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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-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 a CPLD project.

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

= How to enter a VHDL design.

= How to detect and fix VHDL syntactical errors.

= How to synthesize a netlist from a VHDL description.

= How to fit the netlist into a CPLD.

= How to check device utilization and timing for a CPLD.
= How to generate a bitstream for a CPLD.

= How to download a bitstream to program a CPLD.

= How to test the programmed CPLD.

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

= |t will not teach you what to do if your design doesn't fitin a CPLD.

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

In short, this is just a tutorial to get you started using the Xilinx WebPACK CPLD tools.

After you go through this tutorial you should be able to move on to more advanced
topics.
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CPLD Programming

Implementing a logic design with a CPLD 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, Verilog, or ABEL.

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

3. You use a fitter program to map the logic gates and interconnections into the CPLD.
The CPLD consists of several function blocks which can be further decomposed
into macrocells that can perform logic operations. The function blocks and
macrocells are interwoven with various routing matrices. The fitter assigns gates
from your netlist to various macrocells in the function blocks and opens or closes
switches in the routing matrices to connect the gates together.

4. Once the fitting 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.)

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

That's really all there is to it. The Xilinx WebPACK provides the HDL editor, logic
synthesizer, fitter, and bitstream generator software. The XSTOOLs from XESS
provide utilities for downloading the bitstream into an containing a Xilinx
XC95108 CPLD.
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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

CPLD
= =K
= ==
= =K==
. | Bitstream
function block macroce 101010010101100101
010110101010110101
i 010110100101101011
Generate Bitstream 01010100101010101
010101010100110101
011011011010100101
011010010101100101
100101100101010100
101010110100110100
101100110001010101

Download and Test
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Installing WebPACK

Getting WebPACK

You can get the WebPACK from http://www.xilinx.com/sxpresso/webpack.htm|. You
will have to register before you can download the WebPACK modules. There are three
downloadable modules which form the core of the WebPACK tools:

Design Entry & Synthesis Tools Module: This module provides the HDL
editor, schematic editor, and logic synthesizer for VHDL, Verilog, and
ABEL. The software from module version 3.1WP1.0, released July
24, 2000 was used for this tutorial. The file for the module is
Wwebpack_hdl_abel.exe| The file size is 14.4 MBytes.

XC9500 Series Fitter Module: This module provides the fitter for the
XC9500 CPLDs. The software from module version 3.1WP1.0,
released July 24, 2000 was used for this tutorial. The file for the
module is webpack cpld fitter.exel The file size if 13.2 MBytes.

JTAG Programmer Module: This module provides the bitstream generator
for the XC9500 CPLDs. The software from module version
3.1WP1.0, released July 24, 2000 was used for this tutorial. The file
for the module is webpack programmer.exel The file size if 10.7
MBytes.

Five more backPACK tools provide additional features you may find useful:

ChipViewer: This module provides a graphical view of how your logic
circuitry fits within the CPLD. The software from module version
3.1WP1.0, released July 24, 2000, was used for this tutorial. The file

for the module is |v_veanck chigviewer.exe] The file size is 9.9
MBytes.

CPLD Capture Libraries: This module provides libraries of commonly-used
logic functions that are used when doing schematic-based logic
designs. The libraries from module version 3.1WP1.0, released July
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24, 2000, were used for this tutorial. The file for the module is

@Mml The file size is 17.8 MBytes.

StateCAD: This module provides a graphical state machine editor. The
software from module version 3.1WP1.0, released July 24, 2000, was
used for this tutorial. The file for the module is
Webpack statecad.exe| The file size is 4.3 MBytes.

HDL Bencher: This module provides an HDL testbench generator. The
software from module version 3.1WP1.0, released July 24, 2000, was
used for this tutorial. The file for the module is
Wwebpack_hdlbencher.exel The file size is 2.1 MBytes.

MXE BackPACK: This module provides the ModelSim source-level simulator
for the VHDL and Verilog HDLs. The software from module version
3.1WP1.0, released July 24, 2000, was used for this tutorial. The file
for the module is webpack_mxe_simulator.exe| The file size is 17.8
MBytes.

Installing WebPACK

Install the WebPACK software modules in the following order:

1.

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

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

If you downloaded the ChipViewer module, then double-click the
webpack_chipviewer.exe file. The installation script will run and install the software.
Accept the default settings for everything.

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

The WebPACK installation may query you about setting some environment variables if
you have Xilinx software like Alliance or Foundation already installed. But if you
already have these tools you probably don't need WebPACK.
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Getting XSTOOLs

If you are going to download your CPLD bitstreams into an XS95 Board, then you will

need to get the XSTOOL s| software from http://www.xess.com/ho07000.htmll Just
xstooset.exel

download the |xstooset.exelfile V3.0. The file size is 1.1 MBytes.

Installing XSTOOLs

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

An LED Decoder

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

Four-bit Input Hex Digit LED Display

0000 0 )
0001 1 1
0010 2 2
0011 3 3
0100 4 4
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A A
1011 B b
1100 C c
1101 D d
1110 E E
1111 F F
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A high-level diagram of the LED decoder looks like this:

INTRODUCTION TO WEBPACK 3.1

LED 7-Segment
Decoder LED
| sO .
si ~ s6
d0——+> 432_‘> s4
dl——+ s3
g% —SA'—(> S1
| s6 | S
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Starting WebPACK Project Navigator

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

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

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

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

4. An editor pane where we can enter HDL code or logic schematics with the
appropriate editor.

Xilinx - Project Havigator

Fil= Edit “iew Project Source Process Macro window  Help

a2~ NEde AcRl=NEAE ScllT-TE- SR AN FAE Y R ER-0T | —
]|
Sources in Project: I
[Mo Project Open)

T e i | B File view | 1w Snapsht tiew | ] Library view |

1=
Processes for Current Source: I
[Mo Processzes Available)
B Process Uieu I
x| =
A =
4 PI
A AT FMConsoled Ftin Fis
For Help. press F1 B
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To start our design, we must create a new project by selecting the File=New Project item
from the menu bar.

Xilinx - Project Havigator

File Edit “iew Project Source Process Macro Window  Help

Open Froject... !

Open Example...
[Eloze Broject

Save Froject se,

EEBEE B 2w

Héﬂﬁ G

1=
|

Hew
Open...
Lloge
Save
Sane b
Brint...

Chel+M
Chl+0

Chl+5 D1 Snapsht Wiew I Library Wieuy I

Chil+F 2] =]

Save ol

Fecent Projects
Recent Files

Exit

B Process Uisw I

4 =
-

—rl
Create a new project | | B y

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

Mew Project

Project name: Froject Location:

]|

I IE:'\-KiIin:-c_EF'LD shim

Froject Device Options:

Property Hame Value
Device Family Hilinx 9500 CPLD=
Device ¥CR5108 PCEd
Zynthesis Toaol #=T WHDL
[F: Cancel

INTRODUCTION TO WEBPACK 3.1
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Click on the ... button next to the Project Location field and use the Select Directory
window to select a folder where our project files will be stored. For our design
examples, we will store everything in the C:\tmp\cpld_designs folder.

Select Directory

Folders:

o hrphepld_designs

[=r
trp

cpld_dezigns

Cirives:

IIEE::

-l

]|

1]

ok |
Cancel |
_ e |

4

Help

MHetwark... |

Next we will give our LED decoder design the descriptive title of designi by typing it

into the Project name field.

Mew Project

Project name:

Froject Location:

]

Idesigm

I|::'\.tmp'\n:pld_designs'\desigm

Froject Device Options:

|

Property Hame Value
Device Family Hilinx 9500 CPLD=
Device ¥CR5108 PCEd
Zynthesis Toaol #=T WHDL

o]

Cancel

INTRODUCTION TO WEBPACK 3.1
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To set the family of CPLD devices we will target with this design, click in the Value field

of the Device Family property. Select the Xilinx 9500 CPLDs entry in the pop-up menu that
appears.

Hew Project

X

Project name:; Project Location:

design c:\tmphepld_designst.design |

Project Device Options:

Property Hame Value

Devvice Family Hilinx 9500 CPLDs

Device “irtual Device

Synthesis Tool
Hilinx 9500xL CPLD=
wilinz 9500x% CPLD=

k. Cancel

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

device family. For our designs, we will select the XC95108 PC84 since this is the device
used in the XS95 Board where we will test our design.

Mew Project

x|
Project name: Froject Location:
dezign1 c\mphepld_designs'designd |
Project Device Options:
Property Hame Value
Device Family Hiline 9500 CPLD=
Device SIC95105 PCS I
Synthesis Tool ACO5Y2 PCS4 1=
HCASY2 P00
oK Carcel prcmn
| ':|1 {I]=] Fll._.l:lq- J
AC85103 P00 -
HCA5108 TE100
XCA5108 Pa1ED ]
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Finally, our designs will be done using VHDL so click in the Value field of the Synthesis

tool property and select XST VHDL from the pop-up menu. This activates the Xilinx
VHDL synthesizer.

Mew Project :::: El
Project name:; Project Location:
designi c:strnphepld_designsdesigni |
Project Device Options:
Property Hame Value
Device Family Hilinx 9500 CPLD=
Device HiZ95108 PCE4
Synthesiz Tool EEI a! vI
kK | Cancel HET I‘\"'Erillzlg
ABEL X=T
ABEL BLIF |
| Exterrial Metlist
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Once all the fields are set, click on OK in the New Project window. Now the Sources
pane in the Project Navigator window contains two items:

1. A project object called Untitled.

2. A chip object called XC95108 PC84 - XST VHDL.

Xilinx - Project Havigator - c:A\tmpA\cpld_designs\design]idesignl.npl

Fil= Edit “iew Project Source Process Macro window  Help

a2~ N NEde A RN ScllT-T TSR AR PN R RN | —
]|
Sources in Project: I
RG] Urited
i ] WC95108 PCEY - X5T WHOL

—

T B e iew | B Fite view | o Snapshot view | E] Library view |

] x|
Processes for Cumrent Source: I
[Mo Processes Awailable]

B2 Process View I

2l starting: 'C:ZEILINY CPLDYEINANT\checkini.exe -—err=automake.err -device=BASE C:yXil+l
- |
Done: completed successfully. J
4 PI
JA[ AT B FIsConzoled Fin Fus
Hierarchy is up to date. =
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Naming Your Project

Now we will name the project by right-clicking the mouse on the Untitled project object
and selecting the Properties item from the pop-up menu.

Xilinx - Project Havigator - c:i\tmpicpld_designs\design1idezign1_ npl

File Edit %iew Project Source Process Macro Window  Help

pse@|wgE BERE[RER|2W||roe|o e |(sm
2=
Sources in Project: I
B
: MHew Source. .
e 95 -
&3 Add Source... Inzert
Add Copy of Source...  Shift+lnzert
1= Eemave [elete
S hioddule | Libirary Vieuy
—— Fiove b Librany. .

—— | [pen EF
Proceszes fol Lloze ]
[Mo Processe

Tonggle Paths
B Process View I

ﬂ Starting: 'C:AEILING CPLDYBINYHNT, checkini.exe —-err=automake.err -—-device=BLSE C:hyXilal
- _
Done: cowpleted successfully. J
4 II
A AT FMConsoled Ftin Fis
Edit the properties for the highlighted 5ource =
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This displays the Project Properties window that contains a single Project Properties
tab. The tab has a single slot where we can type the Project Title. | chose design1 to
keep it consistent with the project name we chose previously, but you can choose any

name.

Project Properties |
Froject Properties |
Property Hame Value
Project Title designi
k. I Cancel Drefault Help

Then we click on OK to close the window. The name of the project object in the Source
pane will be changed to design1.

INTRODUCTION TO WEBPACK 3.1
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Describing Your Design With VHDL

Once all the project set-up is complete, we can begin to actually design our LED
decoder circuit. We start by adding a VHDL file to the design1 project. Right-click on
the XC95108 PC84 object in the Sources pane and select New Source ... from the pop-up
menu as shown below.

