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Abstract

This is a tutorial that explains how to setup the Digilent Basys 2
FPGA board with Xilinx ISE Webpack.

1. Install Xilinx ISE Webpack and Digilent Adept.

You can get Xilinx ISE Webpack here:
http://www.xilinx.com/products/design-tools/ise-design-suite/ise-webpack.
htm

You can get Digilent Adept here:
http://www.digilentinc.com/Products/Detail.cfm?Prod=ADEPT2


http://www.xilinx.com/products/design-tools/ise-design-suite/ise-webpack.htm
http://www.xilinx.com/products/design-tools/ise-design-suite/ise-webpack.htm
http://www.digilentinc.com/Products/Detail.cfm?Prod=ADEPT2

2. Launch Xilinx ISE Webpack from the Start menu.
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. Startup

L Steam

. Texas Instruments

L TexMakerX

) TrueCrypt

. Vidalia Bundle

. VidecLAN
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L Winamp

L Winamp Detector Plug-in

L WinDir5tat

. Windows Live

L WinPecap

| Kilinx ISE Design Suite13.4
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. Chip5cope Pro

. Documentation
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. ISE Design Tools

a 32-bit Project Mavigator
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3. Create a new project in ISE.

D Edit View Project ¢

Open Project...

Open BExample...
Project Browser...
Copy Project...
Close Project




4. You should see this window.

Create New Project

Specify project location and type.

Enter a name, locations, and comment for the project

Mame: |

Location: | Ci\Users\Paul\FRGA

Warking Directory: |C:'HJsers‘.°aL.d‘FPGA
Description:

Select the type of topJevel source for the project

Top-level source type:
HDL




5. Name the project “Tutoriall” and make sure the top-level source type is HDL.

N

XA
Create New Project

Specify project location and type.

Enter a name, locations, and comment for the project

Name: [Tutorial1

Location: | C:\Users'\Paul \FPGANTutorial 1

Working Directory: | C:\Jsers\Paul FPGATutarial
Description:

Hi

Select the type of topHevel source for the project
Topevel source type:

|HoL

_—- - Also
take note of where you are saving the file, this will be important later.



6. All of these settings have to be exactly like they are shown here for the Basys
2 board.

Project Settings

Specify device and project properties.
Select the device and design flow for the project

Property Name Yalue

Evaluation Development Board Mone Specified
Product Category All

Family Spartan3E
Device XC35100E
_Packaqe
Speed

.'EP-.Leue.l .Saurce .'.!"!fpe
Synthesis Tool X5T (VHDL Verilog)
Simulator I5im (VHDL Verilog)
Preferred Language - Yerilog

Prqpen'l_.l: Specificat'lun in Plo_jt_act File | Store all values
Manual Compile Order  [[]

VHDL Source Analysis Standard YHDL-93

Enable Mssaqe Filterinq_

Then click to the next screen.



7. Now there is a confirmation screen, click next.

Project Summary

Project Mavigator will create a new project with the following spedfications.

Project:
Project Name: Tutoriall
Project Path: C:\Users\Paul\FPGAR\Tutoriall
Working Directory: C:\Users\Paul\FPGA\Tutoriall
Description: Hi
Top Level Source Type: HDL

Device:
Device Family: Spartan3E
Device: Xc3s5100e
Package: cpl3z
Speed: -5

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)

Simulator: ISim (VHDL/Verilog)

Preferred Language: Verilog

Property Specification in Project File: Store all values
Manual Compile Crder: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

8. Add a new source file to the project

Process  Tocls Window Layo

+ I’:’JEI Q

KD DB X0 »f
~+08 x|
View: @ Implementation () @ Simulation
Hierarchy

The view currently con EEl Add Source...

add files to the projec| Add Copy of Source...
left, commands from t

by using the Desion, § Manual Compile Order
panels.

Use: » Implement Top Module

* New Source: File/Path Display 3
ne Expand All

» Add Source: T pan
the project. Collapse All

» add Copy of & My Find... Ctrl+F

2 Mo Processes Running

Design Properties...

