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Overview

The Spartan-6 LX9 MicroBoard has two external interfaces for configuring the FPGA. There is a

traditional Platform Cable JTAG header on the bottom of the board (J6) and a new on-board

USB-t0-JTAG circuit. Both interfaces offer the ability to configure the FPGA and program the on-

board serial flash, as well as other Xilinx JTAG functions like Chipscope and SDK Debugger..

The FPGA is pre-set to Master Serial Mode, which means it initiates configuration upon power-up
and generates a configuration clock. It reads configuration data from an on-board Micron 128Mb
Serial Flash memory. This flash can be programmed through either of the two aforementioned
interfaces. This document will illustrate how to use these interfaces to configure the FPGA and

program the on-board serial flash.

Note: Throughout this document, the word ‘configuration’ applies to downloading a bitstream to

the FPGA whereas the word ‘programming’ applies to downloading a flash image to the on-
board serial flash.

This board provides three ways to program the serial flash:
1. iMPACT Indirect SPI Programming via on-board USB-to-JTAG (Procedure #1)
2. SFUTIL Direct SPI Programming via on-board USB-to-SPI (Procedure #2)
3. IMPACT Indirect SPI Programming via external JTAG cable (Procedure #3)

Power Good LED

On-board
USB-JTAG -
Circuitry EE
See Procedures ol
#1 and #2 - -
Done LED

Micron 128Mb
Serial Flash

JTAG ACCESS
(On Back)

See Procedure #3 STAG HEADER. J8

Figure 1 — Spartan-6 LX9 MicroBoard Configuration Interfaces
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Configuration and Programming via the on-board USB-
JTAG Circuitry

This board incorporates an on-board USB-JTAG access circuit that eliminates the need for an
external Xilinx JTAG cable. The on-board JTAG is compatible with all Xilinx tools, including
iIMPACT, ChipScope, and SDK Debugger. This circuit can be utilized in your design if you would
like JTAG access and Xilinx tool support in your product. Digilent sells this solution to customers
who wish to have this capability on their own designs.

A note about using this on-board USB programming circuit is that it interfaces to a PC via an
Atmel AT90USB162 Full-Speed USB microcontroller. This microcontroller is pre-programmed by
Digilent to translate USB-to-JTAG and thus providing access to the on-board JTAG chain. Since
this is a Full-Speed USB interface, it will not perform as fast as Hi-Speed USB interfaces. So if
faster performance is required for programming or debugging, the Xilinx Platform Cables or a
High-Speed Digilent USB cable can be used.

There are two methods of using this on-board USB-JTAG circuitry. One uses iMPACT software
that is included with Xilinx ISE design tools. This method gives you all the access to the FPGA
that the Platform Cable solution provides. The other method uses a Digilent programming utility
called SFUTIL.exe, which is run via a command line batch file. This utility only programs the
attached serial flash and is much faster than using the iMPACT GUI.

Finally, this programming method is only available in ISE 12.x and ISE 11.x. ISE 13.x will be
available soon.

Download and Install the Digilent Drivers

To use the Digilent USB-JTAG FPGA configuration circuitry you will first need to download and
install the required Digilent software. The steps below will guide you through this process.

1. Open a web browser and navigate to www.digilentinc.com

2. Click on Software on the left-side of the webpage

3. Click on Digilent Plug-in for Xilinx Tools

First, download the plug-in.

4. Select Download for the appropriate version of your O/S. For this document, Windows XP
Service Pack 3, 32-bit was tested as well as Windows 7, 64-bit.

5. Once downloaded, unzip the archive.

I
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The archive contains both ISE11x, 12x and 13x folders. This example uses ISE 12.4, browse
into the ISE12x folder.

El_,r libZseligilent_2,0,3-x86-x64-windows
 EMCT ISEL
=17 1SE12%
- demos
-7 plugin
] Digilent_Plugrin_xilirz_v12. pdf

Figure 2 — Digilent Plug-in Archive

6. Open the Digilent_Plug-in_Xilinx_v12.pdf document for reference only; we will execute these
instructions later in this guide.

The document states:

To begin, ensure that the Xilinx ISE Suite (12.x only) and Digilent Adept System 2.4
(or greater) is installed on the host computer.

~

If not previously completed, please install Xilinx ISE ver.12.4. Instructions for installing and
licensing ISE v12.4 are available at:

http://www.xilinx.com/support/documentation/sw_manuals/xilinx12 4/irn.pdf

As stated in the Digilent document, Digilent Adept must also be installed. The following steps
will guide you through this.

8. In a web browser navigate to www.digilentinc.com

9. Click on Software
10. Click on Digilent Adept

11. Select Download for the appropriate version of your O/S. For this document, Adept 2.6.1
System, 32/64-bit Windows was downloaded — digilent.adept.system_v2.6.1.exe, (7.2MB
file, dated November 22, 2010).
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12. Once downloaded, launch the executable. The Digilent Adept Setup Wizard will launch, Click
Next >.

Digilent Adept Setup o ] |

Welcome to the Digilent Adept
Setup Wizard

DIGILENT This wizard will quide vou through the installation of Digilent

ADEPT

Adept,

It is recommended that vou close all other applications
before starting Setup. This will make it possible to update
relevant system files without having ko reboat vour
compukter,

Click Mext to continue,

/&DIGILE!:!T

Mext = I Cancel

Figure 3 — Digilent Adept Setup Wizard

13. Read the license agreement and then click | Agree.

Digilent Adept Setup

License Agreement
Flease review the license terms before installing Digilent Adept,

Press Page Down to see the rest of the agreement.

SOFTWARE LICENSE AGREEMENT BETWEEM ¥OU, THE CUSTOMER/FURCHASER, AND -
DIGILEMT, IMC,

PLEASE READ THIS CAREFLULLY. IT IS AN AGREEMEMT. UPON INSTALLATION AMD LISE
WOU ARE AGREEIMG WITH DIGILEMT, IMC, T ALL THE TERMS AMD COMDITIONS,

1. This software license agreement is a legal contract and agreement bebween

WO as an individual, regardless of your skatus with any educational or business entity,

and the Washington Corporation known as Digilent, Inc, TM.  If wou are acting on behalf

of an organized educational entity, this software license agreement is also a legal LI

If ywou accept the terms of the agreement, click I Agree to continue. You must accept the
agreement to inskall Digilent Adept,

< Back I I Agree I Cancel

Figure 4 — Adept License Agreement
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14. Make sure all boxes are checked then click Next >.