Xilinx - Project Havigator - c:\tmpA\cpld_designs\designlidesignl.npl

Fil= Edit “iew Project Source Process Macro window  Help

a2~ N NEde A RN ScllT-T TSR AR PN R RN | —
x|

Sources in Project: I

------ Bl desigri
Add Source. .. l! Inzert

R108 PC

— Add G f5 .. Shift+l t
B2 hdodule iew | File Wiew | £ SR B e liEe HINSEL

Eemaove [elete

Iawe ta Library...

Proceszes for Current Source: Open

Lloze

Design Entry Utilities

Toggle Paths
Properties. ..

B2 Process View I

ﬂ Starting: 'C:A%EILINY CPLDYEIN\NT\checkini.exe -err=automake.err -device=BASE C:yXil+l
- |
Done: completed successfully. J
4 )I
4[4[ F[FConzoled, FonFes
Add a new source to the project =
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This causes a window to appear where we must select the type of source file we want
to add. Since we are describing the LED decoder with VHDL, just highlight the VHDL

Module item and click on Next.

Hew |

IJzer Document
Schematic

WHOL Module

WHDL Package ; .
WHOL Test Bench File Hame:
State Diagram IIeddcd
LogBlox Module

Whdl Libram

Location:

Iu::'\tmp"-.u:pld_designs'xdesign'l |

¥ Add to project

< Back I Ment » [ I Cancel Help
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Then the Define VHDL Source window appears where we name the module entity
and the name of the architecture section for the entity. In the window shown below, we
have chosen the entity name to be leddcd, and the architecture section will be called
leddcd_arch.

Define YHDL Source |
Entity Mame Iledd-:d
Architecture Mame Ileu:ldn:d_arch

Port Hame Direction MSB s |4
in
in
in
in
in
in
in
in
in
in
in
in ;I

< Back I Ment » I Cancel | Help |
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We declare the inputs and outputs to the LED decoder circuit in the same window. 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

Eritity M ame IIEI:I::In:u:I

Architecture Mame IIeddn:u:I_arn::h

Port Hame Direction MSB s |4
d in q =]o
in "
in by
in
in
in
in
in
in
in
in
in ;I
¢ Back I MHewt > I Cancel | Help

INTRODUCTION TO WEBPACK 3.1
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Perform the same operations to create the seven-bit wide s bus that drives the LEDs.

Define YHDL Source |
Eritity M ame IIEI:I::In:u:I
Architecture Mame IIeddn:u:I_arn::h
Port llame Direction MSB s |4
d in 3 ]
in 5] ]
| in
in
in
in
in
in
in
in
in
in ;I
¢ Back I MHewt > [ I Cancel | Help |

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

Define VHDL Source X|
Eritity M ame IIEI:I::In:u:I
Architecture Mame IIeddn:u:I_arn::h

Port llame Direction MSB s |4
in 3 ]
oLt -
in
inoLt
in
in
in
in
in
in
in ;I

¢ Back MHewt > Cancel | Help |
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Click on Next in the Define VHDL Source window and we will get a summary of the
information we just typed in:

]|

Mew Source Information

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

Source Directony: o tmphepld_designshdesignl

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

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help _|5’|1|
ne@ewEBEEEEER(2R||: =00 e |k e %
2l :
Sources in Project: | library IEEE; =
B desiani use IEEE.STD LOGIC 1164.ALL;
Elﬁ ®C95108 PCE4 - %5 T WHDL use IEEE.3TD LOEIC ARITH. ALL;

@ ledded [ledded.vhd) use IEEE.3TD LOGIC UNSIGNED.ALL;

entity ledded 1=

_'ﬁmdme...anew...‘ o sraps...| [ L. | Port { d : in std logic_vector(3 downto 0);
s : in std logic vector{é downto 0));

= x end ledded;

Frocesses for Lunent Source architecture ledded _arch of ledded is

Dezign Entry Utilities
X3 Syrithesize

iy bhegi
G Implerment D esign EFin
X3 Create Programming File
end ledded arch; -
kil _>l_I
B Process Uieuul @ ledded. vhd I
ﬂ' JHDPARSE complete - 0 errors, 0 warnings. ;'
¥

Done: cowmpleted successfully.

—"_I

For Help. press F1 |Ln 1. Col 1 H =
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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 14-29).

likrary IEEE; =
use IEEE.&TD LOGIC 1164.ATL;

use ITEEE. 3TD LOGTC ARTTH.ALL:

use IEEE.3TD LOsTC UNSTENED. ALL;

entity ledded is
Port ( d : in std logic vector (3 downto 0);
s : out std_lugic_vectur{ﬁ downto 0));
end leddcod;

architecture ledded arch of ledded is
begin

3 <= 1110111 " when d="0000" els=se
"O010010"™ when d="0001" els=se
"1011101"™ when d="0010" else
"1011011"™ when d="0011" else
"0111010" when d="0100" else
"1101011" when d="0101" els=se
1101111 " when d="0110" els=s
"1010010" when d="0111" els=se
111313111 " when d="1000" els=se
"1111011" when d="1001" else
1113113110 " when d="1010" else
0101111 " when d="1011" else
"O001101"™ when d="1100" else
0011111 "™ when d="1101" els=se
1101101 " when d="1110" el=e
rii0iioor

end ledded arch; -
411 _*I_I

[¥] ledded.vhd

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

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

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help _|5’|1|
pe@ewE aREE B (2R||Ba 0 e @R Hls %
2l :
Sources in Project: | library IEEE; =
B desiani use IEEE.STD LOGIC 1164.ALL;
Elﬁ ®C95108 PCE4 - %5 T WHDL use IEEE.3TD LOEIC ARITH. ALL;

@ ledded [ledded.vhd) use IEEE.3TD LOGIC UNSIGNED.ALL;

entity ledded 1=
Port ( d : in std logic vector(d downto 0);
= : out Std_logic_vector(é downto 0));
end ledded;

T R hodule. | Bl Fiew... | pmsnaps... | Bl Lina... |

2= —
Processes for Current Source: I architecture ledded _arch of ledded is

W Design Entry Utilities begin

EG Sunthesize

B View Synthesis Repor 5 == "1110111" when d="0000" =lse

P Q Analyze Hierarchy "O0010010" when d="0001" slse

R ok e "1011101" when d="0010" =lse

#oig Implement Desian g "1011011" when d="0011" else =

-84 Create Programming File a1 _‘|—I

B Process iiem I @ ledded. vhd I
| =
= =l

JHDPARSE complete - 0 errors, 0 warnings.

Done: cowmpleted successfully.

4’#

Hierarchy iz up to date. |Ln 31, Col 17 [ H =

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

We can find the location of the error by scrolling the log pane at the bottom of the
Project Navigator window until we find an error message. In this case, the error is
located on line 31. You can manually scroll to line 31 in the HDL editor pane, or you
can double-click on the error message in the log pane to go directly to the erroroneous
line.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

File Edit “iew FProject Source Proces: Macro Window Help = X
4 File Edit Vi P 5 P 4 "firng Hel =
pe@ewE aREE B (2R||Ba 0 e @R Hls %
== . .
Saumaes et I Fort ( d : 1in Std_logl(lz_vector(S downto 0); =l
E designl s : out std logic wvector (& downto 0));
=3 XC35108 PL34 -%5T YHDL =nd ledded;
BRI =ddcd [ledded. vhd)
architecture ledded arch of ledded is
hegin
% vaoawte... | E] Fiev... | im snaps... Bl L., | o e "1110111" when d="0000" else
"O010010" when d="0001" else
;ITI 1011101 " when d="0010" e=l=se
Processes for Current Source: "1011011"™ when d="0011" el=e
W Design Entry Utilities "0111010" when d="0100" =l=se
-3 Synthesize 711010117 when d="0101" else [
: ViewSynthesisHeport "1101111"™ when d="0110" =lse
E K naI_l,lzeH|eralc:h_l,l "1010010" when d="0111" else
: n*|—'¥ Ehr - i "1111111" when d="1000" =lse
By ImplementDesion "1111011" when d="1001" else -
[Hx_k Create Programming File L1l =
B2 Process View I @ ledded. vhd I
:’:IliERROR : (WVHP_ 0162) . C:\tmph\cpld designshdesignl' ledded.vhd Line 31. Read synbol END, expect.2]

-—>
Done: failed with exit code: 0001.

ﬂ _’|j
] AT FFConsaled FminFes

Process "C:\Xilinx_CPLDAbinkntixst exe -ifn leddcd. xst -ofn ledded._s_:tapket|Ln 20, Col 41 | L~

When we look at line 31 we see it is just the end statement for the architecture section.
The VHDL syntax checker was expecting to find a ;' and we can see it is missing from
the end of line 29. Adding the semicolon to the end of line 29 and re-running the
syntax checker reveals another error on line 20: the keyword el se has been
misspelled as els. Now when we double-click the Check Syntax process, it runs and

then displays a ¢ to indicate there are no more errors.
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Synthesizing the Logic circuitry for Your Design

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

Xilimt - Project Mavigator - c:\tmpi\cpld_designs\designl\designl_npl - [leddcd_vhd]

|.@ Eile Edit Yew Poject Source Process Maco Window Help _|51|£|
[oene B E AR E[EEE 2|4 B0 e @D Hls %
2=
Saurces in Project; I "O010010" when d="0001" else =l
—[B] designl 1011101 " when d="0010" else
Eﬁ 95108 PCE4 - 5T WHOL "1011011" when 4="0011" else

"0111010" when d="0100" =l=e
T1101011™ when d="0101" else
"1101111" when d="0110" =lse
T1010010" when d="0111" else

@ ledded [ledded.vhd)

B hodute... | E] Fie ... | g Snaps...| E] Libra... | P1111111" when d="1000" eloe
11311011 " when d="1001" else
=lx 1111110 when 4d="1010" else
Froceszes for Current Source: I "0101111" when 4="1011" =lse
W Design Enbry Utiibes "O0001101" when d="1100" else
EG# Synthesize "O0011111™ when d="1101" else
Wie ynthe&is Repart 1101101 " when d="1110" else

R Analyze HIE—'I’EIC""I}' "1101100 rr;

@ Check Syntax
A% Implement Design @®cnd ledded arch;

G Create Programming File 411 W 2
B Process iiem I @ ledded. vhd I

|
2

Done: cowmpleted successfully.

—"j

Process "Synthesize” iz up to date. |Ln 29, Col 23 [ B =

The synthesizer will read the VHDL code and transform it into a netlist of gates. This
will take only a minute. If no problems are detected, a & will appear next to the
Synthesize Tree process as shown above. You can double-click on the View
Synthesis Report to see the various synthesizer options that were enabled and some
simple statistics for the synthesized design.
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Fitting the Logic Circuitry Into the CPLD

We now have a synthesized logic circuit for the LED decoder, but we need to fit it into
the logic resources of the CPLD in order to actually use it. We start this process by
highlighting the XC95108 PC84 object in the Sources pane and then double-click on the

Implement Design process.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help _|5’|1|
pee@ewE aREE Bk (2| =R e |E@mFs Hls %
=l x| 5
Saumaes et I 0010010™ when d="0001" else
B design "1011101" when 4d="0010" else
Elﬁ 95108 PCE4 - %S T WHDL "1011011" when d="0011" els=se
@ ledded [ledded. vhd) "0111010" when d="0100" else
"1101011" when d="0101" el=se
1101111 " when d="0110" else
= 1010010 when d="0111" else
% vaoawte... | E] Fiev... | im snaps... Bl L., | "1111111" when d="1000" =loe
"11311011" when d="1001" else
EF 1111110 when d="1010" e=l=se
Froceszes for Current Source: |;| 0101111 "™ when d="1011" el=e
3 Check Syntax "O001101" when d="1100" sl=e
El ] IF"'ETI'IEﬂtE'EEEI"I 0011111 " when d="1101" else
A T_ranslahon "1101101" when d="1110" else
G Fitter #1101100";
8 Tirnirig
? ; I;aunc:h To.ols'__.l ®end ledded arch; B
2 —
reate Programming File - i o
B2 Process View I @ ledded. vhd I
Ell ———=-—=-================================================================= -
= =l
-
Done: completed successfully.

