Spartan 3 Decoder Tutorial EES574/ECE3810

Nexys 2 board tutorial
(Decoder, ISE 12.2)
Jim Duckworth, August 2010, WPL
Digilent Adept Programming Steps added by Zoe (Zhu Fu)

Note: you will need the Xlinx ISE Webpack installed on your compuer (or you can use the
department systems).

[Note you can also review Xilinx Tutorials, for example, under Design Resources: ISE Design
Suite Tutorials, and ISE Design Suite Logic Edition - Quick Tour]

Start Xilinx ISE Design Suite,
Select File => New Project

and enter "decoder" for the project name (select an appropriate location):

E New Project Wizard

Create New Project
Specify project lacation and type,

Enter a name, locations, and comment For the project

Tame: |decoder |
Location: |H:'|,eceSBlD'l,de-:c-der | E
wiorking Direckory: |H:'|,ece3810'|,dec0der | E
Description:

Select the type of top-level source for the project

Top-level source type:

HOL v

I Mexk = H Cancel l

Click Next and carefully select the family, device, package, etc to match the FPGA on the Nexys
2 board (also select ISim for the simulator):

Copyright © 2004 to 2010 R James Duckworth 1 Rev C



Spartan 3 Decoder Tutorial EES574/ECE3810

New Project Wizard

Project Settings
Specify device and project properties.

Select the device and design Flow For the project

Propetty Mame
Product Category
Family - | Spartan3E
Device |%c33500E
Package |Fa3z0
speed |-4

|
Top-Level Source Type | HOL
Synthesis Tool %ST (WHOLerilog) V,
Simulator || 15im (YHOL ferilog) v
.F.'-r;a-f;rred Language |WHDL Vr
Property Specification in Project File |Store all values \V;
Marusl Compile Order O
WHOL Source Analysis Standard ||VHDL—93 \v;
Enable Message Fitering |

[ < Back ]i Mext = i[ Cancel J

Click Next, and then click Finish

[ O [ smulation
g | reranchy
] decoder
B 5 £ cassone-4fgazo
2
L Empty View
& The view curvently cantains o s, You can add s to
' the project using the toolbar at left, commands from the
Project mer, and by Using the Design, Fies, and
@ Libraries panels.
o Use:

New Souree: To create 3 new source file.

« add Source: To add an existing file to the
project.

= xdd Copy of Source: To copy an existing file to
the project drectory and add i to the project.

) Mo Processes Runring

No single design module is sslected.
% Design Utiities

EREIE A

= stort | @3 Design |1 Files | Libraries

Cansole

“08x

] I 3
console | @ Errors | L\ Warnings | (@4 Find i Files Resuks
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Click on New Source (top left icon in the Design window), select VHDL Module, and type
"decoder" for name.

= New Source Wizard le

Select Source Type
Select source type, file name and its location.

IP (CORE Generator & Architecture Wizard)
Schematic

User Document

Yerilag Madule

Verilog Test Fixture

YHOL Module

YHOL Library

YHOL Package |decoder |
YHDL Test Bench
Embedded Processor

File name:

Location:

|H:'|,ec8381EI'|,dec0der | E]

Add ko project

I Mext = ][ Cancel

Click Next, and add sw and led port names, select direction, and bus size:

x)

== New Source Wizard

Define Module
Specify ports For module,

Entity name |decoder |

Architecture name |Behavi0ra| |

Part Mame Cireckion Bus MSE LSE G
sw in w 2 0
led auk w |? ]
in v |[]
in b |:|
in hd |:|
in v |[]
in b |:|
in | []
in | [] B
in b |:|
in ~|[] w

’ < Back, H ek = H Cancel
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Click Next, and then Finish. A skeleton of your decoder VHDL source file is open for editing:

g T 17530126 08/22/2010
[ decoder - Bshavirs decodervhd) o Bercindiond

FRFE> 0

2 o Proceszes Running

_LOSIC_VECTOR (2 downto 0);
e STo_LOGTC_VECTOR (7 downto 0));

{E] decoderd <1k Design Surmery

~08x|

ece3810/decoder /decoder . vha”
iy conpleted

it decoder .vha”.

