function generators and Rk
[ Flip flops and Latches
[ Tristate buffers
[ 140 pads and Global buffers v Grid
— Package Pin Wiew
; ™ Show |0 Barks
' Top View
 Bottam Yiew ™ “wiite BEL location
constraints for

Hloorplanned logic

Cloze Help




Now the Placement pane shows only the LUTs and I/O pins that are used in this design.

&) Xilinx Floorplanner - leddcd.fnf o ] (B34
File Edit View Hierarchy Pattern Floorplan Window Help
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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. You won’t do this here, but it is an option for designs which push at the limits of the
capabilities of FPGAs.



Generating the Bitstream

Now that you have synthesized our design and mapped it to the FPGA with the correct pin
assignments, you are ready to generate the bitstream that is used to program the actual chip.

When using the XSA-3S1000 Board, you need to set some options before generating the
bitstream. (This is not needed if you are using the XSA-50, XSA-100 or XSA-200 Board, but it
wouldn’t hurt, either.) Right-click on the Generate Programming File process and select Properties...

from the pop-up menu.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\designl\designl.npl - [leddcd.pad_|
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Now select the Configuration Options tab in the Process Properties window and set all the Pull Up
and Pull Down values to Float to disable the internal resistors of the FPGA. (At the minimum, the
Unused I0OB Pins value must be set to Float, but it is best to set them all to Float.) If they are not
disabled, the strong internal pull-up and pull-down resistors in the Spartan3 FPGA will
overpower the external resistors on the XSA Board.

Process Properties x|
General Options  Configuration Options | Startup Options I Readback Options I
Property Name Value
Configuration Rate Default (6)
Configuration Clkc (Configuration Pins) Pull Up
Corfiguration Pin MO Pull Up
Corfiguration Pin M1 Pull Up
Corfiguration Pin M2 Pull Up
Corfiguration Pin Program Pull Up
Corfiguration Pin Done Pull Up
JTAG Pin TCK Pull Up
JTAG Pin TDI Pull Up
JTAG Pin TDO Pull Up
JTAG Pin TMS Full Up
Unused IOBE Fins Pull Down =
UserlD Code (8 Digit Hexadecimal) Pull Down
Reset DCM ff SHUTDOWM & AGHIGH peformed Pull L
ok | caneal [ De |7 Heb

After setting all the values as shown below, click on OK.

Process Properties ﬂ
General Options  Corfiguration Options | Startup Optione I Readback Options I
Property Name Value
Corfiguration Rate -
Corfiguration Clk (Configuration Fins) Float
Corfiguration Pin MO Float
Corfiguration Pin M1 Float
Configuration Pin M2 Float
Configuration Pin Program Float
Configuration Pin Done Float
JTAG Pin TCK Float
JTAG Pin TDI Float
JTAG Pin TDO Float
JTAG Pin TM5 Float
Unused IOB Fins Float
UsgerlD Code (8 Digit Hexadecimal) (FFFFFFFF
Reset DCM f SHUTDOWN & AGHIGH peformed r
0K & | Cancel |  Defat |  Hebp




Once you have set the bitstream generation options, highlight the leddcd object in the Sources
pane and double-click on the Generate Programming File process.

J(' inx - Project Navigator - C:\tmp\fpga_designs\design1\designl.npl - [leddcd.pad_txt (READ o ] [
|4 File Edit View Project Source Process Window Help 2| 18| xl
a = o L
PEE@ EFELREE [RGB @ ]| e
I
231 P7 108 10 UNU
Sources in Project: | 23z P8 I0B TO_L3ZN_5/GCLKS LML
@ desian] 232 P3 108 I0_L31P_4,/DOUT/BUSY | UNU
‘ esign 234 P10 Saodn I0B I0_L30N_4,D2 ouT
B £3 xc3s1000-44256 235 P11 108 IO_LZaN_4 UNU
: ) 236 P12 108 TO_LZ5N_4 UNU
E@ ledded-behavioral (ledded.vhd) 537 P13 I0E TO7VREF_4 UNLU
‘o [0) ledded et 238 P14 d=3= I0B I0_L16P_3 INP
233 P15 d<i= 108 TO_L16N_3 INP
240 P16 108 I0_LOLN_3/VRP_3 UNU
= 241 R1 108 I0_LO1N_&/VRP_& UNU
B Module ... l Im Gnaoshot I Iy Li:a-y'.ﬁew] 242 R2 GND
242 R3 108 I0_LO1P_5,/C5_B UNU
244 R4 108 TIO0_L10P_5 /VRN_S UNU
2= 245 RS 108 I0_LZ7N_5/VREF_S UNU
; — 246 RE 108 IO_LZ9N_S UNU
Processes for Source: "leddcd-behavioral I;l 247 RT ST I0B I0_L31P_5 /D5 ouT
: 248 RS GND
| &ee_'te New SDL_'_”?B 249 R3 108 TO_L32N_4,/GCLKL UNU
&%  Desion Entry Utiliies 250 R1D S<G 108 I0_L30P_4,/D3 ouT
¥ = e [ s
2 . — -
Ks Syrthesize - X5T 53 Ri3 108 IO_LOLIN_4,/VRP_4 UNU
Implement Design 254 R14 DONE
= . -y 55  Ris GND
B RS 256 R16 d<z= 108 IO_LO1P_3,/VRN_3 INP
Programming Filenemtion 257 T1 GND
258 T2 M1
Generate PROM, ACE, or JT) - Bt TOR Th 1NN /ROWR R it
el e Do oo ERAR AT .‘ .,
1| i b j—'
o B Process View I [ ledded.whd leddcd pad_t...
x| Loading dewvice for application Floorplanner from file '3s1000.nph' inenvironment C:/Xilinx. d

.

"leddcd” is an NCD.
4

version 2.38.

device xc3s1000,

packaoge ft256.

speed -4

Loading device database for application Floorplanner from f'l"le"C:\t'np\fpga_des‘igns\desfgnl\'leddcd.flj
3

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Process "View,Edit Placed Design (Floorplanner)” is up to date.

B

|Ln 262 Col 40 |




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.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\designl\designl.npl - [leddcd.pad_txt (READ
|)® File Edit View Project Source Process Window Help

—lol x|
»| 18]

NEHE FE LR D [BER|®

| me|o o |m

-l .