4”
] AT FFConsaled FminFes

Process "Synthesize" iz up to date.

[Ln 29, Col 23
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You can watch the progress of the fitting process in the status bar at the bottom of the
Project Navigator window. For a simple design like the LED decoder, the fitting is
completed in seconds (on a 450 MHz Celeron PC with 128 MBytes). A successful fit is

indicated by the & next to the Implement Design process. You can expand the Implement
Design process to see the subprocesses within it. The Translation process converts the
netlist output by the synthesizer into a Xilinx-specific format and annotates it with any
design constraints we may specify (more on that later). The Fitter process actually
maps the netlist into the circuitry elements contained in the device we selected. If the
Implement Design provcess failed, a 3 would appear next to the subprocess where the
error occured.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help _|5’|1|
pee@ewE aREE Bk (2| =R e |E@mFs %%
=l x|
Sources in Project: I "DDlDDlD" when di"DDD_‘L" else =l
B designi 1011101" when d="0010" else

Elﬁ 95108 PCE4 - %S T WHDL "1011011" when d="0011" els=se

) 7 "0111010" when d="0100" else
"1101011™ when d="0101" e=ls=se
"1101111" when d="0110" else
T1010010™ when d="0111" e=lse

% vaoawte... | E] Fiev... | im snaps... Bl L., | "1111111" when d="1000" =loe
11110117 when d="1001" els=se
EF "1111110" when d="1010" els=se
Processes for Current Source: |;| "0101111" when d="1011" else
o eGe# Check Suntar "0001101" when d="1100" elss
0 0011111 " when d="1101" els=se
Qe Translation "1101101" when d="1110" else
Do Fitter rii01i00";
G Tirnirig
n@ LaunchTD_oIs_ @end ledded arch; =
_U Create Programming File - .ﬂ_l _,I_
B2 Process View I @ ledded. vhd I
Al starting: 'C:AVEILINE CFLDAVBINA\NThVexevwrap -batch -env @xc.env -command timnet.bat ! =l

i
Done: completed successfully.

ﬂ _’|j
] AT FFConsaled FminFes

Process “Implement Design™ is up to date. |Ln 29, Col 22 B
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Checking the Fit

We have our design fitted into the XC95108 CPLD, but how much of the chip does it
use? Which pins are the inputs and outputs assigned to? We can find answers to
these questions by double-clicking on the Fitter Report in the Process pane.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help _|5’|1|
pe@ewE aREE B (2R||Ba 0 e @R Hls %
=] =|
Saumaes et I 0010010™ when d="0001" else =l
B design "1011101" when 4d="0010" else
Elﬁ 95108 PCE4 - %S T WHDL "1011011" when d="0011" els=se
@ ledded [ledded. vhd) "0111010" when d="0100" else
"1101011" when d="0101" el=se
1101111 " when d="0110" else
= 1010010 when d="0111" else
% vaoawte... | E] Fiev... | im snaps... Bl L., | "1111111" when d="1000" =loe
"11311011" when d="1001" else
= " " when = " oelze
EF 111313110 h d="1010 1
Processes for Current Source: |;| 0101111 "™ when d="1011" el=e
EIO(% Implement Design 0001101 " when d="1100" el=se
‘ G(ﬁ T_ranslatlon 0011111 " when d="1101" else
=G Fiter "1101101" when d="1110" else
e riioiioor;
Lock Fins
[ imina Si i L
mn \Tr,.irﬁn&eate Timnirg Slmulahonh- @ end ledded arch; =
. = | _.r‘ K| ne
B2 Process View I @ ledded. vhd I
fll Starting: 'C:YVEXILINX CPLIDABIMN\NThexewrap -batch —env [@xc.env -commwand timnet.bat ! =l
- |

Done: completed successfully.

ﬂ _’|j
] AT FFConsaled FminFes

Process “Implement Design™ is up to date. |Ln 29, Col 22 [ B

This brings up a window containing the fitting statistics for the LED decoder. The top
few lines of the file show the LED decoder only uses 7 of the 108 available macrocells
in the XC95108 CPLD. And it only uses 11 I/O pins (4 for input, 7 for output).

XACT: version D.20 Xilinx Inc.
Fitter Report
Design Name: leddcd Date: 8-25-2000, 9:11AM
Device Used: XC95108-7-PC84
Fitting Status: Successful

kkkkkkkkkkkkkkkkkkkkkkkkkk*k*  Regource SUMMATY Frrkkkkkkkkhkkkkkhhhkkkkkkkkx

Macrocells Product Terms Registers Pins Function Block
Used Used Used Used Inputs Used
7 /108 ( 6%) 24 /540 ( 4%) 0 /108 ( 0%) 11 /69 ( 15%) 24 /216 ( 11%)
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Further down in the fitting report we can see what pins the inputs and outputs use.
The d inputs have been assigned to pins 72, 17, 83, and 44. The s outputs which
drive the LED segments have been routed through pins 32, 45, 1, 6, 71, 14, and 57.

*kkkkkkkkkkk*k*k**Regources Used by Successfully Mapped Logic******************

B9 ILOGIC 9

Signal Total Signals Loc Pwr Slew Pin Pin Pin
Name Pt Used Mode Rate # Type Use
s<0> 4 4 FB5 2 STD FAST 32 I/0 O
s<1> 3 4 FB6_2 STD FAST 45 I/0 O
S<2> 3 4 FB1 2 STD FAST 1 I/0 O
S<3> 2 4 FB1 9 STD FAST 6 I/0 O
s<4> 4 4 FB2 2 STD FAST 71 I/0 6}
s<5> 4 4 FB3 2 STD FAST 14 I/0 O
S<6> 4 4 FB4 2 STD FAST 57 I/0 O

B IINPUIES) €9

Signal Loc Pin Pin Pin
Name # Type Use
d<0> FB2_ 3 72 I/0 I
d<1l> FB3 5 17 I/0 I
d<2> FB2 16 83 I/0 I
d<3> FB5 17 44 I/0 I

End of Resources Used by Successfully Mapped Logic

The fitting report even lists the logic equations for each output:
; Implemented Equations.

/HS<1>H - /ud<0>n * Nd<2s" * g3
+ "del>" * "de2s" *x nd<3s"
+ /ud<0>n * Nd<ls" * /nd<2>u * /nd<3>u

/HS<2>H - "d<0O>" * /nd<3>u
+ "d<O>" * /"d<l>" * /nd<2>u
+ /ud<1>n * "d<2s" * /nd<3>u

/"s<3>" = /"d<l>" * /"d<2>" * /"d<3>"
+ "d<0>" * "d<l>" * "d<2>" * /"d<3>"

/us<4>n — "d<0>" * "dels" * "de3>"
+ /ud<0>n * Nd<cls" * "g<2s"
+ /ud<0>n * Nd<2s" * 1Jc3sN
+ "d<O>" * /"d<l>" * Nd<2s" * /ud<3>n

/HS<5>H - "d<0>" * "dels" * /ud<3>n
+ "d<O>" * /nd<2>u * /nd<3>u
+ "d<ls>" * /nd<2>u * /nd<3>u
+ /ud<1>n * Nd<2s" * 1Jc3sN

/HS<6>H - /ud<0>n * /ud<1>n * Nd<2s"
+ /ud<1>n * Nd<2s" * "1Jc3sN
+ "d<O0>" * "dels>" * /ud<2>n * "d<3sM
+ "d<O>" * /"d<l>" * /nd<2>u * /nd<3>u

/us<0>n — "d<O>" * "dels" * "1dc<c2sM
+ "d<O>" * /"d<l>" * /nd<2>u * /nd<3>u
+ /ud<0>n * Nd<]ls" * /nd<2>u * Nd<3sM
+ /ud<0>n * /ud<1>n * "d<2>" * /nd<3>u
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Constraining the Fit

The problem we have now is that the inputs and outputs for the LED decoder were
assigned to pins picked by the fitting process, but these are not the pins we actually
want to use on the XS95 Board. The XS95 has eight inputs which are driven by the
PC parallel port and we would like to assign the LED decoder inputs to four of these as
follows:

LED Decoder Input XS95 XC95108

CPLD Pin
do P46
d1 P47
d2 P48
d3 P50

Likewise, the XS95 Board has a seven-segment LED attached to the following pins of
the CPLD:

LED Decoder Output XS95 XC95108

CPLD Pin
sO P21
s1 P23
s2 P19
s3 P17
s4 P18
s5 P14
s6 P15
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How do we constrain the fitting process so it assigns the inputs and outputs to the pins
we want to use? We start by highlighting the XC95108 PC84 object in the Sources pane
and then double-clicking the Constraints Editor process.

Xilimt - Project Mavigator - c:\tmp\cpld_designs\designl\designl_npl - [leddcd_vhd]

|.@ Eile Edit Yew Poject Source Process Maco Window Help _|5’|5|
cene B E a2 E[BEE 2|4 B0 @ Hls %
2=
Sources in Project; | library TIEEE; =
B design use IEEE.STD LOGIC 1164.ALL;

Eﬁ %C95108 PCE4 - 25T WHDL use IEEE.S3TD LOGIC_ARITH. ALL;
@ ledded [le use IEEE.3TD LOEIC UNIIGNED.ALL;

entity ledded is=
Port { d : in std logic vector (3 downto 0);
= : out std_logic_vector(é downtao 0));
end leddecd;

= architecture ledded arch of ledded is
B vaoawte... | E] Fie v... | i snaps... Bl L., | -

hegin
2| 2 z == 1110111 " when d="0000" else
Processes for Current Source: |;| "O0010010" when d="0001" else
=@ Design Entry Utiities "1011101" when d="0010" else
=8 ger bonstainks *1011011" when d="0011" else
L3 EdilCFfie "0111010" when d="0100" else
"1101011" when d="0101" else
1101111 " when d="0110" else
-3 Launch HOL Bencher Tool 1010010" when d="0111" else
: ) L 11311111 " when d="1000" else
= Wiew WHDL Instantiation Templat " " e N
3 Create Schematic Symbol "llllDll" when d: "lDDl" slse
| Launch kodelSim Simulator 111311107 when d="1010" else
B4 3e? Synthesize "0101111" when d="1011" els=se
L2 ; ; - "MON11n1 "™ when A="1100" 1=k ¥
q [ Wiew Sunthesis Feport | _'lJ 41 ;rl
B Process iiem I @ ledded. vhd I
x| Starting: 'C:VEILINX CPLDYEBIMANTYexewrap -batch -env @xc.env -comwmand timnet.bat ! B |

i
Done: cowmpleted successfully.

—"j

Process “Implement Design” is up to date. |Ln 29, Col 23 B =
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The Constraints Editor window appears. Click on the Ports tab in the upper pane. A
list of the inputs and outputs for the LED decoder will appear. We can enter our pin
assigments here.

.;ﬁXilinx Constraints Editor - [Ports - leddcd.ngd / leddcd.uck]
File Edit “iew ‘Window Help

D|=|&| x| ~l=|0lg 2w

Port Hame Port Direction Location Pad to Setup Clock to Pad
d=0= IMPUT RFAY
d=1= IMPUT RFAY
d=2» IMPUIT LR
d=3= IMPUIT I
== QUTPUT MR,
z=21= QUTPUT ML,
gad= QUTPUT ML,

F=3= QUTPUT ML,
4= QUTPUT ML,
F=0= QUTPUT RN
s<6= QUTPUT [is,
Fad Groups
. . : G Mame: Create G I
[ 140 Configuration Dptions P WL I o Heke
. . Pad to Setup...
Prohibit [/0 Locations... | Select Group: I j
Clock to Pad... |
Global Faorts I Advanced |
UGF Gonztraints [read-write)] |UCF Constaints [read-anly] Source Conzbaints [read-only) I
For Help. press F1 NUM 4
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We start by clicking in the Location field for the d<0> input. Then just type in the pin
assignment for this input: P46. Do this for each of the inputs and outputs using the pin
assignments from the tables shown above. After doing this, the Constraints Editor

window appears as follows.