_ﬂ:-. Digilent Adept Setup

Choose Components
Choose which Features of Digilent Adepk wou wank ko install,

Check the components vou want to install and uncheck the components vou don't want ko
install, Click Mext to continue,

Select components ko install:

Adept Runtime (install 2.5.2)
Adept Application (install 2.5.1)

Space required: 23,9ME

< Back I Mext = I Cancel

Figure 5 — Adept Choose Components

15. Select the appropriate options then select Next >.

_ﬂ. Digilent Adept Setup

Shortcut options
Choose For which users you want to create shorbouts,

Select whether vou wank to create shortcuts for wourself only or For all users of this
computer, Click Mext bo continue,

Create Shorbouts
i+ For aryane using this computer

™ Just For me

[ Create Quick Launch shorkouks?

< Back I Mext = I Cancel

Figure 6 — Adept Shortcuts
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16. Browse to the preferred Destination Folder then click Install.

=10 ]

Choosze Install Location
Choose the Folder in which to install Digilent Adept,

Setup will install Digilent Adept in the Following Folder. To install in a different Folder, click
Browse and seleck another Folder. Click Install bo start the installation.

Deskination Folder

”_:1Program FilesiDigilenk Browse, ., |

Space reguired: 23,9ME6
Space available: 20,466

< Back I Inskall I Cancel

Figure 7 — Adept Choose Install Location

17. Click Continue Anyway.

Software Installation

" "-\ The zoftware pou are ingtaling has not pazzed Windows Logo
- tezting to verify ite compatibility with Windows =P, [Tel me why
thiz testing is important, |

Continuing your installation of this zoftware may impan
or destabilize the correct operation of your zystem
either imnmediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and
contact the software vendor for software that has
pazzed Windows Logo teshting.

Continue Anmamay || STAF Inztallation I

Figure 8 — Windows Logo Testing
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18. Uncheck both boxes, and then click Finish.

igilent Adept Setup

DIGILENT

=101}

Completing the Digilent Adept Setup
Wizard

Digilent Adept: has been instaled on your computer,

A D E P T Click. Finish ko close this wizard,

™ Run Digilent Adept

[T show Readme

/ADPIGILENT*

htkp: /v, digilentine . com

= Back I Finish I Zancel

==AVNET
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Now we will complete the installation of the Plug-in.

19. Browse to the unzipped libCseDigilent_2.0.3-x86-x64-Windows archive, then into the
ISE12x\plugin\nt\plugins directory.

20. Copy the Digilent folder to the Xilinx ISE 12.4 installation at
C:\Xilinx\12.4\ISE_DS\ISE\lib\nt\plugins. This is how your Xilinx ISE plugins directory
should look after completing this:

W C:Xilinx', 12.4' ISE_DS4TSE' Jib',nt' plugins',Digilent libCseDigilent 1Ol =l
File Edit ‘iew Favorites Tools  Help | #
e Back - -_\_) - lﬁ /_j Search H_i‘ Folders =W x n ‘ v
Address I[ﬁ CHiilinady 12,44 1SE _DSYISEYibntplugins! Digilent\libC seDigilent h j Go
Folders X || Mame  ~ | Size | Type | Diate Modified

= ) wilinx ﬂ é]liszeDigilent.dll 135 KB  Application Extension  6/7/2010 2:31 PM
o121 = libCseDigilent . =ml HKE  ®¥ML Document E7/2010 10:56 A&
1z.2
123
B ) 12.4
B ) 15E_Ds
) xinstall
[ common
£ EDK
) IsE
E 3l
B St
153 perlib
Bl £ plugins
El (53 Digilent
(= libCsebigilent
12 il

Figure 10 — Digilent Plug-ins Copied to ISE 12.4 Installation

NOTE: The directory structure is the same for ISE 13.x with the only thing changing is the
address path. It changes from 12.4 to 13.1 (for ISE 13.1).
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21. Plug in the Spartan-6 LX9 MicroBoard into the PC’s USB port. The included USB extension
cable can be used if USB access is not convenient.

22. The Found New Hardware Wizard will pop up. Select No, not this time then Next >. NOTE:
Windows 7 may complete the following steps automatically. If so, that completes this section.

Found Mew Hardware Wizard

Welcome to the Found New
% Hardware Wizard
N

Windaws will search for current and updated software by
loakirg o wour computer, on the hardware inztallabion CO, or on
the Windows Update Web site [with vour permizsion).

Read our privacy policy

Can Windows connect to Wwindows Update to search for
software?

7 “Yes, this time only
™ ez, now and every time | connect a device
% Mo, not this time

Click Mest to continue.

< Back I Meut > I Cahcel

Figure 11 — Found Digilent JTAG USB Hardware

23. Select Install the software automatically then click Next >.

Found New Hardware Wizard

%

Thiz wizard helpz you inztall software for:

Digilent USE Device

\‘\J If your hardware came with an installation CD
“.i=? or Hoppy disk, insert it now.

W'hat do pou want the wizard to da?

% Irstall the software automatically [Fecommended)

€ Install from a list or specific lozation [&dvanced)

Click Mext to continue,

< Back I Mest » I Cancel
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Figure 12 — Install Software Automatically

24. A warning will appear about Windows Logo testing, see the figure below. Press the
Continue Anyway button.

Hardware Installation

L | E The =oftware you are inztalling far thiz hardware;
L

Digilent 15SE Device

has not paszed Windows Logo testing to verify it compatibility
with YWindaws =P, [Tell me why this testing iz imparkant. |

Continuing your installation of this zoftware may impan
or destabilize the correct operation of your zystem
either immediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and
contact the hardware vendor for software that has
pazzed Windows Logo teshing.

Continue Armaay || STOF Installation I

Figure 13 — Warning: Not passed Windows Logo testing

25. Press the Finish button to complete the process. This will complete installation of the
Digilent USB drivers.

Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

5

The wizard has finizhed instaling the software for:

% Digilent USE Device

Click, Finizh to cloze the wizard,

< Black I Finigh I Cance]
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Figure 14 — Digilent USB Device driver installed

Procedure 1: Configuration and Programming using iMPACT
with the on-board USB-JTAG Circuitry

Once the Digilent driver is installed, you can continue with configuration and programming using
the on-board USB-JTAG Circuitry. Follow the steps for programming and configuring using this
method.