B

221 F7 I0B I0 UNU ;'
Sources in Project: I 232 P8 I0B IO0_L32ZN_5,/GCLK3 UNU:
@ designi 233 P2 I0B I0_L31P_4,/DOUT/EUSY | UNU
o esign 234 P10 Scdn I0B IO_L30N_4,/D2 ouT
B £ xc3s1000-4t256 735 P11 I0E IO_LZBN_4 UNU
: ; 238 P12 I0B IO_L25N_4 UNU
E@ ledded-behavioral (ledded.vhd) 537 P13 I0E Ta7VREF_4 UNLU
‘o [0) ledded et 238 P14 d=3= I0B I0_L16P_3 INP
239 PiS deix I0B IO_L1GN_3 INP
240 Pls 108 TO_LOIN_3/VRP_3 UNU
- 241 R1 I0B I0_LOIN_G/VRP_& UNU
B Module ... l Im Gnaoshot I Iy Li:a-y'.ﬁew] 242 R2 GND
243 R3 I0B I0_LO1P_5,/C5 B UNU
244 R4 I0B IO_L10P_5 /VRM_S UNU
2=l 245 RS 108 TO_L27N_5 /VREF_5 UNU
: — 245 RE I0B IO_L23N_5 UNU
PI'FJCESSES fOI' SOIJI'CEZ 'leddcd-beha\nolal I;l 247 RT ST I0B I0_L31P_5 /D5 ouT
; Create New Source 248 RS GhD
) i 249  R2 I0B IO_L3ZN_4/GCLKL UNU
&F  Desion Entry Utilties 250 R10 S<Ex I0B I0_L30P_4,/D3 ouT
&  User Constraints 251 Ri1 I0B IO_L28P_4 UNU
252 R12 108 TO_L25P_4 UNU
y . — -
}_:5 Syrthesize - X5T 553 R13 I0E TO_LOIN_4/VRP_4 UNU
Implement Design 254 R14 DONE
= - g - o 555  Ris GND
L 256 R16 d<z= 108 IO_LO1P_3,/VRN_3 INP
Programming File Generation 257 T1 GND
o658 T2z M1
Generate PROM, ACE, or JT) - 20 T2 TTNe TO INAN G /ANWE B LI
kit i D i ERAT AT { ’
I & |“ BN
B o - I [/ leddcdvhd  leddcdpad t..
x| Started process "Generate Programming File™. d
¥
completed process "Generate Programming File". :'
dq »
[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J
Process "Generate Programming File” is up to date. |Ln 262 Col 40 | | 4,




Downloading the Bitstream

Now you have to get the bitstream file programmed into the FPGA on the XSA Board. The
XSA Board is powered with a DC power supply and is attached to the PC parallel port with a
standard 25-wire cable as shown below.

GRSLOAD ICon to

The XSA Boards are programmed using the gxsload utility. Double click the
bring up the gxsload window:

i

Board Type [%56-300E | Load |
Fart Im

FPGA/CPLD Rk Flazh/EEPROM

High Address | |

Low Address | |
Ipload Farmat IHEx j 3 IHEK j 3




Then click in the Board Type field and select XSA-3S1000 from the drop-down menu since this is
the board you are going to load with the bitstream.

Kaokad ISR
Board Type  |gasf=ReliNa Load |

#5A-50

Part -
%SA100 E it

KGAT00 [ e |

FRGA/CPL] 435200 Flash/EEPROM

»5B-300E k
»595-108
#535-103+
#540-005:L

High Add #540-005=L+ I—
SIS e 40.005E
Law Add #S40-005E + I—
S e 001 (2L
Unload F #540-01 0L+ -
e S HE= O

#540-010E+

A0 O N

Then open a window that shows the contents of the folder where you stored our LED decoder
design (C:\tmp\fpga_designs\design1 in this case). You just drag-and-drop the leddcd.bit file from the
design1 window into the FPGA/CPLD pane of the gxsload window.

& C:\tmp\fpga_designs)\desi _|I:I|5| ;IEIEI

1Q-Q-F L& > Re > . Boad Type [X5A-351000 | Load |
| Address [ c:\mp\fpga_designs\desiar | [ Go o P11 =] i |

5| ledded. Ifp

leddcd. lso FPGASCPLD RAM Flash/EEFROM
priname.|so
Ieddcd.hgn |EddCdJ:lEld.ES'u'

. leddcd. mrp

ledded.bld ledded.nc1 {4

[ ledded.cmd _log = ledded.ncd High Addfess | |
design1.dhp leddcd_map.ncd
leddcd.dre | leddid.ngc Low Address | |

Upload Format IHEx j ] IHEx j 3

Type: BIT |393 KB |4 My Computer




Then you click on the Load button to initiate the programming of the FPGA. Downloading the
leddcd.bit file to the XSA Board takes only a few seconds.

_ o] x|
Board Type IXS.-'—‘-.-351 Qoo j Load
Fart I LFT1 = I
FPGA/CFLD R Flazh/EEFPR O
High Address | |

Low Address I I
Ipload Farmat IHE}{ j " IHEK j "

Testing the Circuit

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

Double-clicking the & 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,D2,01,D0) = (1,1,1,0) will cause

E to appear on the seven-segment LED of the XSA Board.

s SE
1] 1] o) o] o] o of[1] ea |
0Dy DeE D5 D4 D3 D2 D1 Do
Strobe . [~ Count Pt Im

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.



NOTE: Bit D7 of the parallel port controls the /PROGRAM pin of the FPGA. Do not set D7 to 0
or you will erase the configuration of the FPGA. Then you will have to download the bitstream
again to continue testing your design.



Hierarchical Design

A Displayable Counter

You went through a lot of work for your first FPGA design, so you will reuse it in this design: a
four-bit counter whose value is displayed on a seven-segment display. The counter will
increment on the falling 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
[ sO . 6
countO do . 81 . e
count1 d1_ 52 55' s3 '34
clk = count2 d2,_ Jﬁ—b —
count3 d3 . J—>5 52 '51
V sO
| s6

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

You can start a new project using the File=»New Project... menu item. Name the project design2

and store it in the same folder as the previous design: C:\tmp\fpga_designs. Then click on the Next
button.

Mew Projeck il

— Enter a Mame and Location for the Project

Project Mame: Project Location:

design.s C:hrphfpga_designs'design |

— Select the type of Top-Level module for the Project

Top-Level Module Tepe:

HOL =]

< Black I MHext > Q{] Cancel Help




You will target the same FPGA on the XSA Board, so the other properties in the New Project
window retain the same values you set in the previous project.

x|
— Select the Device and Design Flow for the Project
Property Name Value
Device Famiby -
Device s 1000
Package ft256
Speed Grade -4
Top-Level Module Type HOL
Synthesis Tool X5T (VHDLVerlog)
Simulator Cther
Generated Simulation Language WHDL
< Back Mexd = Cancel Help

You won’t add any new source files at the moment, so just click on the Next button.

New Projeck x|

— Create a Mew Source

Source File Type MNew Source... |

Hemowve |

Create a new source bo add to the project [optional]. Only one new source can be specified now.
Additional new sources can be added after project creation uzing the '"Project->Mew Source"
commatd

¢ Back I Ne:-:t:>[; I Cancel Help




The next window allows you to add existing source files to your new project. It will save time if
you re-use the LED decoder from your previous design, so click on the Add Source... button.

x
—&dd Exizting Sources
Source File Type Copy to Projec| =
3 yP Py — I ﬂ Add Source...
g —
3 — Hemove |
4 H hd

Add existing zources to the project [optional]. Additional zources can be added after project
creation uging the “Project-+Add Source' or "Project-+Add Copy of Source’’ commarnds.

< Back I MHext > I Cancel Help

The Add Existing Sources window appears. Move to the C:\tmp\fpga_designs\design1 folder and
highlight the leddcd.vhd file that contains the VHDL source code for the LED decoder.

2|
Lok, in; Ia deszignl j i ITF v

I:I_prnjnav leddcd_pad. kxt
_1_ngo

|:I xsk

Ieddcd.ngc

(8] leddcd. ucf

[ lleddcd. vhd

File name: |Ieddn::u:|.vhu:| Opet

Files of type: ISDurces [".t:-:t;*.vhd;*.vhdl;".'-.f;".al:ul;".:-:cu:u;*.scj Cancel |
A




After clicking on Open, a window appears that asks for the type of file you are adding to the
project. Select VHDL Design File and click the OK button.