.;5§Xilim: Constraints Editor - [Ports - ledded_ngd £ ledded uck]

File Edit Yiew wWindow Help

D= x| =[=|=0g 2]

Port Hame Port Direction Location Pad to Setup Clock to Pad
d=0= IMPLT P4E A,
d=1= NPT P47 TSR,
d=2= NPT P4 TSR,
d=3= IMPUT Ps0 TEA,
== QUTPUT P21 MR,
z=21= QUTPUT P23 MR,
i) QUTPUT P14 RS
F=3= QUTPUT P17 RS
s=4= QUTPUT ] MR,
g=5= QUTPUT P14 MR,
2=6= QUTPUT P15 . MR,
FPad Groups [P15]
™ 140 Configuration Options BT GES I \—Iﬁreate EnL
— - Fad to Setup... |
Prohibit [0 Locations. . I Select Group: I d
Clock to Pad... |
Global Parts I Advanced |
MET "se2e" LOC ="P19"; ~l
MET "3V LOC = "P17";
MET "sede" LOC = "P18";
MET "z<B:" LOC = "P14"; J
UGCF Constraints (read-write] [LCF Constraints [read-only] Source Constraints [read-only) I
For Help. press F1 NUM v
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After the pin assignments are entered, click on the |E| button to save the pin
assignment constraints. The Constraint Editor will give us the following message:

Run Tranzlate Ed |

“'ou must rerun the TRAKNSLATE [nodbuild] step to have your new constraintz applied to the dezign

¥ Pleaze do not dizplay this meszage agairé

Click OK and then select File=Exit in the Constraints Editor window. Since we are
changing the constraints on our design, we are asked to reset the implementation
process so it will be re-run with our new constraints.

Reszet the Implement Design process o that pour UCF changes will
be read?

The Uszer Congtraint File [UCF] haz changed. Az a resulk, it may not
be pozzible to reproduce the zame implementation rezults using the
new JCF.

To incorporate the new LICF at this time, choose RESET
to mark the Implement Dezign process out of date. Then re-run the
Implement Design process. Otherwize, choose BRETAIM to keep the

current implementation resulks intact and not incorporate the new
IICF at thig time.

Fetain |

This just means we have to re-run the fitting process again if we want the design to use
the pin assignments we just made. Click on Reset and then double-click the Implement
Design process to re-fit the design with the new pin assignments. Then double-click on
the Fitter Report process to view the pin assignments made by the fitter process.

Looking through the fitter report, we see the following:

*kkkkkkkkkkk*k*k**Regources Used by SuCCeSSfully Mapped Logic******************

B9 ILOGIC 9

Signal Total Signals Loc Pwr Slew Pin Pin Pin
Name Pt Used Mode Rate # Type Use
s<0> 4 4 FB3 11 STD FAST 21 I/0 O
s<1> 3 4 FB3 12 STD FAST 23 I/0 O
S<2> 3 4 FB3_8 STD FAST 19 I/0 O
S<3> 2 4 FB3 5 STD FAST 17 I/0 O
s<4> 4 4 FB3 6 STD FAST 18 I/0 O
s<5> 4 4 FB3 2 STD FAST 14 I/0 O
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s<6>

** TNPUTS **
Signal

Name

d<0>

d<1>

d<2>

d<3>

FB3 3

Loc

FB6_3
FB6 5
FB6_6
FB6_8

STD FAST 15

Pin

46
47
48
50

End of Resources Used by Successfully Mapped Logic

©2000 BY XESS CORP

I/0 0
Pin Pin
Type Use
I/0 I
I/0 I
I/0 I
I/0 I

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

If you installed the ChipViewer with the rest of the WebPACK tools, then you can get a
graphical depiction of how the logic circuitry and 1/O are assigned to the CPLD
macrocells and pins. Just highlight the XC95108 PC84 object in the Sources pane and
then double-click the Post Fit ChipViewer process.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

File Edit “iew FProject Source Proces: Macro Window Help = X
4 File Edit Vi P 5 B M Wit Hel =
pe@ewE aREE B (2R||Ba 0 e @R Hls %
2l :
Sources in Project: | library IEEE; =
B desiani use IEEE.STD LOGIC 1164.ALL;
Elﬁ ®C95108 PCE4 - %5 T WHDL use IEEE.3TD LOEIC ARITH. ALL;

Y 1o [l use IEEE.STD LOGIC UNSIGNED. ALL;

entity ledded 1=
Port ( d : in std logic vector(d downto 0);
= : out Std_logic_vector(é downto 0));
end ledded;

= architecsture ledded arch of ledded is
B hode... | E] Fiie ... | i Snaps... | E] Libra... | -

begin
dx — L r =" L
= z == 1110111 " when d="0000" else
Proceszes for Curent Source: |;| "O0O010010"™ when d="0001" else
- Qi Check Syntax "1011101" when d="0010" else
=G Implement Design "1011011" when d="0011" else
ol ;
-3 Transtation "0111010" when d="0100" else
& i Fiter e "1101011" when d="0101" else
' : L'“E}LP?'”“ *1101111" when d="D110" else
A Tiing ? "1111111" when d="1000" slse
IR " " —n "
L 1111011"™ when d="1001" else
=# ..ELaundjri.:::islgSAna| er "1111110" when d="1010" else
O EeEm "0101111" when d="1011" else
o : | I - "ION11N1 " when A="1100" =1=- ol
‘['I L Create Programminag File | _‘lJ 41 _Prl
B2 Process View I @ ledded. vhd I
Al starting: 'C:AVEILINE CFLDAVBINA\NThVexevwrap -batch -env @xc.env -command timnet.bat ! =l

i
Done: completed successfully.

ﬂ _’|j
] AT FFConsaled FminFes

Process “Implement Design™ is up to date. |Ln 29, Col 22 B
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The ChipViewer window will appear containing two panes:

1.

E}Xilinx Chip¥iewer - leddcd. ymb

File Edit

The left-hand pane lists the LED decoder inputs and outputs assigned to
the various function blocks in the XC95108 PC84 CPLD.

The right-hand pane shows the 108 macrocells of the CPLD arranged

into six groups of 18 cells each. The 69 I/O pins are also shown. (The
15 pins used for Vcc, GND, and programming are not shown.)

View Help

4 leddcd

-] FBE

Ei’.’-|EI| §|?|N?| &1|a| @Ll @1| £Z}|£23| @l
21 leddcd.vm6 nimi[s] ([

onnno nn nn nnonn
TO00 OO0 00 OO0 OO

O OO0 OO OO OO OO

[oopopOrTOCDoOCOoDO0) [OOCODCONEOORONEONRO} (000000000000000000]
[DODDopOoTOoDoOCO0000) [O00CO0CO00D000000000F |000O00C00C000000000]

o nn nn nn nno oo

oo oo
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The function blocks with = icons next to them contain macrocells that are used in our
design. (The remaining function blocks are not used by our design.) Clicking on the
next to FB6, we can see that the inputs enter through pins attached to function block 6.
Meanwhile, all the outputs are generated by macrocells in function block 3.

E}Xilinx Chip¥iewer - leddcd. ymb

File Edit “iew Help

Ei’.’-|EI| §|?|N?| &1|a| @Ll @1| £Z}|£23| @l
21 leddcd.vm6 nimi[s] ([

_4 ledded

= 4 FB3

=4 OUTPUTS
...... # c=5=

...... # c=F=

...... # c=3= —
...... # c=4= % e
...... # c=2= .
...... # c=0= B
...... # c== s el

EEFE ww =0 ws sr
onnno nn nn nnonn

e
M ™
m m
[y QRN Y
: : :..:J.:.::.E::
|[oopopOrpODoOCOOo000) [OOCDOOCONEOOEONEONEO} (000000000000000000)

= 4 FB6

(ooODOOODOOo0000000) [COOO00000D00000000) |D0DO000000000000000)
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We can see which inputs affect each output by right-clicking in the right-hand pane and
selecting the Inputs Connection item from the pop-up menu.

E}Xilinx Chip¥iewer - leddcd. ymb

File Edit “iew Help

E$|Eﬂ é%|?|ﬁ?|il|ﬂllﬁklcq £3|€3|€3|

[Z1 leddcdym6 i [=] | 'w_ledded.vm6 null XC95108-7-PCB4

9 ledded

I:—IIJ FB3
El 4 IMPUTS Zoorm Full Yiew

. * d=0= Zoom In

Loarm Cut

...... & d=7= Zoom To Box

=4 OUTPUTS
...... # 5=5=
...... # s=f=
...... # 5=3=
...... # S=4=
...... # 5=3=
...... # s=0=
...... # s=1=

=4 FB6

(oOOODOODDODO0000000) |DOOD00000000000000} |D0D000000000000000)
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This causes red connecting lines to be drawn from each green-colored input to the
blue-colored outputs it affects as shown below. For the LED decoder, every input
affects every output so there are seven lines connecting each input to every output.

E}Xilinx Chip¥iewer - leddcd. vymb

File Edit “iew Help

Eﬁ-’vlﬂl %l '?lk"l @'ll @ll @ll @ll ﬁlﬁ?l @l
|1 leddcd.vm6 nuM[a] || . "leddcdyvmé null XC95108-7-PC84
9 ledded
...... .., FE"I
...... .., FEE
-4 FB3
=24 INPUTS | N
...... # d=0= -0 b=
...... & d=1= N A=
...... # d=3= g B-
s d=2s g 2
=24 OUTPUTS 5 -
...... # c=5= o Be
...... # z=F=
""" * 5=3= -8 i
...... # s=4= ok “ .
...... # c=0= :: = -
...... # s=0= B ::
...... # z=1= s -
...... # FR4 EE -
...... # FBS g -
-4 FBB
=9 INPUTS s 2
o d=0= . -
# d=1= - h-
# d=3i= -d h-
....... # d=2= :E ﬂ_
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We can see more detail by clicking on the @ button several times to expand the right-
hand pane. We can see the name of each output and the pin it is assigned to. By
placing the mouse pointer over a particular pin, we get some information on the
settings for the configuration options for the pin and the attached macrocell. For
example, macrocell 12 of function block 3 is configured in the standard power
consumption mode, and pin 23 is set for the maximum slew rate. We can also double-
click on a macrocell to expand it into a separate window where we can see a list of its
inputs, the Boolean equation for its output, and a rather uninteresting block-level
schematic.

£ Xilinx ChipViewer - leddcd. vmb
File Edit “iew Help
= g2 % &la|a|al Olo] g
= odacavans nimis] |
_9 ledded Lo -
...... # FB1 N Igl
...... # FE? (aens) 14 I:fl 57
[—]J FBEZ [a<E>) 18 b MEE
24 INPUTS 9 53
...... ® d=0= [a<is) 17 . EI a1
------ # d=1= [acds) 18 i ﬁ ez
...... # d=3= Ifl Ifl
P e # d=2= [a<i®) 1% El
=24 OUTPUTS 20 | £ -
8«5 =]t =
s=h= [a<h=) 21 ﬁ e
== [a<1>) 23: e ﬂ
s<4= % -
s=d= 26 [ ﬁ ﬁ Mas
== 2= L_ﬂ L_ﬂ [as
== 26 ﬁ'
a1 bIc‘:_l"l v
=
=4 INPUTS .
e d=0= IEI |
® d=1= e IEI
® d=3i= 3
23] h 48 (ach=)
....... # d=3= IEI
Tl |E| 47 [d<ls
as[] E 48 (aciz)
| 4 A
|
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Generating the Bitstream

Now that we have synthesized our design and fitted it to the CPLD with the correct pin
assignments, we are ready to generate the bitstream that is used to program the actual
chip. To initiate the programmer, we highlight the XC95108 PC84 object in the Source
pane and double-click on the JTAG Programmer process.

