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Tutorial: First Steps with WebPACK ISE

Introduction

This tutorial was created to give the interested
engineer a quick hands on experience on the
Xilinx'’ WebPACK ISE software suite.

The tutorial provides only a very brief overview
of FPGA design methodology without going into
too much detail. After completing this tutorial
and the first own design steps, it is highly rec-
ommended to proceed with further readings,
e.g. the various application notes and online
manuals.

While concentrating on the basic steps and
methods, it is also the goal of this tutorial to cov-
er the complete development cycle. Beginning
with design entry, through simulation, synthesis

and implementation up to the download to phys-
ical hardware all covered in a single, consistent
project.

To achieve both of these goals, we decided to
design a very simple hexadecimal counter
which is implemented on our TE-XC2S Spartan-
Il Development System. All steps required to
complete this design are covered by this tutorial.
There are no hidden steps or imported and half-
completed files. While this limits the possible
size of the project (without exceeding a certain
time frame) we feel that there is still no better
way of learning something than from own expe-
rience.

Happy developing!
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Figure 1: Spartan-Il Development System
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Download and Installation

In case you did not receive the Xilinx WebPACK
ISE software on CD-ROM, you may download
the latest revision from www.xilinx.com. From
the home page follow the links to

Buy Online
W\ebPACK

If you do not have a Xilinx account yet, you will
need to register with Xilinx and create and ac-
count. To do so, follow the link to

Regi ster for WDbPACK | SE

In case you already registered with Xilinx, follow
the link to

Single File Downl oad

This will lead you to the following screen:

Design Configurations

Latest Updates

e WebPACK

Click Design Configurations, FPGA Design, Se-
lect Configuration...

CPLD Design
Latest Updates

.. and the following box appears:

your | download | madule
download | details | overview
Download Type

Legend:

¥ Frimary Choice

v Included Modules
Design Type:

CPLD Design:

-9500 Design

o -CoolRunner Design
¥ FPGADesign

Design Modules: Optional Tools:
# Design Entry | MXE Simulatar
O 93800 Fitter O - Werilog CPLD
O XPLA Fitter O - VWHDLCFLD
# Spartan FPGA |#" - Verilog FPGA
o Mirtex FPGA # - WHDLFPGA

[m]
[m]

O 9500 Prog. ¥ StateC AD
# FPGA Prog. # HDL Beicher
O *PLA Prog. O Chip Wiauer

O Schem. Libraries

D ownlo ad

Clicking the Download button, pops up the
Download Manager window. The software is di-
vided into several modules, which may be
downloaded and installed separately.

3 Download WebPACK - Micros... [H[El E3

i:x"_‘Nx Download Manage

Instructions -- You have chosen the
following modules. Pleasze click on the
links below to save [/ install the
WebPACE ISE Software.
Modules Selected

Design Entry

Spartan Fitter

Wirtex Fitter

FP 34 Programmer

LOE Simulator

WOE VHDL FPGA Library

WOEE Verilog FPGA Library
StateCAT

HDL Bencher

The following tutorial assumes, that you down-
load and install the following modules:

e Design Entry

e Spartan Fitter

* FPGA Programmer

* MXE Simulator

 MXE VHDL FPGA Library

« StateCAD

In Version 3.3WP8.x these files sum up to ap-
proximately 92MB of transfer volume and about
350MB of disk space after installing.

Optionally, you may download the following op-
tional files, which sum up to another 40MB:

» Virtex Fitter

e MXE Verilog FPGA Library

+ HDL Bencher

Trenz Electronic
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Creating a design

After launching the WebPACK Project Navigator
for the first time, it comes up with an empty
screen, divided into several panes. The Source
window lists all sources being included in a
project. The Process window lists the possible
actions for a selected source. The Edit window
is used to display and modify HDL sources. The
Transcript window shows a log of the most re-
cent shell operations.

Brocess Macio Window Help

EBE\&@\E&\%@HJ% SR
2l

ranscrip

I [ %

Before going further, we need to create a new
project.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl

File Edit “iew Project Source Process Macro Window Help

oz E ERE |2 |

Open Project...
Open Example...
Cloze Project
Save Project Az,

A dialog pops up to specify the project's name
and location. Furthermore the target family and
device as well as the synthesis tool need to be
chosen. To target the TE-XC2S board, we need
to specify Spartan2 as the device family and
2S200PQ208-5 as the device. Our synthesis
tool is XST VHDL.

Mew Project E

Project name: Project Location:
Ipart2 Ic:\myDocs\tt\parQ |
Project Device Options:

Property Hame Value
Device Family Spartan2
Device 25200 Pa208-5
Synthesiz Tool HET WHDL

()3 I Cancel |

After closing the dialog, an empty project will be
created in the project location specified above:

AmyDocs\tt\part2\part2.npl
i Hel

|oeus FrEEE e emE]ee e e m
—_—ia|x|

Trenz Electronic
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Design entry

Adding existing Source Files

We start our project by adding an existing VHDL
module to it. Copy the file from the CD-ROM into
your project location, before proceeding. You
may use the Windows Explorer to do so.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl
File Edit “iew | Project Source Process Macro Window Help

B 2N

JJ 0= n ‘ Mew Source. ..

Add Copy of Source. .. Shift+ nzert

Sources in Projes
...... B | lekitad

The file TE-BL.vhd comes with your TE-XC2S
Development System and contains commonly
used code to interface with the Buttons & Lights
Expansion Board.

Delete Implementation D ata

Add Ezisting Sources EHE
x|« & ek E-

Suchen in: I =9 part2

D ateiname: |te-bl.vhd

Oifren I
Dateityp: ISources [ bet:* soh® vhd:® whd;® vhd;* dia;) j Abbrechen |
A

A .vhd suffix is ambiguous, as VHDL files may
contain packages, modules, or test benches.
Our file contains a VHDL entity or module.

Choose Source Type [ %]

te-bl.vhd iz which source type?
The suffix iz ambiguous as to type.

WHDL Package
WHOL Test Bench
Cancel |

The file is added to the source window. The
name of the VHDL entity, tebl, is displayed, fol-
lowed by the name of the source file, te-bl.vhd,
in parentheses.

x|

Sources in Project: |

£-£3 25200 PO208-5 - ¥5T VHDL
NN ek (t=-bl vhd)

T R o File V... | o Snapsh... | ] Librar... |

In the process window, we double click Create
Schematic Symbol, as we want to use the entity
tebl in a schematic diagram later on.

2|
Processes for Curent Source: |
Dresign Entry Utilities

Uszer Constraints

Wiew WYHDL Test Bench Template
Launch HDL Bencher Tool

Wiew YHDL Instantiation Template

Synthesize
Implement Design
Create Programming File

B Process Wiew I

Successful generation of the schematic symbol
is indicated by a green check mark.

2|
Processes for Curent Source: |
= @ Dresign Entry Utilities
: Uszer Constraints
Wiew WYHDL Test Bench Template
Launch HDL Bencher Tool
Wiew YHDL Instantiation Template

Create Schematic Symbol
Launch bodelSim Simulator
Synthesize

Implement Design

2
A
O Create Programming File

B Process Wiew I

Trenz Electronic
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Using the HDL Editor

Next, we create a new VHDL file and add it to
the project.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl
File Edit “iew | Project Source Process Macro Window Help

J]D@n: : B RN

dd Source... Insert
Add Copy of Source. .. Shift+ nzert

Sources in Projes
[ T

Delete Implementation D ata

A dialog box appears, to specify the type of
source to create, the file name and location. As
we want to create another VHDL entity, we
chose VHDL Module.

New ]

Uszer Diocument
Schematic

WHDL Package
WHOL Test Bench
Whdl Library Icounter
State Diagram

File M ame:

Location:

Ic:\mydocs\tt\part2 _I

V' Add to project

<zuiick [ weiters | Abbrechen | Hire |

Next, an assistant pops up, querying information
required, to create a skeleton for our VHDL enti-
ty declaration and architecture body. We need to
add port name, and direction for every port. For
buses, we need to specify the MSB and LSB as
well.