No single design module is
% Desian Utilities ]

28w



9. Make the new file a Verilog module and name it “Turoriall”

Select Source Type

Select source type, file name and its location,
W IP (CORE Generator & Architecture Wizard)
| Schematic
Uzer Document
| Verilog Module
| Werilog Test Fixture
o VHOL Module b
VHDL Library '
] VHDL Package Tutorialt
s VHOL Test Bench
® Embedded Processor

Location:

| C:\Users\Paul \FPGA Tutorial 1

10. On the next page, just press Next to skip the screen.
11. Look at the summary, then click Finish to create the file.



12. Copy this code into the new file.

L11117777717777777777777777777777777777777777777777777777777/7777777777777777777/777
// three bit counter

// Paul Schow 3-17-2012

// Enable: High = count up

// Enable: Low = count down
// Resets when reset goes low

//////////////////////////////////////////////////////////////////////////////////

module Tutoriall( counterValue, reset, clock, enable

input enable; // Increment our counter on rising edge of ’count’
input reset; // Reset our counter on rising edge of ’reset’
input clock; // Synchronize outputs to clock

output counterValue; // Internally store the counter value

reg [2:0] counterValue;
// This takes care of synchronously driving the outputs
always @ ( posedge clock) begin //at the positive edge of the clock
if ( reset == 1’bl ) begin //if reset is high
counterValue <= 3’b000; //then set the counter to 0000

end
else if( enable == 1’b0) begin //if enable is low and reset is high
counterValue <= counterValue + 1’bl; //count up

end
else if( enable == 1°bl) begin //if enable is high and reset is high

counterValue <= counterValue - 1’bl; //count down
end
end

endmodule
13. Save the file.
E Proj viga
=] File Edit View
D2 5

Design

View: @ T%F Impl
Fi

14. Double-click Synthesize in the lower left window.

Processes: Tutoriall

S Design Summary/Reports
B3 Design Utilities

-4 User Constraints

- [ Synthesize - X5T

- P2 Implement Design

-~ ®2  Generate Programming File

2 @ Configure Target Device

L@ Apalyze Design Using ChipScope




15. You should see it running for a bit.

" 4 | ( Running: Synthesis

16. When it is done synthesizing, a green check will appear next to Synthesize.

Processes: Tutoriall

-+ & iDesign Summary/Reports

#- % Design Utilities

- M User Constraints

R Y Synthesize - XST

#-f2  Implement Design

-~ P)  Generate Programming File
@ Configure Target Device

~ g2 Analyze Design Using ChipScope

If you have an error, a red X will appear instead.
Processes: Tutoriall

e I Design Summary,/Reports
Design Utilities

- Uszer Constraints

- PQ@) Synthesize - XST

- 82  Implement Design

- PQ  Generate Programming File

@ & Configure Target Device

&% Analyze Design Using ChipScope

Go back and check the code if this happens.
17. Open the User Constraints section and double click
“I/O Pin Planning /(Planahead) Post-Synthesis”
Processes: Tutoriall
> o Design Summary/Reports
[ Design Utilities
User Constraints
> 7] Create Timing Constraints
- [@] 1O Pin Planning (PlanAhead) - Pre-Sy...

= (3 /O Pin Planning (PlanAhead) - Post-5..,
~-[@] Floorplan Area/I0/Logic (PlanAhead)
H- BJED Synthesize - XST
82 Implement Design
-~ ®3  Generate Programming File
Bl '@ Configure Target Device
8% Analyze Design Using ChipScope



18.

19.
20.

21.

Click “Yes” on the window that pops up to create the .UCF file.