< Ii
(2] comscle | @ Erroes | AL Wamings 186 Find n Fles Results |
inicat wor

Add VHDL statements to describe the operation of the 3 to 8 decoder:

Bi ISE Text Editor {M.63c) - [decoder.vhd®] K .'E][E
=] Fle Edit Wew ‘Window Layout  Help -8 X
DPEFP L ¥DBX ve M A2ALEBRAR|IAIR »iF>
4= sial L
~— G2 entity decoder is T
— 33 Fort { sw : in STD _LOGIC VECTOR (2 downto 0]

34 led : out STD _LOGIC VECTOR (7 downto 0));
w3 35 end decoder;
B 36

37 architecture Behavioral of decoder i=
5 38

39 begin
A 40
o 41 led <= "0OOOOOOO1"™ when sw = "0O00" else

42 "O0000010" when sw = "O01™ else
F, 2 473 "O0000100" when sw = "O10™ else
o 8 44 "O0001000" when sw = "O11™ else

45 "O0010000" when sw = "100™ else

45 00100000 when sw = "101™ else

47 Q1000000 when sw = "110™ else

45 "10000000r;

49

={n] end Behawvioral:

=l o

52 a7

J 3 | >
decoder, vhd* ﬂ |
Ln 30 Col 30 WHODL
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We now need to assign FPGA pins to the switches and leds so they will be connected to the
correct ports on the board. This is done by creating a UCT file (User Constraints File).

Expand the User Constraints process in the Processes window and double-click on the I/0 Pin
Planning - Post Synthesis.

Synthesis will run at this point (if you find errors they are probably due to syntax problems so
check your source file) and eventually alert you to create a UCF file:

M ISE Project Navigator E|

P This process requires that an Implementation Constraint File (UCF) be added to the
»J‘H project and associated with the selected design module, Would you like Project Mavigator
to automatically create a UCF and add it to the project at this time?

IF wou select "Ma" you will need to create or add an existing UCF to the project before
running khis process.

Select Yes

PlanAhead will now run, eventually a window will open (seclect the I/O ports tab and then
expand the led and sw ports as shown:

@ decoder, - Netlist Design - [H:\ece3810\decoder\planAhead_run_1}decoder. ppr] - PlanAhead 12.2
File Edt Wiew Tools

B v < | W

Netlist Design - xc

Window  Select Layout Help

v QWG W

1o Ports -O0a %

A =0 E
Marne: Cir e Diff Pair Site:
ShiE Allparts (1)
= led (5) Output
< led(] Output
4 led(1] Output
4 led(2] Output
4 led[3] Output
< led[4] Output
< led(s] utput
<1 lede] Output
=< led[7] Output
=B sw (3 Input
D snlo] Input
D snl1] Input
O snl2] Input

4 Sealar ports ()

< =)
(30 Netlist 8 Physical Co.. @ Timing Con.. . - 1/0 Porks i Clock Regions
Propertizs —Oax
i3
v
< > @ <
[ Package x 4 b @ |@Device x 4br@E
Package Pins —Oax
O name Prohbit  Port  1JOStd | Dir Yoo Bank  Type DffPar  Clock  voltage  MinTrace Dly (ps)  Max TraceDly (ps)  [OB Alas  Site Type
S Al pins (320)
- 10 Bank 0 (53)
# 1O Bark 1 (63)
B A% 1JO Bank 2 (63)
-5 10 Bank 3 (57)
(-5 Bankless Pins (56)
Tel Console -0a x
~

22| INFO: [HD-UCFReader 0] Parsing UCF File : .\decoder.uct
INFO: [HD-UCFReader 1] Finished Parsing UCF File : .\decoder.ucf

INFO: [HD-LIB 0] Reading timing library H:/Xilime/12.2/ISE_DS/Planihead/parts/siling/spartande/spartande/ spartande-4, 1ib

| | 1NF0: [ED-LTB 1] Dome reading timing library H: /Xiline/12.2/T5E_DS/Plankhead/parts fxilinx/spartande, spartande, spartande-4. 1ib .

=

<

(3 Tdl Console | 5 Reparts
L1 (PAD198) User IO 1/0 Bark 3 ISE Integration Flow
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Select led[0] in the I/O ports window and drag to the package pin location J14:
The Site box in the I/O Port Properties window should be updated (instead of dragging, you can

also type the site location directly).