Define YHDL Source [ %]

Entity M ame Icounter

Architecture M ame Ibehavioral

Port Hame Direction MSEB LSB ﬂ
clk in
rat in
en in
count out 15 1 =
in
in
in
in
in
in
in
in LI

<zuiick [ Weier> | Abbrechen | Hire |

Before creating the skeleton source, a summary
window is displayed.

Mew Source Information E

Source Directory: ovmydocshttipart2 |

< Zurlick I Fertig stellen I Abbrechen | Hilfe |

And finally, the source file is created and added
to the project.

To'Fio £ v it JREIE]
[cemerrElaeEEERE|2N||sme|o e |m

Tibrary TEEE H
use. TEEE. 5TD_L0GC_1164,AiL

EEE . 5TD_LOGLE ARITH. ALL:
EEE. STD_LOGLC_UNSIGNED. ALL:

"B counteshd |
[t ColT [~

We complete the architecture body by adding
the following lines to it:

architecture behavioral of counter is
sigmal counter: STD_LOGIC_VECTOE (count'range):

signal div: STD_LOGIC_VECTOR(1l6 dowmto O);
zimmal divl, enzZ: 3TD_LOGIC:
begin

process(clk, rst)
begin
if rst= 'l' then
div <= (others=> '0');
divl<= '0';
enz <= '0';
elsif rising edge(clk) then
div <= div + 1:
divlig= div{div'left);|
en2 <= div({div'left) and not{diwvl);
end if;
end process;

process(clk, rst)
begin
if rst= 'l' then
counter<= x"00007;
elsif rising edge(clk) then
if en= 'l' and enZ= 'l' then
counter<= counter + 1;
end if;
end if;
end process;

count<= counter;

end behavioral:

Trenz Electronic
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And like before, create a schematic symbol. We
need to select our newly created source first...

2]
Sources in Project: |
------ B Urtitled

E| EE 25200 F'Q2085 #5T VHDL

T R o File V... | o Snapsh... | ] Librar... |

. double click Create Schematic Symbol...

2|
Processes for Curent Source: |;|
Dresign Entry Utilities

Uszer Constraints

Wiew WYHDL Test Bench Template
Launch HDL Bencher Tool

Wiew YHDL Instantiation Template

OO0

Launch bodelSim Simulator
3 Swrthesize

O Implement Design
G

Create Programming File -
| | »
B Process Wiew I

. and a green check mark indicates successful
generation of the symbol.

2|
Processes for Curent Source: |
Dresign Entry Utilities

Uszer Constraints

Wiew WYHDL Test Bench Template
Launch HDL Bencher Tool

Wiew YHDL Instantiation Template
Create Schematic Symbol
Launch bodelSim Simulator
Synthesize

Implement Design

Create Programming File

B Process Wiew I

[0 CO 1] R

In case we have questions about VHDL, or need
some inspiration, there are language templates.

Xlllnx Project Navigator - c:\myDocs\tt\part2\part2 npl - [control_vhd]

|)® File | Edit Wiew Project Source Process Macro Window Help

Unda Cirl+2 H*E‘ B | ? K2 ‘
Cuf [Chrl#s =l
Copy CilsC P T lTTD o0,
Paste Clrl+t —-— VHDL code
GoTo 3 -- Wed &ug 15
Colurnmn 3
Select 3 -- This VHDL
-- one-hot 3t
Insert File... -- Minimizati
-- and output
Find... Chil+F
Find Mext Clrl+Alt+F LIERARY ieee;
LT Beplace... Chil+H L] TSE ieee.std 1
— Find |n Files
==l ENTITY CONTEOL
Language Template PORT (CLE,p
IF'roc:es en : OUT

The left pane sorts the templates by category,
while the right pane displays the actual sample
code.

~isix]
o

= —- D_OUT: out STD_LOGIC_VECTOR(7 downto 0); =l

process (CLK,RESET,D_IN)
e

= "10000000";

o
[)_contolvhd [ Longuage T..|

For e, res FI (s cal =

Check out the language templates and get fa-
miliar with the editor! It behaves much like any
other programming editor, so you shouldn’t have
a hard time doing so.

Trenz Electronic
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Using the FSM Editor

Now we create a finite-state machine using the
FSM Editor.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl
File Edit “iew | Project Source Process Macro Window Help

=E=2CN" B 2N

Add Source... Insert
Add Copy of Source. .. Shift+ nzert

I Sanreas in Prois

A dialog pops up, to query further information
about the new source file. We chose State Dia-
gram here.

New ]

Uszer Diocument
Schematic

WHOL Module
WHDL Package
WHOL Test Bench

hdl Librari Icontrol

Location:

Ic:\mydocs\tt\part2 _I

File M ame:

¥ Add to project

<zuiick [ weiters | Abbrechen | Hire |

Before creating the new diagram, a summary
window is displayed.

Mew Source Information E

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

Source Directory: ovmydocshttipart2 |

< Zurlick I Fertig stellen I Abbrechen | Hilfe |

Next, the FSM Editor is launched, displaying an
empty sheet.

B CONTROL DIA - StateCADI) = B
File Edt View Options Window Help
O & Q| Q
openie | swerie Zoomin | zeoncu
[x] -
@
3
=]
2|
1=
10
Jad
S
=
A
Al
i
LA B
=l »
il Reosy o

We use the Draw States tool, to add a few states
to our FSM.

B8 CONTROL DIA - StateCAD() 5]
File Edt View Options Window Help
O & Q|
cperte | swerie [
R =
D

=

E’

2|

1=

10

Jad

Y

&

8

Al

2

LA B
| KT} >

| Ready [ oM 7

Next, we use the Draw Transitions tool, to con-
nect our states.

S [=] B3
Draw L o,
Transitions = -
=l
5
E
E
B
=l
N
|
Al
Al
2]
= -
I | T :
| Ready [ ) 7

We chose the Draw Reset tool, to add a reset to
State0, and will be prompted for the type of re-
set. We select asynchronous here.

StateCAD [ <]

@ Should thiz reset be asynchronous [Yes) or synchronous [Ma)?

Trenz Electronic
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Now our machine looks like this:

N
File Edit
[} Q

= =
@

=

5|

=

=

B

=

N

=

B

Al

Ll

>

i | T @

In the following, we edit the state’s properties. A
double click on StateO pops up the following dia-
log. We alter the state name and add an output.

Edit State [ %]

State Mame: Iidle

Outputs:  Unassigned outputs are made inactive [i.e. g=0]

enc="0; ;I
[

Output ‘wWizard Create counters, muxes, etc. with the wizard.

Jugtify State Mame Jugtify Output
’7(" Left €% Center ¢ Right ’7(‘ Left € Center ¢ Right

QK I Cancel | Help |

We do the same for Statel...

Edit State [ %]

State Mame: Irun

Outputs:  Unassigned outputs are made inactive [i.e. g=0]

en<="1" ;I
[

Output ‘wWizard Create counters, muxes, etc. with the wizard.

Jugtify State Mame Jugtify Output
’7(" Left €% Center ¢ Right ’7(‘ Left € Center ¢ Right

QK I Cancel | Help |

... and State2.

Edit State [ %]

State Mame: Istop

Outputs:  Unassigned outputs are made inactive [i.e. g=0]

eng="0" ;I
[

Output ‘wWizard Create counters, muxes, etc. with the wizard.

Jugtify State Mame Jugtify Output
’7(" Left €% Center ¢ Right ’7(‘ Left € Center ¢ Right

QK I Cancel | Help |

Next, we need to set up the transitions. Double
clicking on the transition from idle to run pops up
the following dialog. We add a condition to this
transition.