Choose Source Type X|

ledded. vhd iz which source tupe?
The =uffix iz ambiguous az o pe.

YWHOL Deszign File QK
WHOL Test Bench File q

Caricel

Help

4

The New Project window now shows that a copy of the leddcd.vhd file will be added to the

project. This is the only existing file you need to add, so click on the Next button to move on to
the next window.

Mew Project El

—a&dd Exizting Sources

Source File Type Copy to Pmiecﬂ e
e

— Remove |

L [~

oo f—

Add exizting sources ta the project [optional]. Additional sources can be added after project
creation uzing the “Project-+Add Source' or "Project-+Add Copy of Source’’ commatnds.

¢ Back | M et = L\\SJ Caricel Help




The final screen shows the pertinent information for the new project. Click on the Finish button
to complete the creation of the project.

New Project Information x|
Project Mavigator will create a new Project with the following specifications: |
Project:

Project Mame: design2
Project Location: C:\mp*fpoa_designs design?
Project Type: HOL
Device:
Device Famiby: Spartand
Device: xc3ds 1000
Packaoge: ft256
Speed Grade: 4

Top-Level Module Type: HDL
Synthesis Tool: X5T (WHDLVerlog)
Simulator: Other

Generated Simulation Language: VHDL

Sources:
WHOL Design File leddcd .vhd copied to Project

< Back I Finish £I Cancel Help




Once you click on Finish in the New Project window, the Project Navigator window appears as
shown below. The project currently contains only the single leddcd.vhd source file.

}(ilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl o ] [
File Edit View Project Source Process Window Help
PSP EFELREEE R ||+ B0 o |m =l| s
==

N 4% Module .. | g Snapshot . | [T Libeary view |
1=l
Processes for Source: "leddcd-behavioral” I;l

Implement Design
Generate Programming File

i Programming File Generation =
: >|

] P Y 1 Tt Y] ni-l— G

B  Add Exsting Source
[  Create New Source
&F  Desion Entry Utilties
&F  User Constraints

Y3 Syrthesize - XST
G

S

| (Empty Log) |=]

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J
Hierarchy is up to date. 4




Adding a Counter

Now you have to add the counter to our design. There is no counter module yet, so you have
to build one with VHDL. Right-click on the xc3s1000-4ft256 object and select New Source... from
the pop-up menu.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - |EI|5|
File Edit View Project Source Process Window Help
NS FFERRREEBER|E | 2R (0 |n =
==l
Sources in Project |
...... E design2

ieddcd-behavioral (ledded vhd},

Add Source... r! Insert

= Add Copy of Source... Shift+Hnsert
e o L T T — -

Move to Library...

Processes for Source: “leddcd-behavioral'

Open
Add Exdsting Source
Create Mew Source Toggle Paths
Design Entry Utilities Fropetties. ..
User Constraints
Synthesize - XS5T J
Implement Design

Generate Programming File

Programming File Generation

-
o 1 Ta Y ¥ | ni-l— -.:l_‘

=l (Empty Log) |=]

[ 4[> [#]+ Console £ FindinFiles J Wamings b Emors J
Add a new source to the project Bé




As in the previous example, you are prompted for the type of file to add to the project. Once
again, select the VHDL Module menu item. Then type counter into the File Name field and click
on the Next button.

New Source x|

BMM File
E Embedded Processor
@ Implementation Constraints File

= File Mame:

IP (Architecture Wizard) e Hame

MEM File |counted

18] Schematic

[£] State Diagram Location:

Test Bench Waveform IC3"'1ITIII|"'afDga_designs"-designz

@ IUser Document
Verlog Module
Werlog Test Fodure
) VHDL Library

[+'] VHDL Module

[F] VHDL Package
4] VHDL Test Bench

¥ Addto project

< Back Mext > Cancel Help




Now you can 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 VHDL Source x|
Entity Mame Iu:c:unter
Architecture Name IEehavioml
Port Name Direction MSB LSB |
- =
clk in
court aut 3 0
in
in
in
in
in
in
in
in
in
in
in v|
< Back Next > Cancel Hep |
Click on Next and check the information about the module.
New Source Information il

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

Source Type: VHOL Module ﬂ
Source Mame: counter.vhd

Entity Mame: counter

Architecture Mame: Behavioral

Paort Definitions:

clk scalar in
court vector: 3.0 out

i o

Source Directony: cmp“fpoa_designsdesign?

<Back [ Finish | Cancel | Hep |
by




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

I counter.vhd - ISE Text Editor | 10| =|
File Edit
H B o | 4%%%
1 1ibrary IEEE; ;I
2 use IEEE.STD_LOGIC_1164.ALL;
3 use IEEE.STD_LOGIC_ARITH.ALL;
4 use IEEE.STD_LOGIC_UMNSIGHWED.ALL;
5
G --  Uncomment the Tollowing 1ines to use the declarations that are
7 -- provided Tor instantiating Xilinx primitive components.
= --Tibrary UNISIM;
9 --use UNISIM.VvComponents.all;
10
11 entity counter is
12 Port { clk : 1in std_logic;
13 count : out std_logic_wvector({3 downto 0));
14 end counter;
15
16 architecture Behavioral of counter dis
17 signal cnt: std_logic_vector{27 downto 0);
18 begin
19 process(Clk]
20 begin
=1 if clk'event and clk="0" then
22 cnt == cnt + 1;
23 end if;
24 end process;
125 Counti(3 downto 0) <= cnt({27 downtao 24);
26 end Behawvioral;
27 it
4| | 3
Far Help, press F1 [ -

Line 17 declares a 28-bit signal, cnt, that is the current value of the counter. The process on
lines 19-24 controls when the counter increments. The condition clause of line 21 is only true
when the value on the clk input goes from 1 to 0. Then the statement on line 22 replaces the
value in cnt with its incremented value. (You 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 25 places the
upper four bits of the current counter value onto the outputs of the module.

Why are you building a 28-bit counter and using only the upper four bits? The counter will be
driven by a clock signal on the XSA Board that has a frequency of 50 MHz. The LED display
would be changing much too quickly to see 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 22*/ (50 x 10°) = 0.336 seconds which is slow
enough to read.



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

)@ Xilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd]

|.® File Edit Wiew Project Source Process Window Help

I [=l
»| 15|

R

-

u [= o b
NEHG BYE DR E(EER|W ||+ e o |
~lx :
;' Tibrary IEEE;
Sources in Project: | 2 use IEEE.STD_LOGIC_1164.ALL;
desian? 3 use IEEE.STD_LOGIC_ARITH.ALL;
o [l desion 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
B £3 xc3s1000-44256 5
a6 -- Uncomment the following 1ines to use the declarations
7 -- provided for instantiating Xilinx primitive component
2 --Tlibrary UNISIM;
9 --use UNISIM.VComponents.all;
10
i 11 entity counter is
'Ifl.b:l.lle...lﬂ&'lq)ﬂd...] Emay‘.l'iewl 12 Port ( clk : in std_logic;
13 count : owt std_logic_wvector(3 downto 0));
14 end counter;
2zl s ’
. o 16 architecture Behavioral of counter is
Processes for Source: "counter-behavioral ILI 17 signal cnt: std_logic_vector (27 downto 0);
= 18 begin
Add BExsting Source i process(c1k)
Create Mew Source =0 begin
Design Entry Utilities 21 if clk'event and clk="0" then
User Constraint 22 cnt <= cnt + 13
ser Constraints o= end if;
Synthesize - X5T 24 end process;
ol rt Desi 125 count(3 downto Q) <= cnt(27 downtao 24);
mplement Liasign 26 end Behavioral;
| Generate Programming File 27
Pragramming File Generation =
] 1o AMWCRA AT T P
1 [ ,|—| ‘_L|
N .ﬁﬁmml courter.vhd I

|| (Empty Log)