W ISE Project Navigator X

"y This process reguires that an Implementation Constraint File (UCF) be added to
;. the project and asscciated 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 you select "Mo" you will need to create or add an existing UCF to the project
before running this process,

(e )

Wait like 5 minutes for PlanAhead to launch.
PlanAhead window looks like this

Fie Edt Tools Window Loyout View Hep Q- Searh conmand
B0 X @GO K| B [Biorm ] o o | &N
| ettist Design - (target) 1 xc3510

1o sortuspropertes
« =+ [BEE
@ cuntervabe

G Propertes |  CockRegas |

Dr  NegDiffPar Ste Bk [OSH Ve Vref DriveStength SewType  PulType

P T
Ca s Snemed Jowal 1T hoesal a1 o 1]
ety

Pohbit ot 1OSW  DF Voo Bark  BankType  Type DffPar  Clock Voltage  MinTraceDly (s) MaxTraceDly (s) IOBAlss  SteType

Standard

[ TdConsole > Package Pins |

1S5 Integraton Flow

In the center window, expand the “Countervalue” list to see the output ports.
1j0 Ports

D\ Name Dir MNeg Diff Pair  Site Bank IO Std Voco o Wref  Drive Strength

Scalar ports (3]

10



22. Highlight only one port. In this case we start with “Countervalue|[0]”

23.

1/O Ports

Ck Name Dir Neg Diff Pair  Site Bank IO Std Woco o Wref  Drive Strength Slew Type  Pull Type
Z B-E All ports (&)

B2 =4 counherVaIue (3)  Output LVCMOS25 12 5LOW

= ® countervauelollo —----——
2= | 3 counterVake[1] Output LVCMOS25 12 SLOW

bl | <0 counterValue[2] Output LVCMOS25 2.5 12 SLOW

IE l = Scalar ports (3)

Properties — O g = u?
& 5% 5 Float

<] countervalue[0] Float Frame
]

|5} Properties L Clock Regions

EE]

24. You should have the properties window in full now.

Properties = [

+« » IR

<] countervalue[0]

Name:  counterValue[0]

Direction: Output

s || | CIFxed
—

|Eenera| Configure |

11



25. Now, look at your Basys 2 board. “Countervalue[0]” is the least significant bit,

so we want to map it to LDO.
~ =T T T PR

Look under the LED. See how it says “(M5)”? This is the pin that LDO is on.
This information can also be found in the manual for the Basys 2.

Basys2 Spartan-3E pin definitions
Pin Signal | Pin | Signal | Pin Signal Pin | Signal | Pin | Signal
ci2 JD1 P11 Swo N14 cc B2 JAT | Pa MODED M7 GND
| A13 D2 M2 | USB-DB1 | N13 DP C2 | USB-WRITE | N7 | MODE] P5 GND
A12 NG N2 | USB-DBO | M13 AN2 [ok] PS20 N6 | MODE2 | P10 GND
Bi2 NG Ma NG Mi2 CcG D1 NC N12 CCLK P4 GND
B11 NC N3 NC L14 CA D2 USB-WAIT P13 DONE A5 | VDDO-3
Ci1 | BTN1 M10 NC L13 CF L2 USB-DB4 A1 PROG B0 | VDDO-3
CB JB1 N10 NC Fi3 RED2 Li USB-DB3 Ng DIN Ei3 | VDDO-3
B6 JB2 M1 | LD1 F14 | GRND | M1 USB-DB2 N1 INIT M14 | VDDO-3
| cs [ J88 | Mi1| CD D12 | JD4 | L3 SW1 | P NC P3 | VDDO-3
B5 JAd Pi2 CE D13 | RED{ E2 SW6 B3 GND M& | VDDO-3
| c4 NC N3 | SW7 [ Ci8 JD3 F3 | sws | ad GMND E1 | VDDO3
B4 SW3 ME UCLK [ Ci14 | ReEDO F2 USB-ASTE | A& GND J2 | VDDO-3
| A3 JAzZ P6 | LD3 G12 | _BINO F1 USB-DSTB | C1 | GND | A5 | VDDO-2
A1D JC3 P7 LDz K14 ANZ G1 LD7 | GND Ei2 | VDDO-2
ca JC4 M4 BTN2 | J12 AN1 G3 SW4 C10 GND | Ki | VDDO-2
B9 JC2 N4 | LD5 J13 BLU2 H1 USB-DE6 E3 GND P9 | VDDO-2
AS JC1 M5 | LDO Ji4 | HSYNC | H2 USB-DB5 E14 GND Af1 | VDDO-1
BB MCLK N5 | LD4 H13 | BLU1 H3 USB-DB7 G2 GND D3 | VDDO-1
C8 | RCCLK | G14 | GRM2 | H12 CB Bi4 TMS Hi4 GND D14 | VDDO-1
A7 BTN3 G13 | GRN1 J3 JA3 B13 TCK-FPGA J GND K2 | VDDO-1
B7 JB4 Fi2 | ANO K3 Sw2 A2 TDO-USB | Ki2 GND Li2 | VDDO-1
P4 LD& K13 | WEYNC B1 PS2C Al4 TDC-S3 M3 GND P2 | VDDO-1