Xilinx - Project Mavigator - c:\tmp\cpld_dezigns\designl\designl_npl - [leddcd.vhd]

|.® File Edit “iew FProject Source Proces: Macro Window Help ;'ilﬂ
pe@ewE aREE B (2R||Ba 0 e @R H %%

=%

Sources in Project:

B dezignl
EIE,'E #C95108 PCAY - =57 YHOL
@ leddcd [leddcd.y

T R hodule. | Bl Fiew... | pmsnaps... | Bl Lina... |

A=

Proceszes for Curent Source:

|2

B 3g? Translation

B Ty Fitter
- Fitter Report

LBl Timing Analyzer
-5 Past Fit Chiptiewer
EG Create Prograrmming File

E Launch JTAG Programmer

1] |

N Lock Pinz
A3e# Creste Timing Simulation b
G Tinirg
EW Launch Tools

¥ il

B2 Process View I

[]  ledded.vhd |

library IEEE;

use IEEE. STD_LOGIC_1164 .ALL;

use IEEE.3TD LOEIC ARITH. ALL;
use IEEE.3TD LOGIC UNSIGNED.ALL;

entity ledded 1=
Fort ( d

end ledded;

architecture ledded_arch of ledded is

begin

5 == "1110111"™ when d="0000" =lse
"010010" when d="0001" else

1011101 " when d="0010" else

"1011011™ when d="0011" else

"0111010" when d="0100" else

"1101011™ when d="0101" e=ls=se

"1101111" when d="0110" else

T1010010™ when d="0111" e=lse

"1111111" when d="1000" else

"1111011" when d="1001" else

"1111110" when d="1010" else

0101111 " when d="1011" else

;Ll MAO1T1N1 "™ when A="1100" =1=+

in std logic wvector(3 downto 0);
= : out Std_logic_vector(é downto 0));

= =
o Launching: 'C:\VEZILINX CPLDWBIN\NThexewrap -env @xc.env -batch -command chipview.bat !

4 F

] AT FFConsaled FminFes
Process “"Post Fit ChipViewer” is up to date. |Ln 29, Col 22 L~
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The JTAG Programmer window will appear with the chain of chips that are to be
programmed. We only have one chip in our LED decoder design, so only one
XC95108 CPLD is shown.

leddcd - Xilinx JTAG Programmer _ O] =]
Eile Edit Operation: DOutput “iew Help

D] %|®|2|o]x] w25 2]53] $HE] S| =W

-

TDI

Hcag10a
leddcd . jed

TDOD

=
1 | »

For Help, press F1 |_|_|_ A
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We proceed by selecting the destination for the bitstream. The XS95 Board has a
separate utility called GXSLOAD for programming the CPLD, so we need to store the
bitstream into a file that GXSLOAD can read. To do this, select Output=Create SVF File...
as follows.

ledded - Xilinx JTAG Programmer _ O] =]
File Edit Operations | Qutput Wiew Help

Dliﬂlnl yﬂl& Cable Auto Connect :lggl ﬁllél I;ilh‘!?l

Cable Setup...
Cable Beset =

v lze Cable...

Create S%F File...

Append to SYF File.. |

TDI —

Hcag10a
leddcd . jed

TDOD

=
1 | »

Creates an S5%F hile and directs subsequent operations to it |_|_|_,:2

This brings up the SVF Options window which asks us to make a choice about the
initialization sequence of the JTAG state machine that controls the programming
process. Don't even worry about this. Just accept the default and click on OK.

SVF Options ]|

Iritial tranzition to Bun-Testdldle:

& Through Test-Logic-Fesek

" Skipping Test-Logic-Reset

k. [ I Cancel Help
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Now a window appears where we can enter the name for the file that will hold the
bitstream. We can click on Save to accept the default name of leddcd.svf.

Save [ (3 desiont ] i
1 ngo
" genff
| wark

File name: Save

Save as type: | 5VF Files(* sv) -] Cancel |
g

At this point we can generate the bitstream that will be stored in the leddcd.svf file. Click
on the Operations menu item and select Program from the drop-down list. This initiates
the actual bitstream generation process.

leddcd - Xilink JTAG Programmer A=k
File Edit | Operations Dutput Wiew Help

D] T 2c| || 5] )

Erase =
Functional Test
Blank Check:
Beadback Jedes
et Device D

DT [zt Device Checkasum

Get Device Signature/U zercode

Chain Operations. ..

[EDEQNDE Lomping

TDO

-
1] | »

FPrograms the zelected devices in the JTAG chain SYF Mode |_|_,;5

An Options window appears where we can set some options for the generated
bitstream. We usually check the Erase Before Programming box so that the Flash storage
in the CPLD will be erased before we start loading a new design. (The only time we
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can leave this box unchecked is when we are programming a CPLD which we know is
already erased.)

The other two options whch are of interest are Write Protect and Read Protect. Checking
the Write Protect box generates a bitstream which programs the CPLD so that it cannot
be reprogrammed. (Don't worry, the device can still be erased if you want to re-use it.)
The Read Protect option prevents anyone from getting the bitstream out of the CPLD so
they can't steal the design.

Optionz |

Frogram O ptions |

v Erase Before Programming

™| Skip user amay

[T ety [~ 'white Protect
[ Functional Test [T Bead Protect
[T Paralelads [T Load Fpoa

Standby Pawer
™ Use D4 far CF E

r Standby Fovwer
[ 1 s, mon-Eazeadable]

Ein #: I
I FFFFFFFF

[T External Bin“erfization

[T Usercods (8 Hex Chars]

k. Cancel | Help
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Once we click OK in the Options window, the bitstream generation process begins.

The progress is reported in the Operation Status window:

Operation Status

]|

Loading Boundam-Scan Descrption Language [BSOL] file

‘o filing_cpld/wc9500/datame951 08 bed'. . completed successziully.
'ledded(Devicel]: Generating S%F wectars to check boundany-zzan chain
inteqrity...done.

leddcd(Devicel ] Generating S%F wectors to erase device....done.
'ledded(Devicel ] Proceszing JEDEL file... done.
'ledded[Devicel ] Generating S%F wectars to program device....done.

All operationz were completed successfully.

wiew Log Fils |

'ledded[Device ] Generating S%F wectars to put device in [SF mode... done.

ledded|Devicel]: SWF vector generatin for programming completed successfully.

I-|

I

Once the bitstream file is generated, we click on OK to close the window. Then we
close the JTAG Programmer window. (You will be asked if you want to save the

configuration. Don't bother.)
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Downloading the Bitstream

Now we have to get the bitstream file programmed into the CPLD of the XS95 Board.
The XS95 Board is powered with a 9 VDC power supply and is attached to the PC
parallel port with a standard 25-wire cable as shown below.

The XS95 Board is programmed using the GXSLOAD utility. We double click the

icon to bring up the following window:

X gxsload [_ || |

Drop BIT, .5%F. and .HEX files
here to download to the %5 Board.

Fecent Files:

Beload | [~ EEPROM Port ILF'T'I *I
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Then we open a window that shows the contents of the folder where we have stored
our LED decoder design (C:\tmp\cpld_designs in this case).

= designl M=l E3

| Ele Edt Yiew Go Favertes Help

Je-» - Y DR[| XEFE

J Address I[:I C:Mmphopld_designshdesignl j

X guszload

Drop .BIT, .5¥F. HEX. and .EXD
filez here to download to the
x5 or x5 Board.

Recent Files:

[ EEFROM

Beload | Port ILPT1 -.-I

| _jtag.bat

7] _ngdbld.bat
_ngdbuild.rsp
_ngdbuild2.rzp
=z .pI
_test.dat
_topouck

2] _#STClean.bat

chipsim.ermr

chkdate.er
designl.jid
dezignl.npl
epldall bat
epldallo.en
exewrapb.bat
(& itagparnt.lag
@ lazt_uzed ngd
@ last_uzed.uct
4] ledded._hp
8] ledded._s_
[a] ledded _t_
4] leddcd bid
8] leddd cel

ledded.ctl
ledded.cup
leddcd.edn
leddcd gyd
ledded jed
ledded jhd
leddzd.lag
ledded.ncf
ledded ngd
ledded plg
leddcd. pri
ledded.ip
edr ol

leddcd. tst

leddcd.uck
leddcd.vhd
ledded. vmé
leddcd #ht
leddd. =zt
ngdbuild. rzp
testfit.erm

|1 object(s] selected

| My Computer

To initiate the programming of the XS95 Board, we just drag the leddcd.svf file from the
design1 window into the gxsload window. Programming the Flash of the XC95108

CPLD takes about a minute.

X gxsload _ O

#5 or %5 Board.

Crop .BIT, .S%F. HEX. and .Ex0
files here ta downlaad ta the

Fecent Files:
ledded. swf

Heload
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Testing the Circuit

Once the XC95108 CPLD on the XS95 Board is programmed, we can begin testing the
LED decoder. The eight data pins of the PC parallel port connect to the CPLD through
the downloading cable. We have assigned the inputs of the LED decoder to pins
which are connected to the parallel port data pins. The GXSPORT utility lets us control
the logic values on these pins. By placing different bit patterns on the pins, we can
observe the outputs of the LED decoder through the seven-segment LED on the XS95

Board.

Double-clicking the IBZSPORT 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 CPLD. For example,
setting (D3,D2,D1,D0) = (1,1,1,0) will cause E to appear on the seven-segment LED of
the XS95 Board.

X gxsport ]

o] o o] o] o] of of 5] _ew
oDy D D& D4 D3I D2 D1

Da

Wﬁuunt Port [LFTT =

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.
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Hierarchical Design

A Displayable Counter

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

4-Bit LED 7-Segment
Counter Decoder LED
s1 - sb6
countO do
coﬂnﬂ d1 E | 52 s4
clk count2 d2._ J*Z—D
count3 d3,_ J—DS > s

This design is hierarchical in nature. The LED decoder and counter are modules which
are interconnected within a top-level module.
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We can start a new project using the File=New Project... menu item. We name the

project design2 and store it in the same folder as the previous design:

C:\tmp\cpld_designs. The other properties in the New Project window retain the same
values we set in the previous project.

Mew Project

Praoject name:

Project Location:

IdesignE

Iu::"-.tmp'x-:pld_designs"-.u:lesignE

Project Device Options:

Property Hame Value
Device Family Hilinx 9500 CPLD=
Device ®C95103 PCE4
Synthesiz Tool HET WHDL

k. I Cancel
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Once we click on OK in the New Project window, the Project Navigator window
appears as shown below.

Xilinx - Project Mavigator - c:\tmp\cpld_dezignsidesign2ideszign2_ npl

Fil= Edit “iew Project Source Process Macro Window Help

need@eE BERERER|2R ||+ 2R o o= ]
2|z
Sources in Project: I

LY WO95108 PCE4 - #5T YHDL

N Bt nocl... | E] Fiey... | o snapsh.. | E] Librar.. |

=] x|
Frocesszes for Curment Source: I
Mo Processes Available]

B2 Process Wiew I

ﬂ Starting: 'C:%XILINX CPLDYEIM\NT\checkini.exe —err=automake.err -device=BEASE C:hEilinx CPLDY da-l|
¥ - —

Done: completed successfully.

4” 3
] AT FFConsaled FminFes

Hierarchy is up to date. ﬂ &
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Adding the LED Decoder

The first thing we do after getting the design2 project started is to add the LED
decoder module. We do this by right-clicking on the XC95108 PC84 object in the Source
pane and selecting Add Source ... from the pop-up menu.

Xilimt - Project Mavigator - c:\tmpicpld_designsidesign2idesign2_npl

Fil= Edit Yiew Poect Souce Proces: Macio Window Help

WL IELE AR EEE A ] -
x|
Sources in Project: |
E 1]
Y
Hew Source...

Add Source. . |trzert

Add Copy of Source... Shift+nse

Hemaove [elete
B2 odhul... | FieV.. WSh
e
Processes for Current Source: Llose
Design Eniry Utite:s IS P M oN
Properties...

B2 Process Wiew I

x| Starting: 'C:VEILINY CPLDYBIMANThcheckini.exe -err=automake.err -—device=BASE C:‘-.Xilinx_CPLD\da;'

2

Done: completed successfully.