[ 4[> [#]+ Console £ FindinFiles J Wamings b Emors J

Hierarchy is up to date.

ln11cCol 1




Tying Them Together

You have the LED decoder and the counter, but now you need to tie them together to build the
displayable counter. You will do this by connecting the counter to the LED decoder in a top-
level schematic. Before you can do this, you have to create schematic symbols for both the
counter and LED decoder VHDL 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 Mavigator - C:\tmp'fpga_designs', designz'design2.npl - [counter.xhd]

@ File Edit ‘iew Project Source Process ‘Window Help

ol x|
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B desianz 2 use IEEE.STD_LOGIC_ARITH.ALL;
S0 #e2s505tq144 4 use IEEE.STD_LOGIC_UNSIGNED.ALL;
|::|:|I_Jr'|tEr-hE}'la'--'il:lra| [cournter. vhd] 5 ——  uncomment the follows Ny 1ines to use the decl:
[ leddod-behavioral leddod vhd] 7 - Er'm.r"lded for instantiating xiTinx primitive o
8 --library UNISIM;
9 --use UNISIM.vComponents.all;
= : - - - 10
B2 hodule mewl[]Snapshutll'leuu‘ |EL|hrar5r 1f|eu1|] 11 ent"l‘ty counter Gs
iz rort  clk @ in std_Togic;
==l | 1= count @ out std_logic_wector(3 downto o
- 14 :
Proceszes for Source: “counter-behavioral” I;| 15 end counter;
-8 AddExisting Source 16 architecture Behavioral of counter is
| Create Mew Source 17 signal cnt: std_Togic_wector{27 downto 0);
. 12  begin
- Bl E ke kil
W e;gnmy s 19 Er‘acess(c'lkj
AT Ik ] 20 egin
«iFile 21 if clk'event and clk="0" then =
Wigw WHDL Instantistion Template 22 cht <= it + 13
@& User Constraints 2431 snd it
. . -
-3 Synthesize - ®ST - 2 Bno process; LI—I
1| B K1

B Process View I

@ counter.vhd |

|| [Empty Log)
|

-
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Console £ Findin Files A Wamings b Emors f

Hierarchy is up to date.
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A ¢ will appear next to the Create Schematic Symbol process after the counter symbol is created.
Repeat this procedure to create the schematic symbol for the LED decoder.

)(ilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd]
|4 File Edit View

Project Source Process Window Help

-1o|x|
»| 8] x|
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il

u - B B
NEE@ Y EEEHE [ EEER (|| bR =&
~lx :
;' Tibrary IEEE;
Sources in Project: | 2 use IEEE.STD_LOGIC_1164.ALL;
desian? 32 use IEEE.STD_LOGIC_ARITH.ALL;
o E e3Ign. 4 use TEEE.STD_LOGIC_UNSIGNED.ALL;
B £3 xc3s1000-44256 5 e Fo17ows 15 e dect .
. 8 -- Uncomment the following 1ines to use the declarations
E counter-behavioral (counter vhd) 7 -- provided for instantiating Xilinx primitive component
@ leddcd-behavioral Jedded vhd) 2 --Tibrary UNISIM;
9 --use UNISIM.VComponents.all;
10
i 11 entity counter is
'Ifl.b:l.lle...ln&'lqm::l...‘ @may‘.l'iewl 12 Port ( clk : in std_logic;
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14 end counter;
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View Command Line Log File 56  end Behavioral; '
View VHOL Instartiation Tem 27

-

™ process view |

counter vhd I

=| Release 6.3.031 - splZsym G. 35
| Copyright (c) 1995-2004 Xilinx,

4

Inc. A1l rights reserwved.

Completed process "Create Schematic Symbol™.

FETID

b [\ Console £ FindinFiles p_ Wamings b Emors f

Process "Create Schematic Symbol” is up to date,

ln11cCol 1




Once the schematic symbols for the lower-level modules are built, you can add the top-level
schematic to the project. Right-click on the xc3s1000-4ft256 object and select New Source... from
the pop-up menu. Then highlight the Schematic entry in the New Source window and name the
schematic disp_cnt. Then click on Next.

MNew Source il

EMM File
E Embedded Processor
@ Implementation Constraints File

= File Name:
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@ Schematic
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There is very little to do when initializing a schematic, so just click on the Finish button in the
New Source Information window that appears.

New Source Information 5[

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

Source Type: Schematic ﬂ
Source Mame: disp_cnt sch

i o

Source Directory: o MmpYpaa_designsdesign?
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Now the disp_cnt schematic object has been added to the Sources pane. You can double-click it
to begin creating the schematic, but a schematic editor window should open automatically once

the file is created.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd]
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The schematic editor window has a drawing area, and the Symbols tab has 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 the highlighted category.
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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. You 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 arrangement shown below.
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Next, click on the

iz

Xilinx ECS - [disp_cnt.sch]

F Fie Edit Wiew Add Tools Window Help

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. This creates a
four-bit bus between the output of the counter module and the input of the LED decoder

module.
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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. Do this by selecting the

wiring tool, clicking on the output of the byte-wide buffer, and then moving the cursor

slightly to the right and double-clicking to create a stub.
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Now click on the = button for adding I/0O markers. Click on the Add an output marker button in
the Options tab and then click on the free end of the wire segment that you just added.
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Clicking on the end of the wire creates 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/O marker and select Object
Properties... from the pop-up menu.
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The Object Properties window allows you 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). The
direction of the bus pins is already set to Output so you can finish by clicking on the OK button.
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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 4 button to perform a
schematic check.
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The Schematic Check Errors window will appear showing two errors. You can find the place
in the schematic where the error occurs by clicking on the associated error message. Then
click on the Zoom In button to see an enlarged view of the area where the error lies.

i Schematic Check Errors

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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The simplest way remove these errors is to replace the byte-wide output buffer with a seven-bit
wide version. To remove the byte-wide buffer, right-click on the OBUF8 symbol and select delete
from the pop-up menu. Do the same for the bus that connected to the input of the byte-wide

buffer.
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Now add a single OBUF symbol to the schematic. Then right-click on it and select Object

Properties... from the pop-up menu.
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In the Object Properties window, highlight the instance name for the buffer and change it to
mybuf (6:0) and then click on the OK button. This will change the single-bit output buffer to
an array of seven output buffers.
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After changing the width of the output buffer, reconnect it to the LED decoder and the output
terminals as shown below.
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Once the outputs from the circuit are in place, you can connect a single input I/0O marker to the
clock input of the counter. (No input buffer is needed because the clock signal will enter the
FPGA through a dedicated global clock input.) Right-click on the I/O marker and rename it to
clk. 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 you save the schematic for the top-level module, the hierarchy in the Sources pane of the
Project Navigator window gets updated. 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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Processes for Source: "disp_crt Iil 17 signal cnt: std_logic_vector (27 downto 0);
= i 18 begin
= W ‘_D\emgnErrtr:.f | kilities _ i process(c1k)
A : 20 begin
“ Lsurich MadelSim Simulator 21 if clk'event and clk="0" then
A 22 cnt <= cnt + 13
@ View Command Line Log File 55 and 1—,:? ’
3% Check Design Rules gg end gEECSSS;t o t(27 downto 24)
: ) coun ownto <= cn 7 downto ;
2 View VHDL Functional Model 56  end Behavioral; !
View VHDL Instantiation Tem 27
User Constraints =
[ o ST P S WET .‘

-

counter vhd I

" process view |

x| Reledse 6.3.0371 - spl2sym G.35

=)

Completed process "Create Schematic Symbol™.