Edit Condition [ %]

LConditior:

=
-
=

Outputs:  Unassigned outputs are made inactive [i.e. g=0]

" To edit equations created with the wizard, place
the curzor in the equation and click Output
Jugtify Condition Jugtify Output
’7(" Left & Center € Right ’7(‘ Left @ Center ¢ Right
[ Mutually Exclusive [~ Border "Mode

€ Synchronous
FErriority ID_:I QK |Eancel| Helpl

€ Bsynchronous

For the transition connecting run with stop we
need to add a similar condition:

Edit Condition [ %]
LConditior:
phatop="1{ d
Outputs:  Unassigned outputs are made inactive [i.e. g=0]

ot Wizard To edit equations created with the wizard, place
WP I the cursar in the equation and click Output

Jugtify Condition Jugtify Output
’7(" Left & Center € Right ’7(‘ Left @ Center ¢ Right
[ Mutually Exclusive [~ Border "Mode

£ Sunchronous
FErriority ID_:I QK IEanceIl Helpl

1 Bsynchronous

Our reset vector is already properly set up, but
to be sure, we may open the according dialog as
well:

Edit Condition [ %]
LConditior:
RESET =l
[
Outputs:
=
L]

ot Wizard To edit equations created with the wizard, place
WP I the cursar in the equation and click Output

Jugtify Condition Jugtify Output
’7(" Left & Center € Right ’7(‘ Left @ Center ¢ Right

[ Mutually Exclusive [~ Border "Mode

' Synchronous
QK IEanceIl Helpl

& Asynchronous

Trenz Electronic



Spartan-Il Development System

Tutorial: First Steps with WebPACK ISE

Now we finished editing our FSM, the final result
should look like this:

phiun="1'

phstop="1'

Next, we compile our graphical representation
of the state machine into synthesizable VHDL.

ECDNTRDL.DIA - StateCAD(r)
File Edit “iew | Options “Window Help
5 C ate HOL) F7
D W StateBench [Create Test Bench]... F5
Open File Save

. N State Bench 7]
+  Optimization ‘Wizard... ]

IT | [El Configuration...

3 Machine Attribute. ..

There are several options, how our statema-
chine can be translated to VHDL. The most im-
portant option is, whether the outputs are
registered or not. We chose not to register our
outputs.

Optimize Dutputs for Speed [ %]

Select outputs to be made reg

¥ oen

™ Dizable Optimize Speed

Cancel Help

Output zignals which can be made
registered are listed here. Select the
zighals to make into registered [+
before the names], or dizable this
optimization. This feature may be
enabled from the Configuration dialog.

The parser detected, that there is no transition
leaving the stop state, except for a reset condi-

tion. For our machine this is intentional, so we
may safely ignore this warning.

I Mumber: |1 jl wiarning [1]
Frablern:

‘Warning[£125]: Pozzible stuck at state 'stop’. The only way to d
exit the state iz via reset. J
-

Solution:

Add a tranzition [with a non-falze condition] away from the state. d
[7]

Help: Click here for additional infarmation. |

Finally, the generated source code is displayed
for review. You should have a look at the code
and check, if this reflects, what you had in mind.

42 StateCAD HDL Browser - c:\mydocs\ttpart2A\CONTROL.vhd

File ‘fiew

LIBRARY ieee;
USE ieee.std_logic_1164.all;

ENTITY CONTROL IS
PORT [CLK,pbrun,pbstop, RESET: IN std_logic:
en : OUT std_logic);
END;

WRCHITECTURE BEHAVIOR OF CONTROL 15

— State variables for machine sreg
SIGNAL idle, next_idle, run, next_run, stop, next_stop : std_logi
SIGNAL next_en : std_logic;

We exit the FSM Editor now and find ourselves
back in the Project Navigator. Unfortunately our
statemachine has not been added to project, so
we need to do this manually.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl
File Edit “iew | Project Source Process Macro Window Help

|0 = e e e B2 W

Add Copy of Source. .. Shift+ nzert

I Sanreas in Prois

For convenience, we add both, the VHDL file,
and its graphical representation to our project.
This allows us to open the diagram later on by
simply double clicking the .dia file. Unlike the
.vhd file, the .dia file is not required for synthe-
Sis.

Add Ezisting Sources EHE
x|« &k E-

Suchen in: I =9 part2

te-bl.vhd

D ateinarne: I"EDNTHDL.vhd“"EDNTHDL.DIA"

(ffren I
Dateityp: ISources [ bet:* soh® vhd:® whd;® vhd;* dia;) j Abbrechen |
A

Trenz Electronic
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Again, we are asked for the type of our VHDL
source.

Choose Source Type [ %]

control. vhd is which source type?
The suffix iz ambiguous as to type.

WHDL Package
WHOL Test Bench

Cancel |

To create a schematic symbol for our state ma-
chine, we select the source file.

2]
Sources in Project: |;|
B[ Urtitled
- A control.dia
E-£3 25200 PA208-5 - 5T WHOL
control [control. vhd]
A counter [counter vhd) |

N 'Ifnnouule... File V... | o Snapsh... | ] Librar... |

Double clicking Create Schematic Symbol cre-
ates the symbol, which is indicated by the green
check mark.

2|
Processes for Curent Source: |
Dresign Entry Utilities
Uszer Constraints
Wiew WYHDL Test Bench Template
Launch HDL Bencher Tool
Wiew YHDL Instantiation Template
(@Y 8 Create Schematic
B Launch ModelSim Simulator
Synthesize
Implement Design
Create Programming File

=y
3
3
A

B Process Wiew I

Creating state machines is a non-trivial task. It is
highly recommended to get familiar with the var-
ious options of the state machine editor, their ef-
fect on the generated VHDL code and their
effect on synthesis and implementation.

Trenz Electronic
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Using the Schematic Editor

The top layer of our design is created with the
schematic editor, instantiating the symbols be-
ing defined during previous design entry steps.
First, we need to create a new source.

Xilinx - Project Havigator - c:\myDocs\tthpart2ipart2_npl
File Edit “iew | Project Source Process Macro Window Help

=E=2CN" B 2N

Ingert
Add Copy of Source. .. Shift+ nzert

l@ Delete Imolementation C1ata

We specify Schematic as the source type and
enter file name and location.

New ]

L zer Diocument

WHOL Module
WHDL Package e .
YHOL Test Bench File Hame:
Whl Library Itop
State Diagram

Location:

Ic:\mydocs\tt\part2 _I

V' Add to project

<zuiick [ weiters | Abbrechen | Hire |

A summary is displayed, before actually creat-
ing the new source.

Mew Source Information E

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

Source Directory: ovmydocshttipart2 |

< Zurlick I Fertig stellen I Abbrechen | Hilfe |

Then, the schematic editor is launched, display-
ing an empty sheet.

Ee Tools DRC Options Help
D=8 8 &= o 2R ClEE =8 ul < 2]
Select A Command.

First, we add our previously created schematic
symbols to the sheet.

%7 Schematic Editor - top - Sheet 1
File Edit “iew | Add Template Tools DRC Option: Help

I

Dliﬂlnl é Wwire F3

Met Mame F4
Erpanded Bus Hame

Bus Tap

140 Marker Alt+bd

Symbal...

Instance Mame

The library window pops up. We add the sym-
bols control, counter and tebl to the sheet.

3 Schematic Editor - top - Sheet 1
File Add Template Tools DRC Options Help
D=8l 8 sl=e o 2loH Bl=E

 Symbol

Librai
(A Srbals)

Symbol Name File 4]

]
Symbol - Click to Place Symbol ‘CONTROL"

After adding the symbols, our sheet looks like
this.

£ Schematic Editor - top - Sheet 1
Miew Add Templste Toos DRC Oplions Help

geﬁuglx%aglﬁﬁ@ Cl=lE =8 ul v« 2]

Symbol Name Fiter jll

]
Symbol - Click to Place Symbol 'TEBL'

Trenz Electronic
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Probably, we need to tidy up our symbols a bit.

Schematic Editor - TOP - Sheet 1
File | Edit View Add Template Tools DRC Option: Help

Sl 42 % [2lalols) clelsl sle)
—_ Redo ift+ -
Cut Chrl+
LCopy Chil+C " o
Copy Image 4
Baste [Cirl
Delete F5
Duplicate  FB TERL
CLEdd—a
oe 7 T e
Diag Fg dadt pitind
Fatate [+ o g e
Fjrrcir [Etrl+E i i
lop_ad—a
Attribute L4 plyring
Table Data :;3?:
lon_bif—a
lep b2fe
lon_bl—a
lop b=
lon b4

Clicking on symbol will open the symbol editor
window. We adjust control to look like this.