T8 decoder - Netlist Design - [H:\ece3810\decoder\planAhead_run_1\decoder.ppr] - PlanAhead 12.2

Fle Edt Wiew Tools Window Select Layout Help

0 | y 3 7 &
DpaxH Fes BOEGSG M
I Netlist Design - xc B
/0 Ports e e
A < = N E
Mame Dir Neg Diff Pair Sil
|2 Allporks (11) Al
=@ led (8} Output |
& ) T I
Output
Output
Qutpuk
Output
0 led(S] Qutput
3 led[6] Cutput
= led(7] Qutput |
£ E=
[ Wetlist 5 Physical Co., |£2 Timing Con.., - I/0 Ports [ Clack Regions
1JQ Port Properties —0O@ X
¢ o ElE
< led[0]
Marne: led[01] -~
Direction: Output
Site: 114 Fixed
Package Pin:
Instance: il led_D_OBUF
Met: % led(0] 3 i 29| B >Q
General | Configure [ Package x 4 b B | Device x PR
Package Pins -0 %
| Mame Prohibit  Port | IfOStd | Dir | ¥eco | Bank | Type Diff Pair | Clock | Voltage | Min Trace Dly (ps) | Max Trace Dly (ps) 0B Alias | Site Type
- RSt 1 Lier s 1L Ler LR 2
da JaNST) 25 1 GCLK Lizn RHCLE3 PADEY IO_L1ZW_1JAT/RHCLKZITRDY1
= P Pkis 25 1 User Input IPADES izl
=, 2 nz 25 1 GCLK L3P RHCLE4 PADST I0_L13P_1/AGIRHCLE4/IRDY1 &
£ s 25 1 GCLK L13M RHCLES PADSE IO_L13K_1/AS/RHCLKS
= HER Y oW 11 25 (clal'd 114p RHCLKA. pangss O 114D 1{24{RHTL KA =
Tel Console - 0O ag x
Z INFO: [HD-UCFReader 0] Parsing UCF File : .‘\decoder.uct fad
g INFO: [HD-UCFReader 1] Finished Parsing UCF File : .\decoder.ucf
- INFO: [HD-LIB 0] Reading timing library H:/¥ilinx/12.2/ISE_DS5/Planihead/parts/xilink/spartande/spartanie/spartan3e-4. 1ib .
Eif INFO: [HD-LIB 1] Done reading timing library H:/Xilinx/12.2/ISE_DS/Planihead/parts/xilinx/spartanie/spartande/spartande-4.1lib .
= startgroup
x set_property site PADS4 [get ports {led[0]}]
set_property is fixed true [get ports {led[0]}] 3
>

<

|2 Tel Consale | 2 Reparts
ISE Integration Flow

With reference to the Nexys2 Reference Manual complete the pin information for the rest of the
led and sw ports.

Select File => Save Design and exit PlanAhead.

In the Project navigator Design Hierarchy expand the decoder and you should see the new
decoder.ucf file is now added. To view the UCF file, select the decoder.ucf and then select Edit

Constraints (Text) in the Processes window:
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B ISE Text Editor (M.63c) - [decoder. ucf] M=
Fil=:  Edit Wiew ‘MWindow Layout  Help - | B
DFEHI 2 DDX oo ML »iF=p
'E 1
= 2 # Planlhead Generated physical constraints
— 3
4 NET "led[0O]™ LOC = J14;
w3 E NET "led[1]™ LOC = J15;
[ NET "led[z]" LoC = K15;
7 NET "led[3]™ LOC = Kl4;
- & NET "led[4]"™ LOC = E17;
9 NET "led[5]"™ LOC = P15:
A 10 NET "led[6]" LOC = F4;
7" ikt NET "led[7]"™ Loz = R4;
12 NET "sw[O0]"™ LOZ = &138;
A 13 NET "sw[1]" LOC = H18;
5‘, 14 NET "sw[z2]" LOC = K18:
15
< | >
decoder.ucf B |
LnliColl UCF

We can now complete the Synthesis, Implementation, and Generate Programming File steps.
Back in the design window select the decoder-Behavioral(decoder.vhd) and then right-click on
the Generate Programming File button and select the Process Properties — Startup Options.

IMPORTANT: Change the default FPGA start-up Clock from CCLK to JTAG:

£ Process Properties - Startup Options

Category Switch Mame Property Mame Yalue

General Options -gStartUpclk: | FPGA Start-Up Clock

Configuration Options - -

Startup Options -g DonePipe: Enable Internal Done Pipe

Readback Options -gDOME_cycle: | Done {Oukput Events) Default (47 b
-g GTS_cycle: Enable Qutputs {Oukput Events) Default (5) b
-g GWE_cycle: | Release Write Enable (Output Events) | Default (67 “
-g LK _cycle: Wi'ait For DLL Lock {Output Events) Drefault (Mot ait) "
-g Makch_cycle: Wit For DCT Match {Qutput Events) Auko “
-g DriveDione: Drive Done Pin High D

Property display level: Display switch names Defaulk

o ) coeel [ mw ][ rer |
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Click OK and then double click the Generate Programming Button.