1. Make sure no Xilinx or Digilent programming cable is attached to the PC.

2. If not done so already, connect the Spartan-6 LX9 MicroBoard to the host PC by plugging it
into an open USB port or by using the USB extension cable (Type A Male to Type A Female)
as show here:

Figure 15 — Connect USB-JTAG programming interface to host PC
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Check in the Windows Device Manager to ensure the Digilent USB Driver is available. To

open Windows Device Manager, select Start & Control Panel - System (System and

Security for Windows 7). For WinXP, In the System Properties window, select the

Hardware tab then click on Device Manager. For Windows 7, just click on Device Manager.
Expand Universal Serial Bus Controllers, if the Digilent USB device is not listed, please follow

the steps in the section, Download and Install the Digilent Drivers:

L, Device Manager

=101 %]

File  Action  Wiew Help

= W EFS 2HE A ="a

EGEIP Universal Serial Bus controllers

oo Digilent IUSE Device
€5 Generic USE Hub
= Genetic USE Hub
&8 Intel(R) 52801G (ICHT Family) USE Universal Host Controller - 2705
&8 Intel(R) 52801G (ICHT Family) USE Universal Host Controller - 2709
G2 Intel(R) B2801G (ICHT Family) USE Universal Host Controller - 27CA
€2 IntellR) 82801G (ICH7 Family) USE Universal Host Controller - 2706
€5 Intel(R) 82801G (ICH7 Family) USEZ Enhanced Host Contraller - 27CC
: USE Composite Device
: USE Mass Storage Device
&8 1USE Printing Support
&8 1USE Root Hub
&8 1USE Root Hub
&8 1USE Root Hub
€& USE Root Hub
€& USE Root Hub

[

Figure 16 — Windows Device Manager

ISE Design Tools - Tools = iMPACT.

5. Select create a new project (.ipf) at the New iIMPACT Project Wizard and click OK.

==AVNET Page 16 of 44
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€. New iIMPALT Project

I wank to

" load maost recent project I j Brawse, ., |

[ Load most recent praject File when iMPACT starts

¥ create a new project {Lipf) Itest.ipF Browse, .,

(] 4 | Zancel |

Figure 17 — New iMPACT Project Wizard

6. Select the option to Configure devices using Boundary-Scan (JTAG) then click OK.

€. welcome to iMPACT x|

—Please select an action From the lisk below

' Configure devices using Boundary-Scan (ITAG)

I.ﬂutomatically connect ko a cable and identify Boundary-Scan chain j
" Prepare a PROM File
" Prepare a System ACE File
" Prepare a Boundary-Scan File

YR x

et |

Figure 18 — Configure Devices
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7. Awarning is issued that a cable cannot be found. This is expected and normal since we
have not configured iIMPACT to use the Digilent Cable. Click OK to close the warning.

W warning x|

"-, W AR MIMG:MPACT:923 - Can not find cable, check cable setup !

'

Ik

Figure 19 — Can Not Find Cable
8. IniMPACT, select Output - Cable Setup.
9. Click OK to clear the error.

Il Error Message x|

@ ERRCR:MPACT - This funckion requires that a target is opened First,

Ik

Figure 20 — iIMPACT Error

10. Check the box to Open Cable Plug-in. In the dialog box, type “digilent_plugin” as shown
below. Note that “digilent_plugin” will not show up in the drop-down box even after you have
installed the plug-in correctly. Click OK.
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E Cable Communication Setup

—Communication Mode

= Parallel Cable 10T % platform Cable USESIT

= Parallel Cable Iv

advanced IUSE Cable Setup

TCK Speed/Baud Rate: Port:

IDEFauII: Speed ;I I

—Cable Location

= Local

Hosk [ame:
) Remote

—Cahle Plug-in

¥ ©pen Cable Plug-in. Select or enter a Plug-in from the lisk belov:

I digilent_plugin

=1

Ik Zancel Help

Figure 21 — Cable Communication Setup
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11. In the Boundary Scan area, right-click and select Initialize Chain.

Add ziline Device, .. Chr+D
Add Non-zilinx Device,,.  CerHK

Fight click to Add Device or Initialize ITAG chain Initialize Chain

Cable Auto Connect

Cable Setup. ..

Qutput File Type 3

]-:f@ Boundaty Scan |

Figure 22 — Initialize Chain

12. Follow the pop-up dialog window to select a .BIT file by clicking Yes. Selecting a .BIT file will
directly configure the FPGA. The FPGA is non-volatile however and thus a power-cycle or
pressing the PROG pushbutton, SW4, will cause the FPGA to lose this configuration.

Right click desice to select operations

=
TR

E Auto Assign Configu X
Gal=9
Ezpsa:s Do you wank ko continue and assign configuration files{s)?
DD \"\/ I Don't shaw this message again, save the setting in preference.

Yes Mo

Identify Succeeded

Figure 23 — JTAG Chain Identified

A\”'ET" Page 20 of 44



Spartan-6 LX9 MicroBoard Configuration Guide

13. To program the attached SPI Flash, either continue with the Configuration File Assignment or
right-click on the SPI/BPI link above the FPGA and select ‘Add SPI/BPI Flash’. This will
require a .MCS file which can be generated from a .BIT file in the IMPACT software. To
create a .MCS file, see Appendix A or consult IMPACT help or the Xilinx Spartan-6 FPGA
Configuration Guide.

NOTE: programming an uncompressed LX9 bitstream to the Flash using the IMPACT GUI
takes approximately 17 minutes. The command-line mode detailed in Procedure 2 is much
faster as it bypasses the JTAG protocol.

E ISE iMPALCT {M.81d) - [Boundary Scan]
@ File Edit Wiew Operations ©Output Debug  Window Help

ID2E|l¥DEXx=@m: |[ZO)llN

iMPACT Flows «+ 08 x

- 289 Boundary Scan TEFIIBET
H 1 =]

|2 systemAcE "iiii  GetDevice ID
L E Create PROM File (PROM File Formathber)

E webTalk Dat 0l Get Device SignaturefUsercode
4} ehbTalk Data

| 4ddSPI/BPTFlash... |

wofs  Assign Mew Configuration File. ..

bype  Sek Programming Properties.. .