12



26. Now that you know LDO is mapped to M5 on the Basys 2, go back to PlanAhead
and put in M5.

« »[B[R]

<] countervalue[0]

Name: counterValue[0]
Direction: Cutput

it
Instance: | il count e | ¥

Net [ countervaluel) |

Confiure |

| [Apply | [ [gCancel |

13



27. Click “Apply” and the window should change to this.

1jO Port Properties

« >[5 5

e [ ] R

< counterValue[0]

Mame: counteryalue[0]

Direction: Qutput

Site: [bs | [ Foced
Package Pin:

Instance: | [l counterValue_0_CBUF |

Met: B countervalue[0]

Bank: | sam 1f0 Bank 2 (Standard) |

|_G::nera I-| Configure |

It will also change on the main window.

= Al ports (&)

=4 counterValue (3)  Output 2 LVCMOS25 2.5
i -« counterValue[0] Output M5 2 LVCMOS525 2.5
-] counterValue[1] Qutput LVEMOS25 2.5
-47] counterValue[2] Qutput LVCMOS525 2.5

28. Repeat the same process to map the other pins to the other LED’s.
== all parts (6]

=@ counterValue (3)  Output 2 LVCMOS25 2.5

i beddl counterValue[d] Qutput M5 2 LVCMOS25 2.5

<&l counterValue[1] Cutput M1l 2 LVCMOS25 2.5

-] counterValue[Z] Qutput P7 2LVCMOS25 2.5

14

12 sLOwW
12 5LOwW
12 5LOwW
12 5LOwW

12 sLow
12 sLow
12 sLow
12 sLow



29. Now move to the “Scalar Ports” section. This is the inputs.

| 1/0 Ports
A | Name Dir MNeg Diff Pair Site Bank IjOStd Woco  Wref  Drive Strength  Slew Type
e - Al ports ()
= EI'!@ counterValue (3] Qutput 2 LYCMOS25 .5 12 sLOW
E: 2 Scalar ports (3)
5 It |1 vowosasl_ 25 | olow |
\_}F‘i] D' enable Input LWCMOS25 2.5 12 SLOW
@ i[O reset Input L¥CMOS25 2.5 12 SLOW
HE=

30. We need a clock. The Basys 2 has a 50mhz clock bujlt in on pin C8.

(==

v -
This will work fine.

15



31. Set the Clock to use C8.
| 1jOPort Properties

- O B =

Name: dock

Direction: Input

Site: ca| | [ Fixed
Instance: |[i] dock BUFGP

32. The Enable pin needs a switch. I use SW7, which is mapped to pin N3.
t —— ————— g s “

16




33. Reset uses a button. Use BTNO, mapped to pin G12.

[ 28
3 ANSGEL2>° AN T1 5>

ALY
’ -.‘."',.."'4'
: ﬂ&a’&f’o!’i

34. Now the main window should look like this.

1/C Ports
A | Name Dir Meg Diff Par  Site Bank IfOStd  Vooo Vref  Drive Strength  SlewType  Pull Type
| =65 Allperts (5)
g 1§ counterValue (3)  Output 2 LVCMO525 2.5 12 SLOW
= g i
= - laF Scalar ports (3)
E’r dock Input Cc3 0 LVCMOS525 2.5 12 SLOW
iﬁ] Ef enable Input N3 2 LVCMO525 2.5 12 SLOW
= [l reset Input G12 1 LVCMO525 25 12 SLOW

35. Save the file and exit PlanAhead.
g Tutoriall s anAhy
File Edit Tools Window Layout View Hel

Rl X & >G QK| @5

Save Design
Save the constraints for the current design.