4

Copyright (c) 1995-2004 Xilinx, Inc. All rights reserved.

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Hierarchy is up to date.
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Constraining the Design

Before synthesizing the displayable counter, you need to assign the pins which the inputs and
outputs will use. Start by right-clicking the disp_cnt object in the Sources pane and selecting New
Source... from the pop-up menu.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [ummteruhd] o ] [
|4 File Edit View Project Source Process Window Help 2| 18| xl
PEHE EFELREE BGRB[0 @ Eps
2l
1 Tibrary IEEE; ;I
Sources in Project: | 2  use TEEE.STD_LOGIC_1164.ALL;
desian? 3 use IEEE.STD_LOGIC_ARITH.ALL;
o [l desion 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
B £3 xc3s1000-44256 5 he Followi o he dec .
: Mo ort (dien ot skl 6 -- uUncomment the following lines to use the declarations
E‘@ disp_cnit (disp_cnit sch = ———_ided for instantiating Xilinx primitive component
4 cnumerhehavionmg UNISTM; -
¥ leddcdbehaviora  Add Source... Insert 5IM.VComponents.all;

- Add Copy of Source... Shift+Insert  jounter is
.'I:I.'Iotl.lle...lua'lthu... ( €1k : in std_logic;

Remave Delete count : owt std_logic_wvector(3 downto 0));
ter;

Mawe bo Library. .

ture Behavioral of counter is
Open cnt: std_logic_vector (27 downto 0);

1]

Processes for Source: "disp_cnt’
=l--§gf  Design Entry Utilties

i} Create Scher  Toagle Paths
Launch Modi Fropetfies. .. Mk'event and clk="0" then

A - It <= cnt + 1;
@ View Command Lne Log H|EJ 3 end it !
@ Check Design Rules 2; end gzgcgss; to 0) t(27 downta 24)
) coun ownto <= cnt(27 downto ;
2 View VHDL Functional Model 56  end sehavioral; !
View VHDL Instartiation Tem v

[+~ W User Constraints

-
o @ ol weT hl 4 [
1 | 3

N = Pmcess‘.l‘iewl cournter vhd I

x| Reledse 6.3.0371 - spl2sym G.35 d
3 Copyright (c) 1995-2004 Xilinx, Inc. All rights reserved.
Completed process "Create Schematic Symbol™. -
4 3
[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Add a new source to the project ln11cCol 1 | 4




Select Implementation Constraints File as the type of source file to add and type disp cnt in the File
Name field. Then click on the Next button.

MNew Source il

BMM File
E Embedded Processor
@ Implementation Constraints File

o File Name:

IP (Architecturs Wizard) 1= eme

MEM File Idlsp_cnt

@ Schematic

@ State Diagram Location:

Test Bench Waveform Iu::"-1m|:|"xfpga_u:lesigns"-—designE

@ |User Document
Werlog Module
Verlog Test Fodure
) VHDL Library

[+] VHDL Module

[¥] VHDL Package
2] VHDL Test Bench

V¥ Addto project

< Back Mend = Cancel Help

Then you are asked to pick the file the constraints will apply to. The pin assignments will be
made for the top-level module in the design hierarchy, so highlight the disp_cnt item in the list.
Then click on the Next button and proceed.

select x|

Source File

leddzd

counter

< Back I MHext = [~_~: I Cancel Help




You will receive a feedback window that shows the name and type of the file you created and
the file to which it is associated. Click on the Finish button to complete the addition of the

disp_cnt.ucf file to this project.

Mew Source Information il

Froject Mawvigator will create a new skeleton zource with the
following zpecifications:

Source Type: Implementation Conzstraints File ﬂ
Source Mame: dizp_cnt.uck
Azzociation: dizp_cht

b o

Source Directony: ¢ vmpfpoa_designshdezign

< Back I Finish& I Cancel | Help |




Now highlight the disp_cnt.ucf object in the Sources pane and double-click the Assign Package Pins
process to begin adding pin assignment constraints to the design.

EXxilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd] oy ] 4
|4 File Edit View Project Source Process Window Help 2| 18] =l
n'] = > L
PFEI HPE R E[EERR| e o | |+
==l
1 1ibrary IEEE; ;I
Sources in Project: | 2 use IEEE.STD_LOGIC_1164.ALL;
prR— 3  use IEEE.STD_LOGIC_ARITH.ALL;
o [ design 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
= £ xc3s1000-4f256 5 e Follows B - ]
: : e 6 -- Uncomment the following lines to use the declarations
E@ disp_cnt (disp_crit sch) ¥ -—- provided for instantiating Xilinx primitive component
8 --Tlibrary UNISIM;
o --use UNISIM.VComponents.all;
10
11 entity counter is
412 Port ( clk : in std_logic;
— 13 count : out std_logic_vector(3 downto 0});
%ME---ID&MU---‘ [N Lﬁﬂ'ﬁ"-"ﬁwl 14  end counter; ’
15
o] x| 16 architecture Behavioral of counter 1is
17 signal cnt: std_logic_wvector (27 downto 0);
T 18  begi
Processes for Source: "disp_cnt ucf’ I 19 egr;c_ess(dkj
~+F]  Add Bdsting Source 20 begin
: Create New S 21 if clk'event and clk="'0" then
| ate New Source 22 €Nt <= cnt + 1;
User Constraints 23 grd if;
) . 24 end process;
Crezte Timing Constraints 25 COURT(Z downto 07 <= cnt(27 downto 24);
I Assign Package Fins 26  end Behavioral;
EE] Create Area Constrai k =t
[  Edit Constraints (Test) _IL|
1| I 3
N .'I:Prmess‘.liewl counter.vhd I
2 2

| NGDEUILD done.
Completed process "Translate”. -

[ 4[> [#]+ Console £ FindinFiles J Wamings b Emors J
For Help, press F1 [niicol 1 | | 4,

The appropriate pin assigments for each model of XSA Board are shown below. The clk input
is assigned to a dedicated clock input on each FPGA to which a A 50 MHz clock signal is
applied. The seven-segment LED pin assignments are the same as in the previous design.

1/0 Signal XSA-50 XSA-100 XSA-200 . XSA-351000
clk P88 P88 B8 P8
s0 P67 P67 N14 M6
s1 P39 P39 D14 M11
s2 P62 P62 N16 N6
s3 P60 P60 M16 R7
s4 P46 P46 F15 P10
s5 P57 P57 J16 T7
s6 P49 P49 G16 R10




In the Design Object List — I/O Pins pane of the Xilinx PACE window that appears, set the
pin assignments for the clock input and LED segment drivers as shown below.