I‘dh\Consoly{ FrainFis f -

Add a file from another project | | B A

-

The Add Existing Sources window appears and we move to the C:\tmp\cpld_designs
folder. Then we highlight the leddcd.vhd file that contains the VHDL source code for the
LED decoder.
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Lok i [ 3 desiar ] ]
1 _ngo
Dgenff

] work

Fil= name: |Ieu:|u:|u:u:|.vh-:| Open DI

Files of type: ISDurces [“.t:-:t;“.s-:h;“.'-.fhd;“.vhd;“.vhd;“.dia;“.nj Cancel

A

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

Chooze Source Type |

ledded. vhd iz which source type?
The =uffix iz ambiguous az to type.

YHOL Package
WHOL Test Bench

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

Xilinx - Project Mavigator - c:\tmp\cpld_dezignsidesign2ideszign2 npl

Fil= Edit “iew Project Source Process Macro Window Help

needezE BEREBER|2R ||+ 2R o | g

2| x|

Sources in Project: I

B Urtitled

El-£3 HE95108 PCA4 - 5T WHDL
Y |=ddcd (o Mrp'cpld_desigr

A 4

_<I | 0|
Bt nocl... | E] Fiey... | o snapsh.. | E] Librar.. |

=] x|

Processes for Current Source:

W Design Entry Utilities
Y3 Gunthesize
X3 Implement Design

G Create Programming File

B2 Process Wiew I
x| =
o JHDPARSE cowplete - 0 errors, 0 warnings.

Done: completed successfully.

m F
] AT FFConsaled FminFes

Hierarchy is up to date. ﬂ &
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Adding a Counter

Now we have to add the counter to our design. We don't have a counter module yet,
so we have to build one with VHDL. Right-click on the XC95108 PC84 object and select
New Source... from the pop-up menu.

Xilimt - Project Mavigator - c:\tmpicpld_designsidesign2idesign2_ npl

Fil= Edit Yiew Poect Souce Proces: Macio Window Help

DFEH FFEEBEHEEEG |28 (|5 B0 2 o5 B
=%
Sources in Project: |

E Untitled
=3 R108 PC ST WHO

[ leddod [c:\tmp\cpld_dm
Add Source... Inzert

Add Copy of Source... Shift+Inzert

A4 %

1| Eemove [elete
B hiociul... | eV BBS oy
Upen
Processzes for Curment Source: oz
W Design Entry Utilities Toggle Paths
Froperties...
B2 Process Wiew I
x| |
i JHDPARSE cowplete - 0 errors, 0 warnings.

Done: completed successfully.

4’#

Add a new source to the project B A
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As in the previous example, we are prompted for the type of file we want to add to the
project. Once again, we select the VHDL Module menu item. Then we type counter
into the File Name field and click on the Next button.

Hew |

IJzer Document
Schematic

WHOL M odule

WHDL Package ; .
VHDL Test Berch Flle Hame:
State Diagram Iu:u:uunter
LogBlox Module

Whdl Libram

Location:

Iu::'\tmp"-.u:pld_designs'xdesign? |

¥ Add to project

< Back I Ment » I Cancel Help
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Then we type in the entity and architecture names into the Define VHDL Source

window as shown below. The counter module receives a single input, clk, and has a
four-bit bus, count, which outputs the current counter value.

Define YHDL Source

E nitity M arme Iu:n:nunter

Architecture Mame In::n:nunter_arn::H

Port Hame

Direction

LSE

clk

count

Help

¢ Back I MHewt > I Cancel |
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Click on Next and check the information about the module.

Mew Source Information |

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

Source Directony: o tmphcpld_designshdesign

¢ Back Finizh Cancel Help
lqg
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After clicking Finish in the New Source Information window, we are presented with a
VHDL skeleton for the four-bit counter. We flesh-out the skeleton as follows:

likrary IEEE;

use IEEE.3TD LOGTIC 1164.ATL;

usze IEEE. 3TD LOETC ARTTH. ALL:
use IEEE.3TD LoOsTC UTNIIGNED. ATL;

entity counter is
Fort ( clk : in std logic;
count : out std logic vector(d
end counter;

architecture counter arch of counter is
signal cnt: std logic wvector(3 downto
hegin

processiclk)
begin
1f clk'event and <lk="1" then
cht <= cnt + 1;
end 1f;
end process;

count == ont;

@ =nd counte r_arah;

K|

downto

0y:

=

O));

il

Eﬂ counter. vhd

Line 12 declares a 4-bit signal, cnt, that is the current value of the counter. The
process on lines 15-20 controls when counter increments. The condition clause of line
17 is only true when the value on the clk input goes from 0 to 1. Then the statement
on line 18 replaces the value in cnt with its incremented value. (We can use the high-
level addition operator instead of having to describe a four-bit adder because on line 4
we have linked into the ieee.std_logic_unsigned.all package that supports unsigned
arithmetic.) Finally, line 22 places the current counter value onto the outputs of the

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

Xilinx - Project Mavigator - c:\tmphcpld_designs\design2idesignZ.npl - [counter.vhd]

|.@ File  Edit Wiew Froject Source Process Macmo “Window Help _|ﬁ'|5|
Pzea zzE 2B E BEE |2 ||LER|s o @ d| %%
=lx :
Sources in Project: | library IEEE; =l
[ Uniled use IEEE.STD_LOGIC_1164.ALL;

E| £ ®C95108 PCA4 - %5 T WHOL use IEEE.3TD LOGIC_ ARTTH.ALL;
e rter. vhd) use IEEE.STD LOGIC UNSIGNED.ALL;
@ ledded [c:\mphepld_designshdesignhledde

entity counter is
Port { <lk : in std logic;
count @ out std_lagic_vector(B downto 03);
end counter;

1 | I

'I:Modul...l File: 1r| nSnapsh...‘ Lihrar...l architecture counter arch of counter is

signal ent: std logic wvector (3 downto 0);
=] x| hegin

Processes for Cument Source: I

----- & Design Entry Utiitiss process(clk)

E| ----- & Synthesize hegin

i : Wiew Sunthesiz Repart 1if clk'event and <lk="1" then

Ainalyze Hierarchy cnt <= ont + 1;
end 1if;
Implement Design end process;

Create Programming File

count <= ont;

@ ernd counter arch;

kil _'I_I
B Process iiem I [ counter.vhd I

i' Entity <counter> [(Architecture <counter arch>) compiled. ;l
= .

-—>
Done: cowpleted successfully.

—"j

Process "Check Syntaz” iz up to date. |Ln 19, Col 16 =
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Tying Them Together
We have the LED decoder and the counter, but now we need to tie them together to

build the displayable counter. To do this, we will create a new top-level VHDL module
in the disp_cnt.vhd file.

Mew |

IJzer Docurment
Schematic
WHOL Module

WHDL Package
WHOL Test Bench
State Diagram Idisp_-:nﬂ
LogiBlow kModule

Whdl Library

File I ame;

Location:

I|::'\tmp'\u:pId_designstesignE |

v Add to project

¢ Back I MHewt > %I Cancel Help
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The module will have the entity and architecture names shown below. The top-level
module only needs a single clock input and seven outputs to drive the LED digit.

Define YHDL Source |
Eritity M ame Idisp_u:nt
Architecture Mame Iu:lisp_n::nt_arn::h
Port llame Direction MSB s |4
clk in
= oLt =] ]
in
in
in
in
in
in
in
in
in
in ;I
¢ Back I MHewt > I Cancel | Help |
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Then we fill-out the resulting VHDL skeleton so it reads as follows:

likrary IEEE;

use IEEE.S3TDL LOGIC 1164.ALL;

use ITEEE.3TD LosIc ARTTH. ATL;
use IEEE. 3TD LOGIC UNIIGHNED.ALL;

entity disp cnt is
FPort { clk : in =std logic;
2 : out std_lngic_vectnr(ﬁ downto 0)17);
end disp ont;

architecture disp ent arch of disp cont is
component counter
porticlk: in std logic;

end component;
component leddead
portid: in std logic wvector (3 downto 0);
=: out std_lngic_vectnr{é downto 0));
end component;
signal cnt: std logic vector(3 downto 0);
begin

ul: counter port map(2lk=xzlk, count=>cnt);
ul: ledded port mapid==acnt, s==3);

end disp ent arch;

4]

count: out Std_lugic_vectnr(S downto 0313 ;

il

EI dizp_cnt.vhd
[E—

Within the architecture section of the disp_cnt module, we declare the 1/O interface of
the counter and LED decoder components (lines 12-15 and 16-19, respectively). And
on line 20 we declare an internal four-bit signal that carries the value from the counter

module to the LED decoder.

On line 23, we instantiate the counter module. The clock input to the disp_cnt
module is attached to the clock input of the counter, and the output from the counter is
attached to the four-bit cnt signal. The cnt signal is attached to the input of the LED
decoder, and the decoder outputs are connected to the outputs of the disp_cnt

module on line 24.
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Once we save the VHDL for the top-level module, we see the updated hierarchy in the
Source pane of the Project Navigator window. Now the counter and leddcd modules
are shown as modules that are included in the disp_cnt module.

ilinx - Project Navigator - C:\tmphcpld_designshdezignZhdesignZ_ npl - [dizp_cnt. vhd]

|)® File Edit “iew Pmoject Source Process Macro Window Help

18| x|
peee xzgEEE2E BEE 2R ||+ 2R o |FEmFDs %%
=ix .
Sources in Project: | library IEEE; —
E Uritled use IEEE.STD_LOGIC_1164.ALL;
E‘EE wC95108 PLA4 - %5T WHDL use IEEE.3TD_LOGIC_ ARITH.ALL;
E@ ] use IEEE. 3TD_LOGIC_ UNSIGNED.ALL;
[¥] counter [counter.vhd)
[ ledded (= tmphopld_desions'design b entity disp cnt is
Port ( elk : in std logic;
| | o s : out std logic wector(6 downto 0));
4 L3 - -

end disp cnt;

O ol File ... | o Snapsh... | E] Librar... |

architecture disp_cnt_arch of disp_ent is
2l component counter
porti{elk: in std logic;

Design Entry Utilities count: out std_logic_vectnr(S downto 0)3);
Synthesize

Implement Design
Create Pragramming File:

Processes for Current Source:

end component;

component leddod
port({d: in std logic wector(3 downto 0);
3: out std_lngic_vectar(6 downto 0));

end component;
-

Kl
B Process iiew I @ disp_cnt.vhd

x|

JHDPARSE conplete - 0 errors, 0 warnings.

Done: completed successfully.

4'#

Hierarchy is up to date. Ln1. Col1 n v
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Checking the VHDL Syntax

We can check the VHDL syntax for the top-level module by highlighting the disp_cnt
module in the Source pane and then double-clicking the Check Syntax process.

ilinx - Project Navigator - C:\tmpicpld_designsidesign2idesign2_npl - [dizp_cnt_vhd]

|.® File Edit ¥iew Project Source Process Macro Window Help

=181 %]
NEEd@ =FEERLHE BEE 2 |20 = G |4 % % ?
Sources in Project: ﬂIﬂ likrary IEEE; =

E Untitled use IEEE.3TD_LOGIC_1164.ALL;

use IEEE. 3TD_LOETIC_ARITH. ALL;
Y dise_cr il use IEEE.STD LOGIC UNSIGNED.ALL;
' ) counter [counter whd]
A ledded [c:Mmptcpld_designshdesign e entity disp_ont is
Port { clk : in =std logic;
A | 5l = 1 out std_logic_vector(6 downto 030

end disp_ cnt;

LT | B Fiev... | pmanapsh... | Bl uiar... |

architecture disp_cnt arch of disp ent is

component counter

porti{clk: in std logic;

count: out std_logic_vector(S downto 0)3);

end component;
component ledded

porti{d: in std logic vector(3 downto 0);

s: out std logic vector{é downto 0));
end component;

Create Programming File 1) - . . PO . . _'I_I
B Process iiew I [ disp_entvhd I

fll Entity <disp cnt> [(Architecture <disp cnt archs>)
¥ _ - -

= =]
Processes for Current Source: I
Dresign Entry Utilities

Synthesize

Wiew Synthesiz Feport

Analyze Hierachy

Implement Design

compiled. ;l

-
Done: completed successfully.