L —

17



36. PlanAhead created the .UCF, or User Constraints File for you. Double-click on
it to open it.

Hierarchy
b Tutoriall
B £3 xc3s100e-5cpl32
= ﬁﬂﬂ Tuteoriall (Tutoriall.v)

i B Tutoriall.ucf

It looks like this.

i

2 # Planhihead Generated physical constraints
2

4 HET "clock™ LOC = C8&;

5  HET "counterValue[0]"™ LOC = M5;

& HET "counterValue[1]"™ LOC = M11;

7 HET "counterValue[2]"™ LOC = P7;

8 HET "enable"™ LOC = H3;

g HNHET "reset" LOC = G12;

io

You can see that the .UCF is pretty simple when only working with a few pins.
It can be edited directly from here, without using PlanAhead if you want to.

18



37. Go to the bottom left panel and right-click on “Generate Programming File”.
Then click on “Process Properties”.

P2 Mo Processes Running

4
%: Processes: Tutoriall
S¢| L  Design Summary/Reports
— | & Design Utilities
% =3 User Constraints
— Create Timing Constraints
i I/0 Pin Planning (PlanAhead) - Pre-Sy...
I/0 Pin Planning (Plan&head) - Post-5...
Floorplan Area/I0/Legic (PlanAhead)
o Synthesize - X5T
- Implement Design
28 Configure ?ﬁ it
—&»  Analyze De ReRun
Rerun All
E{: Stop
& Start | B2 Design View Text Report =
Force Process Up-to-Date —
Errors

»= Implement Top Module
Design Goals & Strategies...

®§ Process Properties...

4 1 T

| Console | ﬁ Errors |i’3 Warnings |Fﬁ Find in Files Rest

Edit the properties for the highlighted process

38. You are now in the Process Properties window.

g Process Properties - General Options

Category

" General Options

- Startup Options
" Readback Options

- Configuration Options

Switch Name Property Name
-d Run Design Rules Checker (DRC)

-] .Craata Bit File

~g Binary: Create Binary Configuration File
-b .CreateASCH.Conﬁguration File

-g IEEE1532: | Create IEEE 1532 Cenfiguration File
-g Compress Enable BitStream Compression

-g CRC:
Other Bitgen Cammand Line Options

-g Debugﬁltﬂream: | Enable i:)abuggmg of Serial Mode BitStream [7]
Enable Cyclic Redundancy Checking (CRC)

Value

OooooE=E

Property display level: |Advanced [] [¥] Dispiay switch names |

= o )

Default |

19




39. Click on “Startup Options” in the
Category

left pane.

- General Options

- Configuration Options
- Startup Options

" Readback Options

40. Go to “FPGA Startup Clock”.

Switch Mame Property Name
-g StartUpClk: | FPGA Start-Up Clock
-—g. DonePipe: :Enablelntem.al Done Pipe
-—g DONE_cycle: |Done (Output Events)
--g GTS_cycle: Enable Outputs (Qutput Events)
-g GWE_cycle: Re[easelWrite Enable (Output.E\.renL.;J
|-gLCK_cycle:  Wait for DLL Lock (Output Events)
-—g DriveDone: | Drive Done Pin High

41. Change to clock the “JTAG clock”

Switch Name Property Mame
-g StartUpClke: | FPGA Start-Up Clock
-g DonePipet  |Enable Internal Done Pipe
-g DOME_cycle: | Done (Qutput Events)

-n GTS rurle Frahle Mhtnote (Mhidnnt Fuente)