: Xilinx PACE - c\tmp\fpga_designs\design2\disp_cnt.uck 10| x|

File Edit View IOBs Areas Tools Window Help

IS IR

mﬂl_@ma D|xa&1#®l|JE

Design Browser ;Iglil i =
l 4 1/0 Pins Symbol I Fin Type I
------ [:l Global Logic User IO
------ ] Logic [ ] Iser Prohibit
] GND
] VCCINT
VCCALX
, ] alels]
CONFIG
=1ol x| ITAG
170 Name| /O Direction] Loc | Bank 170 Sid. L) GCLK / GCK
cli Input PR BANKS|LVCM0S25 Pawer Management
S<0> Output MG BANKS|LVCMOS525 Mot Connected
S<1> Output M1 BANKA|LVCMOS25 Bank0
57> Output NG BANKS|LVCMOS25 Bank1
5<3> Output R7 BANKS|LVCMOS25 Bank2
Sed> Output F10 BANKA|LVCMOS25 Bank3
S<h> Output T7 BANKS|LVCMOS25 Bankd
S<b> Output R10 BANKA|LVCMOS25
Bank5
Banka
| Bank?
Group| 1/0 Direction| Loc 1/0 Std_ Vref
7|5 Output LVCMDS525 /A
1| | # | | |JF Package View h Architecture View /7 4| |LDI
4

After the pin assignments are entered, click on the Iﬂl button to save the pin assignment
constraints. Then select File=>Exit to close the Xilinx PACE window.



Synthesizing the Logic Circuitry for the Design

Now you can synthesize the logic circuit netlist by highlighting the top-level disp_cnt module in
the Sources pane and double-clicking the Synthesize process. There should be no problems
synthesizing the netlist from the combined VHDL and schematic files.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd]
|.® File Edit Wiew Project Source Process Window Help

—lol x|
»| 15|

PEHG EFELREE [RGB @

R

==
Sources in Project: I

- £1 xc3s1000-4t256
B[] disp_crt (disp_cnt sch)

N 4% Module .. | g Snapshot . | [T Libeary view |

==
Processes for Source: "disp_cnt” I;l
~-[]  Add Existing Source

-]  Create New Source

Design Entry Lkilties

User Constraints

g View Syrthesis Report

ﬁ View RTL Schematic -
| b

" process view |

;' Tibrary IEEE;

2 use IEEE.STD_LOGIC_1164.ALL;

3 use IEEE.STD_LOGIC_ARITH.ALL;

4 use IEEE.STD_LOGIC_UNSIGNED.ALL;

5

=4 --  Uncomment the following lines to use the declarations
7 -- provided for instantiating Xilinx primitive component
2 --Tlibrary UNISIM;

9 --use UNISIM.VComponents.all;

10

11 entity counter is

12 Port { clk : in std_logic;

13 count : owt std_logic_wvector(3 downto 0));
14 end counter;

15

16 architecture Behavioral of counter is

17 signal cnt: std_logic_vector (27 downto 0);

18 begin

19 processi{clk)

20 begin

21 if clk'event and clk="0" then

22 CNT <= Cnt + 1;

23 end if;

24 end process;

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

26 end Behavioral;

27

-

counter vhd I

kS|

¥
Completed process "Synthesize™.

4

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Process "Synthesize - XST" is up to date,
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in the FPGA

Implementing the Logic Circuit

Once the netlist is synthesized, you can begin the process of translating, mapping and placing
& 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.

EY xilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [counter.vhd]
|)® File Edit View Project Source Process Window Help

2| & x|

=10l x|

Su = o A
NEHG HPEEREE([EERR | e o | |+
==l
1 1ibrary IEEE; ;I
Sources in Project: | 2 use IEEE.STD_LOGIC_1164.ALL;
B desian2 2  use IEEE.STD_LOGIC_ARITH.ALL;
o esign 4  use IEEE.STD_LOGIC_UNSIGNED.ALL;
= £ xc3s1000-4f256 5 e Follow o e dect ]
: - " & - Uncomment the following Tlines to use the declarations
E@ disp_cnt (disp_cnt sch) ¥ -—- provided for instantiating Xilinx primitive component
- [U) disp_cnt uct 8 --library UNISIM; N
[] courterbehavioral fcourter vhd) 13 --use UNISIM.VComponents.all;
Lo W] ledded-behavioral fedded vhd) 11 entity counter is
412 Port ( clk : in std_logic;
— 13 count : out std_logic_vector(3 downto 0});
.'Ifl.'lo:llle...ltl&'lmd...‘ IE Lilﬂ'v‘-'i&wl 14  end counter; '
15
o] x| 16 architecture Behavioral of counter 1is
17 signal cnt: std_logic_wvector (27 downto 0);
T 12  begi
F'r:ocessesforSource: disp_cnit ILI 19 egrgc_ess,:ﬂkj
----- @  Design Entry Ltiltiss 20 begin
: User Constraint 21 if clk'event and clk="'0" then
W Ser Lonstraints 22 €Nt <= cnt + 1;
A aef Synthesize - XST 23 end if;
B ﬁd 24 end process;
— W 25 count(3 downto 0) <= cnt(27 downto 24);
oy Translate 26 end Behavioral;
73 Map e
30 Place & Route - _ILI
i 4 3
( | ,H K18
N .'I:Prmess‘.liewl counter.vhd I
2 2
| Place & Route Module disp_cnt . . .
PAR command line: par -w -intstyle ise -ol std -t 1 disp_cnt_map.ncd disp_cnt.ncd disp_cnt. pcf _Ij
PAR completed successfullv
4 3
[4[ 4 [ *[* ]+ Console £ FindinFiles }, Wamings } Emoes f

Process “Implement Design” is up to date.

ln11col 1

Checking the Implementation

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

Device utilization summary:

External IOBs
of LOCed External IOBs

Number of
Number
Number of Slices

Number of BUFGMUXs

8 out of 173 4%
8 out of 8 100%
18 out of 7680 1%
1 out of 8 12%



The displayable counter consumes 18 of the 7680 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, you 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 PACE.

)ﬁlinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [disp_cnt.pad_bxt|
|)® File Edit View Project Source Process Window Help

ol x|
»| 18]

DSEG B EELHE RER W

JJéﬁ BR| o

BRI

B :
1 Release 6.3.031 - Par G.38 -
Sources in Project: | 2 Copyright ({c) 1995-2004 Xilinx, Inc. A1l rights reserwv
- <
o B design2 4 Sun Jan 02 11:53:33 2005
= £ xc3s1000-4f256 5
B . . (=3
E“EJ disp_cnt (disp_cnt sch) 7  INPUT FILE: disp_cnt_map. ncd
e Eﬁ disp_cnt ucf 8 OUTPUT FILE: disp_cnt_pad. txt
[] courterbehavioral fcourter vhd) 13 ;’;EEDTZIEE[:)E' 55351000
[#] leddcdbehavioral jedded vhd) 11  PACKAGE: frzse
12
— 13 Pinout by Pin Number:
B2 Module .. | I Snapshot .. | [T Livrary View | A
18 ----=  |===== |===——= | ===-- -—-
N 16 Pin Number |Signal Name|Pin Usage|Pin Name Dir
—Iﬁl 17 Al GRD
g B 18 A2 DI
Processes for Source: "disp_cnt I;l 49 A3 108 I0/VREF_D UKU
Place & Route 20 A4 IOE I0_LO1P_0O/VRN_O UNU
i / Flace & Route Report g; ;é 108 i'gCAUX Ny
B Asynchronous Delay F 23 A7 108 0 UNU
“ 24 AR IOE IO_L32P_0/GCLKS UNU
25 A3 IOE IO UNU
Guide Reslats Report 26 A10 I0B I0_L31N_1,/VREF_1 UNU
-¥30# Generste Post-Place & ‘Fé; ii% 108 ¥SCAUX UNU
[ @ View/Edit Placed Desi o 2a 4132 THR TN 11NN 1 /AREE 1 1INI _I'
i 4 3
1 | 3 <] |
= ” I counter.vhd |@disp_cnt.par... disp_cntpad...
= =l
| Place & Route Module disp_cnt . . .
PAR command line: par -w -intstyle ise -ol std -t 1 disp_cnt_map.ncd disp_cnt.ncd disp_cnt. pcf _Ij
PAR completed successfullv
4 3
[4[ 4 [ *[* ]+ Console £ FindinFiles }, Wamings } Emoes f