DD
Set Erase Properties. ..

Launch File Assignment. \Wizard
iMPACT Processes =+ [0 &8 x

Awailable Operations are;

m Gek Device 1D

m et Device Signature/Usercode
m Read Device Status

Figure 24 — Selecting SPI Flash
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14. Select SPI PROM, N25Q128 and change the Data Width to 4. Setting the Data Width to four
bits wide requires that the bitstream and MCS files were created to support this width. It is
acceptable to use x1 and x2 data widths as well. See Appendix A for details on how to
create bitstreams that support wider data widths. Note: ISE 12.x may not show the voltages
(1.8Vv/3.3V) after N25Q128.

. select attached SPI/BPI x|

Select the PROM attached to FPGA:

ISF'I PROM =

Drata wWidth:

Ik Cancel |

Figure 25 — Select N25Q128 PROM
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15. The Flash above the FPGA will now look like an IC labeled ‘FLASH’. Right-click on this and

select Program:

E ISE iMPALCT (M.81d) - [Boundary Scan]

@File Edit  Wiew Operations OQutput Debug  Window  Help

IDPE| X BX ®Em;: 2o |&m

|| # 82

iMPACT Flows +0 8 X

[+ gal Boundary Scan
| 2] SystemacE

Right chick desace to select operations

TC2

iMPACT Processes =+ [0 8 X

Available Operations are:

- |2] Create PROM File (PROM File Farmatter) B —
- |=] WebTalk Data ol —E Do
Erase
Blank Check:
Gzlxt
. Readback. ..
bypass

et Device Checksum

Assign Mew Configuration File. ..
Celete

Set Programming Properties. ..
Set Erase Properties., ..

Edit Attached Flash Properties. ..

Launch File Assignment Wizard

Figure 26 — Right-click on FLASH and select Program

16. Device Programming Properties will appear. Click OK.

E Device Programming Properties - Device 1 Programming Properties ﬂ

Categary

=-iBoundary-3can

Device 1§ FPGA xcoskaa ) Property Mame

Device 1 Atkached FLASH, W25

Yalue
Yerify I~
Erase Before Programming [

After prograrmming Flash. ..

automatically load FPES v

(o |

Cancel | Apply | Help |

Figure 27 — Device Programming Properties
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17. iIMPACT will begin programming the Flash, depending on the size of the MCS file, this could
take several minutes. Once completed, assuming no errors are encountered, the Flash is

programmed and the FPGA will now have its configuration data stored in non-volatile

memory. The FPGA will automatically reconfigure with this new image upon pressing the

PROG_B pushbutton, SW4, or power cycling the board.

E ISE iMPACT (M.81d) - [Boundary Scan] =] ]
@ File Edt View Operations ©Output Debug ‘Window Help ;Iilél
ID2hlzs=lz=alrR
= . . . .
‘MFACT lois olE Right click device to select operations
‘B8l Boundary Scan
[E] Systemace - f =l
+ |=] Create PROM File (PROM File Formatter)
[ [=] WebTalk Data Dl — 3 Sk
xehzled
bypass
DO
IMPACT Processes 08 X
E Configuration Dperation Status x|
Executing cammand. ..
[ 2%
‘.;EB Eoundary Scan |
Console +0& X
A INFO:iMPACT - 0011 1100 1110 1100 ;I
iy INFO:iMPACT: 24592 - '1': Completed downloading core to device.

'1': IDCODE is 'Z0bald' (in hex).
'1': ID Check passed.
'1': IDCODE is 'Z0bald' (in hex).
'1': ID Check passed.
'1': Erasing Device.

'1': Using Sector Erase.
'1': Programming Flash.
K —

E

Console @ Errars I_ﬂ Warnings

| Configuration | Avnet On-Board Programmer | 4000000 “.“- v

Figure 28 — Device Programming

Note: See Appendix B for improved programming performance.

This concludes this section. Programming of the serial flash and configuration of the FPGA are

completed.
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Procedure 2: Programming via on-board USB-JTAG Circuitry
and Digilent’s Serial Flash Utility

The Digilent SFUTIL.exe utility provides a fast programming interface to the on-board serial flash.
The utility must be downloaded from Digilent’s website. Once downloaded, this utility can be run

from Windows command line or a batch file. Additionally this utility is customizable to perform a

number of functions. To use this utility, follow the below instructions:

1. Open a Web Browser and navigate to Digilent’s website:

http://www.digilentinc.com/

2. Click on Software link under Products:

DIGILENT"

Products Support Classroom Servic

+New Products

+FPGA Boards
+Microcontreller Boards
+Electronics 4
+Pmods™ s
+Microchip® Tools Integrated Analog/Digital
2¢ SaC iuls Circuit Design Station
+Software 7

+Textbooks ¢ |
+Robotics
+Add-On Boards
+ACcessories
+Cables & Connectors
+Discontinued

Figure 29 — Select Software on Digilent’s Webpage

3. Scroll down to Serial Flash Utility and click Download!

Serial Flash Utility _h Download! |

Command line utility used to read & write data to the PmodSF

serial FIaSh + Requires a PmodREG1 and Digilent USB programming cable More Info ]

= Requires Digilent Adept

Utility

Figure 30 — Download Serial Flash Utility

4. Save the attached zip file and extract it to a known place on your PC.
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5. In this same directory create a batch file. Open a text editor, such as Notepad, and copy the
following commands:

cls

echo off

cls

ECHO *** Spartan-6 LX9 MicroBoard Factory Test Flash Loader with Erase ***
ECHO
ECHO
rem
rem This batch file will perform a sector erase of the specified length and
rem then write the specified file to the flash starting at address O..

sfutil -d obp -cr -m N25Q128 -e -fi -w PROGRAMMING_IMAGE.mcs -t
ECHO

ECHO Press any key to exit...

6. The ‘sfutil’ executable is called with options to program this S6LX9 MicroBoard’s on-board
serial flash. This serial flash utility accepts MCS format files. These files can be created with
ISE iMPACT software from a FPGA'’s bitstream file. The placeholder,
‘PROGRAMMING_IMAGE.mcs’, must be replaced with your MCS file.