Dlslal 6l xlaie] oI (F Alg @ 5 2] 4 3 y
afolk  TRe
=—|RESET -
=—{pbrun enf—
= |PESIOP  stifame

And exit the symbol editor.

& Symbol Editor - control - BLOCK

File Edit Y“iew Add Template Tool: DRC Options Help
e | ol (5 Ald @ &
gave i .
Save fz...

FPage Setup...
FErint...
Frint [mage...

The schematic editor notifies us before updating
the symbols. We click OK TO ALL.

Schematic Editor

Fieferences to symbol control are out of date.
‘When pou cloge thiz schematic, you will be asked if
you want to save it, even if you have made no changes.

OK TOALL

Next, we adjust counter to look like this...

itor - counter - BLOCK

View Add Template Tools DRC Options Help
8l s[ele| of plelpl @l E 2] v 3
=
Type
o—Jolk P
=—{rst a
=—len count(15:0)f—=
InstName
;1 = ol
Select A Command.
... and tebl to look like this.
File Edt View Add Template Tools DRC Options Help
D=l gl =] of 2200 @ # 2] v 2|
5|
Tie CLK48[—a
e—{LED(7:0) PB{7:0)fe —3
=—DISP(15:0) SW(T 0=
oo or_ai-e
ot it g
jafis o
pa it
jafs o
o
ion _
o
oo
oo
oo
oo
orcbale
orcble
InstiTame 2708~
| _I _>l_I

Now we interconnect the symbol instances with
a few wires.

chematic Editor - TOP - Sheet 1
File Edit “iew | Add Template Tools DRC Option: Help

Clelm| [z |

Met Mame F4

Erpanded Bus Hame
Bus Tap
i 10 o el Al i

Trenz Electronic
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CLK CONTROL
RESET

phrun

phstop o

EN

clk COUNTER

rst

en count(15:0j
I4

TEBEL

LED(7:0)

DISP(15:0)

clk_al

iop_as

ion_as

ion_b2

The result should look like above.

Next, we assign names to some signals.

chematic Editor - TOP - Sheet 1

iop_ba

CLK4g
PE(7:0)f————=

SV tu}| S—

iop_al
jion_at
iop_a?
jon_a?2
iop_a3
jon_a3
iop_a4
jon_ad
iop_ak
ion_ak
iop_h1
ion_h1
iop_h2
ion_h3
iop_hd
ion_hd
iop_hs
ion_h5s
iop_hé
ion_hé

File Edit “iew | Add Template Tools DRC Option: Help

sEENE

To do so, we edit the name in the status line...

Wwire

HMet Mame
Erpanded Bus Hame
Ruz Tan

13

Q=R 8] 1

iuh:bEi

Kl

Net Name - Enter Net Name =iop_a

i

. and after hitting return, we can assign the

name to a wire, by clicking on its red marker.

& B2 gl A2 =R 1l v| 2J

iop_al
ian_al
iop_aZ
ian_aZ

iop) at
|

iop_a3

ian_a3
iop_ad
ian_ad

iop_ab

ian_ab
iap_h

We proceed to do so with some other lines...

iop_al iop_al
ian_al ian_al
iop_aZ iop_aZ
ian_aZ ian_aZ
iop_a3 iop_a3
ian_a3 ion_ad
iop_ad iop_ad
ian_ad ian_ad
iop_ab iop_ab
ian_ab ian_ab
iap_h iap_h1
ian_h1 ian_h1
iap_hZ2 iap_hZ2
ian_h3 ion_hb3
iap_hd iap_hd
ian_h4 ion_b4
iop_h iop_h
ion_h5 ion_h5
iap_hB iap_hB
3 ian_hB ian_hbG

. and add 1/0O Markers to them.

chematic Editor - TOP - Sheet 1

0 | D’*l nl g Wwire F3
= | Met Mame F4
Erpanded Bus Hame

File Edit “iew | Add Template Tools DRC Option: Help

Bus Tap

Sumhil Fr La2

Trenz Electronic
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The I/O Marker selector pops up. We select out-
put, and click all of our previously named wires.

+

PR )

iop_al
ian_al
iop_aZ
ian_aZ
iop_a3
ian_a3
iop_ad
ian_ad

iop_ab
ian_ab
iap_h
ian_h1
iap_hZ2

HIFIN . I <

" None

' Input

& Dutput

 Bidir

We need to split the bus and create some taps...

Z Schematic Editor - TOP - Sheet 1

File Edit “iew | Add Template Tools DRC Option: Help

ian_h3
iap_hd
ian_h4
iap_ha
ian_ha
iap_hB
ian_hB

13

The input pads are created accordingly.

Ol= = Wire F3 |
Dlslml g §=,, L o= 28
Erpanded Bus Hame L
Bus Tap
140 Marker Alt+bd
Sumbaol F2
... like this:
TEBL CLK4BW
e—LED{7:0) PE(7:0) -
DISP15:0) SWIT0)F=e
clk_al iop_al
iap_as ian_al
ian_as iop_aZ
ian_h2 ian_aZ
inm k32 imm a2l

I To assign a bus tap to a specific bus signal, we
i ok _at need to assign net names again.
iop_ah iap_as
ian_as ian_as
ion_h? =  E— ian_h2
iop_h3 _— iap_h3
|l F_l ' Mone
3 |2k = @ Input ]
) [t Y ' Dutput L Q E N
ale[e)  com = CLK48 21818
clulz _ pb(7:0>
PB(7:0)
Next, we assign a name to a bus. The thickness SW(?'O) —_—
of the wire is increased to reflect this.
TEEL CLK484_ l l l Finally, we create another bus...
—{LED(7:0) PE(7 O)—2D
———DISP(15:0) SW(T0)e
—clk_al iop_al
—iop_as ian_al =
—ion_a5 iop_aZ TEBL =
——ion_h2 ion_a2 ) =—{LED(7:0) p%lfﬁe} DD(TZDE
——iop_b3 inp_a3 isp(150) Inepirs'ny swir o
ian_a3
el
Trenz Electronic 14
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CLK CONTROL

RESET
phrun

clk

rst

en
——{pbstop

15

dispi15:0)

En

COUNTER

count(15:0j
I4 |

led(7: 0 ——

LED(7:0y EBL

[clk_al

DISP(15:0)

clk_al

iop_as
ion_as

iop_as

ion_as

ion_h2

ion_b2

iop_ba

iop_ba

cLkagl——
PB(7-0) b(7.0
ST ) ——sw(70)

iop_at

ion_at

iop_a2

ion_a2

iop_a3

ion_a3

iop_ad

ion_ad

iop_as

ion_ais

iop_b1

ion_b1

iop_b2

ion_ba

iop_bd
ion_bd

iop_bs
ion_bs

iop_bé
ion_bé

... and yield the result above.

Now, we perform a consistency check...

%7 Schematic Editor - TOP - Sheet 1

File Edt “iew Add Template Tools | DRC Options Help

D|S|E| S| &8 o] bk

Luery

.. which goes just fine...

Chil+3)

Electrical Check

Customize...

i Error Report

and an electrical check...

%7 Schematic Editor - TOP - Sheet 1

File Edt “iew Add Template Tools | DRC Options Help

D|S|E| S| &8 o] bk

Luery

Chil+3)

Lonzigtency Check

=

... which is also just fine.

Now we have completed design entry and may
exit the schematic editor. The Project Navigator
visualizes the hierarchy of our project.

=E

Sources in Project:

E-[ Untitled
control.dia

25200 PR208-5 - <57 YHOL
= @

@ control [control. vhd)
@ counter [counter. vhd)]
LA tebl bl vhd]

T R o File V... | o Snapsh... | ] Librar... |

Similar to the state machine editor, the schemat-
ic editor is only a graphical frontend to automatic
VHDL code generation. This may be important
in some rare cases, e.g. when signal naming

conflicts with VHDL conventions.