4 || v
[ AT R Consolad Frin Fes

Process "Check Syntax” is up to date. [Ln 1. Col 1 H A
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The disp_cnt module is syntactically correct as evidenced by the @ next to the Check
Syntax process, but this does not mean the VHDL of the counter and leddcd modules
is correct. We can check the entire design by double-clicking the Analyze Hierarchy
process. This checks the VHDL for each module and their interconnections with each
other. The @ that appears after the analysis process completes shows we have no
syntax problems in our modules.

Xilimt - Project Navigator - C:\tmphcpld _designsidesign2idesignZ_ npl - [disp_cnt_vhd]

|)® File Edit “iew Pmoject Source Process Macro Window Help _|5|5|
peee xzE|BE2E @EG 2R ||+ 2R ok 34 %% 2
2l .
Sources in Project: | library IEEE; —
E Uritled u=se IEEE. STD_LOGIC_1164.ALL;
E‘EE wC95108 PLA4 - %5T WHDL use IEEE.3TD_LOGIC_ ARITH.ALL;
EMmY cicr_crit [disp_cnt vhd) use IEEE.STD LOGIC UNSIGNED.ALL;

[ counter [counter.vhd)
o[ ledded [ \mphepld_designshdesignTse entity disp_cnt is
Port ( elk : in std logic;
s : out std logie wector(é downto 0));
end disp cnt;

_<| | I
B ol File ... | o Snapsh... | E] Librar... |

architecture disp_cnt_arch of disp_ent is

Alx] component counter
Processes for Current Source: | porti{elk: in std_ logic;
..... @ Diesign Entry Utilities count: out std 1 Dgic:_vectnr (3 downto 0O)); _|
E| ..... O Synthesize end component;
B Wiew Synthesis Report component ledded
; LBV 2nalyze Hisrarchy port({d: in std logic wector(3 downto 0);
K33 Check Suntax 5: out std logic vector(é downtao 0));

O Implement Design
'y

* T end component; =
----- %%  Create Programming File L1 i - . I : ] Py ] o _'l_l
B Process iiew I @ disp_cnt.vhd
ﬂ Entity <disp cnt> (Architecture <disp cnt arch>) compiled. |
¥ - - —
-

Done: completed successfully.

l o
D

Process “Analyze Hierarchy™ is up to date. Ln1. Col1 n v
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Constraining the Design

Before synthesizing the displayable counter, we need to assign the pins which the
inputs and outputs will use. Highlight the XC95108 PC84 object in the Source pane and
then double-click the Constraint Editor process. In the Ports tab of the Constraint Editor
window, set the pin assignments for the clock input and LED segment drivers as
follows:

.iiq'ﬁXiIim: Constraints Editor - [Portz - disp_cnt.ngd / disp_cnt.ucf]
File Edit “iew ‘Window Help

D|=|&| x| ~l=|0lg 2w

Port Hame Port Direction Location Pad to Setup Clock to Pad
clk IMPUT P46 RN RFAY
== QUTPUT P21 RN
z=1= QUTPUT P23 [is,
F=2= QUTPUT P19 [is,
5=3F QUTPUT P17 ML,
2= QUTPUT P MR,
F=5= QUTPUT P14 ML,
=f= QUTPUT ] ML,
Fad Groups
. . : G Mame: Create G I
[~ 140 Configuration Options OUp Mame I [ Smup
- . Pad to Setup... |
Prohibit [/0 Locations... | Select Group: I j
Clock to Pad... |
Global Faorts I Advanced |
MET "g¢2»" LOC = "P19"; |

WET "s¢3:" LOC = "P17";
MWET "g¢ds" LOC = "P18";
WET "s¢f:" LOC = "FP14";
MET "s<b>" LOC = "P15";

UGF Gonztraints [read-write)] |UCF Constaints [read-anly] Source Conzbaints [read-only) I

For Help, press F1 NUM A

Assigning the clk input to pin P46 lets us use GXSPORT to control the clock through the
PC parallel port attached to the XS95 Board. The output assignments connect the
displayable counter to the seven-segment LED on the XS95 Board as in the previous
design example.
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Synthesizing the Logic Circuitry for the Design

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

Xilimt - Project Navigator - C:\tmphcpld_designsidesign2idesignZ_ npl - [disp_cnt_vhd]

|)® File Edit “iew Pmoject Source Process Macro Window Help

18| x|
peee xzE|BE2E @EG 2R ||+ 2R ok %%
=l ;
Sources in Project: | library IEEE; I—
E Untitled use IEEE.STD_LOGIC_1164.ALL;
E1-£3 WCO5108 PCA4 - 15T WHDL use IEEE.3TD_LOGIC_ ARITH.ALL;
N ot whd] use IEEE.STD LOGIC UNSIGHNED.ALL;
[ counter [counter.vhd)
W) ledded [o:Mmptepld_designstdesian Y entity disp_cnt 1s
Port ( elk : in std logic;
| | s : out std logie wector(é downto 0));
4 I end disp cnt;
B ol File ... | o Snapsh... | E] Librar... |

architecture disp_cnt_arch of disp_ent is

Alx] component counter

Processes far Current Source: | port{zlk: in std_logic;
£ @ Diesign Entry Utilities count: out std_logic_vectnr(S downto 033 _|
= A ap# Synthesize end component;
: | | ! component ledded

Gio# Analyze Hierarchy port({d: in std logic wector(3 downto 0);

K33 Check Suntax 5: out std logic vector(é downtao 0));
Implement Design

Create Programming File

. ot . . e el _'I_I
B Process ‘u'ieuul @ disp_cnt.vhd

x| The Implement Design process will now be reset so that your constraint changes will be read. ;l
¥
o Done: completed successfully.

end component;

Izh\Consolsﬂ FriinFus § _'lj

Process "Spnthesize™ is up to date.

t/Ln1.Cal1 =
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Fitting the Logic Circuitry Into the CPLD

Once the netlist is synthesized, we can begin the process of fitting it into the CPLD.
Before activating the fitting process, however, we will give the fitter some information
on the speed of the CPLD we are targeting. The XC95108 on the XS95 Board has a -
20 speed grade which means that the pad-to-pad delay through a single macrocell is
20 ns. To set the device speed, right-click on the Implement Design process and select
the Properties item in the pop-up menu.

Xilinx - Project Navigator - C:stmphcpld_designsidesign2idesign2_npl - [dizp_cnt_vhd]

|4 File Edit “isw Pioject Souce Process Macro Window Help == x|
NEEd@ =#FEERLEHE BEE 2 |20 = G 3|6 % % »
lxl :
Sources in Project: | library IEEE; =
[ Unitled usze IEEE.STD LOGIC 1164.ALL;
E‘ﬁ w9108 PLA4 - 25T WHDL use IEEE. 3TD_LOETIC_ARITH. ALL;
=R disp_cnt (disp_cnt vhd] use IEEE. S3TD_LOGIC_ UNSIGNED.ALL;

- [#] counter [countervhd]
@ ledded [c:Mtmphepld_designsidesign sk entity disp_ont is
Port { clk : in =std logic;
= 1 out std_logic_vector(6 downto 030
end disp_ cnt;

4 | »
LT | B Fiev... | pmanapsh... | Bl uiar... |

architecture disp_cnt arch of disp ent is

2=l component counter
Processes for Current Source: | porti{clk: in std logic;
----- @ Dresign Entry Utilities count: out std_logic_vector(S downto 0)3;
end component;
O component ledded
----- % Create Programmi Run porti{d: in std logic wector(3 downto 0);
Rerun Al =: out std_logic_vectar(é downto 0)3);
Stop end component; =
Wiew 1) . - . L. . — . . _»l_l

B Process iiew I [ disp_entvhd I

x| The Implement Desigh process will now be reset so that your constraint changes will be read. ;l
o Done: completed successfully.

4 || v
[ AT R Consolad Frin Fes

Edit the properties for the highlighted Process [Ln 1. Col 1 H A
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In the Process Properties window that appears, we set the speed to 20 in the Speed
Grade field of the Design tab. Then we click on OK. There are many other parameters
we can adjust to affect the fitting process, but we don't need to move any of them from
their default values for this design. (We would probably adjust these parameters if we
were pushing the CPLD to the limit in terms of logic density or operating speed.)

Procesz Propert

Diesign | B asic I Llser-custnmizedl Timning Simulatiu:unl

Property Hame Value

User Constraints File
Speed Grade ﬂ -
Implemerntation Template 7
You must select 'User-customized' as the 10
Implementation Template to use the fitter
zettings in the User-customized tak.

k. Cancel Default Help
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Once the speed grade of the CPLD is set, we can double-click on the Implement Design

process to initiate the fitting process. The o that appears indicates that the fitting
process was successful.

Xilimt - Project Navigator - C:\tmphcpld_designsidesign2idesignZ_ npl - [disp_cnt_vhd]

|)® File Edit “iew Pmoject Source Process Macro Window Help _|5|5|
peee xzE BE2E  BEE 2R ||+ 2e|o ek %%
2l .

Sources in Project: | library IEEE; —

E Uritled u=se IEEE. STD_LOGIC_1164.ALL;

E‘EE wC95108 PLA4 - %5T WHDL use IEEE.3TD_LOGIC_ ARITH.ALL;

E@ cht [disp_cnt.vhd] use IEEE. 3TD_LOGIC_ UNSIGNED.ALL;
[¥] counter [counter.vhd)

W) ledded [o:Mmptepld_designstdesian Y entity disp_cnt is
Port ( elk : in std logic;
s : out std logie wector(é downto 0));

:I end disp cnt;

| I
B ol File ... | o Snapsh... | E] Librar... |

architecture disp_cnt_arch of disp_ent is

Alx] component counter
Processes for Current Source: I;I porti{elk: in std logic;
----- &F  Design Entry Utiliies count: out std logic wvector(3 downto 0)); _
T3e? Synthesize end component;
(TP |mplement Design component ledded
+-- ¥ 3 Translation port(d: in std logic wector(3 downte 0);
R F'_"E_' s: out std logic vector(d downta 0));
Timing end component;
- Launch Toolz : - - St : . P " o _l_'l
| @y reate Proacamminn File = _LU .
B Process iiew I @ disp_cnt.vhd
ﬂ Starting: 'C:VIILINE CPLDY BINYWNTh,exewrap -batch -env [xc.env -command timnet . bat ! ;l
= |

Done: completed successfully.

Izh\Consolsﬂ FriinFus § _'lj

Process “Implement Design™ is up to date. Ln1. Col1 B v

Checking the Fit

After the fitting process is done, we can check the logic utilization by double-clicking on
the Fitter Report process. At the top of the file we find:

XACT: version D.20 Xilinx Inc.
Fitter Report

Design Name: disp cnt Date: 8-27-2000, 1:00PM
Device Used: XC95108-20-PC84

Fitting Status: Successful

khkkkkkkkkkkkkkkkkkkkkkkkkk*k*  Regource SUMMATYY Frrrkkkkkkkkhkkkkkhhhkkkkkkkx

Macrocells Product Terms Registers Pins Function Block
Used Used Used Used Inputs Used
11 /108 ( 10%) 32 /540 ( 5%) 4 /108 ( 3%) 8 /69 (11%) 5 /216 ( 2%)
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The displayable counter consumes 11 of the 108 macrocells: four for the four-bit
counter and seven for the LED decoder. Looking further, we find the pin assignments
for the clock input and LED decoder outputs match the assignments we made in the
Constraint Editor:

*kkkkxkkkk*k*x*x***Ragources Used by SuCCeSSfully Mapped Logic******************

** LOGIC **

Signal Total Signals Loc Pwr Slew Pin Pin Pin
Name Pt Used Mode Rate # Type Use
N26 2 4 FB3 18 STD (b) (b)
N27 2 3 FB3 17 STD 31 I/0 (b)
N28 2 2 FB3 16 STD 26 I/0 (b)
N29 2 2 FB3 15 STD 25 I/0 (b)
s<0> 4 4 FB3 11 STD FAST 21 I/0 O
s<1> 3 4 FB3 12 STD FAST 23 I/0 6}
s5<2> 3 4 FB3 8 STD FAST 19 I/0 6}
s5<3> 2 4 FB3 5 STD FAST 17 I/0 6}
s<4> 4 4 FB3 6 STD FAST 18 I/0 6}
s<5> 4 4 FB3 2 STD FAST 14 I/0 O
S5<6> 4 4 FB3 3 STD FAST 15 I/0 O
AN PUIRS ERAsk

Signal Loc Pin Pin Pin
Name # Type Use
clk FB6_ 3 46 I/0 I

End of Resources Used by Successfully Mapped Logic

Also note that there are four signals in addition to the input and outputs. These are the
four outputs from the counter (N26, N27, N28, and N29). They will not appear on the
pins of the CPLD because their macrocells have been buried. In effect, a macrocell is
buried when the output buffer from the macrocell to its associated I/O pin is placed in a
high-impedance state.
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Checking the Timing

We have the displayable counter synthesized and fitted to the XC95108 CPLD with the
correct pin assignments. But how fast can we run the counter? To find out, double-
click on the Timing Report process.