For Help, press F1

|Ln 232 Cal 51 |

| ‘- |7

You can see that the pin assignments for the clock input and the LED decoder outputs agree
with the constraints you placed in the UCF file.

Pin Number|Signal Name

|Pin Usage

M6 | s<0> | IOB
M1l | s<1> | IOB
N6 | s<2> | IOB
P8 |clk | IOB
P10 | s<4> | IOB
R7 | s<3> | IOB
R10 | s<6> | IOB
T7 | s<5> | IOB

|Direction |IO Standard |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| INPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |
| OUTPUT | LVCMOS25 |




Checking the Timing

You have the displayable counter synthesized and implemented in the FPGA with the correct
pin assignments. But how fast can the counter run? 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.

)ﬁlinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [disp_cnt.pad - |EI|5|
|4 File Edit View Project Source Process Window Help 2| 18] =l
n'] = > L
NFEG HPEEREE([EER| | e o | |+
==l _
1 Release 6.3.031 - Par G.38 -
Sources in Project: | 2 Copyright ({c) 1995-2004 Xilinx, Inc. A1l rights reserwv
- =2
o B design2 4 Sun Jan 02 11:53:33 2005
= £ xc3s1000-4f256 5
: - . (=
= [2) disp_ent (disp_cnt.sch) 7  INPUT FILE: disp_cnt_map. ncd
@ disp_cnt ucf 8 OUTPUT FILE: disp_cnt_pad. txt
: [ a9 PART TYPE: WC3I51000
: [+ cnurrter—beha\.noml {counter.vhd) “h SPEED GRADE: o3
Lo W] ledded-behavioral fedded vhd) 11 PACKAGE: ft256
12
— 13 Pinout by Pin Number:
B2 Module .. | I Snapshot .. | [T Livrary View | i
15 ----=  |=====  |===== | ==--- -
N 16 Pin Number |Signal Name|Pin Usage|Pin Name Dir
—Iﬁl 17 Al GRD
e T 18 A2 TDI
Processes for Source: "disp_cnt I;l 49 A3 108 I0/VREF_D UKU
= G/ Place & Foute 20  A4a I0E I0_LO1P_0/VRN_O UNU
: 21 A5 I0E I0 UNU
@ Place & Route Report 55 ag VCCALX
Asynchronous Delay F 22 A7 I0E I0 UNU
L 24 AR IOE IO_L32P_0/GCLKS UNU
¢/ Pad Repot 25 A3 108 10 UNU
Guide Results Report 26 A10 I0B I0_L31N_1,/VREF_1 UNU
WVCCALX
I0E I0 UNU "I
TOR TO 14NN 1 WVREFE 4 1IN
3
courter.vhd ||% disp_crtpar..  disp_cnt.pad...
= =l
| Place & Route Module disp_cnt . . .
PAR command line: par -w -intstyle ise -ol std -t 1 disp_cnt_map.ncd disp_cnt.ncd disp_cnt. pcf
PAR completed successfullv -
4 3
[4[ 4 [ *[* ]+ Console £ FindinFiles }, Wamings } Emoes f
For Help, press F1 [n232Col 51 | |4




After the static timing delays are calculated, double-click the Text-based Post-Place & Route Static

Timing Report to view the results of the analysis.

J(ilinx - Project Navigator - C:\tmp\fpga_designs\design2\design2.npl - [disp_cn

_tct (]

|.® File Edit Wiew Project Source Process Window Help

—lol x|
»| 15|

R

-
Inc. A1l rights reservtj

cd
nt

ZH0 FFEEREE R || B0 |n
=lxl _
1 Release 5.3.031 - Par G.38
Sources in Project: I 2  Copyright {c) 1995-2004 Xi14nx,
2
""" o [B design2 4 sun Jan 02 11:59:39 2005
B £3 xc3s1000-44256 5
: 3 : &
E”[: disp_cnit {disp_cnt sch) 7  INPUT FILE: disp_cnt_map.n
U] disp_cntuct 2 OUTPUT FILE: disp_cnt_pad. t
[#] courterbehavioral {counter.vhd) 13 ;;EEDT‘C::E[:JE' f:BSlDDD
------ ‘- [¥] leddedbehavioral fedded vhd) 11  PACKAGE: frzse
12
— 13 Pinout by Pin Number:
4% Module .. | g Snapshot . | [T Libeary view | i
.= -  |---— |-——-
N 16 Pin hunberlS'lgna'l Name|Pin Usage
==l 17 A1
F‘rocessesforSource "disp_cnt" I;l jlg ig I 108
- [Ee# Pad Report 20 A4 | I0B
B Guide Results Report :’é; ié I 108
----- / Generate Post-Flace & 23 AT | I0E
. | 108
IOE
IOE
28 Alz | IOE
a a1 I TNR
4
counter.vhd |@ disp_cnt.par... disp_cnt pad...

Pin Name pir
GND

TDI

I0,/VREF_D UNU
I0_LO1P_0/VRN_O UNU
I0 UNU
WCCALX

I0 UNU
I0_L32P_0/GCLKE UNU
I0 UNU
IO_L3I1IN_1/VREF_1 UNU
WCCALX

10 UNU
T 1L AnNN 1 VREE A 1 IM1
4

Place & Route Module disp_cnt . .
PaAR. command l1ine:
PAR completed successfullwy

s

par -w —'|r1t5ty'le ise -0l std -t 1 disp_cnt_map.ncd disp_cnt.ncd disp_cnt. pcf

=l

o

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

For Help, press F1

ln232C

B

ol 51 |

From the information shown in the timing report, the minimum clock period for this design is
seen to be 5.266 ns which means the maximum clock frequency is 189.9 MHz. The clock
frequency on the XSA Board is 50 MHz which is well below the maximum allowable frequency

for this design.

Clock to Setup on destination clock clk

——————————————— B e e e

| Src:Rise| Src:Fall| Src:Rise| Src:Fall|
Source Clock |Dest:Rise|Dest:Rise|Dest:Fall|Dest:Fall]|
——————————————— B e e ettt e 2
clk | | | \ 5.266|
——————————————— B e e T




Generating the Bitstream

Now that you have synthesized our design and mapped it to the FPGA with the correct pin
assignments, you are ready to generate the bitstream that is used to program the actual chip.
In this example, rather than use the gxsload utility you will employ the downloading utilities built
into WebPACK. The iMPACT programming tool downloads the bitstream through the JTAG
interface of the FPGA, so you 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.