Trenz Electronic
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Behavioral simulation

Creating a Testbench

Before simulating our design, we need to create
a Testbench, which is applying stimuli to our cir-
cuit. Create a new source...

nx - Project Mavigator - c:\myDocs\tt\part2\part2 npl

File Edit “iew | Project Source Process Macro Window Help

B 2N

Add Source... Insert
Add Copy of Source. .. Shift+ nzert

... with the wizard.
Hew E

Uszer Diocument
Schematic
WHOL Module
YHOL Pack.
WHOL T h
Whl Library ITBtop
State Diagram

File M ame:

Location:

Ic:\mydocs\tt\part2 _I

V' Add to project

< Zuriick I Wwieiter » I Abbrechen Hilfe

Review the information...

Mew Source Information E

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

Source Directory: ovmydocshttipart2 |

< Zurlick I Fertig stellen I Abbrechen | Hilfe |

... and assign the newly created file to the de-
sign’s top level.

Aszociate with Source E

zzociate TBtop.vhd with the source that it
affects.

control
counter

teb|

Cancel |

Then type in your testbench code. The following
code is the simplest form of a testbench, as it is
only applying stimuli to the design. More sophis-
ticated testbenches also perform checks on the
design’s responses.

LIERARY ieee;
UZE ieee.std logic_ll64.ALL;
TSE ieee.mumeric_std.ALL:

entity testbench is
end testhench;

architecture bhv of testhench iz

component top port |
clk_al: In std logic:
iop_al: Out std logic; iom_al: Out std logicy
iop_aZ: Out std logic; ion_aZ: Out std logicy
iop_ad: Out std logic; ion_ad: Out std logicy
iop_ad: Out std logic; ion_ad: Out std logicy
iop_aS: In std logic; ion_a5: In  std logicy
iop_a6: Out std logic; ion_aé: Out std logicy
iop_bl: Out std logic; iom bl: Out std logicy
iop_bZ: Out std logic; iom bZ: In =std logicy
iop_b3: In =std logic; ion b3: Out std logicy
iop_bd: Out std logic; ion bd: Out std logicy
iop_b5: Out std logic; iom b5: Out std logicy
iop_b6: Out std_logic: ion b6: Out std logic):

end component;

sigmal seqg_g, seg_f, seg_a, c_pb: 5TD_LOGIC:
signal clk: STD_LOGIC:= '0';
zignal  sim: STD_LOGIC:= '1';

signal sw2, sw3, swd: STD_LOGIC:
constant zerol: STD_LOGIC:= '0';
zigmal  zero: STD_LOGIC:

begin
zero<d= zerol;

sim<= '1', '0' after 15 ms;
clk<= zim and noticlk] after (1 us/48)/2;

sw2<= '1', '0' after 1.5 ms;
sw3<= '0', '1' after 2 ms, '0' after 3.5 ms;
swd<= '0', '1' after 13 ms, '0' after 14.5 ms;

c_ph<= (seg g and swZ) or (seg_f and sw3) or (seg_a and swd);
TUT: top port map|

clk_al=» clk, ion_a3=r seqg_a, iop_ad=> seg_f,

ion_ad=» seqg_g, iop_aS=> c_pb,

ion_ab=» zZero, ion bZ=> zero, iop_b3=> zero):

end bhw;

Trenz Electronic
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Using the Simulator Select the hierarchy level...

Select TBtop... sllulsm] =

Sources in Project: |
B[ Urtitled
©Le[F] contraldia
E-£3 25200 PO2085 - X5T YHDL
E@ top [top.sch)

control [control. vhd)
counter [counter. vhd)]
tebl [te-bl.vhd)

LT File ... | 100 Snapsh... | El Librar... |

1| |+
and double-click Simulate Functional VHDL T ST %
Model... ... and the signals to watch...
A=l ﬁ signals [sim] [_ O] =]
Processes for Current 5ource: | File Edit Miew ‘wWindow

ModelSim Sirnulator
Simulate Fun VHOL Model
Simulate Post-Foute WHOL Model

B Process Wiew I

... to launch the ModelSim simulator.

wave - default

S sBBIXK o RQQY E3

4 I I L3 I I I 3
sitn:ftestbenchuut/is s

... and drag them into the wave window.

File Edit Curzor Zoom Fomat  ‘window

HE $B2R KX 1w §Q@ ELE
Testberch/aa /B |-

0psto 1050 s /

Select all signals... Repeating these steps...

wave - default E structure [sim) M= &3

File Edit Curzor Zoom Fomat  ‘window
SEHE BRI KK o R Q@ | EFELE

Atestbenchizeg_e
ftestbenchi/zeg_d
Aestbenchizeg_c
ftestbenchic_pb
Mestbench/clk
Hestbench,/zim
Mestbench/swd
Mestbench/sw3
Mestbench/swd
Mestbench/zern

File Edit ‘Window

<| I»

s ftestbenchuutfid ya

@"E‘u_t""""&;l_;"'tﬂ qaqe ELE
Select &ll I%_

Trenz Electronic 17




Spartan-Il Development System

Tutorial: First Steps with WebPACK ISE

.. for entity counter as well...

@ zignals [gim] M=l E3
File Edit Miew ‘wWindow

<| I) <| I»

s ftestbenchuutfid P

. completes our wave window. Click the save
button to store your setup for later sessions.

==t wave - default

File Edit Cursor Zoom Format Window

Hé #EBE KN ko Q@ [EF ELE

/pbrun
/ph:

Mestbenchiuut/id/en Mo Data-
B testbenchiuutd/id/count | Mo Data-

Now restart the simulator...

..~ ModelSim XE /Starter 5.3d

File Edit Design ¥iew | Bun Macro Options  Window Help

Sz (BB o [BH B
——— un H

# = Waming: MUMERIC_ST E P detected, returning 0!

- L un Al "

# Time: Ops lteration: 0 I ; i3

# = Waming: MUMERIC_ST Lontinue detected, returning 0!
# Time: Ops Iteration: 0 L Run Mext (]

# = Waming: MUMERIC_ST Step detected, returning 0!
# Time: Ops lteration: 0 I - i3

# = Warning: NUMERIC_ST Step Dver detected, retuming 0!
# Time: Ops lteration: 0 I i3

# = Waming: MUMERIC_ST detected, returning 0!

==t wave - default

.. click restart...
... Restart [_ O] x|

Keep:
¥ List Format

¥ wave Fomat
IV Breakpoints

V' Logged Signals

¥ Wirtual Defiritions

Bestart | Lancel |

. and run the complete simulation. For our de-
sign, the total simulation range is 15ms, which
results in a run time of approximately 5 minutes
on a Pentium-11I with 700MHz.

..~ ModelSim XE /Starter 5.3d

File Edit Design ¥iew | Bun Macro Options  Window Help

L@ BRIF L

1DD ps

# = \waming NUMERIC_ST Eontmue
# Time: 0 ps Iteration: 0 |t Fun Mext

detected returning O

# = Waming: NUMEF!IE_ST detec:ted returning O
# Time: Ops lteration: 0 I it

Zoom to full...

File Edit Cursor | Zoom  Format  Window

Zoom Jn
Zoom Jut

Zoom Last

Zoom Area with mouse button 1
Zoom Hange...

.. to see our counter design working. You are in-

vited to play around with the simulator. Browse
the design hierarchy, watch signals, set break-
points in the VHDL code and much more!

File Edit Curzor Zoom Fomat  ‘window

start

Mestbench/uut/iBirese| Mo D ata-

reset

Ops
| | ] 4] | ]«

SHE $B@® MK €I QRQQR | E

| ELENEREE

stop

U

0ps to 15750010937 ps

s -

Trenz Electronic
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Compiling the design

Synthesis

Before synthesizing our design, we double-
check that the correct target family is selected.
When targeting the TE-XC2S board, the correct
device is 25200 PQ208-5.