You should eventually see a "Generate Programming File" message in the console window:

I ISE Project Navigator (4
C Fls Edt View Project Source Process Tools  Window Layout  Help -8 %
D3 EHP £ I X|wo| AiALH noiflRiP L
- . | & Design Overvien ~
=) | 7| R e decoder Project Status (08/22/2010 - 18:08:44) s
view @ 15 inplementation O iEn o) [3) 108 Properties Project File: decoder.xise Parser Errors: NoErors
ety 2] Modue Level Utization Module Name: decoder Implementation State: Programming Fie Generated
©] docoder (5] [2) Tiring Constraints
5 €1 xeass0ne-4fgazn 5 [ Pinout Report Target Device: c35500=-4Fg320 “Errors: NoErrars
= [l decoder - Behavioral (decoder vhel) < [2) clockReport Product Version: 1SE 12.2 ~Warnings: No Warrings
Static T
[ docoderct I Emgn Wl ink Design Goal: Balanced +Routing Results: a1l Sanas Conpletely Rouked
%8 [D Parser Messages Design Strategy: silirve Default (unlocked: «Timing Constraints:
@l B o S T e s s
[2) Translation Messages
[ Map Messages
m 2 Place
5) Tiring Messages Device Utilization Summary 1
[2) Eitgen Messages Logic Utilization used Available utilization Note(s)
] Humber of 4 nput LUTs [ 9,312 1%
= Detailed Reports
[D) Synthesis Report Humber of occupied Slices 4 4,656 1%
2] Transistion Report Nurber of Sices containing only related lagic 4 4 100%
[ MapReport
i Number of Sices containing Lrvelated logic o 4 o
[2) Post-PAR Static Timing Report. Total Mumber of 4 input LUTs H 0,312 1%
% :W ;EWE Humber of bondsd 108 1 232 4%
itgen Repor
e =+ Secondary Reports #Average Fanout of Non-Clock Nets 201
7{. | Processes: decoder - Behavioral webTalk Report
o4 £ Design Sunmary/Reports [2) webTalkLog File
g Design Ltities Performance Summary 1
94| =@ _ User Constraints Final Timing Score: 01(5etup: 0, Hold: 0) Pinout Data: Pinout Report
{Z}  Create Timing Constraints
m [€] 1O PinPlanring (Planahead) - Fre-Sythesis pecin et Routing Results: 4l Signals Completely Routed Clock Data: Clock Report
[€] 10 Fin Planning (Planahead) - Post-Synthesis [] Enable Message Fitering Timing Constraints:
a Floorplan Ares/I0/Logic (Flanahead) Optional Design Summary Contents
) " d Show Clock Report
[C] Show Faiing Constraints
(] Show twarnings Detailed Reports S
T Corfigure Target Devico [ showErrors Report Name Status Generated Errors warnings Infos.
4 fnalyze Design Using ChipScope Currert Sun Aug 22 17:46:25 2010 0 o o
Translation Report Current Sun Aug 22 18:08:10 2010 0 o o
Map Report Current SunAug 22 15:08:17 2010 0 o 21Infos (2 new)
Fl Current Sun Aug 2Z 18:08:29 2010 0 0 1Info (1 new)
Power Repart
Post-PAR Skatic Timing Report Current Sun Aug 22 18:08:33 2010 1) o 5 Infos (5 new) o
P stert | @2 Design | Fies | Loraries = Design Summery (Programing il Genereted)
Conscle ©O8x
Command Line: bitgen -intstyle ise -f decoder.ut decoder.ncd ~
i) TNFO:WebTalk:4 - H:/ece3510/decoder/usage_statisties_vebtalk.html WebTalk
report has been successfully semt to ¥ilinx. For additional details about this
file, please refer to the WebTalk log file at H:/ece38ln/decoder/webtalk.log
WehTalk is complete.
Process "Generate Programming File" completed successfully
v
< If >
Console | @ Erors | 1\ Warnings |2 Find in Files Resuks

Finally, in order to program and communicate with the Nexys 2 board, you must download and install the
Digilent Adept software.

First, download the corresponding version of Adept software which supports the operating system of your
computer.
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Digilent Adept Setup

Choose Components
Choose which features of Diglent Adept you want to instal.

Check the components you want to install and uncheck the compenents you don't want to
install. Click Next to continue.