Jﬁlinx - Project Navigator - C:\tmp\fpga_designs\design2\designZ.npl - [disp_cnt.twr (REA o ] [
@ File Edit View Project Source Process Window Help 2| 18| xl
GHE FREEEEE [RER R 2e o @ -4
==
it =
Sources in Project: I 29 Clock clk to Pad
20 - e e tmmmmmmm e
""" B design2 21 | clk_(edge) i | clock |
E £ xc3s1000-4ft256 32 Destination | |Interna1 Clock({s) | Phase |
: : : e e T Tt Hmmmmm
E@ disp_cnit {disp_cnt sch) 34 s« | 11.851(F) |C'II-<_EIUFGF' | D.DDDl
U] disp_cntuct 35 S<lx | 11.667 [F) | c1k_BUFGP | 0.000]|
38 S<re | 11.670(F) | c1k_BUFGF | 0. 000 |
9] counterbehavioral counter.vhd) a7 s5aan | 11.730(F)|clk_BUFGFP | 0.000]
------ [ ledded-behavioral ledded vhd) 38 S« |  10.956(F) |c1k_BUFGP |  0.000]
39 Sah» | 11.370(F) | c1k_BUFGF | 0. 000 |
= 40 S<Es | 10.953(F) |c'II-<_EIUFGF' | 0.000|
4% Module .. | g Snapshot . | [T Libeary view | B ittt Suiehomiete e H
&
N 42 Clock to setup u:un destmatwn clock c'Ik
==l L T ST e +
L omg n 45 | arc: R1se| src: Fa11| Src: R1se| Src:Fall|
Processes for Source: "disp_cni I;l 45  source Clock |pestiri selDest R15&|Dest Fall|pest:Fall|
I ----- W User Constraints :“-; —{; ———————————— 1|' ————————— | ————————— | ————————— T————;—;E;’lr
i c .
e Synthesize - XST Bt R N I I H
G(f Implement Design 50
- 51 Analysis completed Sun Jan 02 11:59:42 2005
Programming File G¢.  Run B
Generate PROM, A Rerun Memory Usage: 67 ME —
E Corfigure Device {1 Rerun Al _IL
3
1| | Stop

T ompp Views I Dpen wWithaut Updating @ [E] disp_cntpar..| disp_cntpa.. [E] disp_crttwr I

| Place & Route Module disp_cnt . .

2l

PAR command line: par -w —'|r1t5ty'le ise -0l std -t 1 disp_cnt_map.ncd disp_cnt.ncd disp_cnt. pcf

PAR completed successfullwy hd
3

[4] 4> [M]: Console £ FindinFiles b Wamings ) Emors J

Edit the properties for the highlighted Process |n 47 Col 13 | =




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 iIMPACT 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 x|

General Options I Corfiguration Options  Startup Options | Readback Options I
Property Name Value

FPGA Start-Up Clock CCLK i

Enable Intemal Done Pipe CCLE

Done (Output Events) |ser Clock

Enable Outputs (Output Events)

Release Write Enable (Output Events) Default (6)

Release DLL (Output Events) Default (Mo\Wait)

Match Cycle Auto

Drive Done Pin High r

o]

Next, click on the Configuration Options tab and disable all the internal pull-up and pull-down
resistors in the FPGA as we did in the previous design. Then click OK.

Cancel [refault Help

Process Properties El
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Unused IOB Fins Float
UsgerlD Code (8 Digit Hexadecimal) (FFFFFFFF
Reset DCM f SHUTDOWN & AGHIGH peformed r
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Now that the bitstream generation options are set, highlight the disp_cnt object in the Sources
pane and double-click on the Generate Programming File process to create the bitstream file.
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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 disp_cnt.bit is

placed in the design2 folder.
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Downloading the Bitstream

Before downloading the disp_cnt.bit file, you must configure the interface CPLD on the
XSA-3S1000 board so it will work with the iIMPACT programming tool. Double click the

oKX

EREERaY icon and then drag & drop the p3jtag.svf file from the C:\XSTOOLS\XSA\351000 folder into
the FPGA/CPLD pane of the gxsload window. Then click on the Load button and the CPLD wiill
be reprogrammed in less than a minute.

@ C:\XSTOOLs\XSA\351! -0 x| =15 x|

Jo &) - 1.'" £ J Fie * l'r‘r Board Type IKS.&-ES'IDDD j [Laad

| Address |5 c:\wsToOLs\sA! 7 | Go Port m |
E xit

fintf. bit
ramintfc. bit FPG&/CPLD RAM Flash/EEFROM
test_board.bit
dwnildpar. swf

erase.svf |
fenfa.svf
=

High Address I I

Low &ddress | |
IUpload Format IHEx j 3 IHEx j 3

"lez.oke [d My Computer

After the p3jtag.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 configured through its
boundary-scan pins 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 you want to go back to using the gxsload programming

utility, you 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.
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The Configure Devices window now appears. You just programmed the CPLD on the XSA
Board so it would support programming of the FPGA through its boundary-scan pins. So select
the Boundary-Scan Mode option and click on the Next button.

Configure Devices : x|

| want to configure device via :
¥ Boundary-Scan Mode
" Slave Seral Mode
" SelectMAP Mode
™ Desktop Corfiguration Mode

< Back Mext > Cancel Help




Boundary-scan mode allows the configuration of multiple FPGAs connected together in a
chain. To accomplish this, the IMPACT software needs to know the types of the FPGAs in the
chain. There is just a single FPGA on the XSA Board and you could easily describe this to
iIMPACT. But iIMPACT can also probe the boundary-scan chain and automatically identify the
types of the FPGAs. This is even easier, so select the automatic identification option and click

on the Finish button.

Boundary-Scan Mode Selection x|

* A tomatically connect to cable and identify
Boundary-5can chain

™ Enter a Boundany-Scan Chain

= Back I Finishi I Cancel Help

The IMPACT software will probe the boundary-scan chain and find there is only a single FPGA
present. Now you need to tell IMPACT what bitstream file to download into the FPGA. Click on

the OK button to proceed.

Boundary-Scan Chain Contents Summary x|

iMPACT will now direct you to assodate a programming or

i) There was one device detected in the boundary-scan chain.
n BSOL file with this device. ..




The Assign New Configuration File window now appears. Go to the tmp\fpga_designs\design2
folder and highlight the disp_cnt.bit file. Then click on the Open button.

Assign New Configuration File el

Look in: Il.i' design2 j ‘- £k E3-

__prajnay
_ngo
st

=
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v

The main iMPACT window appears with a boundary-scan chain consisting of a single
XC3S1000 FPGA.
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Now right-click on the xc3s1000 icon and select the Program... item on the pop-up menu.
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The Program Options window will appear. All you 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 il ﬂ

¥ Eraze Before Programming [T Functional Test
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] 4 Cancel Help
q |

The progress of the bitstream download will be displayed. The download operation should
complete within twenty seconds.

Operation Status

Executing cammand...

[

Abort




After the download operation completes, you can check the status messages in the bottom
pane of the iMPACT window to see if the FPGA was configured successfully. The large
message block in the main window also helps.
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Testing the Circuit

Once the FPGA on the XSA Board is programmed, the circuit will begin operating without any
further action from you. The LED display should repeatedly count through the sequence O,
1, 2, 3,4,5, 6, 7, 8, 9, A, b, C, d, 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:

In 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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