2]
Sources in Project: |
=B Untitled

E‘@ top
B4 TBtop.vhd
<[ contral

= @ caunter

B hode v File triow | 1 Srapsho... | E] Liary... |

Next select the design’s top level...

Sources in Project: |
E B Untitled

[ control.dia

B £3 25200 PO2085 - %57 WHOL

B hode v File triow | 1 Srapsho... | E] Liary... |

... and double click on the Synthesize process.

2|
Processes for Curent Source: |
Dresign Entry Utilities

Syrithesize

Implement Design

Create Programming File

B Process Wiew I

A green check mark indicates success...

2|
Processes for Curent Source: |
Dresign Entry Utilities

Implement Design
Create Programming File

B Process Wiew I

. while a yellow exclamation mark indicates
warnings.

21
Processes for Curent Source: |
@ Dresign Entry Utilities

Synthesize
Implement Design

G
G
O Create Programming File

B Process Wiew I

You should review the synthesis report to be
sure.

Processes for Curent Source: |
----- @ Dresign Entry Utilities
0437 Synthesize
L] Analyze Hierarchy
X3 Check Syrkax
O Implement Design
O Create Programming File

B Process Wiew I

A number of options controls the way your be-
havioral description is translated into a structural
netlist during synthesis. You may safely leave
these options to their default values, unless you
are working on a high-performance design.

Trenz Electronic
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Constraints ... and edit the clock period...
Before edltlng the Constraints, you need to % Xilinx Constraints Editor - [Global - top.ngd / top.ucf<]
translate your design. To do so, double click on Eie [ Edit Wew window Help
Translate. —— e F|ﬂ"| 2[%
21| Period Pad to Setup
Processes for Curent Source: |
@ Dresign Entry Utilities
Caw® Surthesize
Implement Design . tO be 48M HZ:
Place-and-Foute Clock Period ]
Post-Route Timing
) Launch Toals TIMESPEC Mame: ok
Create Programming File

= Cancel
B Process Wiew I Clock Met Mame:

Jek_at

Help

s

Now launch the Constraints Editor.

r— Clock Signal Definition

== & Specific Time
Processes for Curent Source: | . .

Time: 43 Urits: MH =
Dresign Entry Utilities M I e I z J
= User Constraints

: ) & Start HIGH £ Start LOw

-3 EditUCFfile

S B Time HIGH:  [50 Urits: |% =l
Check Design Rules

“Wiew YHOL Functional Model  Felative to other PERIOD TIMESPEC
Wiew WYHDL Test Bench Template

Launch HOL Bencher Tool fisference TIMESEEL: ITS_C"‘_‘?"I 'l

Wiew YHDL Instantiation Template

0% e ultip b = Divide by
Create Schematic Symbol MR B etz 5y
e Launch ModelSim Simulator Factar: |1
- 3ef Synthesize
= O Implement Design
i A
xy Translate Comment:
A Map
Y3 Place-and-Route I
3 PostRoute Timing
@ Launch Toolz
Create Programming File GO to the Ports tab .
Fad Group:
B Process View I r e Dption_: Group Mame: I
Select the clk_al line... Brohibit /0 Locations.. | | Sefect Group: —
Constraints Editor - [Global - top.ngd / top.ucf*] |
File Edit View Wwindow Help Global Ports | Advanced |
Dlglnl il ﬁl@l;ﬂlﬂﬂl ‘?lk{?” For Help, press F1
Clock Het Hame Period Pad to Setup

clk_a1
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...and enter the following pin locations according

to your TE-XC2S hardware:

Port Hame Port Direction | Location | Pad to Setup | Clock to Pad
clk_al IMPUT P85 (R (R
flion_=1 QUTRUT P92 (R
Iion_a2 OUTPUT p194 Mig,
|ion_a3 OUTPUT p19g Mig,
Iion_a4 OUTPUT p201 Mig,
Iion_aB OUTPUT pz205 Mig,
Iion_b1 OUTPUT ps Mig,
Iion_b3 OUTPUT pg Mig,
Iion_b4 OUTPUT pld Mig,
Iion_bS OUTPUT pl16 Mig,
Iion_bB OUTPUT plg Mig,
Iiop_a1 OUTPUT p191 Mig,
Iiop_a2 OUTPUT p193 Mig,
|iop_a3 OUTPUT p19s Mig,
Iiop_a4 OUTPUT pz200 Mig,
Iiop_aS IMFUIT p202 Mig,
Iiop_aB OUTPUT p204 Mig,
Iiop_b1 OUTPUT pd Mig,
Iiop_b2 OUTPUT pE Mig,
Iiop_b4 OUTPUT plo Mig,
Iiop_bS OUTPUT pls Mig,
Iiop_bB OUTPUT p17 Mig,

Now save the result...

% ¥ilinx Constraints E ditor - [Ports - top.ngd # top_ucf~]

File Edit View ‘Window Help

Hew
Open...
Lloze

e

Save fz...

Chrl+h
Chrl+0

f

n | Pad to Setup | Clock to Pad
Tia, Tia,
1 Rl

... click OK...

o rust rerun the TRANSLATE (nadbuild) step ta have your new constraints applied to the desian

I~ Please do not display this message again

... end exit the Constraints Editor. Click Reset to
incorporate your new constraints.

Fieset the Implement Design process za that your UCF changes wil
be read?

The Uzer Constraint File [UCF] has changed. Az a result, it may not
be pozzible to reproduce the zame implementation results uzing the
new LICF.

To incorporate the new LUCF at this time, choose RESET
to mark the Implement Design process out of date. Then re-run the
Implement Design process. Otherwise, choose RETAIN to keep the
current implementation results intact and not incorporate the new
LICF at this time.

Retain |

Most likely, you will need to set up your con-
straints only once. Later implementation steps
will keep the settings you made here.

Be warned that wrong or incomplete timing con-
straints may lead to unexpected behavior, while
wrong or missing pin lockings may lead to hard-
ware damage!

Trenz Electronic
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|mp|em entation Review the Pad Report...
N d impl jon. D =
ow you are ready to run implementation. Dou- ———— |
ble click Implement Design to do so. @ Desion Enty Utilties
3 Surthesize
- OM Implement Design
21| Aaw? Translate
Processes for Current Source: | O(/ Map
B @ Dezign Entry Utilities =g Place-and-Route
=8 @ User Constraints 2] Place-and-Route Report
; i = Edit UCF file Azynchronous Delay Report
X3¢ Constraints Editor Pad Report
[ Check Design Rules Multi Pass Place .& Houte.
o View VHDL Functional Model Back-annatate Fin Locations
“iew WHOL Test Bench Template G PostRoute Timing
Launch HDL Bencher Tool @ Launch Toolz
Wiew WHOL Instantiation Template R 8] Create Programming File
Create Schematic Symbol — = X
Launch bodelSim Simulator M}
- 3ef Synthesize i i
w5 ... to learn about your pin locations.
- O Create Programming File
- Pinout by Pin NHame:
.ﬁPmcwsUbwl } + + +
| Pin 1 | Direction | Pin
| | | Humber |
A green check mark indicates successful opera- | clk_al | INEUT | P15 |
. ion_al OUTEUT P192
tion. ion_a2 OUTEUT P194
ion_al OUTEUT P199
ion_ad OUTEUT FP201
Al ion_ab (VREF) OUTEUT P205
ion_bl OUTEUT 125
Processes for Current 5ource: I ion b3 (VYREF) OUTEUT Fa
Design Entry Utilities ion_b4 OUTPUT P14
ion_ b5 OUTEUT P16
ion_bb OUTEUT P18
iop al OUTEUT P191
iop a2 OUTEUT P193
iop a3 OUTEUT P195
iop a4 (VREF) OUTEUT Fz200
iop_ab INFPUT P202
L iop_ab OUTEUT P204
.ﬁPmcwsUbwl iop bl {VEEF) OUTEUT P4
iop b2 {VREF) OUTEUT P&
iop b4 OUTEUT Fi0
iop b5 OUTEUT P15
Check the Map Report... | iop b6 | OUTPUT | P17 |
=1 Check your Place-and-Route Report
Processes for Current 5ource: | e
@ Dresign Entry Utilities
Caw® Surthesize ==
OM Implement Design Processes for Curent Source: I
Oy Translate @ Drezign Entry Utilities
O:M ap 3 Surthesize
tMap Report A3 Implement Design
] Pre-Route Static Timing i Translate
Q¢ Place-and-Route i Map
Post-Route Timing ¥ 3? Place-andRoute
Launch Tools =1
Create Programming File Aszpnchronous Delay Report
— _ B Pad Repart
i Process View I 3 MultiPass Place & Route
Y3 Back-annotate Fin Locations
. e Post-Route Timing
’ LA
... to learn about your design’s resource usage. & LanchTos
[ Create Programming File
De=zign Summary -
______________ .ﬁPmcwsUbwl
Humber of errors: 1]
Humber of wa;nings: 1 A
Hunber of Slices: . 88 out of 2.352 ... to learn about the speed of your design
Humber of Slices containing
unrelated logic: 0 out of 88
Humber of Slice Flip Flops: 73 out of 4,704 Constraint | Requested | Actual
Humber of 4 input LUTs: 90 out of 4,704
Humber of bonded IOBs: 21 out of 140
Number of GCLEs: 1 out of 4 TS clk_al = PERICD TIMEGRP | 20.833ns | 10.532ns
Humber of GCLKIOB=: 1 out of 4 33 nS  HIGH 50.000 % | |