7. Save this batch file, for example S6_LX9 EraseProgram.bat, and close the editor.
8. Connect the S6LX9 MicroBoard to the host PC as shown in Figure 15.

9. Double-click the batch file created above to execute it. Programming will ensue. Note:
Programming times will vary based on FPGA Utilization as well as USB port speed.

SAWINDDWSY system32h cmd.exe

Doing partial erase of flash memory device
: 43.2038008
: 86_LR?_FPGA_Firmware_Ul_PA.mcs to flash memory device
Bytez written to flash: 4194344
Elapsed time: 88.573008
Total Elapsed time: 132.2658008
ECHO iz off.
Press any key to exit...

Press any key to continue . . .

Figure 31 — SFUTIL Programming
Note: See Appendix B for improved programming performance.

This concludes this section, to learn more about SFUTIL, type ‘sfutil ?’ at a DOS prompt or visit
Digilent’s Website.

==AVNET page 26 of 44



Spartan-6 LX9 MicroBoard Configuration Guide

Configuration and Programming using Xilinx iMPACT
and Platform Cable USB

Using a Xilinx USB JTAG Platform Cable and Xilinx’s iIMPACT programming tool, the FPGA can
be configured directly, as well as program the attached flash device. The IMPACT programming
tool is a subset of the Xilinx ISE WebPACK or ISE Design Suites which can be downloaded from
here:

http://www.Xxilinx.com/tools/designtools.htm

Procedure 3: IMPACT using a Platform Cable USB

To configure the Spartan-6 LX9 FPGA and program the attached serial flash using this method,
follow the steps outlined below:

18. Power must be applied to the MicroBoard. This is done by connecting the board to the host
PC via the MicroUSB cable. Alternatively, the board can be connected via the Type-A USB
connector as shown in Figure 15.

19. Connect the Xilinx Platform Cable to the host PC and S6LX9 MicroBoard’'s JTAG port, J6.

20. When completed, the S6LX9 MicroBoard should be connected to the host PC as shown in
the figure below:

Figure 32 — Configuration Setup with Xilinx Platform Cable USB

I
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21. Launch iMPACT 12.4 or 13.1 by selecting Start > Programs - Xilinx ISE Design Suite
13.1 - ISE Design Tools 2 Tools 2 iMPACT.

22. Select No when asked to automatically load the last project and when asked to create and
save a project.

E Automatically create and save a projeckt ﬂ

Do o wank the syskem to aukomatically create and save a project file for youy

2)
[ Don't show this message again, ing in preference,

Figure 33 — Automatic iMPACT Project Wizard

23. Select create a new project (.ipf) at the New iIMPACT Project Wizard and click OK.

£, New iIMPACT Project x|

I wank ko

™ load most recent project ItDp.ipF j Browse, .. I

[ Load most recent project fils when MPACT starts

¥ create a new project {LipF) Idefault.ipf Browse... |

(a4 | Cancel |

Figure 34 — New iMPACT Project Wizard
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24. Select the option to Configure devices using Boundary-Scan (JTAG) then click OK.

£ Welcome to iMPACT

Automatically connect ko a cable and identify Boundary-Scan chain |

Figure 35 — Configure Devices
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25. Follow the pop-up dialog window to select a .BIT file by clicking Yes. Selecting a .BIT file will
directly configure the FPGA. The FPGA is non-volatile however and thus a power cycle or
pressing the PROG pushbutton, SW4, will cause the FPGA to lose this configuration.

Fight click desdce to select operations

=
L= = = = = )

E. Auto Assign Configu x|

xcBzlx8
bypaszs

Do wou want bo continue and assign configuration Files{s)?
TDO \'N/ [ Don't show this message again, save the setting in preference.

fes Mo

Identify Succeeded

Figure 36 — JTAG Chain Identified

26. The next pop-up dialog window asks if you want to attach a PROM device. Itis OK to say
YES and continue with the Configuration File Assignment Wizard, however for this example,
click No.

£, Attach SPI or BPI PROM X|

0D This device supports attached Flash PROMs,
\._f'(’ Do wou want ko atkach an SPI or BPI PROM o this device?

il
Yes Mo |

- .

Figure 37 — Attach PROM
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27. Finally, Click OK to accept default programming properties.

E Device Programming Properties - Device 1 Programming Properkie

Category

(=]~ Boundary-Scan
i Device 1 { FPGEA xchsha )

Propetty Mame

Walue

Merify

0] 4

Cancel Apply

Help

Figure 38 — Accept Default Programming Properties

28. To program the attached SPI Flash, right-click on the SPI FPGA and select ‘Add SPI/BPI
Flash’. This will require a .MCS file which can be generated from a .BIT file in the iIMPACT

software.

NOTE: programming the Flash using the iMPACT GUI can take as much, or more, than 5
times the programming time. It is recommended using command line mode, as detailed in

Procedure 2, as it is much faster.

E ISE iMPACT (0.40d) - [Boundary Scan] =10l =l
‘,@ File Edit Wiew Operations Output Debug ‘Window  Help ;IEIEI
ID2E¥sDoxuax: &=0/len
MPACT Flows +0F X
[ B8 Boundary Scan SFL/BET
- |2] systemace b
= E Create PROM File (PROM File Formatker) |
[t =] WebTalk Data TO! % Program
Gek Device ID
iMPACT Processes +0O A X XFESM Gek Device Signature/lUsercode
Available Operations are: 100 ph_io tor Ore Skep SWF
One Skep =5\VF
Read Device DMA
B Bound. [ K (= B
Console Assign Mew Configuration File. ., o058 x
"1': Loading £ile 'Ci/Vork/hvnet/S6LES/FE_10 | o o0 i FIoperies. B
done . Set Erase Properties. ..

GpINFO:iMPACT: 2257 - 3Jtarcup Clock has been cha
but the original bitstresm file remains uncha:

Launch File Assignment \Wizard

Moo+ Th ryacd Frovm +ha FRHitotbryroocw F4la = MePREFRFPFFRR

Figure 39 — Selecting SPI Flash
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29. When asked, select the desired .MCS file to program the serial flash.