Xilimt - Project Mavigator - C:\tmphcpld_designsidesign2idesignZ_ npl - [disp_cnt_vhd]

|)® File Edit “iew Pmoject Source Process Macro Window Help

18| x|
peee xzE|BE2E @EG 2R ||+ 2R ok %%
Ix .
Sources in Project: | library IEEE; i
~ @ Unied use IEEE.STD LOGIC 1164.ALL;
€3 %C35108 PCB4 -X5T VHDL use IEEE.STD LOGIC ARTTH.ALL;
N " use IEEE.3TD LOGIC UNSIGNED.ALL;
[ counter [counter.vhd)
[ ledded (= tmphopld_desions'design b entity disp_cnt is
Port { <lk : in std logic;
J | ] s : out std logiec wvector(é downto 0));
= end disp ont;
B2 pod... | Bl Fiev... | i snapsh.. | El Lirar... | -
architecsture disp ent arch of disp ont is
P_ _ P_
==l component counter
Processes for Current Source: |=l porti{elk: in std logic;
EIOM Implement D esign count: out std logic vector(3 downto 0));
O(y Translation end component;
E‘OC? Fitter component ledded
i FINE[H.EDDII port{d: in std logic wvector(3 downto 0};
: o Lock Pins s: out std logic vector(d downta 0)); | |
U(f Create Timing Simulation kb end component;
=43 Timing

(f Timing Report . iilgnal cent: std logic wvector (3 downto 0);
W Launch Taoals El

%%  Create Programming File - _l;l
| o | L .

B Process iiew I [ disp_entvhd
x|

o -

Done: completed successfully.

4 || 3
[ AT ETEI Consolad Frin Fes

Process "Timing Report” is up to date. [Ln 1. Col 1 H A
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The timing report contains the following information:

Minimum Clock Period: 16.0ns
Maximum Internal Clock Speed: 62.5Mhz
(Limited by Clock Pulse Width)

Clock Pad to Output Pad (tCO) (nsec)

\ From c
\ 1
\ k
\
\
\
\

To \------
s<0> 26.5
s<1> 26.5
sS<2> 26.5
s<3> 26.5
s<4> 26.5
s<5> 26.5
sS<6> 26.5

This table says that there is a 26.5 ns time delay between the rising edge on the clk
input and a change in any one of the LED driver outputs. (This is the reason we
changed the speed grade property in the fitter: so the reported delay would be accurate
for our chip.)

Looking further into the file we see the following table.

Clock to Setup (tCYC) (nsec)

(Clock: clk)
\ From N N N
\ 2 2 2
\ 7 8 9
\ .
\ Q Q Q
\
\

To A
N26.D 10.5 10.5 10.5
N27.D 10.5 10.5
N28.D 10.5
N29.D 10.5

This states that a minimum of 10.5 ns is needed from the time the counter flip-flops are
clocked until they can be clocked again. The time delay results from the sum of the
clock-to-output delay of each flip-flop, internal wiring delays, and flip-flop setup times.
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Generating the Bitstream

Now we are ready to generate the bitstream for the displayable counter. To initiate the
programmer, we highlight the XC95108 PC84 object in the Source pane and double-click
on the JTAG Programmer process.

ilinx - Project Navigator - C:\tmpicpld_designsidesign2idesign2_npl - [dizp_cnat_vhd]

|4 File Edit “isw Pioject Souce Process Macro Window Help == x|
NEEd@ =FEERLHE BEE 2 |20 = G 3|6 % % »
lxl .
Sources in Project: | library IEEE; =
B Untiled use IEEE, STD LOGIC 1164.ALL;
E‘ﬁ w9108 PLA4 - 25T WHDL use IEEE. 3TD_LOETIC_ARITH. ALL;
94@ ) use IEEE.3TD_LOGIC_ UNSIGNED.ALL;

@ counter [counter. whd]
[ ledded [o:Mmphepld_designshdesign e entity disp_ont is
Port { clk : in =std logic;
3 : out std_logic_vector(ﬁ downto 0313
end disp_ ecnt;

:I | I architecture disp_cnt arch of disp ent is

B2 hiodul .. File ... I uSnapsh...J Librar... I component counter

porti{clk: in std logic;
2l count: out std_logic_vector(3 downto 0));

Processes for Cunent Source: | end component;

----- W Design Entry Utilities component leddcd

Cap? Spnthesize porti{d: in std logic vector(3 downto 0); L
v 3 Implement Design s: out std logic vector{é downto 0));
= O Create Programming File end component;
(I | =urichJTAG Programmer signal cnt: std logic wector (3 downto 0);

hegin

] _'l_I
B Process iiew I @ disp_cnt.vhd I

x| =
A =

Done: completed successfully.

D

Process "Timing Report” is up to date. Ln1. Col1 n v
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The JTAG Programmer window will appear and again we only have one chip in our
design, so only one XC95108 CPLD is shown. We proceed by selecting an SVF file as
the destination for the bitstream so we can use GXSLOAD for programming the CPLD in
the XS95 Board.

dizp_cnt - Xilink JTAG Programmer
File Edit Operations | Qutput Wiew Help

Ol B Cable Auto Connect s oo iz | g
| |E| é%l Cable Setup... -||:||:|| ﬁll él ,llhﬁ'l
Cable Beset =
v lze Cable...
Create S%F File... h
Append to SWF File...
TDI —!
XZ95104
di=p _cnt.jed
T

=
1 | »

Creates an S5%F hile and directs subsequent operations to it |_|_|_,:2

Once again we choose the default for the initialization sequence of the JTAG state
machine that controls the programming process.

SVF Dptions ]|

Initial tranzition to Bun-TestAdle:

= Thiough Test-Logic-Feset

" Skipping Test-Logic-Feset

] Cancel Help
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Now a window appears where we can enter the name for the file that will hold the
bitstream. We can click on Save to accept the default name of disp_cnt.svf.

Save jf: I'a dezignz j El

1 ngo
" genff
1 wark

File name: Save

Save as type: | 5VF Files(* sv) -] Cancel |
g

We then proceed to generate the bitstream by selecting the Operations=Program menu
item.

dizp_cnt - Xilink JTAG Programmer

File Edit | Operation: Output  Wiew Help

D ||| ETTO— ;) | | 5| )

Eraze =
Functional Test
Blank Check
Eeadback Jedes
Get Device D
TOT - (et Dev?ce Ehecksum
et Device Signaturedl zercode

Chain Operations. ..

u: |[DENEE Looping

TDOD

=
1 | »

Programs the selected devices in the JTAG chain SVF Mode | | -
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An Options window appears where we can set the Erase Before Programming option for
the generated bitstream.

Optionz |

Frogram O ptions |

W Eraze Before Programming I Skip user aray
[T Werify [ wirite Protect
[ Functional Test [T Eead Protect
™| Faralle! fode [T Load Fpoa

Standby Bawer
[T lWze b4 for CF |l (e300

r Standby Fower
[z 100us non-Cascadable]

[T External Bin“erfization Ein #: I

™ Usercods (8 Hex Chars] I FFFFFFFF

k. [I Cancel | Help |

Once we click OK in the Options window, the bitstream generation process begins.
The progress is reported in the Operation Status window:

Operation Status |

Loading Boundam-Scan Descrption Language [BSOL] file |
'C:#Filiny_CPLD f=2x95004/datamc951 08 bed'. . completed successtully,
‘dizp_cht[Devicel]: Generating 5%F wectors to check boundany-zzan chain
inteqrity...done.

‘dizp_cht[Devicel]: Generating 5%WF wectors to put device in 1SP mode. . done.
'dizp_cnt[Devicel ]’ Generating S%F wectors to erase device....done.

‘dizp_cht[Devicel]: Proceszing JEDEC file... dane.

‘dizp_cht[Devicel]: Generating 54WF wectors to program device. ... donhe,
'dizp_cnt[Devicel]': S%F wector generation for programming completed successtully.

I

All operationz were completed successfully.

wiew Log Fils |
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Once the bitstream file is generated, we click on OK to close the window. Then we
close the JTAG Programmer window

Downloading the Bitstream

Now we program the bitstream file into the CPLD of the XS95 Board. We double click

the icon to bring up the gxsload window. Then we drag the disp_cnt.svf file from
the C:\tmp\cpld_designs\design2 folder and drop it into the gxsload window.

| Xgestoad S

Diop BIT. S¥F, HEX, and EX0
filex here to download to the
5 or %¥5Y Board. :

Fecent Files:

Heload | [~ EEPROM Port ||_p'|'1 .I

INTRODUCTION TO WEBPACK 3.1

J File  Edit ‘“iew Go Favoites Help

[& -2 @l % EDE 0| XEE

J Address I[:I C:Atmphepld_designshdesignz

1 _noo

| genff

| work
_itag.bat
I%]_nodbld. bat
E _ngdbuild rzp
#®| _ngdbuild2.rzp
@ _z.p

@ _test.dat

@ _top.ucf

[ﬂ autornake. log
@ chipsim. err
@ chkdate. e

11

=1 _<5TClean. bat

counter._s_
counter. jhd
% counter. vhd
@ counter.xst
] design2.jid
w design2.npl
5] dizp_cnht._hp
@ dizp_cnt_s_
9 dizp_cnt._t_
#] disp_cnt.bld
a dizp_cnt.cel
@ dizp_cnk.ct|
@ dizp_cnht.cup
@ dizp_cnt.data

dizp_cnt.edn
dizp_cnt.qed
dizp_cnt.jed
disp_crt.jhd
disp_cnt.log
dizp_cht.mod
dizp_cnt.ncf
dizp_cnt.nad
dizp_cnt.plg
dizp_cnt. prj
I:Iisp_cnt.r k

dispcnt.tim
dizp_cnt.tst
|

dizp_cnt
dizp_cnt
disp_cnt
epldall b
epldallo.
EREWIEP
&y itaopan
last_uze
last_use
ledded.jt
ngdbuild
taenigine

|1 object(z] selected

| My Computer
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The XC95108 CPLD programming starts and completes in about a minute.

X gxsload

Drop BIT, .5%F, .HEX, and .ExD
filez here b download to the
#5 ar =5 Board.

Recent Files:

G=SLOAD

@ The #5595 Board iz progranmmed!!
Ok |
Helnad [" EEFROM Part ||_p'|'-| TI

Testing the Circuit

Once the XC95108 CPLD on the XS95 Board is programmed, we can begin testing

displayable counter. Double-clicking the icon initiates the GXSPORT utility.
X gxsport [_ [ |
[ | [T} ] Fr oot} [ s |
D7 DE DS D4 D3 D2 D1 DO
Stobe | W Count Part ILF'T1 'I

The clk input of the counter is assigned to the pin controlled by the D0 button of
GXSPORT. We place a check in the Count box so that the D0 value will toggle every time
we press the Strobe button. To generate a clock pulse, we just click twice on Strobe.
Each clock pulse will increment the value shown on the LED digit of the XS95 Board.
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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=Technical Support. You will be
presented with a browser window full of 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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