Total equiwvalent gate count for design: 1,376
Additional JTAG gate count for IOBs: 1,056
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Working with Hardware

In the following paragraphs, we download our
design to the TE-XC2S board. Whenever hard-
ware is involved, double check the constraints,
especially the pin lockings, to avoid damaging
your hardware!

Configuring from PROM

Before creating a programming file, check the
options. Select Create Programming File...

21|
Processes for Curent Source: |
----- @ Dresign Entry Utilities

Caw® Surthesize
Caw® Implernert Design
o

Wiew Programming File Generation Report
Launch Programming Tools

-~ PROM File Formatter

- JTAG Programmer

B Process Wiew I

... and open the Properties.

Xilinx - Project Havigator - C:\myD ocs\tATE-XC25\tc-XC25-5oC\prj\part3
File Edit “iew Project Source | Process Macro Window Help

nseexzs o

CEESRE

When creating a PROM, make sure the Start-Up
Clock is set to CCLK.

Fiern Al
Stap b=l
Sources in Project: Wiew I -

control.dia
B £3 25200 PO208-5 - #5T WHD

Process Properties

General Dptionsl Configuration options ~ Startup options | Readback optionsl

Property Hame Value
Start-Up Clock B
Enabile Internsl Done Pipe |
Done (Cutput Events) Default (4]
Enable Outputs (Output Events) Default (5]
Release Set/Reset (Output Events) Default (6]

Release Write Enable (Output Events) Default (CE)
Release DLL (Output Events) Default (Moisit)
Drive Done Pin High |

0K | Abbrechen | Defaut | Hile |

Now double click Create Programming File to
create the bitstream.

2|
Processes for Curent Source: |
@ Dresign Entry Utilities
Caw® Surthesize
Caw® Implernert Design
L) Create Programming File

Wiew Programming File Generation Report
Launch Programming Tools
]  PROM File Formatter
B JTAG Programmer

B Process Wiew I

Next, double click PROM File Formatter...

Processes for Curent Source: |
----- @ Dresign Entry Utilities

Caw® Surthesize

+-- X3 Implement Design

E- “(y Create Programming File

Wiew Programming File Generation Report

Launch Programming Tools

PROM File Formatter

-] JTAG Programmer

B Process Wiew I

... to open this tool:

¥ top.pds - Xilink PROM File Formatter

File Edit Help
Dls(E] BlE| 2(=] dlEe]e]o] sl=l=e] ]
'PROM Desc n Files
Bl Bl
=@ Data Stieam #1 [ Single Device 1335840 B
£F topbit [2:200p9208]
o
o Eramon
€3 TEXC25-AD-PCI
£ ttDocs.
(£ v trenz-electronic.de
£ 463
£12Ps
‘ » €3 pop gminet Kl
el s WiCS85 [Seial BCTOVEE 6%

Check the PROM Properties...

F top.pdr - Xilink PROM File Formatter

File Edit “iew Help
New Chil+N o | @l | |
Open... Cirl+0 JEI L H | ? EI
Lreate PROM Chl+5 Files .

Create PROM Az,
Save Description

m

Save Description As...

Split PROM...

PROM Properties Alt+Enter

... and make sure the correct device is selected.
Your TE-XC2S board uses an XC18V02 Flash
PROM.

PROM FProperties [ %]

Format | Data Streamsl Files I

FROM File Format:

IMES-SB vl Save Az Defaults |

— Iype——— [ PROM Device [size in Bits]:
£ Seral ™ Automatic Selection
' Byte 'wide
— EROM File
X Percent Used: B3%
& Single PROM
 Split PROM

Fill walue to calculate Checksum [2 digit Hex Value]

Ox IFF
QK I Abbrechen Help
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Now create the programming file,...

F top.pdr - Xilink PROM File Formatter
File Edit “iew Help

Hew Chil+h
Open... Chil+0

k]| tiles|m|?] W]

Filez

Create PROM
Create PROM Az, R

... exit the PROM File Formatter and launch the
JTAG Programmer.

2|
Processes for Curent Source: |
@ Dresign Entry Utilities

Aaw? Surthesize

Aae® Implemnent Design

Programming File

Wiew Programming File Generation Report
Launch Programming Tools

]  PROM File Formatter

8

JTAG Programmer

B Process Wiew I

The following screen appears:

Rl | [

For Help,press F1 ITr 2

Open the Cable Setup...

Unbenannt - Xilink JTAG Programmer
File Edit Operations | Qutput Yiew Help

D|=[=] #]=
—

... and setup for Parallel Cable lIl.

Cable Auto Connect

1] 2l | 4] e

Cable Setup...

Cable Eeset

Cable Communication Setup [ %]

LCommunication Mode

 Multlire/USE

£ Wultilires S erial £ ¥Checker

Baud Rate Port

I 38400 - l I Ipt1 - l
QK I Help |

Successful cable detection is indicated like this:

Cancel |

Xilinx JTAG Programmer [ <]

& Cable connection established

Now scan your JTAG chain...

Unbenannt - Xilink JTAG Programmer
File Edit Operations Output Yiew Help

wa P8 23] B 4] we
- I

Initialize Chain Crl+l

Debug Chain... Chil+B

.. for the devices on your TE-XC2S board.

E Operations_Quiput View Help

Ol ||~ ] 2] 5] o) e

XC18002 Xcu200
-- File? ---- File? —

Rl | [
ForHelp.pres 1 Parale ol |/,

Double click the XC18vV02 PROM and browse
for the MCS file created by the PROM File For-
matter a few steps ago.

Checksurn: Mot et Calculated

Signature/Usercode: Mot Yet Read

Device ID: Mot et Read

MCS [.mecg] or EXO [ exa] or BSDL [ bsd) File

Ilop.mcs Browsze. .. |

[ 1]

Cancel | Help |

Chose the XC18V02-VQ44 part.

Select Part Hame [ =]

Part Mame

o]

Cancel | Help |

Double click the XCV200 FPGA and browse for
the BIT file created during Implementation.

Checksurn: Mot Available
Signature/Usercode: Mot Yet Read
Device ID: Mot et Read

BIT [bit] or BSDL [bzd) File

Itop.bit Browsze. .. |
oK I

Cancel | Help |
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The Spartan-Il family is a close derivative of the
Virtex family, for this reason the following warn-
ing may be safely ignored.

Xilinx JTAG Programmer [ <]

A bit file describing an <C25200_PA208 iz about to be aszsigned to
a device previously identified as an XCY200, Are you sure pou
want to do this?