30. Select SPI PROM, N25Q128 and change the Data Width to 4. Setting the Data Width to four
bits wide requires that the bitstream and MCS files were created to support this width. It is
acceptable to use x1 and x2 data widths as well. See Appendix A for details on how to
create bitstreams that support wider data widths. Note: ISE 12.x may not show the voltages
(1.8V/3.3V) after N25Q128.

£, Select Attached SPI/BPI x|

Select the PROM attached to FPGA:

ISF'I PROM

Data Width: [4 =l

Ik Cancel |

Figure 40 — Select N25Q128 PROM and Data Width

31. The Flash above the FPGA will now look like an IC labeled ‘FLASH’. Right-click on this and
select Program:

E ISE iMPACT {M.81d) - [Boundary Scan]

@File Edit Miew Operations ©Cutput Debug  Window Help

D3|l OXxm=: 2|7,

iMPACT Flows 07 x

Right click dewice to select operations

[+ gal Boundary Scan %
o E Zreate PROM File (PROM File Formatter) VeriFy
- |=] WebTalk Data Dl — AR

Erase

Blank Check,
T
xcEsixt Readback. ..
bypass
mie—  GekDevice Checksum

Assign Mew Configuration File. ..
iMPACT Processes =+ [0 8 X Delete

Available Operations are: Set Programming Properties. ..
Set Erase Properties., ..
Edit Attached Flash Properties. ..

Launch File Assignment Wizard

Figure 41 — Right-click on FLASH and select Program
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32. Device Programming Properties will appear. Click OK. Note, properties are shown for the
Attached Flash in the window below. Leave all settings as default.

E Device Programming Properties - Device 1 Programming Properties ﬂ

Cakegary

[El-{Boundary-Scan
- Dievice 1 { FPGA xchsh ) Property Mame Yalue

Device 1 { Attached FLASH, ME5H Verify ]
Erase Before Programming "
After programming Flash.. . automatically load FPEs v

(a4 Cancel | Apply | Help |

Figure 42 — Device Programming Properties
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33. IMPACT will begin programming the Flash, depending on the size of the MCS file, this could
take several minutes. Once completed, assuming no errors are encountered, the Flash is
programmed and FPGA will now have its configuration data stored in non-volatile memory.
The FPGA will automatically reconfigure with this new image upon pressing the PROG_B
pushbutton, SW4, or power cycling the board.

E ISE iMPACT (M.81d) - [Boundary Scan] = Dlﬂ
@ File Edt View Operations Output Debug ‘Window Help ;Iilél
IEEEIEEEEE=P

IMPACT Flows +08F X

Right click device to select operations

[+ ‘gl Boundary Scan
o [2] SystemaCE

e |Z] Create PROM File (PROM File Formatter)

[#- [£] webTalk Data Ol — 4 SDnuwe
xcBsixd
hypass

DO

IMPACT Processes <+ 08 X
¥ Configuration Operation Status x|
Executing cammmand. ..
2%
@ Eoundary Scan |

Console +05F x

A INFO:iMPACT - 0011 1100 1110 1100 ;I

Ay INFO:iMPACT: 2492 - '1': Completed downloading core to device.

'1': IDCODE is 'Z0bald' (in hex).
'1': ID Check passed.

'1': IDCODE is 'Z0bald' (in hex).
'1': ID Check passed.

'1': Erasing Device.

'1': Using Sector Erase.

'1': Programwing Flash.
-
1| N »

Congsole @ Errars I_ﬁ Warnings

HConfiguration “Avnat On-Board Programmer ||4DDDDDD "'“- v

Figure 43 — Device Programming
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34. If no errors are encountered, programming will succeed.

E ISE iIMPACT (M.81d) - [Boundary Scan]

=10l x|
E‘B File Edit Yiew Operations Output Debug ‘Window Help ;lﬂlél
ID3H|lsbxumx: 2ag=l=T0/lsn

i x . . . .

N?ﬁFlows wio s Right click device to select operations
- ‘53] Boundary Scan

2] systemace ~f  C=mw
- |2] Create PROM File (PROM File Formatber) i P
: ol XILIN
[ 2] WebTalk Data i ]
wchsld
phb_io_top bit
T
MPACT Processes «+08 X
Available Operations are:
=P Pragram

i Yerify

=P Erase

®P Elank Check - - T o o [

= Readback Program Succeeded

=) Get Device Checksum

=P Read Device Status

e Boundary Scan @ @ PROM File Formatter: SPI Flash Single FPGA ]

Console +08 X
'1';Programming in x4 mode. ;I
'1': Programmwed successfully.

pINFO:iMPACT - '1': Flash was programmed successfully.
LCE cycle = NoWait.
LCE ecycle: NoWait
GpINFOriMPACT - '1': Checking done pin....done.
'1': Programmed successfully.
PROGRESS_END - End Operation.
Elapsed time = 583 sec.
-
4 I I 4
Console @ Errors |_g Warningsl

|| Configuration || Platform Cable USE || MHz ﬂ-"usb-hs Y

Figure 44 — Programming Succeeded Window

35. This concludes this section. Programming of the serial flash and configuration of the FPGA

are completed. For more on configuration using this method, please read the Spartan-6
FPGA Configuration User Guide:

http://www.Xilinx.com/support/documentation/user_quides/ug380.pdf

Conclusion

That completes this guide. As shown in the three procedures above, there are several ways to
configure the FPGA and program the attached serial flash on the S6LX9 MicroBoard. For more
information please visit the Avnet Design Resource Center or visit Xilinx’s Support Website.
Additionally, the Xilinx Spartan-6 FPGA Configuration User Guide provides complete
documentation for all configuration methods.
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Appendix A: Creating a SPI x4 Bitstream and MCS file

This section will show how to create a bitstream and MCS file that supports 4-bit wide SPI
configuration. This must be initiated during bitstream creation. The purpose of this is to increase
the configuration rate of the FPGA. The steps below guide you through this process.

1. In ISE Project Navigator, assuming the design has been fully implemented without errors,
right-click on Generate Programming File and select Process Properties.

f2 Mo Processes Running

Processes: PE_IO_Top - Behaviaral I:I
-- ‘g‘ User Constraints

- P20 Syrthesize - ¥5T
Yiew RTL Schematic

: Wigw Technology Schematic

- P2 Check Syntax

“ @) Generake Post-Synthesis Simulation Madel
Bt # 2 1 Implement Design

B 08 i Generate Programming File =
[+ !{& Configure Target Device {: un

- {38 Anglyze Design Using ChipScope ReRun

b8 Start B2 Design | I Files | 0 L R Al
=1, Stop
iew Text Repart

.....