Select components to instal: Required
+[¥] Adept Runtime {reinstall 2.4.1)

B[] Adept Application (reinstall 2.4, 10)

Space required: 12.1MB

<Back | Next> | [ Cancel

Second, install the Digilent Adept software on your computer.
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& oo T -

Connect: [Nn Devices Connected v]
Product:

Settings

Application Settings
Auto Initaiize 5C
[ Hide Status Window
["] slow Programming Speed

[ Clear Status Window ]

[ Clear File History ]

[ Device Manager... ]

Board information loaded.

Found device ID; f5046093

Found device ID: 41c22093

Initialization Complete. o
Device 1: XC35500E H
Device 2: XCF045

Third, open Adept application after installation, a restart of your computer might be
necessary.(Start > Programs > Digilent > Adept > Adept)
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- _—
;% Digilent Adept

NEXYS 2§ cct_

b Product: Mexys2 - 500

Config | Test |Register IfO | File IO | I/O Ex | Settings | '

| Initialize Chain |

Board information loaded.
Found device ID: f5046093
Found device ID: 4122093
Initialization Complete.

Device 1: XC35500E
Device 2: XCF045

Fourth, connect your Nexys 2 board to your computer with the USB cable, if your PC is running
Windows XP, you might need to wait for the operating system to recognize the board and install
the USB driver for the USB port you are using. Click on the drop-down menu highlighted on the
screen-shot above and select the name of the board which you are trying to communicate with,
and then the Adept application should detect your board soon after.
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i pigient aept N o sl
|
NEXYS E i Connect: [Nexysz ,,]

Product: Mexys2 - 500

Config | Test |Register I/0 | File /O | I/O Ex | Settings |

e | | T
E . s

Initialize Chain

Board information loaded.

Found device ID: 5046093

Found device ID: 41c22093

Initialization Complete.
Device 1: XC35500E
Device 2: XCF045

After previous steps, the chain should be initialized automatically, but you can also click on
"Initialize Chain" to initialize it manually.

Fifth, now we are ready to program the devices!
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Config

NEXYS 2}

Connect: [Nexys?_

Product: Mexys2 - 500

Test

| Register I/0 | File /O | I/O Ex | Settings |

FROM
®CF045

[munter_de::oder.bit

z)

Program Device

Erase Device
Get Device ID
Loop Device ID...

[Browse...][ Program ]

T

Browse...

Program

R

Initialize Chain |

Board information loaded.
Found device ID: 5046093
Found device ID: 41c22093
Initialization Complete.

Device 1: XC35500E

Device 2: XCF045

When trying to program the FPGA, Click the Browse button nex to the FPGA device icon, select
your configuration file(.bit) and click the open button. After that, program the FPGA chip by
right-clicking on the FPGA device icon and select "Program Device" or simply hit the
"Program" button on the right.
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2 digient acept il
|
NEXYS E i Connect: [Nexysz ,]

Product: Mexys2 - 500

Config |Test |Register l/O | File /O | I/O Ex | Settings |

=1 o g o

ST [i:ounter decoder _prom.mcs v] [Browse...]

Erase Device

Get Device IDY

Loop Device ID...

| Initialize Chain |

Found device ID: f5046093 -
Found device ID: 41c22033
Initialization Complete.

Device 1: XC35500E

Device 2: XCF045 L
Set Config file for XCFO45: "C:\Users\Zoe Fu'Documents574Ycounter_decoder_prom.mcs® L

When trying to downloading the load to PROM, Click the Browse button nex to the PROM
device icon, select your configuration file(.mcs) and click the open button. After that, program
the PROM by right-clicking on the PROM device icon and select "Program Device" or simply
hit the "Program" button on the right. We can also erase the PROM first before programming it.
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|
NEXYS “‘ Connect: |Mexys2

Product: Mexys2 - 500

Config |Test |Register IO | File /O | I/O Ex | Settings

LhGa Browse Program
%C35500E - B
PROM I
WCFO45 counter_decoder_prom.mcs ; Browse. .. Program

Initialize Chain

Device 1: XC35500E

Device 2: XCF045
Set Config file for XCF045: “C:\Wsers\Zoe Fu'lDocuments\574\counter _decoder_prom.mcs™
Preparing to program XCFO45, ..
Erasing device...

Programming...

e can check the progress of our operations in the window at the bottom of the interface.

At last, if programming successfully, we should be able to see if our projects and loads actually
work fine on the board.

Advanced features or further information of Adept software in details can be found @

http://www.digilentinc.com/Data/Documents/Tutorials/Adept%20Software %20Basic%20Tutorial.pdf

Have fun!
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