42. Click “OK” to save the properties.

Value
S - |

=

Default (4) -
Default (5) -
Default (6) -
Default (NoWait) -
]

Value
JTAG Clock -
CCLK
User Clock

gg=ni{- i!i 'I

43. Now back in the main window, double-click on “Generate Programming File”

Processes: Tutoriall

Design Summary/Reports
Design Utilities
User Constraints

Create Timing Constra

Floorplan Area/10/Log
Synthesize - X5T

%
- F2  Implement Design

Generate Programming Fil
Configure Target Device

ints

I/Q Pin Planning (Plan&head) - Pre-5y...
I/Q Pin Planning (Plan&head) - Post-5...

ic (Planfhead)

e

= Analyze Design Using ChipScope

44. Wait for it to finish.

# | ™ Running: Translate

20



45. When it is done, there will be three green checks.

?2 Mo Processes Running

Processes: Tutoriall

: Design Summary/Reports
- Design Utilities
User Constraints
- L) Create Timing Constraints
~[@] VO PinPlanning (PlanAhead) - Pre-Sy...
~[@] VO PinPlanning (PlanAhead) - Post-S...
- [@] Floorplan Area/I0/Logic (PlanAhead)
& PAE) Synthesize - XST
& P Implement Design
® 2 Generate Programming File
&% Configure Target Device
€% Analyze Design Using ChipScope

H & HE Y
B;

46. Now plug in the Basys 2 and power it on!
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47. Go to the Start menu and run Adept.

I"J Windows Update

o4 KPS Viewer
, 1-Zip
. Accessories
. Amazon
. Android SDK Teols
. Auslegics
. AutoHotkey
. avast! Free Antivirus
. Bethesda Softworks
. Bmin
. Bricx Command Center
. calibre - E-book Management
. CodeSourcery
. Deus Ex- HDTP
. Diablo II Beta
. Digilent
, Adept
ng Adept Application User's Manual,
,& Adept
, Tools
. doubleTwist
. Evernote
. Fallout Mod Manager
. Flux

. Games

48. Here is the Adept window.

i, Digilent Adept .

BASYS E i Connect: [Basysz v]

Product: Basys2- 100

Config |Test | Register If0 [ File /O | YO Ex [ Setings |

FPGA
=N —
{ -] [Bromsen] | program

Initialize Chain

Board information loaded. -

Found device ID: d5045093

Found device ID: 11c10093

Initialization Complete.
Device 1: XC35100E
Device 2: XCF02S

4 ]
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49. Next to FPGA click “Browse”. Browse your computer for the
;‘Tutoriall.bit” file.

 — -
| | <« Users » Paul » FPGA » Tutoriall » ~ | || Search Tutoriaiz P
Organize = Mew folder == » [l @
4 Downloads = Mame Date modified Type
“Zl Recent Places )
J. _ngo 3/22/2012 7:42 PM File folder
. School W _
| _¥msgs 3/22/2012 7:42 PM File folder
M | ipcore_dir 3/22/2012 7:12 PM File folder
- Libraries ; ; !
.. iseconfig 3/22/2012 719 PM File folder
@ Documents o )
J’ i | planAhead_run_1 3/22/2012 7:27 PM File folder
usic
) i 0 oxdnx_auto 0_xdb 3/22/2012 T:42 PM File folder
[ Pictures £ .
k . xst 3/22/2012 7:25 PM File folder
E Videos - - -
|| tutoriall.bit 3/22/20012 743 PM BIT File
@ Homegroup
(M Computer 5
&, Windows7_05 (C
E@} Lenovo_Recoven
A [ |
File name: tutoriall bit ~ | FPGA Config Files (“bit; *svi) =]
[ Open |v] ’ Cancel ]
50. Now click Program!
FPGA ] [ ;
ial 1. bi - :Browse... | Program
#*C35100E [ ]
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51. If all went well you should now have a functioning 3-bit BCD counter!

BEYOND THEORY

DIGII.ENT

Ir‘l

;I |

CHI1S

WYYWEEEEEEEEMMAMM
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