HMein

*XC18002_UquuKC25200_PO20
top.ncs top.bit

Rl | [
ForHelp.pres 1 Parale ol |/,

... and chose to program the device.

BOTH._ cdf - Xilink JTAG Programmer
File Edit | Operations Output  Yiew Help
0|
—

Werify

E— |

o e s s P Y L

Setup the programming options...

Program Options |

™ Skip user amay

™ Werfy I~ | idrite Protect
™| Eunctional Test ™ Bead Protect
™| Secure Mode ™ Load Fpga

Standhy P
" Parallel Mode - [é% . ujfa ] oy
| e [ fior R - Standby Faver

[100ws non-cascadable]
Fir #: I
™ Usercode (8 Hex Chars) I FFFFFFFF

™| Ezternal Fin Werification

0k | Abbrechen | Help

.. and program the device.

Dperation Status [ %]
"top(D evicel): Checking boundany-scan chain integrity...done. ;I

"top[D evicel]': Pulting device in ISP mode. .. done.
'top[D evicel): Programming
device.

dane.
'top[D evicel)': Programming completed successfully

A&l operations were completed successiully.

=]

View Log Fie |

To configure your TE-XC2S board from the
Flash PROM, setup the jumpers as follows...

Pin Setting
MO open
M1 open
M2 open

... and hit the PRG button to configure the FP-
GA. When the DONE LED lights up, your board
is configured successfully.

Don't forget to save your setup.

File Edit Operations Output Yiew Help

New Chilel TEE s
Do o P36 22138 DE) 5]
Initialize Chain Chrl+l

Debug Chain... Chil+B

L

Configuration via JTAG

ave b

Instead of programming the Flash PROM and
configuring the FPGA from the PROM, the
FPGA may be configured directly via JTAG. To
do so, you will need to create a programming file
with modified options. Select Create Program-
ming File...

2|
Processes for Curent Source: |
Dresign Entry Utilities

Wiew Programming File Generation Report
Launch Programming Tools

-~ PROM File Formatter

-] JTAG Programmer

B Process Wiew I
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... and open the Properties.

Xilinx - Project Havigator - C:\myD ocs\tATE-XC25\tc-XC25-5oC\prj\part3
File Edit “iew Project Source | Process Macro Window Help

JJD@Hﬁ“—ﬁE@ E:?unéll E@h|?kﬂ‘

Stap b=l

Sources in Project: Wiew E

control.dia

= £3 25200 PQ208-5 - %5T WHD |

When configuring via JTAG, make sure the
Start-Up Clock is set to JTAG.

Process Properties E

General Options I Configuration options ~ Startup options | Readback options I
Property Hame Value

Start-Up Clock B
Enabile Internsl Done Pipe |
Done (Cutput Events) Default (4]
Enable Outputs (Output Events) Default (5]
Release Set/Reset (Output Events) Default (6]
Release Write Enable (Output Events) Default (CE) ’Ee_a_l
Release DLL (Output Events) Default (Moisit) '—r—
Drive Done Pin High | |

ok | abbrechen | [ Dot | Hile |

Now double click Create Programming File to
create the bitstream.

Processes for Curent Source: |
----- @ Dresign Entry Utilities
Caw® Surthesize

Caw® Implernert Design

18] reate Programming File

Wiew Programming File Generation Report
Launch Programming Tools

-~ PROM File Formatter

- JTAG Programmer

B Process Wiew I

Launch the JTAG Programmer, open the previ-
ously created project and select the FPGA.

BOTH.cdf - Xiling JTAG Programmer

Fle Edt Operations Dutput

i) 4[|~ sl 2l 5] o) e

*XC18002_UquuKC25200_PO20
top.ncs top.bit

Rl | [

For Help,press F1 ITr 2

Make sure your TE-XC2S board is set up as fol-
lows...

Pin Setting
MO closed
M1 open
M2 open

Chose to program the device...

BOTH._ cdf - Xilink JTAG Programmer
File Edit | Operations Output  Yiew Help
N e

Werify |
Erase |

a)2s] e S se|ne

... Setup the programming options...
Program Options |

¥ | Erase Before Frogramming I™ | Skip user amay

I | indrite Protect
| Furictional Trest = | Bead Fratect
| Secure Made | Load Frga

Standhy P
7 Earallel Mode r [<a§nDDu}:ﬂ] Ll
I~ se 04 for CF - Standby Faver

[£100us, non-cascadatle]

™| Ezternal Fin Werification

Fita I
= Usercode (BHex Chars] I FFFFFFFF

Ok | Abbrechen | Help

... and program the device.

Operation Status

Verifving device positions in boundary-scan chain, ;I
Instance 'top[Devicel)' at position 1°..werfied.

Instance top(Device2]' at position ‘2" verified

[Werification completed.

B oundary-scan chain validated successfully.

'top[D evice2)': Checking boundary-scan chain integrity...done.

"top(DeviceZ): Reading bit-stream file... dane.

"top(D eviceZ]': Programming device. ... done.

'top([D evice2)’: Programming completed successfully

A&l operations were completed successiully.

=]

View Log Fie |

Like before, the DONE LED lights up, once the
FPGA configured successfully. Unlike configur-
ing from PROM, the configuration is lost, when
pressing the PRG button.
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Wrap Up

Congratulations! Now that you completed the tu-
torial, you gained a basic understanding of
FPGA development and the tools involved. Now
it's up to you, to expand your knowledge using
the various internet resources and further read-
ings.

The References section lists those documents,
which describe the soft- and hardware used in
this tutorial in full detail. While these documents
provide complete and accurate information,
most of them are not too instructive.

An introduction to FPGA technology is given
here:
e Spartan-1l Development System
Tutorial: Introduction to FPGA Technology
Trenz Electronic, November 5, 2001

The following application notes provide com-
plete sample projects and helpful hints:
e Spartan-1l Development System
Application Note: Buttons & Lights
Trenz Electronic, September 20, 2001
e Spartan-1l Development System
Application Note: Game Of Life
Trenz Electronic, September 20, 2001

To improve your knowledge on VHDL, we rec-

ommend the following resources:

e The VHDL Cookbook
Peter J. Ashenden
ftp://ftp.cs.adelaide.edu.au/pub/
VHDL-Cookbook/

e The Designer’s Guide to VHDL, 2nd Edition
Peter J. Ashenden
ISBN: 1558606742
Morgan Kaufmann, January, 2001

e Schaltungsdesign mit VHDL
Lehmann, Wunder, Selz
ISBN 3-7723-6163-3
Franzis'-Verlag, 1994
http://www-itiv.etec.uni-karlsruhe.de/
FORSCHUNG/VEROEFFENTLICHUNGEN/
Iws94/lws94.html

« VHDL FAQ
http://www.vhdl.org/vi/comp.lang.vhdl/

To find a helping hand to answer your questions,
you should join the following usenet discussion
groups:

e comp.arch.fpga

e comp.lang.vhdl
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Programmable Configuration PROMs
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e Spartan-1l FPGA Family Configuration
and Readback
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Xilinx, Inc., December 4, 1999
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FPGAs Using (JTAG) Boundary-Scan
XAPP139
Xilinx, Inc., February 18, 2000

Copyright

© 2001 Trenz Electronic.

All rights reserved. Reproduction in whole or in
part is prohibited without the written consent of
the copyright owner.

Revision History

Version | Date Who | Description

1.0 2001sep25 |FB Created, WP3.3

1.1 2001nov06 | FB Minor additions

Table 1: Revision History

Trenz Electronic

27



	Introduction
	Download and Installation
	Creating a design
	Design entry
	Adding existing Source Files
	Using the HDL Editor
	Using the FSM Editor
	Using the Schematic Editor

	Behavioral simulation
	Creating a Testbench
	Using the Simulator

	Compiling the design
	Synthesis
	Constraints
	Implementation

	Working with Hardware
	Configuring from PROM
	Configuration via JTAG

	Wrap Up
	References
	Copyright
	Revision History