S I pUAp-Cal

B

Warnings

Force Process Up-to-Date

= Implement Top Module

Design Goals & Strategies. ..

Figure 45 — Select Process Properties under Generate Programming File

== AVNET Page 36 of 44




Spartan-6 LX9 MicroBoard Configuration Guide

2. Inthe Process Properties — Configuration Options window, select Configuration Options
and set SPI Configuration Bus Width to 4. Then Click OK. (Note: you must have the Property
Display Level set to Advanced to see these options.) For increased performance, the
configuration rate can be increased. Moreover, the external Master CCLK (40MHz) can be
used for maximum performance. Be aware this only applies to the FPGA loading the
bitstream from the serial flash.

x
(Celi=ay Switch Mame Property Mame ‘Walue
Genqral Options -g ConfigRate: Carfiguration Rate 2 =
Configuration Options
Startup Options g ProgPin: Configuration Pin Programm Pull Up LI
Readba;k ODtiQHS -g DonePin: Configuration Pin Done Full Up 3
EEE;‘;%?CVSE:EE o -g TckPin: ITAG Pin TCK Pull Up =]
-g TdiPin: ITAG Pin TDI Full Up LI
-g TdaPin: ITAG Pin TDO Pull Up |
-g TmsPin: JTAG Pin TMS Pull Up LI
-g UnusedPin: Unused IOB Fins Pull Down 3
-g UserID: UserID Code {8 Digit Hexadecimal) OxFFFFFFFF
-g ExtMasterCclk_en: Enable External Masker Clack r
ambpttlaeter el didde SEbup Eotarnal Macter Clock Divicing
m-g SPI_buswidth: Set 5P Configuration Bus ‘Width -
T —— T ———
Place MultiBoot Settings into Bitstream r
-g next_config_addr: MultiBook: Starting Address For Next Configuration | Dx00000000
-g next_config_new_mode; |MultiBoot: Use Mew Made For Mext Configuration ~
-g next_config_boot_mode: |MultiBoaot: Mext Configuration Mode oot
-g golden_config_addr: MultiBoot: Starting Address For Golden Configuration | D:x00000000
-g failsafe_user: MultiBoot: User-Defined Register For Failsafe Scheme | Dx0000
| Property display level: |Advanced | Iv Display switch names Default
QK I Cancel | Apply | Help |
P

Figure 46 — Configuration Options
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3. The dialog box should close and return to ISE Project Navigator. Right-click on Generate
Programming File and select Run.

f2 Mo Processes Running

Processes: PE_IO_Top - Eehavioral

Design SummaryfReporks
Design Utilities
User Canstraints
1 Synthesize - X5T
Wiew RTL Schematic
Wiew Technology Schematic
Check, Syntax
Generake Post-3ynthesis Simulation Model

B

B 4#  Configure Target Device

@8 Analyze Design Using ChipScope RieRun
Rerun All

1, Stop

Wiews Texk Repark

Farce Process Lp-to-Date

Figure 47 — Generate Programming File

4. Watch the Console window to validate the programming file is created.

Console

WebTalk report has bheen successfully sent to Xilinx. For additcional details
abhout thizs file, please refer to the WebhTalk log file at
C:/Work/ Avnet/236LES/PE_I0 Ports/webtalk. log

WebTalk iz complete.

Frocess "Generate Programoning File™ completed successfully

| |

Figure 48 — Bitstream Generation Successful
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5. This process only creates a bitstream, .BIT, file used for configuring the FPGA. A .MCS file
must be created for programming the attached serial flash. Expand Configure Target

Device and select Generate Target PROM/ACE File. A warning window may pop up, click
OK.

f2 Mo Processes Running

| 'S -

Processn35' PE_IC_Top - Behavioral |

Design summary [Reports
. Design Lkilities
User Constraints
E {} 1 Synthesize - X5T
% Wiew RTL Schematic

Wiew Technology Schematic

:Ilﬁ'lﬁ'ﬁl‘

~ 02 Check Synkax
“ P2 Generats Post-Synthesis Simulation Model
ﬁ Implement Design

III
s |
.5

it PR 1Y Translate

i TAC) Map

o PE) Place & Route
{}O Gzenerate Programming File
£ Cu:unﬁgure Target Device
—

i MIACE File
Manage Canflguratlan Project (iMPa &

- Analyze Design Using ChipScope Rerun All

E- Start  ENE  Design | l||_“| Files | h Libraries | <L, srop

Fun With Current Daka

Errars

= Implement Top Madule
Design Goals & Strategies. ..

E‘t Process Properties. ..

Figure 49 — Generate PROM File
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6. Double-click on Create PROM File (PROM File Formatter).

B 1SEiIMPACT (M.81d)
File Edit View Operations oOutput Debug ‘Window Help

103l [I==l»%e

iMPACT Flows +0O/ X
i 58 Boundary Scan

i [2] SystemacE

R -reate PROM File (PROM File Formatter |

[ wiebTalk Data

=10l x|

MPACT Processes +08 x

Console 08 X
K ﬂJ

Consols m Errors |J\_\, Warningsl

FEFETT 4

Figure 50 — Select Create PROM File
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7. Step through the File Formatter Wizard:

1. Under SPI Flash, select Configure Single FPGA
2. Click left most green arrow box to continue.
3. Inthe Storage Device (bits) pull-down, select 128M.
4. Click Add Storage Device button.
5. Click right most green arrow box to continue.
6. Enter Output File Name and Location
7. Click OK
zl
Stap 1. Select Storage Target Stap 2, Add Storage Device(s) Stap 5. Enter Data
Storage Device Type ! | . . lﬁ' ‘ General File Detail alue
ilinz: Flash/PROM SR 126M 3 Checksum Fil 5
& ND”'SV;;‘?::;;;EA &dd Storage Pevice Remove Storage Device | Valuz 6
E| i = \ Cutput File Mame | Test1]
~|Configure Single FRGA i -
Db cszf:gﬂ:z I'v':zﬁigoot FPad 1. 4 E)Duct:tLiEnF'Ie Ciwarkldnet
=)+ BPI Flash . 5 p—
¢ - Configure Single FPGA )
- cConfigure MultiBoot FRGA Flash{PROM File Property Yalue
- Configure from Paralleled PROMs il File Format MeS

- Gzeneric Parallel PROM

Ladle

Add Mon-Configuration Data Files |No

[T Auto Select PROM

Description:

In this step, you will enter infarmation to assist in setting up and generating a PROM file for the targeted starage device and made. ﬂ

* Checksum Fill ¥alue: When data is insufficient to fill the entire memary of a PROM, the value spedfied here is used to calculate the checksum of the unused portions.
+ Dutput File Name: This allows you to specify the base name of the file ta which your PROM data will be written
* Dutput File Location: This allows you to specify the directary in which the file named abowe will be created LI

Z’ O Cancel | Help |

Figure 51 — PROM File Formatter

8. Add Device window will appear, click OK. Select the .BIT file created in step 3. This .BIT file
will be located in your project directory, unless specified otherwise in the ISE project.

9. When asked to add another device file, click No. A pop-up window will appear noting device
entry is complete, click OK.
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10. When returned to the iIMPACT window, double-click Generate File. A pop-up window will
appear stating Generate Succeeded.

£, 1SE iMPACT (M.81d) - [PROM File Formatter: SPI Flash Single FPGA] =101 x|

!:f& File Edit Wiew Operations Outpuk Debug  Window Help ;IEIEI

IEEEIEEEE=PX:

IMPACT Flows ~+08 x =
»*;g] Boundary Scan " t0000_000o

i [2] SwstemacE -|-
- || Create PROM File (PROM File Farmatter) -l
[ 2] webTalk Data |-

o
5 ||=
= [1]
LIl = (|2
= | &
iMPACT Processes «+085F X &
I
|Fwai|ah|e Operations are;
O00FF_FFFF

[ PROM File Formatter: SPI Flash Single FPGa [ |

Console H+O A X

Total configuration byte size = 340672 bytes. ‘:J
O0x532c0 (340672) hytes loaded up fromw O0x0
Using user—specified prom size of 16384K
Writing file "C:%Workhivnet' Testl.mcs".
Writing f£ile "C:h%WorkhAwvnet' Testl.prm”.
Mriting £ile "C:hWorkh dvnet’ Testl.cfi™.
pINFO:iHPACT - One or more bitstresam may have the dats width set to a walue other than
if the targeted dewvice is not designed for the specified data width,
the generated PROM file will not work properly.

4 | >
|§-| Console m Errars | ﬁ Warningsl

|PROM File Generation || Target SPIFlash || 2,725,376 Bits used || File: Test! in Location: C:\Work)Avnet) [|' &

Figure 52 — Successful PROM File Generation

11. This concludes generating a x4 bitstream and MCS programming file.

12. When exiting you will be asked to save your iIMPACT project file, you may do so to prevent
going through all of these steps again for future builds.
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Appendix B: Increasing USB-JTAG Circuitry
Performance

Adding a Hi-Speed USB hub to increase USB scheduling rates
equals faster downloads

The Spartan-6 LX9 MicroBoard uses an Atmel AT90USB162 full-speed USB microcontroller that
is programmed to translate USB commands to JTAG commands. Most computers recognize the
S6LX9 MicroBoard as a full-speed device and thus default it to a full-speed USB root hub. This
can be seen in Windows Device Manager. When detected as a full-speed device, the Windows
host controller enumerates the device into a full-speed scheduler. The full-speed scheduler uses
a frame period of one millisecond. Hi-speed devices divide a frame into 8 micro-frames of 125
microseconds.

A trick can be applied to make the Windows PC put the S6LX9 MicroBoard into a hi-speed
scheduling mode. When a hi-speed hub is plugged into a USB port, the host controller driver
schedules transactions to it using the hi-speed scheduling rules. Thus when data packets are
sent to the S6LX9 MicroBoard, they are done on a faster schedule. This results in faster
download times. For example, the factory test code that ships with board is a large flash image
and when directly plugged into a PC’s USB port, download times can take nearly 7 minutes*.
However, simply inserting a hi-speed USB hub between the PC and the S6LX9 MicroBoard will
reduce this time down to nearly two minutes!

This was tested on a number of hi-speed USB hubs and all had the same performance
improvements.

*Procedure 2 was used for this programming test.

Upcoming Hi-Speed JTAG Interface Cable

Avnet is pursuing a JTAG cable solution similar to Xilinx’s Platform Cable series. This new cable
will offer faster JTAG communication and will be offered at a much lower cost. Xilinx has full
integration plans for this cable in a future ISE release. The cable will start selling in the second
quarter of 2011.

I
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Getting Help and Support

Evaluation Kit home page with Documentation and Reference Designs

http://em.avnet.com/sémicroboard

Avnet Spartan-6 LX9 MicroBoard forum:

http://community.em.avnet.com/t5/Spartan-6-LX9-MicroBoard/bd-p/Spartan-6LX9MicroBoard

Xilinx Spartan-6 FPGA Configuration User Guide:

http://www.Xilinx.com/support/documentation/user_quides/ug380.pdf

For Xilinx technical support, you may contact your local Avnet/Silica FAE or Xilinx Online
Technical Support at www.support.xilinx.com. On this site you will also find the following
resources for assistance:

e Software, IP, and Documentation Updates

e Access to Technical Support Web Tools

e Searchable Answer Database with Over 4,000 Solutions
e User Forums

e Training - Select instructor-led classes and recorded e-learning options

Contact Avnet Support for any questions regarding the Spartan-6 LX9 MicroBoard reference
designs, kit hardware, or if you are interested in designing any of the kit devices into your next
design.

e http://www.em.avnet.com/techsupport

You can also contact your local Avnet/Silica FAE.

==AVNET page 44 of 44


http://em.avnet.com/s6microboard
http://community.em.avnet.com/t5/Spartan-6-LX9-MicroBoard/bd-p/Spartan-6LX9MicroBoard
http://www.xilinx.com/support/documentation/user_guides/ug380.pdf
http://www.em.avnet.com/techsupport

